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SSOODDII UUMM   NNII TTRROOPPRRUUSSSSII DD  AANNDD  AADDEENNOOSSII NNEE--AACCTTII VVAATTEEDD  PPOOTTAASSSSII UUMM   
CCHHAANNNNEELL   II NN  AAOORRTTII CC  SSMM OOOOTTHH  MM UUSSCCLL EE  II SSOOLL AATTEEDD  FFRROOMM   FFEEMM AALL EE  

RRAATTSS  
 

Omar A.M . Al -Habib and Chinar M . Muhammmad  
Department of Biology, Faculty of Science, University of Zakho, Kurdistan Region-Iraq. 

(Accepted for publication: July 9,  2013) 
 

Abstract: 
Sodium Nitroprusside (SNP) and Adenosine (Ado) are potent drugs used in the treatment of cardiovascular 

diseases.  Nitric oxid (NO) is produced from virtually all cell types composing the cardiovascular and regulates 
vascular function through fine regulation of excitation–contraction coupling. Adinosine endogenous metabolites play 
a major role in coronary autoregulation. Therefore, the aim of the present study was to investigate the contribution of 
NO and Ado mediated relaxation in rat aortic smooth muscle in intact and denuded endothelium rings precontracted 
with phenylepherine (PE). The thoracic aorta was isolated, cut into rings, and mounted in organ-bath chambers and 
isometric tension was recorded using powerLab Data Acquisition System (Model ML 870). According to the results of 
the current study, incubation of aortic rings with Glybenclamide (GLIB) decreased the relaxation response induced 
by Ado (the vasodilation value rate decrease from 41.07±6.7 control to 18.54±4.6) in intact aortic rings. L-
nitroarginine methylester (L-NAME), not abolished the response induced by SNP, whereas  Nifedipine significantly 
enhanced the response induced by SNP in a dose-dependent manner in intact endothelium rings. The relaxation to 
Ado in intact aortic rings was slightly decreased (6.88± 1.01), but not abolished completely after incubation with 
Caffeine (Ado receptors antagonist). On the other hand, removing endothelium did not attenuated the vasorelaxation 
induced by SNP and increased relaxation response. While, vasorelaxation of Ado in aortic rings were partially 
attenuated by removing endothelium. These results suggested that (1) ATP-dependent potassium channel (KATP) did 
not involve in SNP inducing vasorelaxation, while have a role in Ado mediated vasorelation. (2) Vasorelaxation effect 
of NO is endothelium independent, while, Ado relaxation effect is endothelium dependent.  
 

Keywords: Nitric oxide,Adenosine, Potassium channels, Aorta. 
 
INTRODUCTION  

itric oxide ( NO ) and adenosine (Ado) 
mediates multiple physiological and 

pathophysiological processes in  cardiovascular 
system (Ignarro et al., 2002). NO  is known as  a 
primary determinant of blood vessel tone and 
thrombogenicity, however the modulatory 
effects of NO on contractile function are 
undoubtedly complex (Massion et al., 2003). NO 
donor causes an increase in cyclic Guanosine 
monophosphate (cGMP) concentration, cGMP in 
turn   stimulates Protein Kinas G (PKG) (Pfitzer 
2001; Lincoln et al., 2001). PKG, elicits 
relaxation in  vascular smooth muscle cells 
through a myriad of signaling pathways, leading 
to  decreased   intracellular calcium ion 
concentration [Ca2+]i and desensitization of the 
contractile apparatus to Ca2+ (Carvajal et al., 
2000). However, evidences exist for PKG-
dependent activation of large-conductance Ca2+-

activated K+ (KCa) channels and associated 
membrane hyperpolarization, inhibition of L-
type voltage-gated Ca2+ channels, stimulation of 
Ca2+-ATPases in  both the plasma membrane and 
sarcoplasmic reticulum and inhibition of inositol 
trisphosphate receptors (Lincoln et al., 2001). 

Furthermore, NO can promote vascular 
relaxation through cGMP-independent 
mechanisms of smooth muscle relaxation by 
nitrosylation of cysteine thiol groups to post-
translationally modify enzymatic activity (Resta, 
2003). Lin et al., 2007 have been suggested that 
L-NAME, a competetive NO inhibitor, inhibit 
NO release. 

Endogenous metabolites have been 
postulated to play a major role in coronary 
autoregulation (Makujina et al., 1994). The 
vasodilator action of Ado has generally been 
ascribed to stimulation of the A2 Ado receptor 
subtype, probably acting by activation of 
adenylyl cyclase (AC) leading to elevation of 
cyclic adenosine monophosphate  (cAMP) levels 
( Dart  and Standen, 1993). However, it is 
unclear how A2A receptor modulates the vascular 
response. In the guinea pig, A2A Ado receptor is 
involved in coronary vessel relaxation, whereas 
A2B receptor is present predominately in the 
aorta. Similarly, the vascular effects of 
adenosine in aorta and coronary vessel of rat 
have been reported to be mediated by both A2A 
and A2B receptors (Ponnoth et al., 2009).  

The signal transduction pathway between 
Ado receptors and KATP channels in VSM is still 

N
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unknown. KATP channels in smooth muscle from 
mesenteric arteries and gallbladder can be 
activated through stimulation of cAMP-
dependent protein kinase A (PKA) (Quayle et 
al., 1994). 

The current study was designed to evaluate 
the contribution of potassium channel to SNP 
and Ado mediated relaxation in precontracted 
descending thoracic aorta. Furthermore, to find 
out the role of endothelium on NO and Ado 
mediated aortic relaxation. 
 
MATERIALS  AND METHODS 

Animals 
Female Albino rats (200-270 gm in weight) 

were used in the present study. Animals were 
housed in the animal house of Biology Dept., 
Faculty of Science, Zakho of University. 
Animals were kept at 22±2 °C and exposed to a 
regular diurnal cycles of 12-hours photoperid 
using an automated light-switching devise and 
had free access to water and food ad libitum. 

 
Tissue preparation 

The animals were injected intrapretoneally 
with heparin (2000 units/ 200 gm) and left for 
few minutes to avoid blood clotting and 
damaging of aortic endothelium. The Animals 
were anesthetized by placing them in a small 
cage and allowing them to inhale Diethyl ether 
(Deveci, 2006). Then, the descending thoracic 
aortae was carefully isolated and transferred 
immediately to Kreb's bicarbonate buffer 
solution with glucose and EDTA-to prevent the 
oxidation of unstable substances. The aorta was 
cleaned of periadventitial tissue and cut 
transversally into ring segments (each of 3 mm 
in length). 

 
Measurement of vascular reactivity in isolated 
rat aorta 

Each aortic ring was placed in a tissue bath 
filled with Kreb's buffer (37 oC), bubbled with 
carbogen (95% O2 and 5% CO2), and attached to 
a force transducer (Model FORT100) and 
connected to a PowerLab data acquisition 
system (Model ML845, ADInstruments, 
Australia). Computer running Chart software 
(version 7.0) was used for the measurement of 
isometric tension. Rings were allowed to 
equilibrate for 60–90 min at a resting tension of 
2 g, before the addition of the blockers. The 
aortic segments were initially exposed to 60 mM 
K+ to test their functional integrity. Later, the 

bath medium was changed several times until a 
resting tone was restored. 

To test the role of K 
ATP channels in the 

development of relaxation, the aortic rings were 
pre-incubated for 30 minutes with the 10 μmol/l 
Glibenclamide (KATP inhibitor) and Caffeine 
(3×10-4mM). To test the effect of blocking NO 
synthetase in the presence of SNP, the aortic 
rings were preincubated with L-NAME. To 
investigate the effect of Nefedepine on SNP 
inducing vasorelaxation, the rings were 
pretreated with (10-5mM) Nefedepine. 
Endothelial injury was induced by gentle 
rubbing of the intimal surface of the rings with a 
piece of PE 90 tubing and checked by the 
addition of Acetylcholine. Denuded endothelium 
rings were treated with SNP and Ado. Each ring 
was then contracted with PE (1×10-6 mM). Once 
a stable contraction was reached, cumulative 
concentration-response curves were obtained for 
SNP and Ado (1×10-7 to 3×10-4 mM). 
 
Statistical analysis  

All the data were expressed as means ± SEM. 
The median effective concentrations (IC50) are 
given as geometric mean with 95% confidence 
intervals (CI). For comparison between means of 
two groups, two way ANOVA was used. P-
values less than 0.05 were considered as 
statistically significant. All the graphs, 
calculation and statistical analyses were 
performed using GraphPad Prism software 
version 5 (GraphPad Software, USA). 

  
RESULTS 

 
EEffffeecctt  ooff  GGLLIIBB  oonn  SSNNPP  aanndd  AAddoo  IInndduucciinngg  
VVaassooddiillaattiioonn  

The involvement of KATP channel in inducing 
vasodilation to SNP and Ado was examined 
pharmacologically. A specific KATP channel 
blocker GLIB (1×10-5M) was administrated to 
vessels to block the KATP channel activity. The 
results showed that the relaxation of the aorta to 
different concentrations of SNP pretreated with 
GLIB disinhibited   and reduced 
vasoconstriction induced by PE   in which the 
relaxation effect was reduced by 2.1±0.7. 

The  data of the current study showed the  
abolishing  of  the relaxation response   
potentiated by Ado in the presence of 
extracellular GLIB in PE (10-6M)  precontracted 
rats aorta and relaxation response was decreased  
from 41.07±6.7 control to 18.54±4.6 . 
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Fig 1. The effect of GLIB on the relaxation response induced by SNP and Ado in PE  precontracted rat 
aortic rings. (A and B) Dose-response curve to SNP and Ado induced relaxation in control and in 
preincubated aortic rings with GLIB. 
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EEffffeecctt  ooff  LL--NNAAMMEE  oonn  SSNNPP  IInndduucciinngg  VVaassooddiillaattiioonn      
To investigate whether L-NAME as NOS antagonist have ability to abolish vasorelaxation induced 

in response to different SNP concentrations, we treat intact endothelium aortic rings with (3×10-4M) L-
NAME. As in previous experiments different concentrations of SNP were added to the aortic rings 
precontracted with PE (10-6M) and preincubated with L-NAME in organ bath experiments. 
Vasodilation that produced in response to SNP in presence of L-NAME was decreased slightly but not 
abolished and vasodilation rate decreased by about 10.14 ±0.05. 

  

EEffffeecctt  ooff  NNiiffeeddiippiinnee  oonn  SSNNPP  IInndduucceedd  RReellaaxxaattiioonn    
Nifedipine caused more rapid relaxation in aortic rings at low concentration of SNP (3×10-7M), and 

the vasodilation produced was increased in comparatively  by about 6.43±1.9 with Log IC50 -5.770.  
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Fig 2. The effect of L-NAME on the relaxation reponse to SNP in PE precontracetd rat aortic rings.
Dose-response curve to SNP and GTN induced relaxation in control and in preincubated rings with L-
NAME. 

Fig 3. The effects of Nefedipene on the relaxant response to SNP in PE precontracted rat aortic rings.
Dose response curve to SNP induced relaxation in control and in preincubated aortic rings with
Nefedepine. 
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RRoollee  ooff  EEnnddootthheelliiuumm  iinn  SSNNPP  aanndd  AAddoo    IInndduucciinngg  VVaassoorreellaaxxaattiioonn     

To assess the role of endothelium in producing the vasorelaxation, the endothelium was initially 
removed to eliminate its contribution to vasodilation. Denuded endothelium aortic vessels were treated 
with different concentrations of SNP. The results  showed that the relaxation produced by SNP is not 
affected by removing endothelium  and the relaxation rate was reduced only by  3.3±1.1  with a Log 
IC50 -5.683. On the other hand, results showed  that the disruption of endothelium attenuated Ado -
induced vasodilation, and the relaxation was comparatively decreased   from 47.37% in the control to 
10.37%, with Log IC50 -5.105, -5.245 respectively, and the response of Ado relaxation at 3×10-3 mM 
was significant (P<0.05). 

 

-8 -6 -4 -2

-50

0

50

100

150

Control n=7

Denuded n=6

SNP(-Log M)

D
e
ve

lo
pe

d 
te

ns
io

n 
 %

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B

A 

Fig 6. The effects of endothelium on the relaxant responses to SNP and Ado in PE
precontracted rat aortic rings. (A and B). Dose response curve to SNP and Ado induced
relaxation in control and in denuded endothelium aortic rings. 
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Discussion  

In the present study, the mechanism of 
relaxation induced by SNP and Ado was further 
studied. To assess the role of KATP channel in 
SNP and Ado  in inducing vasodilation, PE 
precontracted aortic rings were preincubated 
with GLIB showed disinhibiting  vasodilation 
induced by SNP. This these  indicate that SNP 
did not involved in opening of KATP channels to 
induce vasodilation. 

To inhibit the synthesis of NO from L-
Arginine in the presence of oxygen and by the 
help of NOS enzyme, L-NAME was used as  
NOS blocker. The current study showed that the 
NOS inhibitor effect of L-NAME did not 
attenuated or abolished SNP -induced 
vasorelaxation in rat’s aortic smooth muscle. 
However the maximum relaxation for both SNP 
in presence of L-NAME slightly decreased as 
compared to control. This response may be due 
to direct dissociation of NO donor to produce 
NO without the action of NOS and also 
disexistance of exogenous precursor for NO. 
Therefore, any SNP induced changes in 
arteriolar diameter in the presence of L-NAME 
can be attributed to mechanisms independent on 
internal NO synthesis. 

Nifedipine was used to test the role of NO 
blocking of calcium channel. The data of the 
current study showed that SNP significantly 
enhanced relaxation in smooth muscle. This is 
may be due to Ca2+ sensitization and the release 
of Ca2+ from one type of channel might increase 
the open probability of the other channel (Mayer 
et al., 2000 and Porter et al., 1998).  

Active hyperporalization in rats aorta occurs 
when the release of NO from the endothelium is 
ongoing, so we examined the role of 
endothelium-derived NO in denuded 
endothelium rings induced vasorelaxation in the 
aorta using NO donors (SNP). Inhibition of the 
vasorelaxation induced by NO donors in rings 
with damaged endothelium not observed in the 
present study. This is may be due to direct 
dissociation of NO donor when added to solution 
without requiring to be released from 
endothelium. In the current study,  our results 
indicated that KATP channels were not involved 
in SNP inducing relaxation in aorta with intact 
endothelium, while, the dilation response of 

aorta to Ado was attenuated by endothelial 
removal,  suggesting that endothelial Adenosine  
receptors contribute in  Ado vasorelaxation.  
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Abstract 

The present study was undertaken to evaluate the protective effect of certain antioxidants such as Vitamins C, E 
and Omega-3 oil on Aluminum induced biochemical changes in the female albino rats. Sixty four female adult rats 
were divided randomly into two control: (control 1) 0 AlCl3 /Kg body weight (b.w.); (control 2) supplied orally with 
0.2 ml/rat sun flower oil and six treated groups: AlCl3 (60 mg/kg b. w.) ; AlCl3 (60 mg/kg b. w.) plus 0.2ml/rat of 0.5% 
Acetic acid; AlCl3 (60 mg/kg b. w.) plus Vit.C (50 mg/kg); AlCl3 (60 mg/kg b. w.) plus Vit.E (100 mg/kg); AlCl3 (60 
mg/kg b. w.)  plus 0.2 ml/rat of 5% Omega-3 and AlCl3 (60 mg/kg b. w.) plus Vit.C (50 mg/kg) plus Vit.E (100 mg/kg) 
plus 0.2ml/rat of 5% Omega-3 ) respectively. Rats were orally administered their respective doses every other day for 
35 days. At the end of the experiments, body weights were recorded and blood samples were collected for biochemical 
tests. Rats treated with aluminum chloride in the presence or absence of acetic acid showed significant decreases in 
the rate of body weight gain as compared with the control. Antioxidants (Vitamins C, E and omega-3) along with 
aluminum chloride produced protective effects as the rate of body weight gain approximately was more or less similar 
to the normal values of the control. 

The rats treated with AlCl3 (in the presence or absence of acetic acid ) showed a significant increase in Alanine 
aminotransaminase (ALT), Aspartate aminotransaminase (AST), Urea and Creatinine and a significant decrease in 
serum albumin and total protein as compared with the control. The administration of antioxidants (Vit C, E and 
Omega-3 oil) along with AlCl3 showed protective effects on liver and kidney since ALT, AST, Urea, Creatinine, 
albumin and total protein were tending to return towards their normal levels of control. So, the present study showed 
that Vit C, E and Omega-3 oil can be effective in the protection of aluminum-induced toxicity.   
 
Key Words: Al toxicity, Vitamin C, Vitamin E, Biochemical, Enzymes.  
 

Introduction 

luminum (Al) is the third most abundant 
element comprising approximately 8% of 

the earth's crust (Klein, 1991). The main sources 
of Al include corn, yellow cheese, salt, herbs, 
spices, tea, cosmetics, and Al cooking utensils 
(El-Demerdash et al., 2004 and Yousef, 2004). In 
addition, Al compounds are widely used in 
medicines such as antacids, phosphate binders, 
buffered aspirin, vaccines and allergen injections 
and fluids used in renal dialysis (Kaehny et al., 
1997 and Yokel, 2004).Normal adults consume 
approximately 3-5 mg Al in daily with the diet 
and variable amounts from drinking water 
depending on local conditions including alum 
treatment and acidification (Nordberg et al., 
1985). Aluminum sulphate is the most widely 
used coagulant for clarifying turbid drinking 
water (Martin, 1986; Ochmanski and Barabasz, 
2000). 

Aluminum is absorbed through the skin, 
gastrointestinal tract, lung, and nasal mucosa. 
After absorption, most Al is transported by the 

blood to various body organs. Bone, muscle and 
lung contain the highest Al contents in the normal 
human being. Al uptake by the brain is linked to 
the presence of high affinity of transferring 
receptors (Anane et al., 1997).Aluminum is also 
accumulates in a number of mammalian tissues, 
including kidney, liver, brain and bone (Anand et 
al., 2002). Al accumulation in the kidney 
promotes the degeneration of the renal tubular 
cells, and inducing nephrotoxicity (Mansour et 
al., 2006). Therefore, Al accumulation in the 
kidney promotes renal failure and the subsequent 
systemic toxicity (Mahieu et al., 2005). Also, Al 
accumulation in the liver leads to cholestasis 
(Osinska et al., 2004).The toxicological effects of 
Al on humans include encephalopathy (Alfrey et 
al., 1976), bone disease (Ward et al., 1978), 
anemia (Short et al., 1980) and skeletal system 
disease (Gupta et al., 2005).It may also be a 
contributing factor for the development of 
Alzheimer’s disease (AD) (Campbell, 2002). 
These toxic effects of Al have been suggested to 
be due to the generation of reactive oxygen 
species (El-Demerdash, 2007), which results in 

A
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the oxidative deterioration of cellular lipids, 
proteins, and deoxyribonucleic acid (DNA) (El- 
Demerdash 2004; Mansour et al., 2006). So, 
these toxic effects of Al appear to be mediated, 
at least in part, by free-radical generation 
(Moumen et al., 2001; Anane and Creppy, 
2001).  

Cronan and Schofield (1979) have shown at 
neutral pH, Al minerals are insoluble, but 
solubility increases at lower pH. Thus, 
acidification of lakes and streams by acid rain 
mobilized Al from the soil to the aquatic 
environment. The levels of dissolved Al in water 
are strongly influenced by pH and the presence 
of other substances in the water (Browne et al., 
1990).Some studies were carried out to evaluate 
the potential protective role of antioxidant 
vitamins, such as vitamin C, vitamin E (Yousef 
et al., 1999; Salem et al., 2001).  

Vitamin C (Vit.C) (ascorbic acid) is an 
essential micronutrient required for normal 
metabolic functioning of the body. Many 
biochemicals, clinical and epidemiological 
studies showed that vitamin C may be of  benefit 
in chronic diseases such as cardiovascular 
disease, cancer and cataract, probably through 
antioxidant mechanisms (Carr and Frei, 1999). 

Vitamin E (Vit.E) (α-tocopherol) is a 
naturally occurring antioxidant nutrient that has 
an important role in animal health through the 
inactivation of harmful free radicals that are 
produced during normal cellular activity and 
under various stress conditions (El-Demerdash 
,2007 ; Yousef, 2004). The antioxidant functions 
of this micronutrient, also, at least in part, 
enhance immune reactions by maintenance of 
the functional and structural integrity of the all-
important immune cells (Yousef et al., 2003; El-
Demerdash et al., 2004). 

Omega-3 poly unsaturated fatty acid from 
fish and fish oil can protect against chronic heart 
disease (CHD), both health professional and 

publics are increasingly interested in its role in 
the prevention and management of CHD. During 
multiple pharmacological treatments for 
cardiovascular disease, many researchers 
believed that dietary intervention or nutritional 
supplements may be a more natural and 
acceptable method of providing benefits 
(Garrido-Sanchez et al., 2008). The current work 
aimed to study the effect of AlCl3 on some 
biochemical parameters and the protective 
effects of some antioxidants (Vitamins C and E 
and Omega-3 oil) on Al induced biochemical 
changes of liver and kidney tissues. 

 
Materials and Methods 

 
Experimental animals 

Adult female albino rats Rattus rattus 
norvegicus were used during the present study. 
The rats were 10-12 weeks old with a body 
weight ranging from 190-210 g. The rats were 
kept in polypropylene rat’s cages at a rate of 2 
animals per cage. The cages were bedded with 
wood chips and the animals had free access to 
standard rodent diet and tap water ad libitum. 
The animals were kept in animal house of 
biology department (Faculty of Science, 
University of Zakho), maintained under 
laboratory conditions at a controlled temperature 
of about 24± 2 °C and exposed to a photoperiod 
of 12 hrs light followed by 12 hrs of darkness. 
Animals were acclimated to the laboratory 
condition for about 7 days before the application 
of experimental work. 
 
 Experimental design 

Sixty four adult female albino rats were used 
in this study. The rats were divided randomly 
into eight groups, each of eight individuals and 
treated as in (Table 1).   
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Table (1): The distribution of rats in their experimental groups. b.w., body weight; G, treatment 
groups. 
 

Groups 
Number of 

Rats 
Dose Duration 

G1: Control 8 ------------ 35 days 

G2: Control  2 8 0.2 ml Oil/rat 35 days 

G3: Aluminum chloride 8 60 mg/kg b.w. 35 days 

G4: AlCl3 + Acetic acid 8 60 mg/kg b.w. + 0.2 ml 0.5% Acetic acid 35 days 

G5: AlCl3 + Vitamin C 8 60 mg/kg b.w. + 50 mgVit.C/kg b.w. 35 days 

G6: AlCl3 + Vitamin E 8 60 mg/kg b.w. + 100 mgVit.E/kg b.w. 35 days 

G7: AlCl3 + Omega-3 8 60 mg/kg b.w. +5% Omega-3 35 days 

G8: AlCl3 + Vitamin C + Vitamin 

E + Omega-3 
8 

60 mg/kg b.w .+ 50 mgVit.C/kg b.w. + 100 

mgVit.E/kg b.w .+ 5% Omega-3 
35 days 

 
 
The doses of AlCl3, Vit. C and Vit. E were 

calculated according to the animal’s body weight 
before their uptake .The desired doses of  AlCl3 , 
Vit. C, Vit. E, Acetic acid and Omega-3 for each 
animal were daily intubated into oesopharyngael 
region daily, using small syringe connected to 
thin silicon tube.  
 
Total body weight 

Total body weight for each animal was 
measured and recorded twice; first at the 
beginning of the experiment and second at the 
end of the experiment using a top loading 
balance (Adventure TmOHAMUS, USA). 
Finally, the rate of body weight gain was 
calculated.  
 
Serum biochemical analysis 

The blood sample was taken from the rat by 
heart puncture and withdrawn into a dry and 
clean non- heparinized tube. The sample was 
allowed to clot at room temperature for 30 
minutes. Then the sample was centrifuged at 
3000 rpm for 15 minute (Dacie and Lewis, 
1984). Serum samples were placed in eppendrof 
tubes and used for determination of some 
biochemical parameters such as serum ALT, 
AST, Albumin, Total protein, Urea and 

Creatinine by using Auto Analyzer 
Spectrophotometer (Model Lisa Xs-French).   
 
Statistical analysis  

For body weight and serum biochemical 
parameters, all data were expressed as mean ± 
standard error (M ± S.E.) and statistical analysis 
was carried out using statistical available 
software (SPSS version 17.0). One way analysis 
of variance (ANOVA) was performed to test for 
significance followed by Duncan’s multiple 
range comparison tests for comparison between 
the groups. P values (0.05) and (0.01) were 
considered significant. 
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Results 

Effects of AlCl3 alone or along with acetic acid 
and some antioxidants on the body weight 
gain. 

As shown in Table (2) rats treated with AlCl3 
and AlCl3 plus acetic acid have shown a 
significant decrease (P 0.05) in the rate of body 
weight gain as compared with the control. On 
the other hand, rats treated with AlCl3 plusVit.C, 

AlCl3 plus Vit.E, AlCl3 plus omega-3 and their 
combinations in comparison with control and 
control 2 did not produced any significant (P > 
0.05) reduction in the rate of body weight gain. 

  
 
Table (2): Effects of AlCl3 along with acetic acid, and some antioxidants on the body weight gain of 
rats. 
 
 

 

 

 

 

 

 

 

 

 

Note: Different letters represent the presence of a significant difference (P 0.05).   
 
Effects of AlCl3 and some antioxidants on 
serum ALT. 

As illustrated in Table (3) rats treated with 
AlCl3 and AlCl3 plus acetic acid have shown a 
significant increase (P 0.01) in serum ALT as 
compared with control. On the other hand, serum 
ALT activity  in rats treated with AlCl3 plus 
Vit.C, AlCl3 plus Vit.E, AlCl3 plus Omega-3 and 
their combinations was not influenced by Al and 
they showed approximately normal ALT activity 
which was statistically non-significant when 
compared with that of the control (P>0.05). 
 
Effects of AlCl3 and some antioxidants on 
serum AST. 

Rats treated with AlCl3 in the presence of 
acetic acid showed a significant increase 
(P 0.01) in AST activity as compared with the 
control (Table 3).  The presence of individual 

antioxidants along with Al showed a mild 
protective effect of body organs, since AST 
activity was still elevated but to a lesser extent as 
compared with Al treated rats. However, a 
combination of  Vit.C and E and Omega-3 along 
with Al showed much  better protective effect as 
indicated by more or less normal AST activity. 
 
Effects of AlCl3 and some antioxidants on 
serum Total Protein. 

As the results indicate, aluminum in the 
presence or absence of acid significantly reduced 
the level of total protein (P 0.05) when 
compared with control. On the other hand, in 
rats supplied with Vit.C and E and Omega-3 and 
their combination showed protective effects on 
serum total protein since its level was closely 
similar to its normal level as shown in table (3).  
 

Groups 
Monthly Body Weight Gain(gm) % 

Mean ± S.E. 

Control 11.204±1.109
b
 

Control 2 10.276±1.308
b
 

AlCl3 2.651±1.201
a
 

AlCl3 + Acetic acid 2.462±1.016
a
 

AlCl3+Vit.C 10.347±1.022
b
 

AlCl3+Vit.E 8.988±1.772
b
 

AlCl3+Omega-3 8.48±1.76
b
 

AlCl3+Vit.C+Vit.E+Omega-3 8.241±1.557
b
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Effects of AlCl3 and some antioxidants on 
serum Albumin. 

In rats treated with AlCl3 and with AlCl3 plus 
acetic acid had shown a significant reduction 
(P 0.01) in the level of albumin as compared 
with those of the control rats. On the other hand, 
the level of Albumin in rats treated with Vit. E 
and Omega- 3 and their combinations along with 
Al returned to more or less to normal values and 
showed non-significant differences as compared 
with the control (P> 0.01). However, in rats 
treated with Vit. C along with Al, the level of 
albumin was significantly reduced (P < 0.01). As 
shown in table (3). 
 
 
 
 
 
 
 
 
 

Effects of AlCl3 and some antioxidants on 
serum Urea. 

As the results indicated, rats treated with Al 
in the presence or absence of acid produced a 
mild and statistically non significant elevation 
(P>0.05) in the level of serum urea. 
Furthermore, administration of Vit.C and E and 
Omega-3 returned the level of serum urea 
toward the control level as shown in table (3). 
 
Effects of AlCl3 and some antioxidants on 
serum Creatinine. 

The results of the experiments on the effect 
of AlCl3 alone or with acid, Vit.C and E and 
Omega-3 on serum creatinine level are showed 
in Table (3). As the results indicate, AlCl3 alone 
caused a highly significance (P 0.01) elevation 
in the level of creatinine as compared with the 
control. On the other hand, administration of 
Vitamin C,  E, and Omega-3 and their 
combinations showed a protective effect on the 
kidney as indicated by the exhibition of 
approximately the control creatinine values. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 Table (3): Effect of AlCl3 alone or along with acetic acid and some antioxidants on some biochemical parameter. 
 

Groups 
SALT ** 
(IU/L) 

SAST ** 
(IU/L) 

T. Protein * 
(g/dl) 

Albumin ** 
(g/dl) 

Urea * 

(mg/dl) 

Creatinine ** 

(mg/dl) 

1.Control 64.666±2.027  
a

 129.333±1.855 
a

 6.333±0.088 
b

 2.533±0.176 
b

 
48.666±1.333 

a
 

0.556±0.0088 
a

 

2.Control 2 82.800±12.866 
a

 149.800±13.990 
ab

 6.620±0.086 
b

 2.568±0.021 
b

 
51.400±2.204 

a
 

0.554±0.0067 
a

 

3.AlCl3 118.750±8.097 
 b

 167.200±26.946 
ab

 5.797±0.178 
a

 2.230±0.068 
a 54.400±2.400 

a
 

0.688±0.0546  
  

b
 

4.AlCl3+ Acetic acid 122.600±13.786 
b 

195.000±8.955   
b

 5.820±0.124 
a

 2.152±0.024 
a

 
50.400±2.336 

a
 

0.626±0.0222 
a b

 

5.AlCl3+ Vit.C 97.600±2.227 
ab

 157.200±10.165
ab

 6.400±0.192 
b

 2.868±0.069 
c

 
49.000±0.707 

a
 

0.550±0.0204 
a

 

6.AlCl3+ Vit.E 93.166±3.544 
ab

 159.000±9.295 
ab

 6.475±0.170 
b

 2.653±0.057 
bc

 
48.000±0.577 

a
 

0.540±0.0200 
a

 

7.AlCl3+ Omega-3 92.400±5.045  
ab

 161.666±3.343 
ab

 6.520±0.106 
b

 2.746±0.036
bc

 
47.400±2.785 

a
 

0.528±0.0073 
a

 

8.AlCl3+ Vit.C+Vit.E+Omega-3 90.000±2.594 
ab

 120.666±4.835 
a

 6.516±0.203 
b

 2.804±0.046 
bc

 
48.333±2.260 

a
 

0.520±0.0089 
a

 

 

The values represented by mean ± S.E. of Mean, N=8, Duncan’s test used to compare between groups,similar letters in the same column refers to non 
significant level while different letters represent to significant level: ** (P0.01) and * (P 0.05).  
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Discussion 

In the presented study, oral administration of 
AlCl3 in the presence or absence of acetic acid 
for 35 days significantly reduced the rate of 
body weight gain as compared with the control 
groups. These results agree with those observed 
by Sallam et al., (2005) in rats treated with 34mg 
/kg AlCl3. This reduction in the rate of body 
weight gain may be due to the elevation of 
malonaldehyde level by heavy metals and a 
reduction in the levels of both glutathione and 
catalase. Variation in the activity of these 
enzymes may contribute in the maintenance of 
lipid peroxidation induced by the metals (Corpas 
et al., 2002). Furthermore, partial disruption of 
small intestine villi and subsequent 
malabsorption of nutrients represents another 
factor that may be responsible for the loss of 
body weight (Al-Qudah, 2006). This reduction 
in nutrients transport causes an inhibition in 
adenosine tri phosphate (ATP) production, 
active transport in amino acid and subsequent 
inhibition in protein syntheses (John 1982).  

In this study, rats treated with some 
antioxidants (vitamins C and E and omega-3) 
along with aluminum, the rate of body weight 
gain increased as compared with that animals 
treated with Al in the presence or absence of 
acid. This may be due to the antagonists effect of 
above vitamins on the toxic effect of Al and 
subsequent protection of the body from Al-
toxicity (Yousef, 2004 and El-Demerdash, 
2007). Furthermore, the antioxidants effect of 
omega-3 also reduces the aluminum toxicity 
(Mete et al., 1999).          

In the current study, treatment of rats with 
AlCl3 or AlCl3 with acetic acid significantly 
increased the activities of both serum ALT and 
AST. The toxic effect of Al was enhanced in the 
presence of acid. These results agree with those 
reported by Al-Sulaivany (2010) in rats treated 
with Al in the presence or absence of acid. He 
found significant elevation in serum ALT and 
AST activities and reduction in their activities in 
liver and kidney tissues. This indicates that 
increase in serum enzyme activity is resulted 
from the leak of the enzyme from body tissues 
and organ including liver and kidney tissues. 
Similar results were also observed by Hassoun 
and Stoths (1995), Chinoy and Memon (2001) 
and El-Demerdash (2007). They indicated that 
exposure to Al caused liver necroses and 
subsequent escape of AST from them to the 
blood. Furthermore, the increase in ALT level is 

resulted from the cellular destruction of the body 
tissues including the liver (Harper et al., 1979). 

The presences of vitamins C, E, omega-3 and 
their combinations along with Al alleviated the 
toxicity of Al on body tissues since the activities 
of both ALT and AST tended to return back 
approximately to the normal levels. Furthermore, 
combinations of omega-3, vitamins C and E 
greatly reduced the toxic effect of Al as 
indicated by the return of the activities of these 
enzymes to their normal values. Due to the 
availability of limited information about the 
protective effects of antioxidant on Al toxicity in 
rodents, it is difficult to compare the results. 
However, Al-sulaivany (2010) observed more or 
less a similar protection effect of antioxidants on 
ALT and AST in the tissues of rats exposed to 
Al. Also a similar reduction in the toxic effect of 
heavy metals in the presence of antioxidants was 
observed by Tawwab et al. (2004). 

In this study, rats treated with Al in the 
presence or absence of acid significantly 
elevated the level of serum creatinine. A similar 
elevation in urea and creatinine level in AlCl3 

treated rats was considered as a significant 
marker for renal dysfunction (El-Demerdash, 
2007 and Al-Sulaivany, 2010). Szilagyi et al. 
(1994) reported that alteration in serum urea may 
be related to metabolic destruction (e.g. renal 
function, cation-balance… etc.) produced by 
heavy metals. In addition, Katyal et al. (1997) 
reported that Al has been implicated in the 
pathogenesis of several clinical disorders, 
including renal dysfunction. Increased urea 
concentrations in the plasma of animals treated 
with Al and Al plus acetic acid may be due to its 
effect on liver function, as urea is the end-
product of protein catabolism, and/or referred to 
kidney dysfunction as indicated by enlargement 
of the relative weight of kidney. Decreased 
protein levels in Al-treated rats might be due to 
changes in protein synthesis and/or metabolism 
(Chinoy and Memon 2001). 

Exposure of rats to AlCl3 in the presence or 
absence of acid significantly reduced total serum 
protein and albumin. These results agree with 
those reported by Al-Sulaivny (2010) and Al-
Demerdash (2004).Decreased serum protein in 
rats exposed to Al might be due to villi 
disruption and subsequent malabsorption and 
transport of nutrients (Al-Qudah, 2006). This 
was followed by depression of protein synthesis 
and metabolism (Chinoy and Memon, 2001). 

The uptake of vitamins C, E and omega-3 
produced a protective effective in Al treated rats 
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since the levels of total protein and albumin 
returned approximately to their normal values. 
Similar results were reported by Al-Sulaivany 
(2010) during administration of antioxidants to 
Al treated rats. Al intoxicated animals showed a 
number of indicators of oxidative stress, which 
includes increases in the level of Thiobarbituric 
acid reactive substances (TBARS) and decreases 
in Glutathione (GSH), Glutathione S-transferase 
(GST) and catalase in the rats testes (Yousef and 
Salama 2009). Al induced oxidation stress may 
be resulted from the generation of free radical 
(Gomez et al., 1997; Yousef, 2004; Yousef et 
al., 2005). However, Al is considered to be a 
non-redox active metal, it promotes biological 
oxidation both in vitro and in vivo because of its 
pro-oxidant activity (Gomez et al., 2005; Yousef 
et al., 2007; Turner and Lysiak, 2008). Increased 
reactive oxygen species (ROS) was reported in 
previous studies during Al exposure, which was 
attributed to electron leakage, enhanced 
mitochondrial activity and increased electron 
chain activity(Flora et al., 2003). Furthermore, 
they added that ROS subsequently attack almost 
all cell components including membrane lipids 
and producing lipid peroxidation. Therefore, it 
can be hypothesized that oxidative stress may be 
one of the contributing factors to Al-induced 
liver dysfunction (Yousef and Salama, 2009). 
Finally it was indicated that when rats treated 
with AlCl3 had undergone a reduction in the 
body weight gain. These effects were 
counteracted on administration antioxidants and 
omega-3 along with AlCl3. and serum 
biochemical parameters were returned to more or 
less normal values when rats were treated with 
antioxidants and omega-3 along AlCl3. 
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Abstract 

One hundred and twenty chickens the local breed (Gallus gallus domesticus) were examined during the period 
from June to October 2012 in Duhok Province / Kurdistan Region of Iraq. To investigate the prevalence of ecto and 
endoparasites among them. The recorded parasites included: Two species of lice namely Mencanths stramineus with 
infestation rates of 34% and Goniocotes gallinae, with infestation rate of 0.8%. One species of soft tick, genus Aragas 
persicus, was also recorded, with an infestation rate of 4.1%. Whereas, the endoparasite examination revealed 16.6% 
from protozoa (Eimeria) and the presence of four nematodes and six cestode species, but no trematodes and blood 
parasites. The highest nematode infection rate was 46.6% with Subulura species, followed by Ascaridia galli with 
infection rate of 38.3%, Heterakis gallinarum with infection rate of 25% and, Capillaria with infection rate of 4.1%. 
Regarding cestodes, the recorded species included: Raillietina tetragona, R. echinobothrida, R. cesticillus, Fimbriaria 
fasciolari, Davainea proglottina, and  Amoebotaenia sphenoides with infection rates of 27.5%, 24.1%, 6.6%, 1.6%, 
2.5%, and 0.8%, respectively. 
 
Keywords: Local chickens, ecto and endoparasites, lice, cestode, nematodes 
 

Introduction 

he domestic fowls are the most important 
protein sources of human populations in 

every part of the world.  It is demonstrated that 
during the last thirty years, eggs and poultry 
meat were constantly increasing (Kaingu et al., 
2010). Parasitic infections of poultry are the 
major factors responsible for economic losses 
through reduction in productivity and increased 
mortality (Mirhadi et al., 2011). Poultry are 
subjected to a wide variety of diseases including 
Newcastle disease, salmonelosis, respiratory 
disease and a large number of ecto-
endoparasites. Various ectoparasites are reported 
in the local fowls such as lice, fleas, mites and 
soft ticks (Urquhart et al., 1996). 
Gastrointestinal helminthes of poultry are 
commonly divided into three main groups: 
nematodes, cestode and trematodes. Nematodes 
are considered the most important group of 
helminthes of poultry (Bachaya et al.,2012) 
Limited work has been done on ectoparasites 
and endoparasites of fowls in Iraq including 
Kurdistan Region, therefore, this study aimed to 
investigate the ecto and endoparasites of the 
Domestic fowl Gallus gallus domisticus in 
Duhok Province. 

 
 

 

Materials and Methods 

This study was carried out in Duhok province 
– Kurdistan Region of Iraq, during the period 
from June to October 2012, to investigate the 
presence of ecto and endoparasites of the local 
chickens were randomly selected and purchased 
from different parts of the Duhok city and its 
surrounding  areas such as Shinkal, Semel, Aqra, 
Faida and other area in the Animal's House 
Laboratory of the Faculty of Medical Sciences / 
Duhok University.  

One hundred and twenty live indigenous 
breed chickens (Gallus gallus domesticus) of 
both sexes (50 hens and 70 cocks) and different 
ages of free range breeding were purchased from 
local markets randomly, and examined for ecto 
and endoparasites. 

Examination of Chickens 
1- ) Antemortem examination and collection 
of ectoparasites 

The whole body of each chicken, including 
the skin and the feathers, was examined by the 
naked eye and with the aid of magnifying lens 
for the presence of ectoparasites (Moyo, 2009). 
The ectoparasites were collected gently using 
thumb forceps throw inflammatory lesion of skin 
scraped, these samples were mixed with 10% 
KOH, and from the feather by spraying with 
commercial insecticide after that ectoparasites 
were preserved in a test tube containing 70% 
ethyl alcohol until the time of identification. The 

T
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ectoparasites were examined under dissecting 
microscope and identified according to keys 
described by Soulsby (1982). 

 
2- ) Postmortem Examination 

Following slaughtering of each chicken, the 
blood samples were collected directly in a sterile 
test tube containing EDTA anticoagulant for thin 
blood film were stained with leishman's stain for 
the presence of blood parasites. 

The trachea, abdominal and thoracic cavity 
were opened followed by incised the esophagus, 
crop, gizzard and proventiculus, then small 
intestine (duodenum and ileum). Each part was 
incised longitudinally; visible worms to the 
naked eye were picked up using thumb forceps 
and the contents were examined by gross 
examination for the presence of worms The 
observed helminthes were washed with 
physiological saline and then fixed with warm 
70% alcohol. 

Nematodes were cleared in lactophenol and 
examined for morphology under the light 
microscope at 10X magnification. Identification 
of helminthes was based on the helminthological 
keys (Soulsby, 1982), while cestode were 
stained with Carmine stain. 

Intestinal contents were also examined by 
flotation methods for the presence of coccidian 
oocysts. Only the genus of coccidian oocysts 
was identified according to morphological 
features (Soulsby, 1982), and scraping from the 
intestinal mucous were taken and examined for 
Cryptosporidium Oocysts identification. 

 
3-) Statistical Analysis 

Chi-square (χ2) test was used to analyze the 
association between prevalence and the 
explanatory variables such as age, sex, and 
management system. In all the cases, p <0.05 
were considered to be statistically significant 
(Tesfaheywet et al., 2012). 

 
Results and Discussion 

Table(1) shows the percentage distribution of 
parasitic species identified in 120 local breed 
chickens examined in this study 83.3% of the 
chickens were found to be infected with external 
and internal parasites. The percentage of 
infection with internal parasites was 44.1%, 
while 9.1% was with external parasites and 30% 
with mixed infection. 

 

Table (1):The percentage of infection with ecto and endoparasites and mixed parasites among 
examined chickens (No. 120). 

 

% 

No. of  infected

chickens 
Type of parasites 

9.1 11 External parasites 

44.1 53 Internal parasites 

30 36 External and internal parasites 

83.3 100 Total  No. infected 

Regarding the sex, 84.2% of the female chickens were infected, while 82% of the male chickens 
were infected, but statistically the difference in the rate of infection in both sexes was non-significant 
(P>0.05) as summarized in Table (2).  
 

Table (2): The percentage of infection with ecto and endoparasites among examined chickens, 

according to sex. 

% No. of infected chickens 
No. of examined 

chickens 
Sex 

84.2 59 70 Female chickens 

82 41 50 Male chickens 

83.3 100 120 Total 

Non- significant (P> 0.05)                                          P value = 0.9204 
Degree of Freedom: 1                                                   χ2: 0.009995 
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The highest percentage (88.4%) of infection was among the chick group, while the percentages of 
infection in adult and growing groups were slightly lower (86.2%, and 75%, respectively), but 
statistically there were no significant differences (P>0.05) between parasitic infections and age groups 
as shown in Table (3) 
 
Table (3): The percentage of infection with ecto and endoparasites among the examined chickens 
according to age groups. 

 

% of infection 

No. of infected 

chickens 

No. of 

examined 

chickens 

Age / months Age groups 

86.2% 50 58 > 8 Adult 

75% 27 36 2 - 8 Growing 

88.4% 23 26 < 2 Chick 

83.3 100 120 Total 

Non-significant (P> 0.05)      P value= 0.6203       Degree of Freedom: 4 χ2: 2.637 
 

Ectoparasites:- 
The percentage of infestation with ectoparasites among all of the examined chickens was 

39.1%.The results showed that 2 species of lice were identified. These species were Mencanths 
stramineus and Goniocotes gallinae with infestation rates of 34% and 0.8%, respectively. 
Regarding the soft ticks, one species was recorded, which was Aragas persicus with infestation rate of 
4.1% 

as summarized in Table (4). 
 

Table (4): The percentage of infestation with ectoparasites among all infested chickens. 

Type of 

parasites 
Species of parasites 

No. of 

positive 

% infested with 

External parasites 

(47) 

% of examined 

chickens (120) 

Lice 
Mencanths stramineus 41 87.2 34 

Goniocotes gallinae 1 2.1 0.8 

Soft  ticks Aragas persicus 5 10.6 4.1 

   
Endoparasites:- 

     The current study revealed that none of the blood parasites were observed in all of the examined 
chickens as shown in Table (5). Regarding the endoparasites different types of Eimeria oocysts with 
infection rate of 16.6% were recorded in this study (table.5).  

 
Table (5): The percentage of infection with Eimeria oocysts among total examined chickens. 

% No. of positive 
No. of examined 

chickens 
parasites 

16.6 20 120 
Protozoa (Eimeria oocysts) 

 

 
The percentage of infection with helminthes among the total number of examined chickens is listed 

in Table (6) according to their classes. 
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Table (6): The percentage of infection with different types of helminthes according to their classes 
among the examined chickens (No.120). 

% of infection No. of positive Type of parasites

36,6 44 Nematodes 

9.1 11 Cestodes 

28.3 34 Nematodes + Cestodes

0 0 Trematodes 

 
According to the percentage distribution of nematodes, the highest percentage of infection was 

46.6% with Sublura, followed by Ascaridia galli which was 38.3%, Heterakis gallinarum with 
infection rate of 25% and Capillaria sp. with infection rate of 4.1% as summarized in Table (7). 
 
Table (7): The percentage of infection with intestinal nematodes among the Examined chickens 
(No.120). 

% of 

infection 
No. of positive Species of parasites 

38.3 46 Ascaridia galli 

25 30 Heterakis gallinarum 

46.6 56 Sublura Spp 

4.1 5 Capillaria Spp 

 
Six species of tapeworm were recorded and identified, which were: Raillietina tetragona, R. 

echinobothrida, R. cesticillus, Fimbriaria fasciolaris, Davainea proglottina, and Amoebotaenia 
sphenoides with percentage distribution of 27.5%, 24.1%, 6.6, 1.6%, 2.5%, and 0.8%, respectively 
Table (8). 

 
Table (8): The percentage of infection with intestinal cestode among the examined chickens (No.120). 

 

 

 

 

 

 

 

 

 

The results of the present study demonstrated 
a high rate of infection (83.3%) in the local 
breed chickens while Eslami et al. (2009) in Iran 
reported a higher rate (96%) of infection in the 
free-range chickens. Regarding the sex of the 
infected chicken female chickens had a slightly 
higher infection in comparison to male chickens 
this result is in agreement with the findings of 
Matur et al. (2010) in Nigeria during their 
studies of 500 gastrointestinal tracts of native 
and exotic breeds of chickens. The relation 
between parasitic infection and age groups of the 

present study,is in line with that of Tesfaheywet 
et al. (2012) in Southeastern Ethiopia in which 
they recorded slight difference in infection rates 
of examined chickens among chicks, growers 
and adults which were 38.0%, 37.6% and 45.9% 
,respectively. High infection rate was recorded 
with ectoparasites similarly AL- Hubaity (1976) 
in Mosul; Ashenafi and Yimer, (2005) in central 
Ethiopia also recorded high rates of infection 
with ectoparasites. A high rate of infection 
(89%) with endoparasites was recorded in this 
study, this rate is much higher than the rates 

% of infection No. of   positive Species of Cestode 

27.5 33 Raillietina tetragona 

24.1 29 Raillietina echinobothrida 

6.6 8 Raillietina cesticillus 

1.6 2 Fimbriaria fasciolaris 

2.5 3 Davainea proglottina 

0.8 1 Amoebotaenia sphenoides 
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recorded by other researchers as they recorded 
rates ranged from 4.3% to 36% of infection with 
endoparasites of domestic fowl (Sayyed et al., 
2000; Muhairwa et al., 2007). Regarding the 
blood parasites, the present study did not show 
any species of blood parasites in all of the 
examined chickens. This result disagrees with 
those found by Sabuni et al. (2010) in Kenya 
who found high infection (79.2%). In the current 
study, only 20 (16.6%) were positive for 
coccidian oocysts. While higher rate of infection 
with coccidian have been reported by Bachaya et 
al. (2012) in Pakistan, they recorded a rate of 
59.6%. With respect to cestodes,similar  results 
were reported by Eslami et al. (2009) in Iran, 
they found that A. galli, H. gallinrum and 
Raiellietina species were the most prevalent 
helminthes species. The same results were 
reported in chickens of Ethiopia and India 
(Yadav and Tandon, 1991) Trematodes were not 
found in this study, the reason may be due to the 
absence or limited spreading of the snail the 
intermediate hosts responsible for the 
transmission of trematodes in the studied areas. 
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 الخلاصة

صي الد ي  ية ال ية والدا يات الخار ي حديد الط ري هذ الدراسة لغرض  وح أ  Gallus gallusات الألي  

domesticus  دينة ثهوك يا في  ح ان العراخ/المربى  ي كرثس شري. بق رة العم  حزيران بلى   ي  وكا ف  . صص٠صالثا

ي  القم هما  ٠صصفحص  و ية  كلا الجنسي سج في هذا البحث،  ح ة  ا و  Mencanths stramineusث
Goniocotes gallinae  والي% ٠،٨و % ٤صبنسبة بصابة ي  ،ى ال بنسبة بصابة ) Soft ticks(ووح واحد  القراث ال

سبة الاصابة بالأوالي %. ص،٤ حوج% ٦،٦ص) Eimeria(وكا  ات الم جموح الد  .  

يات الدم  ي سج في الدراسة الحالية أي بصابة بط ميع    Cryptosporidiumوأكياس  الـ blood parasitesل  في 
حوج ات الم  . الد

ديدان الخيطية كا بدوثة  سبة ل ى  ة  الديدان الخيطية المعوية و أ خ واح  سجي أربعة أ  Sublura  بنسبة
يرا ثوثة % ٥ص Heterakis gallinarumث ثوثة % ص،٨صAscaridia galliها ثوثة % ٤٦،٦بصابة وأ

Capillaria  ي في هذ الدراسة حيث   %.٠،٨بنسبة بصابة ات المح عاء الد دت في أ ي و ديدان الشريطية ال ا بالنسبة ل أ
ي  واح  هذ الديدان وهي كالأ ة أ  ,Raillietina tetragona.  R. echinobothrida, R. cesticillusسجي س

Fimbriaria  fasciolaris  ،Davainea proglottina  وAmoebotaenia sphenoides  وبنس بصابة
والي% ٠،٨و% ٥،ص,%٦،ص,%٦،٦,%ص،٤ص,%٧،٥ص واح الديدان المسطحة . ى ال وح  أ زل أي  ول ي 

)Termatode (حوج ات الم ميع الد   .في 
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Abstract 
This study included comparative biochemical composition of hydatid fluid, protoscolices, infected and non-

infected tissues isolated from liver and lungs of infected sheep, goats, and cattle in Duhok abattoirs during the period 
from Nov. 2009 to Apr. 2010. Also hydatid fluid of cysts surgically removed from humans in Azadi Teaching Hospital, 
Duhok during the period from Mar. 2010 to Jul. 2010.Hydatid cysts and host tissues were analyzed for Ions (Na+, K+, 
Ca++, and Mg++) and Fe++. Among Ions, Na+ exhibited high levels in hydatid fluid of the studied hosts with the highest 
being in hydatid fluid of sheep liver cyst (356±8.207 mg/dl); furthermore, infected tissues showed higher Na+ levels 
with the highest being in sheep liver and lung tissues (196±7.461 and 178±5.868 mg/100g respectively). Protoscolices of 
both liver and lungs showed high K+ levels, among tissues, infected tissue contained high K+ levels with the highest 
being in infected lung tissues (Ranged from 63.46±0.597 mg/100g to 77.39±0.729 mg/100g). Nearly similar levels of 
Ca++ were detected in hydatid fluid and protoscolices of all cysts with the highest level being in goats cysts 
protoscolices (Liver: 9.212±0.081 mg/100g, Lungs: 9.044±0.072 mg/100g) and the lowest in cattle cysts fluid (Liver: 
6.954±0.061 mg/dl, Lungs: 6.826±0.054 mg/dl). The level of Mg++ was low in hydatid cysts and tissues of all hosts 
(Ranged from 0.746±0.016 mg/100g to 0.952±0.015). Small quantities of iron were detected in hydatid cysts of all hosts 
which were higher in cattle liver cysts (Hydatid fluid 0.0882±0.003 mg/dl and protoscolices 0.0838±0.003 mg/100g) and 
infected liver tissues (0.2293±0.008 mg/100g). 
 

KEYWORDS: Echinococcosis, Echinococcus granulosus, HCs chemical composition, Ions, Iron. 
 

NTRODUCTION 

ydatid disease, Hydatidosis or Cystic 
Echinococcosis (CE) is a major parasitic 

disease of veterinary and public health 
importance throughout the world. This disease 
has a great economic and zoonotic importance 
because it affects almost all the domestic 
animals and human (Baswaid, 2007 and Surhio 
et al., 2011). 

Cystic Echinococcosis is caused by the larval 
stage (Metacestod) of the dog tapeworm 
Echinococcus granulosus by ingesting eggs, 
which passed with the feces of the definitive 
hosts, usually feral dogs (Rahimi et al., 2011). 
Humans become infected accidentally through 
ingestion of eggs, mainly children who are often 
found infected, because of their closer contacts 
with dogs (Eckert and Deplazes, 2004).  

The distribution of CE is normally associated 
with underdeveloped countries, especially in 
rural communities, where man maintains close 
contact with the dog, the definitive host and 
various domestic animals which may act as 
intermediate hosts (Eslami and Hosseini 1998). 
The larval form of E. granulosus in the 
intermediate host is characterized by its cystic 

aspect and behaves as a benign tumor in most of 
the cases (Amman and Eckert, 1996). The cysts 
may be single or multiple; their main locations 
are the liver and the lungs; however any other 
tissue or organ may be involved, including brain, 
bone, spleen, kidney, …etc. (Moro and Schantz, 
2009). 

There are seven species of Echinococcus, 
four of them are infectious to human, namely E. 
granulosus, E. multilocularis, E. oligartharus 
and E. vogeli (WHO,2001).  

However E. granulosus, is the most prevalent 
species in all continents, causing considerable 
public health problems in many regions of the 
world (WHO, 2001). Furthermore, it is also 
common in Iraq (Al-Fatalawei, 2002 and Al-
Nakeeb, 2004), including Kurdistan region 
(Ghaffar, 2008; Abdullah, 2010 and Meerkhan, 
2011). 

Epidemiological situation for this parasite is 
complicated by the fact that several strains have 
been identified in most area where infection is 
endemic. These strains exhibit different degrees 
of infectivity for certain intermediate hosts. 
Previously, strains were identified using 
morphological, biological, biochemical and 

H
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some other criteria. However, in recent years 
molecular techniques have contributed in more 
precise strain identification at the DNA level 
(Thompson and McManus, 2001). 

Most of the studies on this parasitic disease 
focus either on the veterinary and zoological 
aspects of the parasite life cycles or on the 
prevention and control measures or on the 
medical aspects of the diseases and the treatment 
options in humans. The information about the 
mode of parasite nutrition which is somewhat 
ignored can help us to get some information 
which might lead the specialists in future to 
discover some drugs which can be used for 
treatment of inoperative  cyst through their 
adherence to the biological materials that 
promote penetration of the drugs to the cyst 
(Rahdar et al., 2008). 

This study proposed to determine the 
chemical components of hydatid cyst (fluid, 
protoscolices) of cysts isolated from liver and 
lung tissues of various intermediate hosts, in 
addition to infected and noninfected host tissues. 

 
MATERIALS AND METHODS  

Materials:- The present study include 
biochemical study on 38 fertile hydatid cysts 
isolated from the liver and Lungs of infected 
sheep, goats and cattle slaughtered at Duhok 
abattoir (Table 1) during the period between 
November 2009 to April 2010. In addition, 8 
hydatid cyst fluids aspirated from humans during 
surgical removal of cysts from patients at Azadi 
Teaching Hospital in Duhok city during the 
period from March 2010 to July 2010. Samples 
were collected carefully and kept in cool box 
containing crushed ice and transported to 
Parasitology laboratory of College of Education, 
University of Zakho. 

 
Table (1): The number of samples used in this 
study from different sources 
 

Host Liver Lungs Total 

Sheep 5 5 10 

Cattle 5 5 10 

Goats 5 5 10 

Human 4 4 8 

Grand Total 19 19 38 

 
Excision of the cyst from infected organs: 

The cyst was removed from the infected organ 
and transferred to a crystallizing basin, washed 

several times with physiological buffer solution 
(PBS) (pH 7.4) then opened and the cyst content 
was transferred to a clean container, then the 
sample was subjected to the following protocol. 

Diagnosis of fertile cysts: - All cysts were 
checked by microscope (40X and 100X) to 
select the fertile cysts. 

Digestion solution: - Was prepared by mixing 
equal volumes of H2So4 and HNo3 (Saeed and 
Al-Habbib, 1990). Used for digesting of tissues 
and protoscolices for determination of minerals. 

Sample preparation:- For mineral 
determination, hydatid cyst fluid, protoscolices 
and host tissue samples were processed  fluid as 
follow:  
1- Hydatid fluid (HF): The HF of each sample 
was centrifuged at 4000 rpm for 20 minutes. 
Two ml of the supernatant was completed to 10 
ml with deionized water. The sample was 
refrigerated until use.  
2- Tissue and protoscolices: Three ml of 
digestion solution (1:1 H2So4 : HNo3) was added 
to 1g of the tissue or protoscolices, left for 48 hr 
for complete digestion. The aliquot was diluted 
to 10 ml using deionized water, the sample was 
Millipore filtered and refrigerated until used. 
The studies parameters were determined using 
proper Biolabo-Reagents, France) according to 
manufacturer instructions. 

Statistical analysis: One way analysis of 
variance (ANOVA) was used for statistical 
analysis and for comparison between the results 
(Cohen, 2003). 

 
RESULTS 

The level of Ions in hydatid cysts isolated 
from sheep liver and lungs along with both 
infected and non-infected sheep liver and lung 
tissues are shown in Table (2). It is obvious from 
the table that HFof cysts isolated from sheep 
liver contained the highest concentration of 
sodium which was 356±8.207 mg/dl followed by 
HF of lung cysts (336±6.454 mg/dl). While Na+ 
concentration of protoscolices isolated from 
sheep liver and lung was much lower as 
compared with HF, and it is ranged from 
188±7.427 to 171±5.842 mg/100g, respectively. 
However, the concentrations of Na+ in infected 
and non-infected liver and lungs were 
intermediate as compared with hydatid cysts; 
furthermore, infected tissues (liver and lungs) 
showed higher sodium levels as compared with 
non-infected with the highest being in liver 
tissues (Table 2). 
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Table (2): Ions contents of hydatid cyst, infected and non-infected sheep liver and lung tissues (N: 5). 
 

Parameters Organ 
Hydatid 

fluid 
(mg/dl) 

Protosco-lice 
(mg/100g) 

Infected 
tissue 

(mg/100g) 

Non-infect-ed 
tissue 

(mg/100g) 

Sodium 
Liver 356 ± 8.207 188 ± 7.427 196 ± 7.461 160 ± 7.294 

Lung 336 ± 6.454 171 ± 5.842 178 ± 5.868 143 ± 5.736 

Potassium 
Liver* 39.84 ± 0.335 106 ± 0.894 83.66 ± 0.703 73.3 ± 0.618 

Lung* 36.85 ± 0.347 98.39 ± 0.926 77.39 ± 0.729 67.8 ± 0.64 

Calcium 
Liver 6.32 ± 0.056 6.824 ± 0.061 6.508 ± 0.057 6.954 ± 0.061 

Lung 6.206 ± 0.048 6.7 ± 0.052 6.39 ± 0.052 6.826 ± 0.054 

Magnesium 
Liver 0.778 ± 0.017 0.878 ± 0.02 0.858 ± 0.02 0.938 ± 0.02 

Lung 0.792 ± 0.013 0.896 ± 0.015 0.87 ± 0.014 0.952 ± 0.015 

Iron 

Liver* 0.088 ± 0.003 0.0836 ± 0.003 0.2288 ± 0.008 0.2816 ± 0.01 

Lung* 0.0786 ± 0.002 0.0747 ± 0.002 0.2044 ± 0.004 0.2515 ± 0.006 

 
Protoscolices of cysts isolated from sheep 

liver and lungs showed the highest concentration 
of potassium which was greater by about 2.7 
folds as compared with HF of the same cysts. 
Regarding host tissues, both infected liver and 
lungs tissues showed higher potassium 
concentration as compared with non-infected 
tissue with the highest being in lung tissues 
(Table 2). With respect to Calcium and 
Magnesium ions, their concentrations were 
almost the same in hydatid cysts, infected and 
non-infected liver and lung tissues as indicated 
in Table (2). 

Very little amount of iron was detected in HF 
and protoscolices of both liver and lungs cysts. 
On the other hand, infected and non-infected 
liver and lung tissues showed higher 
concentration of iron as compared with hydatid 
cysts and this difference was statistically 
significant (P ≤ 0.05). In conclusion, there was a 
wide variation in the concentration of the four 
different ions in the protoscolices and HF. 
Sodium was higher in HF, whereas, K+ level 
were higher in protoscolices. 

The level of Ions in hydatid cysts isolated 
from goats liver and lungs along with both 
infected and non-infected goats liver and lung 
tissues are shown in Table (3). It is obvious from 
the table that HF of cysts isolated from goats 
liver contained the highest concentration of 
sodium which was 220±7.576 mg/dl followed by 
HF of lung cysts (202±5.958 mg/dl). While, Na+ 
concentration of protoscolices isolated from 
goats liver and lung was much lower as 
compared with HF, and it is ranged from 
66.07±6.856 to 49.85±5.391 mg/100g, 
respectively.  

However, the concentration of Na+ in 
infected and non-infected tissues was much 
lower as compared with hydatid cysts (Table 3). 
But infected tissues (both liver and lungs) 
showed higher Na+ levels than non-infected 
tissues. Generally Na+ levels were higher in liver 
cyst, infected and non-infected tissues as 
compared with correspondent lung cysts and 
tissues.  
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Table (3): Ions contents of hydatid cyst, infected and non-infected goats liver and lung tissues (N: 5). 
 

Parameters Organ 
Hydatid 

fluid 
(mg/dl) 

Protosco-lice 
(mg/100g) 

Infected 
tissue 

(mg/100g) 

Non-infect-ed 
tissue 

(mg/100g) 

Sodium 
Liver 

220 ± 
7.576 

66.07 ± 
6.856 

72.75 ± 
6.887 

39.95 ± 
6.734 

Lung 
202 ± 
5.958 

49.85 ± 
5.391 

56.46 ± 
5.416 

24.02 ± 
5.296 

Potassium 
Liver* 

36.65 ± 
0.309 

97.86 ± 
0.823 

76.97 ± 
0.647 

67.44 ± 
0.567 

Lung* 
33.9 ± 
0.318 

90.52 ± 
0.853 

71.19 ± 
0.67 

62.38 ± 
0.588 

Calcium 
Liver 

8.534 ± 
0.076 

9.212 ± 
0.081 

8.788 ± 
0.076 

9.384 ± 
0.083 

Lung 
8.374 ± 
0.067 

9.044 ± 
0.072 

8.63 ± 
0.069 

9.214 ± 
0.072 

Magnesium 
Liver 

0.678 ± 
0.016 

0.766 ± 
0.016 

0.746 ± 
0.016 

0.814 ± 
0.018 

Lung 
0.692 ± 

0.01 
0.778 ± 
0.012 

0.758 ± 
0.012 

0.828 ± 
0.012 

Iron 

Liver* 
0.083 ± 
0.003 

0.0789 ± 
0.003 

0.2158 ± 
0.008 

0.266 ± 
0.01 

Lung* 
0.0736 ± 

0.002 
0.0699 ± 

0.002 
0.1914 ± 

0.004 
0.236 ± 
0.006 

 
Protoscolices of cysts isolated from goats 

liver and lungs showed the highest concentration 
of potassium which was about 2.65 folds as 
compared with HF of the same cysts. Regarding 
host tissues, both infected liver and lungs tissues 
showed higher potassium concentration as 
compared with non-infected tissue (Table 3), and 
these differences were statistically significant (P 
≤ 0.05). 

With respect to Calcium and Magnesium, 
their concentrations were almost the same in 
hydatid cysts, infected and non-infected host 
tissues as indicated in Table (3). 

Very small amount of iron was detected in 
HF and protoscolices of both liver and lungs 
cysts. On the other hand, infected and non-
infected liver and lung tissues showed higher 
concentrations of iron as compared with hydatid 

cysts and this difference was statistically 
significant (P ≤ 0.05).  

The level of Ions in hydatid cysts isolated 
from cattle liver and lungs along with both 
infected and non-infected cattle liver and lung 
tissues are shown in Table (4). HF of cysts 
isolated from cattle liver contained the highest 
concentration of sodium which was 238±7.659 
mg/dl followed by HF of lung cysts (220±6.024 
mg/dl). While Na+ concentration of protoscolices 
isolated from cattle liver and lung was much 
lower as compared with HF, and it is ranged 
from 82.39±6.931 to 66±5.45 mg/100g, 
respectively. However, the concentration of Na+ 
in infected and non-infected tissues was 
intermediate as compared with hydatid cysts 
(Table 4). Liver cysts and infected liver tissues 
showed higher Na+ levels. 
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Table (4): Ions contents of hydatid cyst, infected and non-infected cattle liver and lung tissues (N: 5). 
 

Parameters Organ 
Hydatid 

fluid 
(mg/dl) 

Protosco-lice 
(mg/100g) 

Infected 
tissue 

(mg/100g) 

Noninfect-ed 
tissue 

(mg/100g) 

Sodium 
Liver 

238 ± 
7.66 

82.39 ± 
6.931 

89.14 ± 
6.963 

55.99 ± 
6.808 

Lung 
220 ± 
6.024 

66 ± 
5.45 

72.67 ± 
5.475 

39.88 ± 
5.354 

Potassium 
Liver* 

32.67 ± 
0.274 

87.22 ± 
0.732 

68.6 ± 
0.578 

60.11 ± 
0.506 

Lung* 
30.22 ± 
0.284 

80.68 ± 
0.759 

63.46 ± 
0.597 

55.6 ± 
0.523 

Calcium 
Liver 

6.954 ± 
0.061 

7.51 ± 
0.07 

7.158 ± 
0.063 

7.648 ± 
0.066 

Lung 
6.826 ± 
0.054 

7.37 ± 
0.06 

7.03 ± 
0.055 

7.51 ± 
0.06 

Magnesium 
Liver 

0.71 ± 
0.016 

0.80 ± 
0.018 

0.78 ± 
0.016 

0.85 ± 
0.018 

Lung 
0.722 ± 

0.01 
0.816 ± 
0.012 

0.794 ± 
0.012 

0.866 ± 
0.012 

Iron 

Liver* 
0.088 ± 
0.003 

0.084 ± 
0.003 

0.23 ± 
0.008 

0.282 ± 
0.009 

Lung* 
0.08 ± 
0.001 

0.076 ± 
0.001 

0.209 ± 
0.003 

0.257 ± 
0.004 

 
Protoscolices of cysts isolated from cattle 

liver and lungs showed the highest concentration 
of potassium which was about 2.65 folds as 
compared with hydatid fluid of the same cysts. 
Regarding host tissues, both infected liver and 
lungs tissues showed higher potassium 
concentration as compared with non-infected 
tissue, with the highest levels being in liver cyst 
and tissues (Table 4). 

With respect to Calcium and Magnesium, 
their concentrations were almost the same in 
hydatid cysts, infected and non-infected host 
tissues as indicated in Table (4). 

Very small amount of iron was detected in 
HF and protoscolices of both liver and lungs 
cysts. On the other hand, infected and non-
infected liver and lung tissues showed higher 

concentration of iron as compared with hydatid 
cysts and this difference was statistically 
significant (P ≤ 0.05). Regarding tissues, liver 
tissues showed slightly higher Fe++ levels than 
lung tissues. 

The level of Ions in HF of cysts removed 
from human liver and lungs are shown in Table 
(5). It is obvious from the table that HF of liver 
cysts contained the highest concentration of 
sodium which was 191±7.768 mg/dl followed by 
HF of lung cysts (180±7.02 mg/dl). 

The HF of cysts removed from human liver 
contained the highest concentration of potassium 
which was 31.76 ± 0.153 mg/dl, followed by HF 
of lung cysts (29.44 ± 0.353 mg/dl). This 
deference was statically significant (P ≤ 0.05). 

 
Table (5): Ions contents of hydatid fluid of cysts removed from human (mg/dl) (N: 4). 

Parameters Liver Lung Normal values 

Sodium 191 ± 7.768 180 ± 7.02 92-500 

Potassium 31.76 ± 0.153 29.44 ± 0.353 98-470 

Calcium 7.943 ± 0.073 7.76 ± 0.08 100-300 

Magnesium 0.74 ± 0.015 0.763 ± 0.02 68.02-97.50 

Iron 0.09 ± 0.003 0.078 ± 0.002 0.045-0.16 
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With respect to Calcium and Magnesium, their concentrations were almost the same in HF of both 
liver and lung cysts as indicated in Table (5). 

Very small amount of iron was detected in HF of both liver and lung cysts which was slightly 
higher in liver cyst HF, and deference was statically non-significant (P> 0.05). 

Table (6) shows comparison between the ion contents of hydatid cysts isolated from liver of 
various intermediate hosts. Regarding the Ions, there are some differences in their levels in HF and 
protoscolices of different intermediate hosts. HF of all hosts contained the higher levels of Na+ than 
protoscolices, with the highest being in HF of sheep cysts (356 ± 8.207 mg/dl). On the other hand, 
protoscolices contained higher levels of K+ ions, also the highest being in sheep cysts. 
 
Table (6): Comparison between ion contents of hydatid cysts isolated from livers of different hosts.  
 

Parameters 

Sheep 
(N:5) 

Goat 
(N:5) 

Cattle 
(N:5) 

Human 
N:4) 

Hydatid fluid 
(mg/dl) 

Protos-
colices 

(mg/100g) 

Hydatid 
Fluid 

(mg/dl) 

Protos-
colices 

(mg/100g) 

Hydatid 
Fluid 

(mg/dl) 

Protos-
colices 

(mg/100g) 

Hydatid 
Fluid 

(mg/dl) 

Sodium 
356 ± 
8.207 

188 ± 
7.427 

220 ± 
7.576 

66.1 ± 
6.856 

238 ± 
7.659 

82.39 ± 
6.931 

191 ± 
7.768 

Potassium 
39.8 ± 
0.335 

106 ± 
0.894 

36.7 ± 
0.309 

97.86 ± 
0.823 

32.67 ± 
0.274 

87.22 ± 
0.732 

31.8 ± 0.153

Calcium 
6.32 ± 
0.056 

6.82 ± 
0.061 

8.53 ± 
0.076 

9.21 ± 
0.081 

6.954 ± 
0.061 

7.508 ± 
0.066 

7.943 ± 
0.073 

Magnesium 
0.78 ± 
0.017 

0.88 ± 
0.02 

0.68 ± 
0.016 

0.77 ± 
0.016 

0.71 ± 
0.016 

0.802 ± 
0.018 

0.74 ± 
0.015 

Iron 
0.09 ± 
0.003 

0.08 ± 
0.003 

0.08 ± 
0.003 

0.079 ± 
0.003 

0.088 ± 
0.003 

0.084 ± 
0.003 

0.09 ± 
0.003 

 
With respect to Ca++, almost there was no difference in its level in HF and protoscolices, regarding 

hosts, the highest level observed in goats HF and protoscolices, while the lowest level was in sheep. 
Both HF and protoscolices in all hosts contain low levels of Mg++ (Table 6).  

Small quantities of iron were detected in hydatid cyst which was slightly higher in liver cysts as 
compared with lung cysts (Tables 6 and 7). 
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Table (7): Comparison between ion contents of hydatid cysts isolated from lungs of different hosts. 
 

Parameters 

Sheep 
(N:5) 

Goat 
(N:5) 

Cattle 
(N:5) 

Human 
N:4) 

Hydatid fluid 
(mg/dl) 

Protos-
colices 

(mg/100g) 

Hydatid 
Fluid 

(mg/dl) 

Protos-
colices 

(mg/100g) 

Hydatid 
Fluid 

(mg/dl) 

Protos-
colices 

(mg/100g) 

Hydatid 
Fluid 

(mg/dl) 

Sodium 
336 ± 
6.454 

171 ± 
5.842 

202 ± 
5.96 

49.85 ± 
5.391 

220 ± 
6.024 

66 ± 
5.45 

180 ± 
7.02 

Potassium 
36.85 ± 
0.347 

98.4 ± 
0.926 

33.9 ± 
0.318 

90.52 ± 
0.853 

30.2 ± 
0.284 

80.68 ± 
0.759 

29.44 ± 
0.353 

Calcium 
6.206 ± 
0.048 

6.7 ± 
0.052 

8.37 ± 
0.067 

9.044 ± 
0.072 

6.83 ± 
0.054 

7.37 ± 
0.06 

7.76 ± 
0.08 

Magnesium 
0.79 ± 
0.013 

0.9 ± 
0.015 

0.69 ± 
0.01 

0.778 ± 
0.012 

0.72 ± 
0.01 

0.82 ± 
0.012 

0.763 ± 
0.02 

Iron 
0.079 ± 
0.002 

0.075 ± 
0.002 

0.074 ± 
0.002 

0.07 ± 
0.002 

0.08 ± 
0.001 

0.076 ± 
0.001 

0.078 ± 
0.002 

 

DISCUSSION 

Differences in the metabolism of hydatid cyst 
from different intermediate hosts such as sheep, 
goats, cattle camels and human is most probably 
due to complex geographical strains as well as 
their biochemical and physiological differences 
(Frayha and Haddad, 1980; McManus, 1981; 
and Refik, et al., 2002). Thus, wide variations in 
the concentrations of ions and other chemicals 
have been reported by Frayha and Haddad 
(1980). Since Na+ is the major extracellular 
cation, the highest Na+ concentrations was 
observed in HF, while, comparatively, a lower 
Na+ concentration was exhibited by 
protoscolices. On the other hand, since K+ is the 
major intracellular cation, highest K+ 
concentration was observed in protoscolices 
which is about 2.7 folds as compared with HF. 
High cation concentration in protoscolices may 
be due to the presence of cation-rich calcareous 
corpuscles present in the tissue (Frayha and 
Haddad, 1980).  

Also high NaCl concentration is the 
characteristics of the body fluid of ecto- and 
endoparasites (Von, 1979) as well as the hydatid 
cyst fluid (Frayha and Haddad, 1980). 

       The concentration of Ca++ was much 
lower than Na+ and K+ ions. Furthermore, Ca++ 

concentration in HF and protoscolices in goats 
was slightly higher as compared with others, and 
the lowest was exhibited by cattle. Radfar and 
Iranyar (2004) also reported such a low level of 
Ca++ in the HF of sheep, goats, cattle and human 
cysts. The presence of Ca++ in the hydatid cyst 
fluid is of vital importance since it prevents the 

hydatid cyst fluid acidity and its accumulation as 
calcareous body in the cyst (Rahdar et al., 2008).  

       The concentration of Mg++ was much 
lowers than Ca++ ion concentration. Since Mg++ 
has narcotics action on the body activities, it is 
usually excreted to the exterior via conventional 
transport mechanisms (Bernath et al. 1985). 

       However, in the current study, sheep, 
goats and cattle hydatid cyst, showed 
comparatively slightly higher Ca++ and Mg++ 
levels in protoscolices than hydatid cyst fluid. 
This agrees with the results of Frayha and 
Haddad, (1980) who indicated that the amount 
of Ca++ and Mg++ in protoscolices were more 
than that of hydatid fluid.  

       Since there are no detailed systematic 
studies on comparative biochemical composition 
in hydatid cysts from different hosts (sheep, 
goats, cattle, camel and human), it is very 
difficult to compare the results. However, there 
is a general tendency of cations of physiological 
importance (Na+ and K+) to exhibit the highest 
levels in sheep among the studied animals. On 
the other hand, the lowest levels of Na+ and K+ 
were observed in human hydatid cyst fluid.  
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  الخلاصة

ة بي قار ية للاكياس المائية  ضمن هذ الدراسة  ات الكيموحيا سجة المصابة ) السائ العدري والرؤوس البدائية(المكو بضافة الى الا
ز وا ي الاغنام والما يوغير المصابة المعزولة  كبد ورئ ي  لما شري الثا رة   جزرة ثهوك ل يسان  ٠٠٩صالمذبوحة في  الى 

ينات سائ الاكياس ال. ٠ص٠ص رة  آذار بظافة الى  يمي في ثهوك ل ع ى آزاثي ال ش س ة  المصابي في  أص  ٠ص٠صمائية المس

موز  م .٠ص٠صالى  ات  وقد  وى الآيو س سجة  في الاكياس ++Feوالحديد ) ++Na+, K+, Ca++, and Mg(ثراسة  المائية والا
مضائ ة المصابة ل   .المخ

ات  الية في  +Naظهر آيون الصوثيوم أ بي الآيو ويات  اح العدرية ل سوائالس ع ار خ المضائ  وذة   لاكياس المأ
ر/غ ٥٦ص±٠٧ص،٨(حوح في اكياس اكباث الاغنام المصابة  الية  آيون ). ثيسي ويات  س سجة المصابة أظهرت  كذل فإن الا

حوح في اكياس اكباث ورئات الاغنام المصابة  اح  ع ار ر و /غ ٩٦ص±ص٧،٤٦(الصوثيوم  ى /غ ٧٨ص±٥،٨٦٨ثيسي ر  ثيسي
والي   ).ال

اسيوما لاكياسالبدائيةالرؤوس  الية  آيون البو ويات  س سجة .  +K لاكباث والرئات المصابة أظهرت  سجة، اظهرت الا و بي الا
حوح في الرئات سالمصابة  اح  ع ار ن  الية    ).غ٠٠ص/غ ٩ص،٧٧±٩ص٠،٧ :الىغ ٠٠ص/غ ٤٦،ص٦±٠،٥٩٧: (ويات 

قريبا  آيون  الية  ويات  س دت  سائ ++Ca الكالسيومو حوح في البدائية والرؤوس  العدري ل اح  ع ار سائ الللاكياس المائية 
اعدري للاكال ز  ةصياس المس سجة الما ر/غ ٦،٩٥٤±ص٠،٠٦: كبد( ا ر/غ ٦ص٦،٨±٠،٠٥٤: رئات, ثيسي ا ). ثيسي أ

وى المغنسيوم ميع المضا++Mg بالنسبة لمس سجة  ا في اكياس وا : غ  الى٠٠ص/غ ٠،٧٤٦±٦ص٠،٠: ( ئ، فكان واط

  ).غ٠٠ص/غ ص٠،٩٥±٥ص٠،٠

ة  الحديد  ي ميع المضائ ++Feكميات ق دت في اكياس  ية و ي في اكباث الما اح ط ع ار : العدري السائ(، 

ر والرؤوس /غ ص٠،٠٨٨±ص٠،٠٠ سي الاكباث المصابة٠٠ص/غ ٨ص٠،٠٨±ص٠،٠٠:البدائيةثيسي  ص٩صص،٠±٠،٠٠٨: غ  و

  .)غ٠٠ص/غ
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Abstract 

Hydatid cyst (HC) is one of the common silent zoonotic disease worldwide distributions, with medical importance 

and economical effect. The present study was conducted from January 2011 to March, 2012 to determine the 

prevalence rate of hydatid disease among slaughtered livestock including sheep, goats and cattle in Slemani province. 

A total of 7698 slaughtered animals were examined from different abattoirs for hydatid cyst during post mortem 

inspection including 6550 sheep, 348 goats and 800 cattle. The study showed that the prevalence rates among 

slaughtered animals were 12.7% in sheep, 4.8% in goats and 4.3% in cattle. The fertility rate of HCs was higher in 

sheep than that of goats and cattle furthermore, the rate of the fertility was higher in liver cysts than in lung cysts in 

all studied intermediate hosts. 

 

KEYWORD: Hydatid cyst, E.granulosus, prevalence, Hydatid Disease 
 
Introduction  

chinococcosis or hydatid Disease is one 
of the neglected silent helminthes 

infection caused by the larval stages of cestode 
belonging to the genus Echinococcus (family 
Taeniidae), which is a major public health 
problem in developing countries (Siracusano et 
al., 2012). The larval infection is characterized 
by long-term growth of the metacestode in the 
intermediate host (Zhang et al., 2003).  

Hydatid disease has a dual impact on human 
health and livestock production. Human 
populations dependence on livestock are not 
only most at direct risk from zoonotic disease, 
but are most vulnerable to the indirect impacts 
on health, or reduced production on livelihoods 
and food security, which exacerbates the poverty 
cycle (Molyneux, et al., 2011). Humans become 
infected accidentally by ingesting food or water 
contaminated with fecal material containing         
E. granulosus  eggs passed from infected 
carnivores, or when they handle pet or infected 
dogs (WHO, 2006; Satoskar, et al., 2009). The 
commonest sites of infection are the liver and 
lungs (Markell et al., 1999), whereas, it was 
noticed that the disease cannot be transmitted 
between humans or from human to dogs (Rood 
and Kelly, 2009). 

There are six species of Echinococcus: E. 
granulosus, E. multilocularis,         E. vogeli, E. 
oligarthrus, E. shiquicus and E. felidis 
(Brunette, 2012), two of these species are of 
medical importance, which are E. granulosus 
and E. multilocularis causing Cystic 

Echinococcosis (CE) and Alveolar 
Echinococcosis (AE), respectively. This study 
aimed to determine the status and analysis of 
epidemiological factors of hydatid disease 
among slaughtered domestic animals in Slemani 
province. 

 
Materials and methods: 

A total of 7698 slaughtered animals of both 
sexes were examined for hydatid cyst during 
post mortem inspection including 6550 sheep, 
348 goats and 800 cattle. Livers and lungs were 
inspected by cutting, and both surfaces were 
examined by incisions as well as examined 
through visual inspection. The Hydatid cyst fluid 
(HCF) was collected from individual cyst, 
washed by phosphate buffer saline (PBS) and 
checked for the presence of protoscolecies (Latif 
et al., 2010). 

The investigation of hydatid cysts was carried 
out for the following parameters: location of 
cysts (organ specificity), cyst fertility and 
viability of protoscolices. 

Animal intact cysts were obtained from 
Slemani abattoir, which included 10 individual 
cysts from goat, 12 from cattle and 20cysts from 
sheep. The samples were transported to the 
laboratory in a cool box. Individual cysts were 
grossly investigated for degeneration and 
calcification (WHO, 2003).  Then according to 
the animal species, size of cyst and infected 
organs around 10% of hydatid cysts were 
randomly selected for fertility and viability 
study. 

E
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Fertility and Viability 

After aspiration of cyst fluid, the fluid was 
centrifuged, then one drop of precipitated was 
taken by Pasteur pipette and examined by light 
microscope under (40x) for the presence of 
protoscolecies. The cysts which were without 
protoscolices were considered as non fertile 
(Daryani et al., 2006). 

Eosin dye (vital stain) was used for 
determination of viability of protoscolices 
(Daryani et al., 2006).The  protoscolex with 
inactive flame cell or stained with eosin 
considered as dead (Esfahani and Youssefi, 
2010). 
 

 

 

Statical analysis  

The data were analyzed using chi-squire 
(GraphPad Prism 6).  

Results 

The result revealed that the prevalence rate of 
Echinococcosis was significantly differences 
(p<0.05)   between all animal species (Table1). 
The prevalence rate of HC in sheep, goats and 
cattle was 12.7%, 4.8% and 4.3%, respectively. 
The highest rate of infection was observed in 
sheep followed by goats and cattle.  

The results of the present study showed that 
the sex of the slaughtered animals has non 
significant effect on the distribution of HC, as 
the rate of HC in males and females were very 
close (Table 1).  

Table (1): The prevalence rate of HCs among different slaughtered animals in Slemani province. 

  Sex:       X2 = 3.32       p = 0.68                df=1       
  Species: X2 = 54.24    p = 0.0002            df=2 
 

Organ specificity 

The distribution of HCs in various organs among slaughtered animals is shown in Table (2). The 
present study revealed that the co-infection of the liver and lungs was the predominant infection and 
the preponderant site of hydatid cyst was the liver followed by lungs, this indicates that the liver is the 
primary site for cyst development and lung involvement comes as a secondary consequence. 
Table (2): Distribution of hydatid cysts in the internal organs among slaughtered animals in Slemani 
province. 

Species 

No. of 

inspected 

animal 

No.  and % of        

infection 

Infected organs 

Liver Lung Liver and Lung 

No. % No. % 
No

. 
% No. % 

Sheep 6550 835 12.75 79 9.46 44 5.26 712 85.26 

Goats 348 17 4.89 7 41 3 17.6 7 41.1 

Cattle 800 35 4.38 14 40 5 14.2 16 45.7 

Total 7698 887 11.52 
10

0 
11.2 52 5.8 735 82.8 

X2 = 60.2 p= 0.0001    df=2 

Species 

No. of  inspected animals No. of Infected Rate of infection  % Total infected 

Male Female Total Male Female Male Female No. % 

Sheep 2400 4150 6550 313 522 13.04 12.57 835 12.7 

Goats 227 121 348 11 6 4.8 4.9 17 4.8 

Cattle 700 100 800 31 4 4.42 4 35 4.3 

Total 3327 4371 7698 355 532 10.67 12.17 887 11.52 
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Type of cysts 

The nature of the isolated cysts of slaughtered animals was studied on the base of fertile, sterile and 
calcified (Table 3). In sheep, the rates of fertile, sterile and calcified cysts among 100 examined cysts 
were 86, 9and 5%, respectively. In goats, the rates of fertile, sterile and calcified cysts among 40 
examined cysts were 60, 20 and 20%, respectively. The same pattern was observed in cattle, 58, 22 
and 20%, respectively. 
 
Table (3): The number and percentage of cyst types in different intermediate hosts 

X2= 19.22        p=0. 003     df=6 
 

Discussion 

The highest rate of infection was observed in 
sheep followed by goats and cattle. Similar high 
rate of infection in sheep have been reported by 
Amin (2007) in Slemani, Al-Berwari ( 2012) and  
Abdullah and Mero(2013) in Duhok, they 
suggested that due to the host specificity and 
strain distribution in this region, in addition in 
Kurdistan sheep are more desirable for rearing 
due to their consumption preference to fulfill 
religious and social requirements and they are 
more adapted with dog than goats or cattle also 
their feeding habit have effect on the infection 
rate. 

On the other hand, lower rates were reported 
by Bajalan  (2006) in Kalar; Kadir and Rasheed, 
(2008) in Kirkuk, and Jarjees and Al-Bakri, 
(2012) in Mosul. The low prevalence rate in 
goats, in the present study may be due to feeding 
habit of this animal, as they eat the higher parts 
of herbage that are exposed to the sunlight which 
decrease the viability of the eggs (Torgerson and 
Budke, 2003), also the low prevalence rate of 
HC among cattle in the present study may be due 
to rearing them in cowshed with better care 
which relatively has no contact with the source 
of infection (Thompson and McManus, 2002). 

In contrast Meerkhan and Abdullah, (2012) in 
Duhok, reported higher infection rates among 
cattle than in sheep and they attributed it to the 

fact that cattle are slaughtered at older age which 
increase the risk of exposure to eggs of E. 
granulosus and cattle eat larger amount of 
herbage than sheep and goats.  

This difference in prevalence rate among 
livestock attributed, to the mode of grazing, 
presence of the definitive host (carnivore) and 
other environmental factors. El-Ibrahim (2009), 
and the strains of the parasite also have essential 
role in HC distribution which is known as host 
specificity (Hama et al., 2012). 

The results of the present study revealed that 
the sex of the slaughtered animals has no effect 
on the prevalence rate of HCs, as the rate of HC 
in males and females were very close. This 
finding is in agreement with Rokni (2009) and 
Salem et al. (2011) they stated that both sex has 
the same chance to get infection which usually 
depend on the contact with the source of 
infection and habit of grazing. In contrast 
Ibrahim (2010) and Muqbil et al. (2012) 
reported that females of sheep and goats were 
more likely to have HC infection than males as 
males were slaughtered in younger age while 
female sheep and goats were usually maintained 
for longer periods than males to give offspring 
several times before slaughtering.  
Organ specificity 

The present study revealed that the co-
infection of the liver and lungs was the 
predominant infection and the preponderant site 

Intermediate 

host 

No. of 

cysts 

Type of cysts 

Fertile Sterile Calcified 

No. % No. % No. %

Sheep 100 86 86 9 9 5 5 

Goats 40 24 60 8 20 8 20 

Cattle 50 29 58 11 22 10 20 

Human 12 10 83.3 1 8.3 1 8.3 

Total 202 149 73.7 29 14.3 24 11.8 
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of hydatid cyst was the liver followed by lung, 
this indicates that the liver is the primary site for 
cyst development and lung involvement comes 
as a secondary consequence. Similar findings 
were reported by many researchers from 
different parts of the world Saida and Nuraddin 
(2011) in Erbil; Muqbil et al. (2012) in Baghdad; 
Ioan et al. (2012) in Romania, and  Jarjees and 
Al-Bakri (2012) in Mosul they stated that the 
liver acts as the first barrier for the oncosphere 
penetrating the intestinal mucosa to reach the 
portal vein and carried by the blood stream to all 
parts of the body, due to the large size of 
oncosphere, most of them become settled in the 
liver. On the other hand, the results of this study 
did not coincide with those of some other 
workers in which they found that the  lungs were  
the most predominant  site for Echinococcosis 
Abdullah, (2010)  in Duhok and Lotfi et al. 
(2010) in Iran  they attributed it to the larger 
lymphatic vessels which provides a chance for 
the oncosphere to reach lymphatic lacteal then 
travel through the lymph to the lungs  before 
being translocated in venules to reach the liver, 
or the oncosphere may be released from the egg 
during rumination which may gain access to the 
lung.  
Type of cysts 

In the present study the majority of cysts in 
sheep (86%) and goats (60%) were fertile, while 
the fertility rate of HCs in cattle was lower 
(58%) than in sheep and goats, this indicate that 
sheep and goats have an essential role for the 
perpetuation of the life cycle then spread of the 
disease.  

These results are consistent with Ioan et al. 
(2012) in Romania and Jarjees and Al-Bakri 
(2012) in Iraq. The fertility rate of hydatid cyst 
is an important factor in the epidemiological 
studies, due to the possibility of fertile cysts to 
disseminate the disease and to determine the 
main species as a potential host in the spread of 
the infection (Mahmoud, 1980). The variation in 
fertility rate among different intermediate hosts 
due to the difference in strain of E. granulosus 
(Hama et al. 2013).  

In contrast Saeed et al. (2000) and Fikire et 
al. (2012) found that the fertility rate was higher 
in the lung cysts than in liver cysts and they 
attributed it to the relatively softer consistency of 
lung tissue which allows the easier development 
of the cyst. The fertility of hydatid cysts varies 
depending on the host species   (Saeed et al., 
2000). The variation in the prevalence rate of 
fertile cysts in different intermediate hosts in the 

present study may be due to the presence of 
different strains of E. granulosus which might 
cause the variation in the fertility rate in various 
environmental regions (McManus, 2006). 
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  ڵه نێو ئاژ  له) Hydatid cyst(ی ئاوی  كه خۆشی تور ی نه و ی باو بونه ڕێژ
انی  كا له ربڕاو سه ێ اق-كوردستا/ پارێزگای س   ع

  

  ، و كانه  ڵيه ئاژ   رچاو سه  خۆشيه نه  كا و له شاراو  نگه بێد  خۆشيه نه  له  كێكه ی ئاوی يه كه تور

  ڵگا، ئه ئابوری كۆمه  ندروستی و و ر ته سه له  يه ری ھه و كاريگه  رباو ری جيھاندا به رتاسه سه له

ه اری    كه ی كانونی يه ماو  نجا درا له ئه  يه و تويژي دنی ڕێژ تا  ئا ی  بۆ دياری ك
  له) وأخ شه ڕ  ڕ، بز و مه( كاندا  ربڕاو سه  ڵه نێوا ئاژ  ی ئاوی له كه خۆشی تور ی نه و او بونهب

انی و ێ ين بۆ   پارێزگای س ا پاش سه ر ئاژ سه ٨پشك ی توش بوو به ڵ ك اني   ربڕين بۆ 

ا  كوشتارگه  ی ئاوی له كه خۆشی تور نه ي يتی بوو له  نی كهجيا جيا كانی پارێزگای س    ب

يتی بوو له رێژ. وأخ  شه ر ڕ سه ٨  ر بز و سه ٨ڕ،  ر مه سه % ٫  ی تووشبوو ب

ی  ئاويانه  كه و تور پيتی له ی به تێكڕای ڕێژ. واخ دا شه ڕ  له% ٫  بز دا و  له% ٫٨ڕ دا،  مه له
بوو له و  ڕ و مه  له  كه يات ابوو  ابو ھه و  و واخه شه بز و ڕ  له  ی كه وانه رگي ھا  رو رگي
ا كه و ئه ان يات و  و ر جگه  له  ی كه كانه و تور له  يه  ڕێژ ئه  ش  او    له  ی كه وانه له  رگي
او له و  و كانه سيه   .كاندا ڵه موو ئاژ ھه  رگي

 
 
 
 
 

شار ثاءالاكياس المائية  ية) Hydatid cyst(سبة ا يما حافظة الس ات المذبوحة في  / بي الحيوا

انو ك  العراخ -رثس

خص   :الم

المي شار   ي ول ا ية ذو المنشأ الحيوا راض المخ مع, ثاء الاكياس المائية هو احد الا صاثي في المج أثير طبي واق ري . وذو  أ
ي ون الثا رة  كا لال ال ي  صص٠صاذارالی  صص٠صهذة الدراسة   ات المذبوحة وال شار ثاءالاكياس المائية بي الحيوا سبة ا حديد  ل

ية يما حافظة الس ي في  ز والموا حري ل .ضمن الاغنام والما حري   ٧٦٩٨و فحص و ال خ المجازر ل حيوان  ذبحه في 
م  ز و   ٤٨صراسا  الاغنام و ٦٥٥٠ ثاءالاكياس المائية و  ي  ٨٠٠ا شار لهذا الداء.  الموا سبة الا غ  % ٧,صصب

ز و % ٤,٨في الاغنام و  ي% ص,٤في الما عدل لنسبة. في الموا ى  د ا ى   و ي كا ا الخصوبة للاكياس المائية  في الاغنام وال
عدل الخصوبة كان أكثر في الاكياس المعز  ي وأيضا لوحظ ان  ز و الموا ي  في الما ة بالاكياس المعزولة  ما هي  قار ولة  الكبد 

ها م ثراس ي  ات ال ميع الحيوا   .الرئة في 
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Abstract: 

The purpose of the study was to determined the histopathological changes in the adrenal gland, Kidney and liver 
which results from treatment with dexamethasone(DEX) .Thirty local male rabbits in Basra city  were divided  into 
three groups,the first group control group was given the normal saline orally ,  group two were orally given  DEX.  
(0.2 mg/ k g/ BW) and the third group was treated  with oral administration of DEX.at a  dose of (1 mg. / k g/ BW) for 
(60) days. The results showed  several histopathological changes in the adrenal gland of rabbits in both treated groups 
represented by congestion of blood vessels, degeneration, vaculation and necrosis of cells in the zona glomerulosa and 
zona fasciculata of the adrenal cortex. In treated rabbits,the histological section of kidney show some  changes 
represented by degeneration, edema and cells necrosis of   epithelial lining of convoluted tubules, infiltration of 
inflammatory cells and atrophy of some glomeruli. Liver of treated rabbits show ballooning hepatocytes and extension 
the sinuses. 
 
Keywords: Dexamethasone, histopathology, adrenal gland , Kidney , liver  

 
Introduction 

drenocortical steroids are used in 
medicine for their anti-inflammatory and 

immune suppressive effects such as severe 
asthma, acquired hemolytic anemia, severe 
allergic reactions of all kinds and organ 
transplant rejection ( Katzung, 2007). 

Dexamethasone(DEX) synthetic 
glucocorticoid with potent anti inflammatory 
activity, (Gyton and Hall, 2004). The potency of 
its anti inflammatory activity has been quantified 
to be (25-30) times compared with 
hydrocortisone (Ganong, 2003). 

 Dexamethasone is used in adrenocortical 
suppression which lead to the increase of lipid 
droplets in the zona fasiculata and zona 
glomerulosa in the cortex  of gland       
(Hemmaid, 2009). In the adult human and 
animal models, glucocorticoids such as DEX 
have been associated with marked reduction in 
bone mineralization (Van.1994) by reducing 
intestinal calcium absorption and reducing renal 
calcium reabsorption ( Adachi and Papiaoannou, 
2001). Dexamethasone stimulate mobilization of 
free fatty acids from adipose tissue and could 
also contribute to the development of hepatic 
lipidosis (House and Hill, 2002). Long term 
treatment with DEX have many side effect like 
increasing cholesterol, triglycerides and fatty 
acid concentration in the blood  (Serverino et 
al.,2002). 

 
 
 

Aim of study 

Study the Histopathological changes in 
Adrenal gland, Kidney and Liver. after oral 
administration of Dexamethasone for (60 day ). 

 
Material and Methods 

In this study,  thirty (30) male rabbits 
weighting (1000 -1300) g.   (12-18) months of 
age were brought from the local market of  
Basrah to be used. The rabbits were put in silk 
cages measuring (50 X 40X40) cm. in the 
animals house, in  college of vet. Medicine  of 
basrah university under   temperature of (25+ 3) 
C° and relative humidity ( 50+5 %) .The animals 
are acclimatized for three weeks and maintained 
on  regular feeding consisting of (crude protein 
15%, ground soya bean 6%, wheat flours 50%, 
wheat bran 25%, saturated fat 2%, milk power 
2% and minerals and vitamins 1g / Kg ). Water 
and food were given ad labium. The animals 
were fasted for 12 hrs. before blood  collection  
and killing was carriedout . Male rabbits were 
randomly and equally divided into three groups    
(10 animals in each group)as following  : 
Group (A): The rabbits of this group recieved,  
oral administration (0.2 mg /Kg. body weight) 
from DEX daily for 60 days. 
Group (B):The rabbits of this group recieved 
oral administration (1mg / kg. body weight) 
from DEX daily for 60 days.  
Group (C):This group is the control group, 
rabbits of this group were given the  distal water 
only as oral administration. 

A
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After (60) days from treatment, the animals  
were anestheticed by chloroform after dissection 
of neck, (adrenal gland, kidney and liver organ) 
were  removed then these organs were fixed in 
10%.formalin. The specimens were dehydrated 
through the increasing concentration of ethanol 
(50, 70, 80, 90, 90, 100 and 100%), followed by 
clearing with Xylene, infiltration of specimens 
and embedded in paraffin wax (blocking), (5-6) 
µm thick section were cut by using rotary 
microtome. All sections were  put in water bath, 
(52 C0) to plain the tissues then fixed on glass 
slides by Albumin Mayer (as a thin film) and 
placed for drying on the hot plate (40 C0) for 24 
hrs.Then staind by Harris Hematoxilin & Eosin 
(Luna, 1968).   

 
 
 
 

Results 

Adrenal Gland  
The adrenal gland of the control group, 

appeared normal in their structure . This gland's 
surrounded by capsule and divided in two layers, 
the cortex and medulla. The cortex layer consist 
of three zones: zona glomerulosa, zona 
fasciculate, zona reticularis Figure 
(1).Meanwhile the adrenal gland of DEX treated 
rabbits revealed histopathological changes which 
included: 

In group (A) the presence of pyknosis, 
degeneration, necrosis, and bleeding in the cells 
of zona glomerulosa and zona fasciculata, were 
observed (Fig.2 and 3).Group (B) showed 
necrosis, bleeding, Odem and pyknosis in  zona 
glomerulosa and zona fasciculata and some 
effect in zona reticularis and medulla of gland 
(fig. 4 and 5).  

 

 

Figure 1: Transvere section through the adrenal gland of  control group shows normal histological structure (H 
and E)( 1200X)  
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Figure 2: Transvere section through adrenal gland of 0.2mg/Kg  DEX treated group.  shows:1-
pyknosis, 2-necrosis in the cells  (H and E)( 1400X) 
 

 

Figure 3: Transvere section through the adrenal gland of 0.2 mg/Kg DEX treated group shows: 1-
odema, 2-necrosis 3-pyknosis, (H and E) ( 1400X) 
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Figure 4: Transvere section through  the adrenal gland of 1mg/Kg DEX treated groups . shows: 1-
degeneration, 2-congestion 3-sinuses extension. (H and E)  (1400 X) 
 

 

Figure 5: Transvere section through  the adrenal gland of 1mg/Kg DEX treated groups . 
shows: 1-degeneration, 2-congestion 3-sinuses extension. (H and E) ( 1800 X) 
 

Kidney  
As shown in Fig. (6) kidneys of control rabbits show normal glomeruli, normal renal cortical 

tubules and normal epithelial cells lining of the renal tubules. While in  the DEX treated animals the 
histological study of the kidney in the group (A) show fibrosis, necrosis, Odem and bleeding in the 
epithelial lining of convoluted tubules  (Fig.7).Moreover atrophy, absence of glomeruli infiltration and 
accumulation of inflammatory cells were also found as shown in Fig. (8).Section of group (B) showed 
also odema, fibrosis, bleeding and infiltration of inflammatory cells in the convoluted and collecting 
tubules  (Fig. 9). In addition to these damage the shrinkage and absence the glomeruli were recorded 
(Fig. 10).  
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Figure 6:  Transvere section though kidney of control group shows normal histological structure ( H 
and E)( 800X) 
 

 

Figure 7: Transvere section through the kidney of group (A)  shows : 1-necrosis of epithelial cells in 
convoluted tubules, 2-fibrosis, 3-congestion, 4-hyperplasia, (H and E) ( 1600 X) 
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Figure  8: Transvere section though the kidney of group (A)  shows :1-congestion  2-inflammatory 
cells aggregation , 3-odema, 4-hypertrophy,  (H andE)(1600x) 
 

 

Figure  9: Transvere section through the kidney of rabbits treated with 1mg/Kg DEX  showing :1-
congestion , 2-odema,  (HandE) (800 X ). 
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Figure  10: transvere section through the kidney of rabbits treated with 1mg/Kg DEX,  showing :1-
odema, 2-inflammatory cells aggregation , 3-fibrosis,(HandE)(800 X ) 
 
Liver  

The liver of control group  appeared normal structure of liver, which divided into the classical 
hepatic lobules. Each lobule was formed of cords of hepatocytes radiating from the central vein to the 
periphery of the lobule. The  hepatic cells plates were separated by narrow blood sinusoids and normal 
hepatocytes (parenchymal cells) normal central vein with no congestion,and normal hepatic  artery 
were observed. In addition, there is a cross section of normal branch bilary duct in fig. (11). However 
in the treated rabbits of group (A)the main histopathological changes which recorded are  vacculation 
of hepatocytes, congestion, bleeding and extension in the sinusoids (Fig.12). Group (B) also show a 
congestion, bleeding, extension in the sinusoids and infiltration of inflammatory cells ( Fig.13). 
 

 

Figure  11: Transvere section through the liver of control  group show normal histological structure, 
(HandE)( 800x). 
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Figure 12: Transvere  section through the liver rabbits treated with0.2mg/Kg DEX  showing 1-
congestion and bleeding, 2- vacillation, 3-neclues pyknosis,   4-sinuses extension,(HandE)(1400x) 
 

 

Figure 13:Transvere section through the liver rabbits treated with1mg/Kg B.W DEX showing 1-
degeneration,  2-fibrosis, 3-inflammatory cells aggregation , (HandE)(  1400X). 
 

Discussion 

Effect of DEX. on Adrenal Gland Structure  
This study shows that treatment of male 

rabbit with DEX  resulted in histopathological 
changes in the structure of adrenal gland  which 
may be due to the effect of DEX on the adrenal 
gland function. Messer et al., (1983) observed 
that  the administration of DEX in a large dose is 
associated with depression of many aspects of 
the adrenal function.The histopathological 
changes including reduction of absolute and 
relative adrenal mass due to reduction of cortical 
mass specially that of Zona Fasciculata. This 
was expected  because glucocorticoid synthesis 

is performed most  in the zona fasciculata that it 
is the largest part of the cortex( Margarita et.,al 
2006).Another lesion note in the present study is 
pyknosis of nucleuse in some cells, degeneration 
and fibrosis in the zona fasciculata and 
reticularis. All these changes occures due to loss 
of regular structuring of the cells and cell 
columans as a result for adrenal atrophy occur 
after DEX treatment,(Mughal et al., 2004). It is 
well known that adrenocorticotropic 
hormone(ACTH) affects growth and endocrine 
function of the adrenal cortex and zona 
fasciculata  cells secret glucocorticoids under the 
regulation of ACTH (Mitani et. al., 2003). The 
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release of ACTH is influenced by a wide variety 
of internal and external factors such as stressors 
and glucocorticoids (Wang et. al., 2008).  
Dexamethasone suppresses the hypothalamic-
pituitary-adrenal (HPA) axis therfore (Cunha et 
al., 2004) reported that DEX treatment result in 
rapid adrenal gland atrophy.  This phenomenon 
could be explained by the induction of 
programmed cell death. Glucocorticoids 
(especially DEX) are known to induce apoptosis 
and reduce proliferation in a variety of different 
cells (Ranta et. al., 2006). The result of the 
present study  not showed histological changes 
in the medulla of gland which is innervated by 
presynaptic sympathetic nerve fibers and release 
catecholamine . The release of these "adrenergic 
or sympathetic" transmitters into the blood 
stream amplified the effect of the sympathetic 
branches of the outonomic nervous system at 
virtually all of the target organs of the 
sympathetic nervous system .(Guyton and Hall, 
2004). 
Effect of DEX. on Kidney Structure  

Histopathological changes of the rabbit 
kidney tissue  treated with DEX in dose 
(1mg./kg. B.W) was prominent and 
characterized by increase the size and number of  
perirenal adipocytes.This result  was in 
agreement with (Latif, 2010) in his study on rat 
he explained that due to DEX effect on lipids 
metabolism. Another changes include fat 
necrosis, bleeding, fibrosis in the epithelial 
lining of the convoluted tubules, these  effects 
were observed because the long time of DEX 
administration (60 days) as a chronic septum 
accompained with increases insulin resistance  
increase gluconeogensis and peripheral glucose 
utilization may be decrease so that 
hyperglycaemia and sometimes glucoseuria 
might be resulted.(Bennett and Brown, 2003). 
Glomeruli atrophy and glomeruli absence 
sometimes appeared in section obtained from 
rabbit kidney in group (B).  
Effect of DEX. on  Liver Structure   

Histopathological changes of the liver  
treated with DEX showed a many 
histopathological changes in hepatocytes and 
sinusoids, These change represented by 
disruption of hepatic cords, degeneration and 
necrosis of hepatocytes, appearance of 
inflammatory cells and congestion sinusoids and 
ballooning found in the degenerative 
hepatocytes, concentric periductular fibrosis 
around bile ducts, leading eventually to 
destruction of affected bile ducts and obstruction 

of other. Many fields of liver histological 
sections revealed cirrhotic and fatty changes. 

These results were in agreement with (Kim 
and shin,1998), who note the ballooning of  
hepatocytes at mid-and periportal zones in dog 
liver treated with dexamethasone and explain 
that due to the accumulation of intracellular 
fluids which caused hydropic swelling.  
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راضية في بعض  غيرات النسيجية الا ضاءثراسة ال مة  العلات طوي  الأ دالنا يثازون في ذكور  الأ بالدكسا
ية   .الأرا المح

 

 الخلاصة 

راء الهدخ  راضية في الغدة ال ب غيرات النسيجية الا حديد ال مة , كظريةالدراسة هو  ية والكبد والنا  الك

ة في ثلاثي  رة طوي يثازون ل باالمعالجة بالدكسا دينة البصرة  ذك أر يا في  ح شوائيا را  يع بلىقسم  جا , ثلاثة 

ة السيطرة  جمو جربة) ت(ر  رة ال ة ف ة . بالماء المقطر فقط طي ة ) ا( الأولىر المجمو ./ غ ص,٠(بجر

يا لمدة  )وزن الجس. كغ ية ) ٦٠(يو ة الثا ر المجمو ا بينما  ة ) ب(يو يا ي) وزن الجس. كغ./غ ص(بجر و
رة  خدام المجهر الضوئي. يوم) ٦٠(لن ال حص النسيجي باس غيرات النسيجية المرضية  اظهر ال وث العديد  ال و

وث  للأرافي الغدة الكظرية  مث بو ة  ي المعا جمو قان في في  يةالاح نك الأو وية و نخر في , الد جي و
ية الارا  أيضاالدراسة  أظهرت. لقشرة الغدة الحزيميلايا النطاخ الكبيبي والنطاخ  غيرات في ك وث العديد  ال و

نك وث ال مث بو ة  يع المعا جا وية ك, في  نبيبات الك ة الطلائية ل لايا البطا نخر في  ة وال ما لوحظ ارشات الوذ
وية هابية وضمور في بعض الكبيبات الك وبلازم . الخلايا الال اخ ساي غييرات النسيجية المرضية في الكبد با مث ال

يات ساح الجيبا    .بعض الخلايا الكبدية وا
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Abstract  

The current study was aimed to find out the possible alterations of the serum lipid profile and some hematological 
parameters in 17 (11 female and 6 male) gall stone former patients with age range between (19-57) years. During this 
study, total serum cholesterol, triglycerides, lipoproteins (HDL and LDL) and total leukocyte count, erythrocyte 
count, hemoglobin ratio and platelet count were included. All cases were newly diagnosed in surgery unit of Rizgary 
hospital in Erbil city. The results showed an elevation in the level of cholesterol, triglyceride and LDL and decreased 
cholesterol-HDL level in patients with cholelithiasis. Furthermore, the total erythrocyte number, total leukocyte 
number and platelet count were increased with a significant decrease of blood haemoglobin levels in the gallstone 
patients. In conclusion the changes in the levels of lipid profile and hematological parameters may be used as markers 
for gallstone formation.    

 
Key word: Gallstone, Lipid profile, Hematological parameters 
 
Introduction 

allstones or cholelithiasis is the most 
common type of gallbladder diseases 

affecting 10% of USA population (Dave, 2010). 
The main constituents of gallstone are 
cholesterol, bilirubin and calcium (Johnston and 
Kaplan, 1993). Other constituents may include 
fatty acids, triglycerides, protein and 
polysaccharide (Selvaraju et al., 2009).   

Gallstones are crystalline structures formed 
by concretion or accretion 
(adherence of particles,accumulation) of normal 
or abnormal bile constituents through three 
stages of gallstone formation, supersaturation, 
nucleation and aggregation (Channa, 2008). 

It is now widely accepted that the primary 
event in the pathogenesis of cholesterol 
gallstones is an altered lipid metabolism because 
of which there is a relative increase in the 
cholesterol levels are compared to other lipids 
secreted by the liver into the bile (Rao et al., 
2012). Alterations in the lipid metabolism may 
arise as a result of a combination of various 
factors such as estrogen treatment, aging 
(Cuevas et al., 2004), hypertriglyceridemia, over 
weight and insulin resistant patients (Smelt, 
2010), excess dietary cholesterol/fat, obesity, 
diabetes and genetic causes (Rao et al., 2012).     
Women are twice as likely as men to develop 
gallstones; the higher prevalence of gallstones in 
women is thought to be caused by multiple 
pregnancies and obesity (Devrajani et al., 2010).  

Lithogenicity of the bile is mainly determined 
by the concentrations of their principal three 
lipid components, cholesterol, bile acids and 

phospholipids (Smelt, 2010). Relative increase 
concentrations of cholesterol in bile, or 
supersaturation, led to  gallstones formation 
(Cuevas et al., 2004) also changes in bile acid 
metabolism and gallbladder function are critical 
factors in the pathogenesis of gallstones diseases 
(Smelt, 2010). 

Some previous studies reported that advanced 
age, history of coronary artery disease, and 
leukocytosis have to be associated with an 
increased risk for gangrenous cholecystitis 
(Fagan et al., 2003).The gall stone may results in 
hemorrhagic cholecystitis with hemoperitoneum 
and depletion of Hb content, which is most 
familiar in female (40%) than in male (36%) 
(Channa et al., 2005). In another study (Kim et 
al., 2007) showed that gallstone spillage caused 
by the perforation of the hemorrhagic 
cholecystitis which cause the drop of blood 
hemoglobin also thrombocytopenia. It was also 
revealed that in patients with hemoglobin C 
diseases, continued hemolysis may produce 
pigment gallstones which are unusual type of 
gallstone (Carter and Besa, 2012). 

In general, beside the determination of lipid 
profile for prognosis of patient with gallstones, a 
routine hematological and liver function tests in 
preoperative assessment of uncomplicated 
symptomatic cholelithiasis usually required 
(Habib et al., 2009). This is due to the fact that 
gallstone disease is known to cause liver disease 
and a derangement of its enzymes (Olokoba et 
al., 2009). This may due to move of gallstone 
into the common bile duct and liver, causing 
inflammation, and elevated leukocyte count and 

G
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liver enzymes often result from damage to liver 
cells caused by inflammation and infection 
(Pereira-Lima et al., 2000).  

This study was aimed to find out the possible 
change in serum lipid profile and some 
hematological parameters in gall stone 
formation. 

 
Materials and Methods   

During this study, total serum cholesterol, 
triglycerides, lipoproteins (HDL and LDL) and 
some hematological parameters (Total leukocyte 
count, erythrocyte count, Hb value and platelet 
count) were studied in the sera of   17 patients 
with gallstones newly diagnosed in surgery unit 
of Rizgary hospital- Erbil, the patients were of 
normal weight, non smokers, not receiving any 
treatments and with age range between 19-57 
years.   

Fasting blood samples were collected by 
drawing five mls of venous blood from each 
patient and healthy persons. The samples were 
immediately transferred into plastic tubes, 
centrifuged at 3000 rpm for 15 min and the 
serum was separated and kept at – 85O C until 
assay. The serum cholesterol level was estimated 
using standard kit (Syrbio, France), which 
depends on enzymatic conversion of cholesterol 
to quinoneimine pigment, then its absorbance 
was measured at a wave length of 500 nm using 

UV/VIS Spectrophotometer (Philips, Pye 
Unicam SP800). Serum triglyceride level was 
estimated using standard kit (Syrbio, France), 
which depends on enzymatic hydrolysis 
triglyceride  with lipases, then its absorbance 
was determined at wave length of 520 nm using 
UV/VIS Spectrophotometer (Philips, Pye 
Unicam SP800).   LDL- cholesterol and HDL-
cholesterol were measured according to 
Sewerynek (2000). 

Total leukocyte, erythrocyte and platelet 
counts were determined using hemocytometer. 
Hemoglobin (Hb) concentration determined 
using Drabkin solution by cynmethaemoglobin 
method. 

Data was analyzed by using student T-test by 
statistical packages for social science software 
(SPSS). Statistical analysis with a value greater 
than 0.05 considered as non significant (NS) and 
less than 0.05 considered as significant. 

 
Results 

The results in (table 1) shows significant 
(p<0.05) elevation in total cholesterol, 
triglyceride and LDL levels in patients with 
cholelithiasis when compared to the healthy 
control persons. While the level of serum HDL 
was significantly (p<0.05) decreased in gallstone 
patients as compared with healthy individuals. 

 
Table (1):  Change in lipid profile in gallstone patients 

Lipid profile Control(No= 10) Patients(n=17) 

Cholesterol 144.40 ± 5.01 225.94 ± 6.97* 

Triglycerides 86.60 ± 4.79 305.88 ± 10.51* 

LDL 113.10 ±  4.78 173.17± 5.66* 

HDL 43.10 ± 1.57 35.82± 1.84* 

 *P<0.05: significant  
The results in table (2) shows that there are significant (p<0.05)  increases in the total erythrocyte 

(TEC), total leukocyte (TLC) and platelet counts in gallstone patients as compared to the healthy 
control persons. On the other hand there is a significant decrease in haemoglobin (Hb) level in 
gallstone patients than the healthy control group. 
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Table (2): Hematological parameters in control and gallstone patients 

Hematological 
parameters 

Control (No= 10) Patients (n=17) 

 
TLC* 10

3
 

 
7.0±0.2 7.5 ±0.3* 

 
TEC* 10

6
 

 
5.0 ±0.1 5.7±0.3* 

 
Hb (gm/dl) 

 
14.4 ±0.4 13.4±0.2* 

 
Platelets 

 
210.9 ±6.2 

275.4±12.2* 
 

*P<0.05: significant 
 
Discussion  

Increased total lipid profile (cholesterol, 
triglyceride and LDL) levels in gallstone patients 
agree with the results of gallstone patients in 
Pakistan reported by Channa et al., (2010), 
Channa (2008) showed that free cholesterol 
increases steroid synthesis, which inturn 
decreases the production of bile acids is 
responsible for the precipitation of cholesterol in 
bile, which is a prerequisite for gallstone 
formation. Jaraari et al., (2010) also revealed 
that quantitative analysis of Libyan patients 
serum with gallstone showed significant increase 
of cholesterol level. Shiina et al., (2011) showed 
that there was a significant increase in total free 
cholesterol, cholesterol-LDL, and triglycerides 
in patients with cardiac disease developed 
gallstones after cardiac surgery. Some 
investigators reported a positive association 
between gallstone and serum triglycerides in 
Spanish men (Channa et al., 2010) whereas; 
others found no such association (Olokoba et al., 
2006). In Libyan patients with cholelithiasis 
unlike that of other studies both male and 
females serum showed highly significant raise in 
total cholesterol, LDL and HDL level (Rao, et 
al., 2012), But our results showed decreased 
level of cholesterol-HDL in studied patients 
group. 

The significant increase in total leukocyte in 
gallstone patients may due to the fact that liver 
produces bile and releases it to the gallbladder 
through the common bile duct, gallstones can 
eventually move into the common bile duct and 
liver, causing inflammation, and elevated 
leukocyte count and liver enzymes often result 
from damage to liver cells caused by 

inflammation and infection (Pereira-Lima et al., 
2000).  This is consistent with the results of 
Merriam et al., (1999); Barak et al., (2009) and 
(Black and Hawks, 2004) found that the 
elevated leukocytosis appears to be related to the 
intense inflammatory reaction associated with 
the gangrenous cholecystitis which inturn caused 
elevated total WBC level (Black and Hawks, 
2004). Channa et al., (2005) showed that the 
depletion of blood hemoglobin is most familiar 
in gall stone patients, while the blood TLC rose 
in gallstone patients.  This agree with the result 
of the present study, in which there is significant 
increase in the total platelet and erythrocyte 
count, and decrease in Hb in studied gall stone 
patients. While Kim et al., 2007 showed that 
blood analysis of newly diagnosed gallstone 
patient revealed mild thrombocytopenia and 
decrease in Hb-value and increase WBC–count 
this was because gallstone spillage caused by the 
perforation of the hemorrhagic cholecystitis 
which cause inflammation and increasing WBC 
in blood and drop of blood hemoglobin also 
thrombocytopenia. 

Increase in total platelet count in the present 
study is a good indicator of presenting 
hemorrhage, because platelets play an important 
role in spontaneous homeostasis, interrupting in 
a natural manner the hemorrhage resulting from 
the traumatic rupture of blood vessels and these 
cells act on the acute phase of the inflammatory 
response that occurs in response to tissue injury, 
releasing vasoactive amines (histamine and 
serotonin) that are chemical mediators of 
inflammation (Crema et al., 2005).  
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  الخلاصة

بارفي هذ الدراسة،   كو غيراتأل ا دهون في الدم وبعض  ة ل م كوي الحصو اتالمح    اذ. الدم في 

وى اثراسة  ينات الدهنية س رول ، الدهون الثلاثية، البرو يوالعد) LDLوHDL(لكولس دث  البيض و  خلايال ث الك
وى  وبينكرات الدم الحمراء والمح دمالهيموغ دث الص ي ل ويةو ثى و  صص(ريضا  ٧ص م الدراسة و , ائ الد أ

مار بي) ذكور ٦ ميع الحالات . سنة) ٥٧-٩ص( با شخيص  راحة في  لمرضى حصاة المرارة ا  في وحدة 
دينة اربي يمى في  ع ى رزطارى ال ش  .س

ا ائ ار دهون  ا فيأظهرت الن مالي ل وى ب رول، والدهون الثلاثية (س وى ) LDLو الكولس س اض  خ و ا
رول  راوي-HDLالكولس حص ص ون   ائ زياثة في كرات الدم الحمراء . في المرضى الذي يعا , كما أظهرت الن

ويات الهيمو  س حوح في  اض  خ لايا الدم البيضاء وا وية و ائ الد ون كدث الص ذي يعا وبي في الدم المرضى ال
راوي حص ص  .  

 

@ @
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Abstract 
The genotoxicity of Miller (glyphosate) herbicide was evaluated in males albino mice Mus muscles BALB/c strain. 

The tested parameters were chromosomal aberrations and sperm abnormalities to evaluate a possible damage effects 
on genetic material and sperms. The herbicide was administered orally to adult male laboratory mice in 4 different 
doses (0, 250, 500, and 750 mg/kg of body weight). The mice were killed at two periods: after 3 and 6 weeks. The 
results of chromosome aberration assay revealed that all the tested doses and periods induced structural 
chromosomal aberrations (CAs) such as centromeric gaps, chromatid gaps, delations, dicentric chromosomes and ring 
chromosomes. The results of sperm abnormality assay revealed that miller has the ability to induce sperm 
abnormalities in all doses used comparing to untreated mice, which represented by hookless sperm, swollen head 
sperm, amorphous head sperm, sperm without head, defective hook sperm, banana head sperm, double head sperm, 
sperm without tail, double tail sperm, bent midpiece defect and coiled tails. 

 
Key words: glyphosate, chromosome aberrations, sperm abnormalities, herbicide. 

 
Introduction 

Pesticides, including herbicides, insecticides, 
and fungicides are used extensively to improve 
crop yields and as a result, they accumulate in 
the environment and human unavoidably 
exposed to them (Van der Werf, 1996). Studies 
show that toxic residues may rise about ten times 
through the food chain due to biological 
magnification in the body fat of living organisms 
and becoming more concentrated as they move 
from one creature to another, because living 
organism cannot get rid of these toxins by their 
biological metabolism (Cornell university: 
pesticide fact sheets, 2007). Because of their 
biological activity, the indiscriminate use of 
pesticides may cause undesired effects to human 
health, for instance, the induction of DNA 
damage can potentially lead to adverse 
reproductive outcomes, or induction of cancer, 
and many other chronic diseases (Lander et al., 
2000 and Zhao et al., 2002). Most of pesticide 
had been tested for their genotoxicity and 
carcinogenicity using different testing assays.  

The United States Environmental Protection 
Agency (U.S EPA 1993) classified glyphosate as 
Group E, evidence of non carcinogenicity in 
humans, based on studies of laboratory animals 
that did not produce compelling evidence of 
carcinogenicity. Most investigations in lab 
animals presented in glyphosate Technical Fact 
Sheet published by National Pesticide 
Information Center (Miller et al, 2010) 
confirmed non-carcinogenicity effect of 

glyphosate in the low-doses and mid-doses, but 
in high-doses, slightly increased incidence of 
renal tubular adenomas, increased incidence of 
hepatocellular hypertrophy, hepatocellular 
necrosis and interstitial nephritis. However the 
EPA and an independent group of pathologists 
and biometricians concluded that the occurrence 
of adenomas was not caused by glyphosate, as 
well glyphosate was negative in various in vivo 
and in vitro test systems evaluating gene 
mutation, chromosomal aberration and DNA 
damage (Cal/EPA, 1992). 

Miller or glyphosate [N-(phosphonomethyl) 
glycine - isopropylamine (IPA) salt; C3H8NO5P] 
is a post-emergent, non-selective 
phosphonoglycine herbicide. In 1970 it was 
discovered to be a herbicide by the chemist John 
E. Franz of Monsanto company,USA.  In 2001 
considered the most heavily used herbicide on 
crops, in forestry and in residential settings.  In 
plants, glyphosate disrupts the shikimic  acid 
pathway through inhibition of the enzyme 5-
enolpyruvylshikimate-3-phosphate(EPSP) 
synthase. The resulting deficiency in EPSP 
production leads to reductions in aromatic amino 
acids that are vital for protein synthesis and plant 
growth (Vencill, 2002). The shikimic acid 
pathway is specific to plants and some 
microorganisms. The absence of this pathway in 
mammals may explain the low toxicity of 
glyphosate to non-target organisms(WHO 1996). 
Glyphosate is not absorbed by a plant’s root 
system because of its strong adsorption to the 
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soil. However, it is easily absorbed by leaves 
from spray residues and translocated throughout 
the plants and fruits. Therefore, glyphosate 
concentration may increase in plants 
immediately after spray. Lettuce, carrots, and 
barley contained glyphosate residues up to one 
year after the soil was treated with 3.71 pounds 
of glyphosate per acre (McMullan, Honeggar, 
and Logusch, 1990). In soils, glyphosate is 
readily degraded by soil microbes to inorganic 
constituents, including carbon dioxide and 
phosphate. However, no appreciable degradation 
of glyphosate was observed in water via 
chemical, microbiological or photolytic 
processes for 78 days (Anton et al., 1993). 
Chromosome aberrations, sister chromatid 
exchange (SCE), and mitotic index were studied 
in peripheral lymphocytes from three healthy 
donors exposed in vitro to different 
concentrations of glyphosate. Glyphosate 
produced a dose-related increase in the percent 
of aberrant cells and an increase of SCE per cell, 
but did not affect the mitotic index (Lioi,et al. 
1998). In another research, Prasad et 
al.,(2009) observed that Glyphosate treatment 
significantly increased chromosomal aberrations 
(CAs) and micronuclei (MN) in bone marrow 
cells of Swiss albino mice. Poletta et al. (2009) 
evaluate the genotoxic potential of glyphosate in 
erythrocytes of broad-snouted Caiman (Caiman 
latirostris) using Comet assay and MN test. A 
significant increase in DNA damage was 
observed at a concentration of 500 μg/egg or 
higher, compared to untreated control animals. 
Results from both the Comet assay and  MN test 
revealed a concentration-dependent effect.  

 
Effects of Pesticides on Sperm 

The survival of a species depends on the 
integrity of its reproductive system. Damage by 
physical or chemical agents to the sperm, ovum 
or fertilized ovum may cause infertility, 
spontaneous abortion and birth defects, or may 
result in mutations that are passed on to future 
generations (Swati, 2004).   Chlorpyrifos at dose 
levels of 7.5, 12.5 and 17.5 mg/kg BWT/day was 
administered orally to male rats for 30 days to 
evaluate the toxic alterations in testicular 
histology, biochemistry, sperm dynamics and 
testosterone levels, the results concluded that 
Chlorpyrifos induces severe testicular damage 
and results in reduction in sperm count and thus 
affect fertility (Joshi et al., 2007). Clair et al. 
(2012) found that glyphosate at higher doses 
provoke necrosis and apoptosis in germ cells and 

membrane degradation in Sertoli /germ cells as 
well decrease testosterone by 35% at lower 
doses.  

In the literature there are a lot of other 
examples showing the adverse effects of 
different types of pesticides on the genetic 
materials and sperms of different mammals. In 
contrast to these data Bayer Glyphosate 450 
Herbicide Product safety sheet data (2010) 
indicate that this herbicide is practically non-
toxic to fish, aquatic invertebrates, birds and 
bees and has low toxicity to earthworms. Dietary 
concentrations of up to 10,000 ppm or 293 
mg/kg/day of glyphosate given to rats over two 
generations had no effect on male or female 
sexuality and fertility. The lowest observed 
adverse effect level (LOAEL) for parental and 
offspring toxicity is 3000 ppm, based upon a 
reduction of body weight at 10,000 ppm 
(Moxon, 2004). Spermiotoxicity study by Akcha 
et al. (2012) revealed that glyphosate had no 
cytotoxic effects on oyster spermatozoa. 

These data presents inconsistent and 
conflicting results on the effects of glyphosate. 
A report of Buffin and Jewell (2001) on health 
and environmental impacts of glyphosate as well 
had included a lot of divergence and 
controversial data. The aim of this research is to 
investigate the effects of glyphosate (Miller) on 
chromosomes and sperms of mice to clarify 
some of these conflicts.    
 
Material & Methods  

Reagents 
Miller, in the form of Glyphosate 480 g / 

Liter was brought from local markets of Dohuk 
city.  The acute oral LD50 of Miller to male 
albino mice was found to be 1568 (mg/kg bw) 
(NTP, 1992). Miller was used in three doses 
(250, 500, and 750) mg/kg of body weight. The 
doses were prepared by diluting the herbicide 
with distilled water then placed in clean and dry 
bottles. The mice were treated orally 3 times 
weekly by using dosage syringe prepared locally 
from 2 ml disposable syringe and needle. 

 
Animals 

Adult males of Swiss albino mice (Mus 
musculus) BALB/c (8-10) weeks in age, 
weighing (30-35) gm were used in this study. All 
aspects of the animal experiment, breeding, 
parturitions were carried out in the Animal 
House of the Department of Biology, Faculty of 
science, University of Zakho and maintained at 
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room temperature (22 ± 2).A standard diet and 
water was used to feed the mice. 

 
Preparation of chromosomes from the bone 
marrow cells 

At the end of the treatment, each animal was 
injected intraperitoneally with 1ml of fresh 
colchicine (0.04 %) to arrest cell division at 
metaphase. Two hours after injection, animals 
were sacrificed by cervical dislocation for 
preparation of the chromosomes from bone 
marrow cells. Chromosomes were prepared by 
using the methodology of Evans et al. 
(1964).The slides were air dried at room 
temperature, stained with 2 % Giemsa stain for 
10-15 min then washed with phosphate buffer to 
remove the excess stain. At least 100 metaphase 
cells per animal were scored to investigate 
chromosomal aberrations (Sharma and 
Sharma,1980). 

 
Sperm preparation 

The sperms were prepared from epididymis 
and vas deferens. After killing the animals, the 
epididymis and vas deferens were removed from 
the reproductive system and transferred to a 
small Petri dish containing normal saline. Using 
a sharp scissor the epididymis and vas deferens 
were cut into several parts, and the sperms were 
released into saline solution. The sperm 
suspension was smeared, dried, fixed with 
fixative (three volumes of absolute methanol and 
one volume of glacial acetic acid.), then stained 
with haematoxylin for 15 min, washed with tap 
water, then stained with 1 % eosin for 10 min 
and washed with tap water and left to dry at 
room temperature. At least 1000 sperms were 
counted from each animal to determine sperm 
morphology and abnormalities (Wyrobek, 1979). 

 
Experimental design and Statistical analysis 

The experiment was carried out in a factorial 
design arranged in a Completely Randomized 
Design (CRD) .The main factors were: A- Miller 
doses, the concentrations were (0.0, 250, 500, 
and 750 mg/kg b.w.). Each treatment was 
repeated 5 times.  B- Periods (PI =3weeks, P2=6 
weeks). 

Statistical analyses were performed with SAS 
software. Data were analyzed using one way 

analysis of variance (ANOVA) followed by 
Duncan’s multiple range of the doses and 
periods (Duncan, 1955). Results were reported 
as mean values ± S.E. and differences were 
considered as significant at (P≤ 0.05). 

 
Results 

Effects of Miller on chromosomes of bone 
marrow cells of mice 

The frequencies of different types of 
structural chromosomal aberrations (CA) 
induced by the herbicide miller in bone marrow 
cells of mice are shown in Table (1). The results 
show a significant differences (p<0.01) in 
chromosomal aberrations such as centromeric 
gaps, chromatid deletion, chromatid gaps, 
dicentric chromosome and ring chromosome 
when compared to untreated mice. These types 
of aberrations are shown in Figure 1. The data in 
Table 1 also reveal great differences in the total 
percentage of aberrations. These values 
increased with increase of miller doses as well 
with extending of the treatments period. The 
results in Table 1 indicate that the most types of 
aberrations were the centromeric gaps and ring 
chromosomes at D3 5.60±0.47 and 7.20±0.71 
respectively when compared to control D0  
2.50±0.42 and2.10±0.23, respectively. The least 
CA was the dicentric chromosomes in control 
group  0.30±0.15 increased to 0.60±0.16 in D3.  

The number of CA increased with extending 
of the doses period as shown in table (1). There 
was a highly significant effects (p<0.01) of 
periods on centromeric gaps, chromatid gaps and 
ring chromosomes and significant effects 
(p<0.05) on chromatid deletion, while the 
periods didn’t shows any effects on the 
formation of dicentric chromosomes. 

Significant interactions (p<0.05) between 
doses and periods has been found in ring 
chromosomes while interaction in the rest of the 
parameters were non  significant (Table 1).The 
highest interaction value scored in D3P2 
8.80±0.86 for the ring chromosome. The data in 
table (1) as well shows that the total values of 
interactions increased with the increase of miller 
doses as well with extending of the treatments 
period. 

 
 
 
 
 



 Table (1): Mean values of different chromosomal aberrations induced by miller in bone marrow cells of Swiss male mice   

 

 
Note : Similar letters in each column refer to non significant difference while different letters refer to significant difference between them. 

N.S : Non significant. 
 

 
Factors 

 

Chromosome Aberrations 

Centromeric gap Chromatid delation Chromatid gaps 
Dicentric

chromosome 
Ring

chromosome 
Total-percent 
aberrations 

D
o

s
e
s

 D0(control) 2.50±0.42b 0.20±0.13b 1.10±0.10b 0.30±0.15 2.10±0.23c 4.1

D1 4.60±0.37a 1.30±0.26a 3.40±0.37a 0.20±0.13 4.70±0.39b 9.5

D2 4.70±0.44a 1.50±0.22a 3.80±0.41a 0.40±0.16 5.40± 0.30b 10.4 

D3 5.60±0.47a 2.00±0.29a 4.00±0.42a 0.60±0.16 7.20±0.71a 12.2 

Significant p<0.01 p<0.01 p<0.01 N.S p<0.01  

P
e

ri
o

d
s
 

P1 3.90±0.35b 1.00±0.17b 2.55±0.27b 0.35±0.10 4.10±0.36b 11.9 

P2
 

4.80±0.40a 1.50±0.24a 3.60±0.39a 0.40±0.11 5.60±0.59a 15.9 

Significant p<0.05 p<0.05 p<0.01 N.S p<0.01  

In
te

ra
c
ti

o
n

s
(D

o
s
e
s
 a

n
d

 
P

e
ri

o
d

s
) 

D0P1 2.40±0.60 0.20±0.20 1.00±0.00 0.40±0.24 2.00±0.31d 6 

D0P2 2.60±0.67 0.20±0.20 1.20±0.20 0.20±0.20 2.20±0.37d 6.4 

D1P1 4.20±0.58 1.00±0.31 2.80±0.37 0.20±0.20 4.00± 0.44c 12.2 

D1P2 5.00±0.44 1.60±0.40 4.00±0.54 0.20±0.20 5.40±0.50bc 16.2 

D2P1 4.20±0.66 1.20±0.20 3.20±0.58 0.40±0.24 4.80±0.37bc 13.8 

D2P2 5.20±0.58 1.80±0.37 4.40±0.50 0.40±0.24 6.00±0.31b 17.8 

D3P1 4.80±0.66 1.60±0.40 3.20±0.37 0.40±0.24 5.60±0.50b 15.6 

D3P2 6.40±0.50 2.40±0.40 4.80±0.58 0.80±0.20 8.80±0.86a 23.2 

Significant N.S N.S N.S N.S p<0.05  
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Figure (1): Different types of chromosomal aberrations induced by miller herbicide in bone marrow 
cells of Swiss albino males mice (100x).  A- normal chromosomes; B- centromeric break;  C- 
centromeric gap; D- Deletion  E- Ring Chromosome;  F- Chromatid gap. 
 
Effects of Miller on sperms of mice   

The data in tables (2A and B) represent the 
effects of miller on the sperms of Swiss albino 
male mice. The values of these traits in tables (2 
A and B) were   the number of abnormal sperms 
counted from total of 1000 sperms. From these 
data, it is obvious that there is a high significant 
difference in all types of sperm abnormalities 
listed in the tables due to the effects of the 
treatments when compared to control. The total 
number of abnormal sperms increased constantly 
with increase of miller doses. The highest total 
number of abnormal sperms was in D3 = 120.7. 
The highest mean value of abnormal sperms 
head in treated animals (Table 2.A) compared to 
other types of head abnormalities was 
27.00±2.43 in amorphous head sperm. The 
highest mean value of abnormal sperms tail 
(Table 2.B) compared to other types of tail 
abnormalities was 30.80±1.90 in bent mid piece 
defect. The least affected trait was the sperms 
with swollen head with value of 1.40±0.22 in D0 
treatment.  

There were a high significant differences 
(p<0.01) between all doses due to the effects of 

periods, as the total number of affected sperm in 
the first period was 136.75 increased to 214.20 
in the second period. The most affected traits by 
the periods were sperms with bent mid piece 
defect and sperms with coiled tail, while the 
least affected trait was the sperms with double 
tail (Table 2 B).  

There was a significant differences (p<0.01) 
between treatments due to the interactions 
between doses and periods (Tables 2 A and B). 
The non affected traits were Sperms with 
Banana head, Sperms with Double heads and 
Sperms with Double tail. The highest value of 
total abnormal sperm was in D3P2 with value of 
142.4, while the least interaction was in D0P1 
with total abnormal sperms 38. The most 
interaction between the periods and doses was in 
D3P2 with value of 35.40±1.72 scored in sperms 
with bent mid piece defect, while no interactions 
in D0P1 for sperms with double tail. 

Most types of sperms abnormalities in males 
of albino mice induced by Miller herbicide are 
shown in Figure (2). 

A B C 

D E F



Table (2.A): Mean values  of different abnormalities in sperms heads of Swiss albino mice induced  by miller   
 

 

Similar letters in each column refer to non significant difference while different letters refer to significant difference between them.  
N.S=significant differences   
 

Factors 
 

Sperms Head  Abnormalities 

Hookless 
sperms 

Sperms with 
Swollen head 

sperms with 
amorphous head 

Sperms with 
Defected hook 

Sperms with 
Banana head 

Sperms with  
Double heads 

Total of sperms 
with abnormal 

heads 

D
o

s
e
s

 D0(control) 3.20±0.48c 1.40±0.22c 9.30±0.55c 2.10±0.31c 3.50±0.34c 0.20±0.13 19.7

D1 10.60±  0.92b 10.20±0.72b 18.80±1.48b 5.90±0.67b 5.90±0.58b 0.20±0.13 51.6

D2 11.10±0.87b 9.90±0.91b 20.10±1.44b 6.60±0.66b 7.60±0.54ab 0.10±0.10 55.4

D3 16.40±1.43a 14.00±0.64a 27.00±2.43a 9.40±0.68a 9.00±0.57a 0.30±0.15 76.1

significant p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 N.S  

P
e

ri
o

d
s
 

P1
 

9.250±0.99b 8.10±1.14b 15.25±1.03b 5.25±0.55b 5.80±0.50b 0.150±0.08 43.8 

P2
 

11.40±1.46a 9.65±1.14a 22.35±2.07a 6.75±0.83a 7.20±0.62a 0.250±0.09 57.6 

significant p<0.01 p<0.05 p<0.01 p<0.01 p<0.01 N.S  

In
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c
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o
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s
(D

o
s
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n
d

 
P

e
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o
d

s
) 

D0P1 3.00±0.70c 1.20±0.20e 9.00±0.70e 2.20±0.58 3.60±0.50 0.20±0.200 19.2 

D0P2 3.40±0.74c 1.60±0.40e 9.60±0.92e 2.00±0.31 3.40±0.50 0.20±0.200 20.2 

D1P1 12.00±1.30b 9.40±1.24cd 15.20±1.06d 5.00±0.70 4.80±0.66 0.20±0.200 46.6

D1P2 9.20±1.06b 11.00±0.70bc 22.40±1.53b 6.80±1.06 7.00±0.70 0.20±0.200 56.6 

D2P1 9.00±0.70b 7.60±0.60d 16.60±1.20cd 6.00±0.70 6.80±0.86 0.00±0.00 46

D2P2 13.20±0.86b 12.20±0.86ab 23.60±1.32b 7.20±1.15 8.40±0.50 0.20±0.200 64.8 

D3P1 13.00±1.00b 14.20±1.06a 20.20±0.86bc 7.80±0.58 8.00±0.70 0.20±0.200 63.4

D3P2 19.80±1.59a 13.80±0.86a 33.80±1.65a 11.00±0.70 10.00±0.70 0.40±0.24 88.8 

significant p<0.01 p<0.05 p<0.01 N.S N.S N.S  
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 Table (2.B): Mean values  of different abnormalities in sperms tail of Swiss albino mice induced  by miller 
 

 

Similar letters in each column refer to non significant difference while different letters refer to significant difference  between them.  N.S :Non significant. 
 
 
 
 
 
 

Factors 
 

Sperms Tail  Abnormalities 

Sperms with 
Double tail 

Sperms with bent 
midpiece defect 

Sperms with Coiled 
tail 

Total of  sperms
With abnormal tails 

Total no. of
abnormal sperm 

D
o

s
e
s

 

D0(control) 0.10±0.10b 16.30±0.81b 2.30±0.30c 18.7 38.4 

D1 0.50±0.22ab 30.10±2.34a 7.50±0.52b 38.1 89.7 

D2 0.40±0.16ab 28.30±1.94a 7.80±0.66b 36.5 91.9 

D3 1.10±0.31a 30.80±1.90a 12.70±1.36a 44.6 120.7 

significant p<0.01 p<0.01 p<0.01   

P
e
ri

o
d

s
 

P1 0.200±0.09b 22.550±1.07b 6.000±0.65b 28.75 72.55 

P2 
 

0.850±0.19a 30.200±2.03a 9.150±1.17a 40.2 97.8 

significant p<0.01 p<0.01 p<0.01   

In
te

ra
c
ti

o
n

s
(D

o
s
e
s
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n
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P

e
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o
d

s
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D0P1 0.00±0.00 16.80±1.24c 2.00±0.31d 18.8 38 

D0P2 0.20±0.20 15.80±1.15c 2.60±0.50d 18.6 38.8 

D1P1 0.20±0.20 23.80±1.93b 6.80± 0.80bc 30.8 77.4

D1P2 0.80±0.37 36.40±1.07a 8.20±0.58bc 45.4 102 

D2P1 0.20±0.20 23.40±1.36b 6.20±0.66c 29.8 75.8

D2P2 0.60±0.24 33.20±1.77a 9.40±0.50b 43.2 108 

D3P1 0.40±0.24 26.20±1.65b 9.00±0.70b 35.6 99

D3P2 1.80±0.37 35.40±1.72a 16.40±1.02a 53.6 142.4 

significant N.S p<0.01 p<0.01   
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Figure (2): Different types of mice sperms abnormalities induced by miller herbicide (100x). A- 
hookless sperms; B- swollen head sperm; C-sperm  with amorphous head; D-sperms with defected 
hook;  E- sperms with banana head; F- Sperm   Double heads; G- Sperms with Double tail; H- Sperms 
with bent midpiece defect; J- Sperms with Coiled tail.   
 
Discussion 

Effects of Miller on chromosome of bone 
marrow cells of mice 

Miller or glyphosate, being one of the most 
commonly used herbicides, has been extensively 
studied over the last 20 years. Literature on 
cytotoxic and genotoxic activity glyphosate is 
abundant but it has included a lot of 
controversial data (Buffin and Jewell, 2001). In 
the present study, the genotoxicity of miller was 
revaluated. The experimental data revealed 
significant differences between the doses in their 
effects on all types of chromosomal aberrations 
except the dicentric chromosome. Percentage of 
chromosomal aberrations increased with 
increasing dose concentration.   These results are 
smiler to those reported by Prasad et al., (2009), 
in which glyphosate were administered by a 
single intraperitoneal dose (25 and 50 mg/kg 
b.wt) to males of albino mice and they found 

that glyphosate significantly increase 
chromosomal aberrations in both treatment and 
time compared to the control. They attributed it 
either to induction of DNA lesions or 
interference of glyphosate with DNA repair. 
Peluso et al.,(1998) also reported a dramatic 
increase in the number of oxidized guanine,                    
8-hydroxylguanine (8-OHdG), residues in the 
DNA of liver cells isolated from mice treated 
with Glyphosate which also may be the reason 
of chromosomal aberrations in bone marrow 
cells of mice as observed in the current study. 
Concurrently, Bhunya and Behera (1988) 
observed similar increase in chromosomal 
aberrations in bone marrow cells of Swiss albino 
mice when they used Monocrotophose pesticide 
in their experiments. These results also agree 
with those reported by Taha, (2000) who showed 
that exposure to granstar herbicide induce 
chromosomal aberrations in all doses and 
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periods. As well same results were obtained by 
Jha et al., (2002) who explained that increasing 
dose of carbazole lead to increase the frequency 
of some chromosomal aberrations per cells in 
bone marrow cells of albino mice. 

The present study show significant 
differences between periods in their effects on 
the increase of chromosomal aberrations except 
for dicentric chromosome aberration. These 
results are supported by Sulaiman, (2000) who 
observed that chromosomal aberration is 
dependent on the duration of the study when he 
studies the genetic and histological effects of 
cigarette smoke on albino mice. Similar results 
were also obtained by Holden et al., (1973) who 
showed that increasing exposure time would 
increase the rate of chromosomal aberrations in 
bone marrow cells of CD-1 albino mice treated 
with 6-mercapto purine. In contrast to these 
results Kourakis et al., (1992) observed no 
positive correlation between the frequency of 
chromosomal aberrations and the duration of 
exposure in peripheral blood lymphocytes of 
workers occupationally exposed to mixture of 
pesticides. The present study revealed that some 
types of aberration increased with increasing 
exposure time, which might be due to that some 
cells exposed to harmful effects at any phases of 
the cell cycle, also the chromosomal density in 
these stages are the highest. 

The interactions between doses and periods 
and their effects on chromosomal aberrations 
show no significant effects on all types of 
chromosomal aberrations except for ring 
chromosome aberration.  

 
Effects of miller on sperms of mice 

The result of the current study shows that 
different doses of Miller caused highly 
significant differences in all types of sperm 
abnormalities except double head sperms 
abnormality. The third dose was the most 
effective in causing most types of sperms 
abnormalities. These results are similar to those 
reported by El-Nahas et al. (1989) who 
explained that Curacron (an organophosphorus 
pesticide) caused different morphological sperm 
abnormalities which increased significantly after 
treatment with Curacron. The increase was dose-
dependent. Similarly, Mathew et al. (1992) 
observed that Methyl-parathion showed a dose 
related increase in the percentage of sperm 
abnormalities. The current results also agree 
with the findings reported by Yousef et al. 
(1995) who explained that glyphosate showed 

decline in body weight, libido, ejaculation 
volume, sperm concentration and increases in 
the abnormal and dead sperms. Hurtado de 
Catalfo Graciela et al. (2011) as well noticed 
alterations in spermatozoa morphology and in 
plasma membrane integrity when they tested 
dimethoate, glyphosate and zineb.   
Radioimmuno assay analyses (RIA) 
demonstrated androgenic hormone imbalance in 
plasma and testes. The acrosome reaction was 
also altered. Free thiols (positively correlated 
with DNA denaturation) and fructose levels 
were elevated in seminal vesicles from treated 
rats. Taking into account the low doses of 
pesticides that provoke these alterations, it was 
assumed that the environmental pollution may 
play a key role as a causative factor for sperms 
abnormalities. These results are another support 
to the present study. Wyrobek et al. (1975) 
mentioned that the chromosomal aberrations 
may cause abnormal sperm morphology in a 
number of ways. One possibility is that the 
presence of a translocated chromosome within 
the germ cell will lead to the malformation of the 
sperm head. A second possibility is that 
chromosomal imbalance, i.e., aneuploidy, 
duplications or deficiencies, within the 
spermatid or haploid cells causes abnormalities 
in shape. These notes may explain the formation 
of abnormal sperms in the current study. 

Periods showed significant effects on all 
types of sperms abnormalities except double 
head sperm abnormality. Furthermore, the 
results showed that the second period was highly 
effective in inducing most types of sperm 
abnormalities. Similar results were observed by 
Taha, (2000) who explained that the periods had 
significant effects on sperm abnormalities when 
he studied the effect of different periods on 
sperm abnormalities in male mice treated with 
the herbicide granstar. 

In this study, the interaction between doses 
and periods and their effects on sperm 
abnormalities revealed significant differences in 
most types of sperm abnormalities. Since the 
process of spermatogenesis is genetically 
controlled, the abnormalities in sperms reflect 
the abnormalities in chromosomes of 
spermatogenic cells. The spermatogenesis is a 
continuous process and the inducing agents may 
act at various steps of spermiogenesis. This may 
be the reason of the inconsistence response to 
glyphosate doses and periods which led to 
significant differences due to the interaction 
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between doses and periods in most of sperm 
parameters.   
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Abstract 

In this study a total of 241 clinically important specimens were collected from three hospitals in Kurdistan region; 
from which 64 isolates of S. aureus were isolated representing 26.5% of the total samples. The molecular confirmation 
of S. aureus isolates were done by PCR using nuc primer as a species-specific primer producing 280bp DNA fragment 
for nuc gene. 31 of these isolates were resistance to methicillin representing 48.4% of total isolates. Resistance to 
Methicillin was confirmed by using mecA primer producing 310bp DNA fragment for mecA gene. Three isolates 
(SaDu5, SaEr17 and SaSul24) were subjected to partial DNA sequencing of the mecA gene to assess the relation of 
Kurdistan isolates with other global sequences from GenBank. Sequence analysis showed that the sequence identity of 
all three mecA genes among the Kurdistan isolates was ranged between 97.5-98.5%, whereas the sequence identity 
among the Kurdistan isolates and other global isolates selected from GenBank was ranged between 92.6-96.1%. The 
sequenced product of S. aureus mecA genes from Kurdistan found similarities and showed partial homology with S. 
aureus strains (UK/NTCC124, Turkey/HM5, South Korea/ YSSA11 and India/TN/CN/1/12) penicillin binding protein 
2a mecA gene, partial cds, which is available in public databases. The phylogenetic tree of the aligned sequences was 
produced by using MEGA5 Beta version 6.1 online software, and showed a typical relatedness among Kurdistan 
isolates and GenBank reference strains. This study will gives insights in to the molecular diagnosis of S. aureus and to 
find better synthetic drugs or organic to control expression of antibiotic genes in different pathogenic organism in 
general and in particular MRSA strains. 
 

Key words: MRSA, mecA gene, DNA Sequencing. 
 
Introduction: 

taphylococcus aureus is one of the most 
significant and serious human pathogens, 

which is known as a threat to human health for 
more than a century. This pathogen is 
responsible for a wide range of diseases, causing 
both nosocomial and community-acquired 
infections (Askari et al., 2012). Acquisition of 
resistance to several antimicrobial agents by this 
pathogen has been a major problem for the 
treatment of infections in the hospital and the 
community settings. Resistance to β-lactam 
antibiotics such as methicillin and oxacillin, is 
named "methicillin resistance" and is considered 
of great importance since the multidrugresistant 
phenotype of MRSA strains and their intrinsic β-
lactam resistance make them difficult and costly 
to treat (Paradisi et. al., 2001). Most strains of 
Methicillin Resistance S. aureus (MRSA) are 
also resistant to other β-lactam antibiotics, with 
the exception of glycopeptide antibiotics (Tiwari 
et. al., 2006).  Methicillin resistance is mediated 
by the presence of PBP-2a which is highly 
conserved among staphylococci and is encoded 
by the chromosomal gene mecA (Malik et al., 
2006).  mecA is located on a genetic element 
called the staphylococcal cassette chromosome 
(SCC) in Staphylococcus aureus. SCCmec is a 

group of mobile DNA fragments of about 21 to 
67 kb that is integrated into the chromosome of 
methicillin resistant S. aureus at a unique site 
(attBscc) located near the S. aureus origin of 
replication (Hanssen et. al., 2004). The 
incidence of MRSA has become increasingly 
prevalent in the world since it first reported. 
Subsequently, the occurrence of MRSA 
particularly in hospitalized patients has increased 
steadily and nosocomial infections caused by 
such strains have become a serious problem 
worldwide. Therefore, rapid and accurate 
identification of MRSA is essential (Terry et. al., 
2011). Improved strain characterization would 
improve our understanding of the epidemiology 
of this pathogen and will allow the development 
of a rapid assay for monitoring and controlling 
of MRSA. In view of this, the detection of mecA 
gene has been used as an alternative way of 
detecting or confirming MRSA either by use of 
DNA probe, commercially available 
fluorescence test, latex agglutination test, and 
PCR (Ieven et al., 1995, Cavassini et. al., 1999 
and Rohrer et. al., 2001). Molecular typing 
techniques are widely applied in studies of S. 
aureus epidemiology, especially MRSA, with 
the aim of distinguishing isolates that are 
epidemiologically related from those unrelated. 
S. aureus outbreaks in hospitals are frequently 

S
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considered as short duration events of localized 
epidemiology and, in these situations, most of 
the molecular typing methods are able to 
distinguish the isolates that belong to the 
outbreak (Shopsin and Kreiswirth, 2001). 

The rapidly expanding number of sequenced 
microbial genomes has served as a catalyst for 
the development of a variety of molecular typing 
approaches that focus on either single or 
multiple chromosomal loci. Single loci sequence 
typing (SLST) Sequence data for specific loci 
(genes for virulence, pathogenicity, drug 
resistance …etc.) from different strains of the 
same species have revealed variability in a 
specific gene, such as single-nucleotide 
polymorphisms and areas with repetitive 
sequence that demonstrate potential for 
epidemiologic application. SLST shows 
potential for a typing and clearly represents an 
important and promising sequenced-based 
approach to epidemiologic analysis (Singh et. 
al., 2006). Thus the objectives of this study were 
to molecular identification of S. aureus by using 
nuc primer as a species-specific primer and to 
determine the nucleotide sequence of mecA 
gene. Furthermore, analysis and determine the 
phylogenetic diversity and nucleotide sequence 
comparison of S. aureus isolates depending on 
the sequence of mecA gene in Kurdistan Region-
Iraq. 

 
Materials and Methods: 

Bacterial isolation 
Isolates of S. aureus used in this study were 

collected from Azadi, Dr. Khalid and Rizgary 
General Hospitals in Duhok, Koya and Erbil 
cities respectively in Kurdistan Region-Iraq. 
These samples were taken from patients, 
healthcare staffs and hospital environment. 
Basing on the source of infections, the isolates 
were obtained from: urine, nose, throat, wounds, 
burns, skin infections and hospital environments. 
These isolates were confirmed at molecular level 
as S. aureus by species-specific PCR technique 
using nuc primer.  
 
Antimicrobial Susceptibility Testing 

 Disk diffusion testing was performed as 
recommended for staphylococci by Clinical and 
Laboratory Standards Institute (CLSI, 2012). 
Strains were considered susceptible to oxacillin 
if the zone of inhibition around the 1μg disks 
was >13 mm, intermediate if 11-12 mm, and 
resistant if the zone was < 10 mm. 

Oligonucleotides sequences 
Oligonucleotides of nuc gene as species-

specific primer and mecA for Methicillin 
Resistant gene detection were used in this study 
provided by MWG Company, Germany (Table: 
2) (Merza 2009). 

 
PCR amplification:  

The PCR amplification  was carried out in 
50-μl reaction mixture volumes containing 4μl 
of genomic DNA, 2 μl of each primer (50 
pmol/μl), 5 μl of 10× PCR buffer (100mM Tris-
base pH8.3, 500mM KCl, 20mM MgCl2 and 
0.001 gelatin), 5 μl of 100 mM deoxynucleoside 
triphosphates, and 2 units of Taq DNA 
polymerase (Gold Taq). DNA amplification was 
carried out in Applied Biosystem (USA) 
thermocycler, with the following thermal cycling 
profile for nuc gene: initial denaturation at 94°C 
for 4 min was followed by 30 cycles as follows: 
denaturation at 94°C for 45sec, annealing at 
50°C for 45sec, and DNA extension at 72°C for 
1 min. The reaction was achieved with a final 
extension at 72°C for 2 min. (Tiwari et. al., 
2006). 

The reaction condition for detection mecA 
gene was programmed with the initial 
denaturation, 4 min at 94°C; 30 cycles with a 45-
s denaturation step at 94°C, a 45-s annealing step 
at 56°C and a 30-s extension step at 72°C and 2 
min extension step at 72°C (Geha et. al., 1994). 
Five microliters of the amplified PCR products 
were used for detection of amplified products by 
electrophoresis in a 2.0% agarose gel and 
visualization with UV illumination after staining 
with ethidium bromide for 15 min. Standard 
DNA ladder 1500-100bp promega Company 
(USA) were included in each run. 

 
DNA sequencing: 

The amplification products were purified by 
using Illustra ™ GFX ™ PCR DNA and GeL 
Band Purification Kit (GE Healthcare Company, 
UK) following the manufacturers protocol 
before being used in a sequencing reaction. 
Sequencing was carried out on each DNA strand 
with BigDye Terminator Ready Reaction Mix 
v3.1 (AB Biosystems, HITACHI) by using the 
same primer set for mecA gene under the 
following conditions: initial denaturation at 96°C 
for 1 min, 30 cycles of 10 sec at 96°C, 5 sec at 
51°C and 2 min at 60°C. Unincorporated dye 
terminators were removed by precipitation with 
95% alcohol. The reaction products were 
separated and detected on an Applied Biosystem  
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genetic analyser 3130 (AB Biosystems) using a 
standard sequencing module with a Performance 
Optimised Polymer 7 (POP7) and 36 cm 
capillary array. 

 
Nucleotide sequence analysis:  

The sequences were compared to the 
nucleotide sequence database from the National 
Center for Biotechnology Information (NCBI) 
using the BLAST tool 
(http://www.ncbi.nlm.nih.gov/sites/entrez). 
Restriction map was performed by using 
ChromasPro (version 1.5) online software. 
Multiple sequence alignments were performed 
by using ClustalW (http://align.genome.jp) 
software (www.ebi.ac.uk/clustalw). 
Phylogenetic tree was performed by using 
MEGA5 Beta version 6.1 online software 
(www.megasoftware.net). 

 
GenBank accession numbers: 

GenBank accession numbers of S. aureus 
sequences used in the analysis are: Turkey/HM5 
(EU790490.1), Iran/M795 (GU301104.1), 
Egypt/1 (EF600988.1), India/TN/CN/1/12 
(KC243783.1), South Korea/ YSSA11 
(EF596937.1) and UK/NTCC124 
(HQ686324.1). 

 
Results and Discussions  

In this study a total of 241 clinically 
important specimens were collected; from which 
64 isolates of S. aureus were isolated 
representing 26.5% of the total samples. These 
samples obtained from three hospitals (Dr. 
Khalid General Hospital in Koya city, Rizgary 
General Hospital in Erbil city and Azadi General 
Hospital in Duhok city) in three districts in 
Kurdistan-Iraq.  These samples collected from 
patients, healthcare staffs and hospital 
environment in hospitals mentioned above 
(Table: 1). Isolates were obtained from urine, 
nose, throat, wounds, burns, skin infections and 
Hospital environments. Healthcare staffs 
included physicians, nurses and workers. 
Hospital environment samples were obtained 
from different sites in surgical, intensive care, 
burn, emergency, laboratory units and delivery 
ward. The molecular confirmation of S. aureus 
isolates was done by using nuc primer as a 
species-specific primer for S. aureus. The results 
showed that all isolates were amplified and 
producing 280bp DNA fragment for nuc gene as 
illustrated in (Figure: 1.a). All 64 isolates of S. 

aureus were searched for methicillin resistant by 
using Oxacillin (1μg) disc diffusion method 
according to the Clinical and Laboratory 
Standards Institute guidelines (Antimicrobial 
Susceptibility Testing Standards) (CLSI, 2012). 
The results revealed that the prevalence of 
methicillin resistant S. aureus in Kurdistan was 
very high, which found that 31 of these isolates 
were resistance to methicillin representing 
48.4% of total isolates as illustrated in (Table:2). 
The high prevalence of MRSA immerged in our 
hospitals may reflect failures in strategies to 
control infection and/or differences in antibiotic 
use, the poor hygienic conditions of the patients. 
Resistance to methicillin is mediated by the 
acquisition of penicillin binding protein PBP-2a 
encoded by the mecA gene, which exhibits a low 
affinity for β-lactam antibiotics (Davoodi et al., 
2012). Resistance to Methicillin was confirmed 
by using mecA primer producing 310bp DNA 
fragment for mecA gene as shown in (Figure: 
1.b).  

Three methicillin-resistant staphylococcal 
isolates (SaDu5, SaEr17 and SaSul24) were 
subjected to partial DNA sequencing of the 
mecA gene to assess the relation of Kurdistan 
isolates with other global sequences from 
GenBank and to find similarity between them for 
cataloging mutation patterns and to provide 
useful strain resolution. Sequence analysis 
shows that the sequence identity of all three 
mecA genes among Kurdistan isolates was 
ranged between 97.5-98.5%, whereas the 
sequence identity among Kurdistan isolates and 
other global isolates selected from GenBank was 
ranged between 92.6-96.1% (Table: 3). Identical 
sequences among Kurdistan isolates and other 
global isolates obtained from the National 
Center for Biotechnology Information (NCBI) 
database, supporting the hypothesis that 
horizontal transfer plays an important role in the 
dissemination of the mecA gene in the S. aureus 
population. Only a few restriction enzymes can 
be used to differentiate between these closely 
related isolates (Fig. 2), these enzymes can be 
used for restriction fragment length 
polymorphism (RFLP) to identify and 
differentiate between them. Multiple sequence 
alignment of three Kurdistan isolates with other 
6 global isolates from GenBank has been 
performed using ClustalW 2.0.12 multiple 
sequence alignment software (Fig. 3). The 
sequenced product of S. aureus mecA genes 
from Kurdistan when compared with mecA gene 
of S. aureus strain from GenBank found 
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similarities and showed partial homology with S. 
aureus strains (UK/NTCC124, Turkey/HM5, 
South Korea/ YSSA11 and India/TN/CN/1/12) 
penicillin binding protein 2a mecA gene, partial 
cds, which is available in public databases. The 
phylogenetic tree of the aligned sequences was 
also produced using MEGA5 Beta version 6.1 
online software (www.megasoftware.net), and 
showed a typical relatedness among Kurdistan 
isolates and GenBank reference strains (Fig. 4). 
As a result, the structure of the same gene 
reported by different labs can be different! 
Multiple sequence alignment and phylogenetic 
tree analysis separate the isolates into different 
groups which are genotypically related to each 
other.  DNA sequence analysis of the mecA gene 
provides an unambiguous, portable dataset that 

simplifies information sharing between 
laboratories and facilitates creating a large scale 
database for studying global and local 
epidemiology. Amplification of specific gene 
and sequencing of mecA gene gives insight into 
pharmaceutical aspects to design new effective 
drugs for treatment of methicillin resistance S. 
aureus. In conclusion the current study of 
isolation, molecular identification and 
sequencing of the mecA gene from MRSA strain 
will give insight in to the molecular diagnosis of 
S. aureus and to find better synthetic drugs 
(analogs) or organic molecules by computational 
biologist in pharmaceutical companies to control 
expression of antibiotic genes in different 
pathogenic organism in general and in particular 
MRSA strains. 

 
Table 1: Source, location, number of isolates and methicillin resistant isolates. 

Hospital Location Samples Isolates MRSA 

Dr. Khalid Koya 62 16 7 

Rizgary Erbil 93 27 13 

Azadi Duhok 86 21 11 

Total 241 64 31 

 

Table 2: Oligonucleotides used in this study. 
Primer 
name 

Target 
gene 

Forward 5’--------------3’ Reverse5’----------------3’ Size(bp.) 

mecA PBP2a GTAGAAATGACTGAACGT
CCGATGA 

CCAATTCCACATTGTTTCG
GTCTAA 

310 (Merza 2009) 

nuc Nuclease GCGATTGATGGTGATACG
GTT 

AGCCAAGCCTTGACGAACT
AAAGC 

280 (Merza 2009) 
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Table 3: Sequence Identity Matrix of S. aureus mecA gene partial sequence. 

Seq-> 
Kurdista
n/ Du5 

Kurdista
n/ Er17 

Kurdista
n/ Sul24 

Turkey
/HM5 

Iran/
M795 

Egyp
t/1 

India/T
N/CN/1/

12 

S.Kore
a/YSSA

11 

UK/NT
CC124

93 

Kurdistan/D
u5 

ID 0.975 0.985 0.961 0.957 0.933 0.954 0.961 0.961 

Kurdistan/E
r17 

0.975 ID 0.971 0.957 0.961 0.926 0.943 0.957 0.957 

Kurdistan/S
ul24 

0.985 0.971 ID 0.961 0.957 0.933 0.950 0.961 0.961 

Turkey/HM5 0.961 0.957 0.961 ID 0.996 0.939 0.967 1.000 1.000 

Iran/M795 0.957 0.961 0.957 0.996 ID 0.935 0.964 0.996 0.996 

Egypt/1 0.933 0.926 0.933 0.939 0.935 ID 0.967 0.939 0.939 

India/TN/CN
/1/12 

0.954 0.943 0.950 0.967 0.964 0.967 ID 0.967 0.967 

S.Korea/YS
SA11 

0.961 0.957 0.961 1.000 0.996 0.939 0.967 ID 1.000 

UK/NTCC12
493 

0.961 0.957 0.961 1.000 0.996 0.939 0.967 1.000 ID 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): A. Illustrates the gel electrophoresis of amplified DNA fragments generated by species-
specific PCR amplification (nuc primer), and (B) illustrates the amplified DNA fragments for 
detection of mecA gene. 
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Figure: 2. Restriction map of Kurdistan isolates of S. aureus (mecA) gene partial sequence that show 
the restriction enzymes which can be used to differentiate between these isolates. The process was 
done by using ChromasPro (version 1.5) online software. 

10 20 30 40 50 60 70 80
....| ....|....| ....|....| ....|....|. ...|....|. ...|....|. ...|....|. ...|....|.. ..|....|.. .

Kurdistan SaDu5-mecA AAATAATTTTAAGGCGTTTAAAGATATAAACATTCAGGATCGTAAATATAAAAAAAAGTATCTAAAAATAAAAAACGAGTAGATGCTC
Kurdistan SaEr17-mecA AAAAAGATTTAAGCCGTTTAAAAATATAAACATTCAGGATCGTAAAAATAAAAAAAAGTATCTAAAAATAAAAAACGAGTAGATGCTC
Kurdistan SaSul24-mecA AAAAGTTTTTAGGGCGTTTAAAGATATAAACATTCAGGATCGTAAATATAAAAAAAAGTATCTAAAAATAAAAAACGAGTAGATGCTC
Turkey SaHM5-mecA TATAATAGTTTAGGCGTT-AAAGATATAAACATTCAGGATCGTAAA-ATAAAAAAA-GTATCTAAAAATAAAAAACGAGTAGATGCTC
Iran SaM795-mecA TATAATAGTTTAGGCGTT-AAAGATATAAACATTCAGGATCGTAAA-ATAAAAAAA-GTATCTAAAAATAAAAAACGAGTAGATGCTC
Egypt Sa-mecA ---------------GTT-AA-GATATAAACATTCAGGATCGTAAA-ATAAAAAAA-GTATCTAAAAATAAAAAACGAGTAGATGCTC
India SaTN/CN/1/12-mecA --------TTTAGGCGTT-AAAGATATAAACATTCAGGATCGTAAA-ATAAAAAAA-GTATCTAAAAATAAAAAACGAGTAGATGCTC
S.Korea SaYSSA11-mecA TATAATAGTTTAGGCGTT-AAAGATATAAACATTCAGGATCGTAAA-ATAAAAAAA-GTATCTAAAAATAAAAAACGAGTAGATGCTC
UK SaNTCC12493-mecA) TATAATAGTTTAGGCGTT-AAAGATATAAACATTCAGGATCGTAAA-ATAAAAAAA-GTATCTAAAAATAAAAAACGAGTAGATGCTC

110 120 130 140 150 160 170 180
....| ....|....| ....|....| ....|....|. ...|....|. ...|....|. ...|....|. ...|....|.. ..|....|.. .

Kurdistan SaDu5-mecA AAACAAACTACGGTAACATTGATCGCAACGTTCAATTTAATTTTGTTAAAGAAGATGGTATGTGGAAGTTAGATTGGGATCATAGCGT
Kurdistan SaEr17-mecA AAACAAACTACGGTAACATTGATCGCAACGTTCAATTTAATTTTGTTAAAGAAGATGGTATGTGGAAGTTAGATTGGGATCATAGCGT
Kurdistan SaSul24-mecA AAACAAACTACGGTAACATTGATCGCAACGTTCAATTTAATTTTGTTAAAGAAGATGGTATGTGGAAGTTAGATTGGGATCATAGCGT
Turkey SaHM5-mecA AAACAAACTACGGTAACATTGATCGCAACGTTCAATTTAATTTTGTTAAAGAAGATGGTATGTGGAAGTTAGATTGGGATCATAGCGT
Iran SaM795-mecA AAACAAACTACGGTAACATTGATCGCAACGTTCAATTTAATTTTGTTAAAGAAGATGGTATGTGGAAGTTAGATTGGGATCATAGCGT
Egypt Sa-mecA AAACAAACTACGGTAACATTGATCGCAACGTTCAATTTAATTTTGTTAAAGAAGATGGTATGTGGAAGTTAGATTGGGATCATAGCGT
India SaTN/CN/1/12-mecA AAACAAACTACGGTAACATTGATCGCAACGTTCAATTTAATTTTGTTAAAGAAGATGGTATGTGGAAGTTAGATTGGGATCATAGCGT
S.Korea SaYSSA11-mecA AAACAAACTACGGTAACATTGATCGCAACGTTCAATTTAATTTTGTTAAAGAAGATGGTATGTGGAAGTTAGATTGGGATCATAGCGT
UK SaNTCC12493-mecA) AAACAAACTACGGTAACATTGATCGCAACGTTCAATTTAATTTTGTTAAAGAAGATGGTATGTGGAAGTTAGATTGGGATCATAGCGT

210 220 230 240 250 260 270 280
....| ....|....| ....|....| ....|....|. ...|....|. ...|....|. ...|....|. ...|....|.. ..|....

Kurdistan SaDu5-mecA AATGCAGAAAGACCAAAGCATACATATTGAAAATTTAAAATCAGAACGTGGTAAAATTTTAGACCGAAACAATGTGGAATTGGA  
Kurdistan SaEr17-mecA AATGCAGAAAGACCAAAGCATACATATTGAAAAATTAAAATCAGAACGTGGTAAAATTTTAGACCGAAACAATGTGGAATTGGA  
Kurdistan SaSul24-mecA AATGCAGAAAGACCAAAGCATACATATTGAAAATTTAAAATCAGAACGTGGTAAAATTTTAGACCGAAACAATGTGGAATTGGA  
Turkey SaHM5-mecA AATGCAGAAAGACCAAAGCATACATATTGAAAATTTAAAATCAGAACGTGGTAAAATTTTAGACCGAAACAATGTGGAATTGGC  
Iran SaM795-mecA AATGCAGAAAGACCAAAGCATACATATTGAAAAATTAAAATCAGAACGTGGTAAAATTTTAGACCGAAACAATGTGGAATTGGC  
Egypt Sa-mecA AATGCAGAAAGACCAAAGCATACATATTGAAAATTTAAAATCAGAACGTGGTAAAATTTTAGACCGAAACAATGTGGAATTGGA  
India SaTN/CN/1/12-mecA AATGCAGAAAGACCAAAGCATACATATTGAAAATTTAAAATCAGAACGTGGTAAAATTTTAGACCGAAACAATGTGGAATTGG-  
S.Korea SaYSSA11-mecA AATGCAGAAAGACCAAAGCATACATATTGAAAATTTAAAATCAGAACGTGGTAAAATTTTAGACCGAAACAATGTGGAATTGGC  
UK SaNTCC12493-mecA) AATGCAGAAAGACCAAAGCATACATATTGAAAATTTAAAATCAGAACGTGGTAAAATTTTAGACCGAAACAATGTGGAATTGGC  

 

Figure: 3. Multiple sequence alignment of the sequenced part of S. aureus (mecA) gene of Kurdistan 
isolates with other selected isolates from GenBank using (CLUSTAL 2.0.12 multiple sequence 
alignment) showing partial homology to S. aureus strains penicillin binding protein 2a (mecA) gene, 
partial cds. Gaps indicate in (-). 
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Figure: 4. Phylogenetic tree of Kurdistan isolates and other selected strains from GenBank 
representing different geographic regions shows the relationship among the mecA gene sequence of 
Kurdistan isolates with other selected isolates from GenBank. 
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@@

ريا  يدي لبك يو س النك س ي  ة ل   Staphylococcus aureus ح ان  Methicillinالمقاو في كورثس
  العراخ 

 

 الخلاصة

ة تم جم  درب ى  ٤١صفي هذ ب ان وتم حصول  ورد ي  فة في ب شفيات مخ ة م ثلات م ريرية مه ة  زة لجرثومة  ٦٤ي
وربت ية بلم ذه قودية ب تي تمث   Staphylococcus aureus ب ات% ٦,٥صب ي دد ب خدبم . م  ا ائ  ي  يد بلجزي ا تم 

ية  ادب  PCRق طة  وب خصص لجين  nucو  ي  nucبلم زي وزن  فة  ضا ذي ب حزمة م يد لجين ٨٠صب أظهرت  .nucيو
ائ دل ب ب انو في  S.aureus مقاومة  شارأن م ة رد دت بندب،  ا مرف زلات  م ١ص حيث و  ا  )٪٤٨,٤(هذ ب

زلات ل . Methicillinل مقاومة  يد مقاومة هذ ب ا ادب Methicillinتم  خدبم  خصص لجين  mecAا   mecAبلم

ي  زي وزن  فة  ضا ذي ب حزمة م يد لجين  ١٠صب زلات تم ب. mecAيو   )SaSul24و SaDu5 ،SaEr17(يار ثلات 

يدي لجين Methicillinبلمقاومة ل  يو ي  ب ارة   mecAح المية بلمخ زلات ب زلات وب ين هذ ب ة  لا   مقيي ب

ات ه بلجي ي شا  ي ي. و تحديد ب ح شاأن  ائ ب زلات ين  mecAين  ب انو  ب - ٥,ضط ينربوح  رد

شا ان في حين٪، ٨,٥ط زلات ين  mecAين  ب انو  ب ارة  رد المية بلمخ زلات ب ات موب  ين ربوح  بلجي
يدي لجين. ٪٦,١ط- ٦,صط يو ان  ب ائ بلمقارة  دتو   زلات  mecAشف  ان و شا و  رد اث ب  م بلجزئيب

رة في) India/TN/CN/1/12و  UKNTCC124 ,Turkey/HM5 ,South Korea/YSSA11(زلات  و  بلم

امة ات ب يا دة ب ات .ا وربثية رة تم إ ددة  م ب ة بلم طفاف ب خدبم  مب ا MEGA5 ا دبر  ي بر  ٦,١بلإ
تر اطأظهر و ، بلإ ي بر زلات ين نموذ انو  ب زلات ب رد ارة وب ات مالمية بلمخ ة  . بلجي درب ارب في هذ ب طي أ

تريا  ي  شخيص بلجزي ى S. aureusب ثور  ض و ى  أ يطرة  ضوية  ية أو ب ا ط يوية بلا ير بلجيني ببلمضادت ب
ى و ب ام و ش  فة  لأمربض بلمخ ة  ية بلم ات ب ائ يوية في ب لالات ضادبت ب   .MRSAصوج 
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Abstract 

RNA and DNA extracted from formalin-fixed paraffin-embedded (FFPE) tissue is problematic due to chemical 

modifications and continued degradation over time. we compared quantity of RNA extracted by two different 

protocols from 14 recently archived from patients suffered from different cancers distributed among formalin-fixed 

paraffin-embedded (FFPE) breast cancer tissues ,thyroid cancer tissues and Cervical uterus carcinoma tissues by 

using Guanidine isothiocyanate (GTC)with phenol-chloroform (protocol-1) and Silica Gel Column(SGC) dependent 

on spin column purification-based ( protocol- 2), to assess, which technique is the most efficient and reproducible in 

terms of total yield and purity.  The results showed RNA isolated with SGC technique was characterized by higher 

mean concentration in a range (80-180) µg/ml ,but it  give positive results to 12 sample with degradation in 

comparison with RNA isolated by the (GTC) technique (protocol-1), comparison with total RNA extraction from 

human blood ( two distinguished bands ) .  

In this study comparative methods have been performed to analyze the efficiency for extraction and purification 

of Genomic DNA from six selective FFPE Tissues samples, revealing that the extraction of DNA by using  extraction  

modified method give good result  with yield  higher mean concentration of DNA in a range (160-260) µg/ml. 

The lysis of FFPE Tissues  was enhanced by increased the concentration of proteinase K to30 mg\ml for 2 hour at 

65C, which considered the best time for lysis tissues  and heated comparable with results that obtained from lysis 

tissues by using 20mg\ml for (24 -48 hours) at 55C . 

 
Key Words :  DNA extraction, RNA extraction, Formalin – Fixed Paraffin-Embedded Tissues (FFPE). 
 

Introduction  

he identification and validation of 
molecular markers in formalin-fixed, 

paraffin-embedded (FFPE) tissue is currently an 
area of intense and exciting research activity. 
This is due in part to the fact that expression 
profiling, genotyping, and mutation analysis 
have been shown to aid in diagnosis and to 
provide guidance, particularly in the treatment of 
cancer. Despite this concentrated effort, to date, 
only a limited number of individual markers or 
panels of markers using extracted nucleic acids 
from histopathological tissue specimens have 
been introduced into routine clinical practice 
(Hennig, et al.,2010)..  

Formalin-fixed, paraffin-embedded (FFPE) 
tissue is one of the most widely practiced 
methods for clinical sample preservation and 
archiving. It is estimated that, worldwide, over a 
billion tissue samples, most of them FFPE, are 
being stored in numerous hospitals, tissue banks, 
and research laboratories. FFPE samples pose a 
major challenge for molecular pathologists, 
because nucleic acids are heavily modified and 
trapped by extensive protein-nucleic acid and 
protein-protein cross linking. Historically, 

Recently, however, it has been discovered that 
with appropriate protease digestion, it is possible 
to release microgram amounts of DNA and RNA 
from FFPE samples. The purified nucleic acids, 
although highly fragmented, are suitable for a 
variety of downstream genomic and gene 
expression analyses, such as polymerase chain 
reaction (PCR), quantitative reverse transcription 
PCR (qRT-PCR), microarray, array comparative 
genomic hybridization (CGH), microRNA, and 
methylation profiling. Several commercial kits 
are currently available for FFPE extraction 
(Weining et al.,2009)..  

The recovery of nucleic acids (DNA and 
RNA) from fixed, paraffin-embedded specimens 
is challenging. Although formaldehyde (HCHO), 
a principal ingredient of most commonly used 
fixatives, does not physically degrade nucleic 
acids, it leads to the generation of DNA-protein 
and RNA-protein. crosslinkages. Furthermore, 
the nucleic acids will fragment in situations 
where the fixative solution is unbuffered, as the 
pH can be extremely low ( Thomas et al.,2007).   
Furthermore, many methods for extracting 
nucleic acid from FFPE tissue, particularly those 
that are highly manual, are not standardized 
protocols , In addition, these manual protocols 

T
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are time consuming and did not require to  use of 
hazardous and flammable materials like xylene 
and ethanol for deparaffinization. The GTC 
technique for isolation of RNA, is very popular 
because it requires much less time than other 
classical methods. Moreover, GTC salt denatures 
the cellular proteins and inactivates RNases 
ensuring that isolated RNA is not degraded and 
separates rRNA from ribosomes,.  Such factors 
have required individualized adaptation to create 
standardized protocols. As a result, these 
isolation protocols have been incompatible with 
high-throughput formats (Benavides.et al.,2006). 
Several attempts have been made to isolate RNA 
from formalin-fixed paraffin-embedded tissue 
using modifications of currently available 
techniques for RNA extraction . However, the 
interpretation of results is often difficult and 
therefore, alternative methods for long-term 
storage of tissues prior to gene expression 
profiling are greatly required (Muyal et 
al.,2009).

  So the present study was designed to 
test the efficiency of RNA and DNA extraction 
from archival formalin fixed, paraffin-embedded 
tissues based on quantity of the nucleic acid 
extracted: The goals included development of a 
simpler and more effective protocol for RNA 
and DNA extraction  .  

 
MATERIALS AND METHODS 

Formalin-fixed paraffin- embedd (FFPE 

)tissue blocks 

This study included 14 FFPE blocks of 
different cancer tissues from different ages 
(those with better fixation& processing) 
collected from the department of Histopathology 
–Teaching Laboratories that belongs to the 
Medical City Teaching Hospital during the 
period of study from November   2011 to 
February 2012., by archival paraffin-embedded 
tissue blocks along with the histopathological 
reports for 14  patients with    tumors patients` 
ages and tumors stage were . These samples 
were distributed as follows: Breast cancer  (6), 
Thyroid cancer ( 6) , Cervical uterus carcinoma 
(2), in different ages (25-65). 
Sectioning the paraffin –embedded blocks. 

For each paraffin block, one 10 micrometer 
thick section was cut using rotary microtome 
(Leica, Germany) ( more than 5 section for each 
sample ) and collected in each sterile eppendorf 
tube, ensuring that an equivalent amount of 
tissue was placed in all the eppendorf 
tubes(Thomas et al, 2007). 

Deparafinization method 

Deparafinization was carried out by adding 
1ml of xylene to each tube containing the tissue 
sections, and this was vigorously vortexed and 
Incubated at 55 C 20 minutes. Centrifugation 
was then performed at full speed for 5 minutes, 
and the resulting supernatant was discarded. The 
deparaffinization step was repeated once again, 
followed by the addition of 500ML of absolute 
ethanol, and this was mixed by vortexing for 1 
minute .Incubated at 55 for 15 min The solution 
was then centrifuged at full speed for 5 minutes, 
and the resulting supernatant was discarded ,This 
step was repeated once again,.   
Extracted RNA From tissue after 

Deparafinization (protochol-1) 

After the steps of Deparafinization of the 
sections, to extracted RNA from tissue, the pellet 
was resuspended in 500 μl of Lysis buffer (SDS 
2%, Na2-EDTA 1mM, Tris – HCl ,20mM , 
Guanidine isothiocyanate (GTC)1M, Mercabto 
ethanol , 25mM  , DEBC (ddH2O ), and 
homogenized using vortex for minutes , then 
Add 300  µl of a freshly prepared solution of  
Proteinase K (6 mg /ml ) and incubated at 55ºC 
for (2- 24)  hours.  After lysis cells and extracted 
RNA from tissue we continuous other steps for 
purified RNA by addition 500 μl phenol : 
choloform: isopropanol alcohol at 25:24:1, 
followed by vigorous vortexing and 
centrifugation at 12,000 x g at room temperature 
for 10 minutes. The solution at the aqueous 
phase was transferred to a new 1.5 ml microfuge 
tube and an equal volume of chloroform was 
added, followed by mixing by vortexing and 
centrifugation at 12,000 x g for 5 minutes. RNA 
precipitation was performed by the addition of 
0.1 volume of 3 mol/L sodium acetate (pH 4.0), 
an equal volume of isopropanol and 1 μl of 10 
mg/ml carrier glycogen, followed by incubation 
overnight at – 20 C. The mixture was 
centrifuged at 12,000 x g at 4 C for 5 minutes. 
The supernatant was discarded, followed by 
washing of the RNA pellet with 500 μl of 70% 
ethanol and air-dried aseptically. The air-dried 
RNA pellet  was resuspended with 30 μl of 
RNase-free water (Specht et al., 2001  ) . 
Extracted RNA From tissue after 

deparafinaization (protochol-2 ) 

After the steps of Deparafinization of the 
sections, RNA extracted from tissue , The pellet 
was resuspended in 500 μl of Lysis buffer (SDS 
2%, Na2-EDTA 1mM, Tris – HCl ,20mM , 
Guanidine isothiocyanate (GTC)1M, Mercabto 
ethanol , 25mM  , DEBC (ddH2O ), and 
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homogenized using vortex for minutes , then 
Add 300  µl of a freshly prepared solution of  
Proteinase K (6 mg /ml ) and incubated at 55ºC 
for  2 hours only.  After lysis cell and extracted 
RNA from tissue we continuous other steps for 
purified RNA  according to the Total RNA Mini 
Kit instead of manual method(protochol-1) for 
purification as described in a manual of mini kit 
by using silica column  (Rupp and Locker 2001 
).   
Extracted RNA From Blood  

In this study ,Total RNA Mini Kit (Blood 
Cultured Cell protocol , promega \USA )  was 
used to extract RNA from blood ( normal person 
as a standard ). 
Extracted DNA from tissue after 

deparafinaization  

In this study the method described by 
Thomas et al   ( 2007   ) was used with some 
modification to isolate genomic DNA from 3 
FFPE samples of breast cancer type and 3 FFPE 
samples of thyroid  cancer type  .After the steps 
of Deparaffinization of the sections ,Adding 
300µl of Proteinase K buffer in final 
concentration 20mg/ml to the extracted sample 
with lysis buffer 1 .Incubation at 55°C for 24 
hours, to assure the sample lysate is clear, during 
incubation the sample should be inverted every 
30min (We repeated this step when the sample 
lysate is not clear by adding 300µl of Proteinase 
K buffer in final concentration 20mg/ml to the 
sample extraction and Incubated 24 hours at 
55°C until the sample lysate become  clear) .   
Adding 500µl of chloroform: isoamyl alcohol in 
percentage(24:1) to extract  and mixing by   
shaking vigorously for 30 min until the mixture 
emulsified, and then centrifuged at 12000 rpm 
for 20 minutes.The aqueous phase was 
transferred to another tube (avoiding touching 
the interphase layer), two volumes of cold 
absolute ethanol was added to the aqueous phase 
and immediately mix by shaking vigorously for 
10 seconds. and then were kept at –20 ºC 
overnight. The samples were centrifuged at 
12000 rpm for 20 minutes, the supernatant was 
discarded and the precipitate was left to dry 
completely. Adding 500µl of 70% ethanol. and 
discarding the flow-through. The precipitate was 
dissolved in 50 μl of TE buffer .The samples 
were then kept at –20 ºC. 
Extraction treatments: the effect of cell lysis 

buffers 

To investigate the effect of cell lysis buffers 
on nucleic acid quality, samples were compared 
across the following buffers: cell lysis 1(SDS 

10%, Na2-EDTA  0.5M, Tris – base 1M) (Shi et 
al , 2002), cell lysis2(SDS 0.5%, Na2-EDTA 
0.1mM, Tris – base 10mM)(Bohmann et al., 
2009 )   and cell lysis 3(SDS 2.0%, Na2-EDTA 
2.5mM, Tris – base 25mM ,Sodium citrare 
25mM, CaCl2 5mM (Thomas et al., 2007).  
Extraction treatments: the effect of 

incubation time Lysis buffer and 

temperature . 
To investigate the effect of incubation time in 

nucleic acids extraction, pairs of samples were 
tested across the following incubation times: 2, 
24 hours.    After we determined the best cell 
lysis buffer, the samples were tested across the 
incubation times 2 hours at 65 ºC. 

 

DNA Extraction from Human blood 

This method described by    Sambrook  and 
Rusell  ( 2001   ) to isolate genomic DNA from 
human  blood  ( used as control ) 
,Approximately 3-5 ml of blood was taken from 
donor by sterile syringe and places in EDTA 
tubes.. 
Agarose Gel  Electrophoresis  

Agarose gel   was prepared according to the 
method described by Sambrook  and Rusell  
(2001). Agarose gels were stained with ethidium 
bromide (0.5g/ml) for 30 minutes. DNA bands 
were visualized under U.V transilluminator at 
365 nm wavelength. A gel documentation 
system was used to document the observed 
bands. 

Estimation of the nucleic acid concentration 

by the Spectrophtometer 

The purity and concentration of the extracted 
DNA and RNA were determined by UV-
Spectrophotometer (Eppendorf, Hamburg, 
Germany), according to the  Protocol  as 
described by Sambrook  and Rusell (2001). 

 

Results and Discussion 

Isolation of Nucleic acid  

The Comparison of Two Techniques for Total 

RNA Isolation from FFET Samples  

In this study comparative methods have been 
performed to analyze the efficiency for 
extraction and purification of total RNA from 14 
samples of FFET from different cancer types, 
revealing that the extraction RNA according to 
protocol 1 suffer from low efficiency, mainly 
due to incubated the samples over night and 
purified by phenol-chloroform this lead to 
degraded [figure(1),lane 11, lane12 , lane13  
(present in small amount),  in compare  with 
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extracted RNA according to protocol 2 by using 
Guanidine Isothiocyanate (GTC) and Silica Gel 
Column(SGC) techniques (spin column 
purification-based protocols) , although the 
protocol 2   give positive results to 12 sample 
with  degradation as showed in (figure -2)  
comparison with total RNA extraction from 
human blood (figure (1) lane2, lane3). While we 
did not get any result from samples of cervical 
uterus carcinoma by using two protocol (data not 
shown). 

As we know about Formalin fixation, the 
most widely used fixative in histopathology, has 
many advantages such as the ease of tissue 
handling, the possibility of long-term storage, an 
optimal histological quality and its availability in 
large quantities at low price. But RNA is a 
particularly labile bio-molecule and is much 
more susceptible to degradation by endogenous- 
and exogenous-nucleases and to non-specific 
degradation by divalent cations, heat, elevations 
in pH, and storage of tissue or cells over 
extended periods prior to RNA extractions, 

which result in falsely altered gene expression 
patterns.    However, this technique poses many 
problems due to the fact that formalin fixation 
cross-links nucleic acids and proteins. Further, 
mono-methylol is added to the amino groups for 
all four RNA bases (N-CH2OH) and 
subsequently methylene bridges are formed 
between neighbouring bases that resulted to 
continue degradation over-time (Masuda et al 
.,1999). or the extremely low pH (<1). Of  the 
fixative.( Gillio et al.,2007). The two most 
reliable and widely used techniques for high 
throughput RNA isolation are: 1- Guanidine 
Isothio Cyanate-phenol:chloroform (GTC)-based 
RNA isolation technology and , 2- Silica-gel 
column (SGC)-based RNA isolation technology. 
In contrast, the principle of SGC technology is a 
combination of the selective binding properties 
of a silica-based membrane with the speed of 
microspin technology, which allows saving time, 
money, and efficient use of small and precious 
biological samples. 

                                              

 
 

Figure (1) : Agarose gel  electrophoresis of  RNA Extraction from FFPE Tissues from different 
cancer types By using protocol 1, with agarose concentration (1.5%),voltage 5volt/cm,during 2 hr 
 
Lane 2  and 3  : RNA extract from human blood (control).  
Lane 1,4,5,6,7,8,  : RNA extract from Thyroid cancer type. 
Lane 9,10,11,12,13,14 :   RNA extract from breast cancer type 
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Here in this study , compare RNA extraction protocols on a set of 14 FFPE different cancer 
samples, testing spin column purification and phenol-chloroform technologies, That we designate 
Unfortunately formalin fixation induces RNA-tissue protein cross-links, which can prevent obtaining a 
good results or degraded RNA In addition, nucleic acid fragmentation may occur in formalin fixed 
tissue due to aging of the specimen or the extremely low pH (<1). of the fixative. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure (2) : Agarose gel  electrophoresis of  RNA Extraction from FFPE Tissues from different 
cancer types By using protocol 2, with agarose concentration (1.5%),voltage 5volt/cm,during 2 hr 
                   
Lane 1 ,2,3,4  : RNA extract from Breast cancer  type. 
Lane,5,6,7,8,  : RNA extract from Thyroid cancer type. 
              
The Modified Extraction methods To extract 

DNA from FFPE Tissues samples 
This study shows how the modified extracted 

method can actually give good yield of DNA. 
Three different lysis digestion buffers of DNA 
extraction were tested with six FFET samples , 
and the results showed the best lysis buffer 
extract  was type (3) ( figure -5) in DNA 
concentration range (200-260) µg/ml , compare 
with other results as showed   in (figure - 3) and 
( figure - 4). In figure (6) three sharp band 
appeared in three samples of FFPE Tissues, this 
results revealed to the  modified DNA extraction 
method (the incubation time 2 hours , the 
temperature of lysate cell 65 C , the 
concentration of proteinase K 30mg\ml and add 
GTC(1M) to the best digestion  buffer).In other 
words, thermal energy does not lead to an 
increase of extracted nucleic acids; it merely 
makes whatever available DNA and RNA more 
amenable to amplification, presumably by 
making it less cross-linked (Banerjee et al 
.,1995). 

So the data (only three samples) shows no 
indication that even 24 hour or 48 hour 

digestions at 55C adversely effect the DNA 
yields with increased incubation temperatures, 
this may become an important factor However, 
comparisons between digestions at 65C and 
higher temperatures  provide evidence , the 
higher temperatures significant DNA and RNA 
degradation occurs (85C versus 65C, up to 8000 
times less PCR amplifiable, average/standard 
deviation Therefore, there is good evidence to 
argue that increased digestion temperature can 
be useful with regard to obtaining greater levels 
of PCR amplifiable DNA; however, these 
digestion temperatures should be limited to 
65C(Shi et al .,2002). 

In this study , lysis of FFPE Tissues  was 
enhanced by increased the concentration of 
proteinase K to30 mg\ml for 2hr at 65C  , which 
considered the best time for lysis tissues  and 
heated comparable with results that obtained 
from lysis tissues  for 24 -48                  hours. 
The data presented here indicate that proteinase 
K digestion is required for obtaining DNA of 
sufficient quality by all 4 extraction methods. 
DNA depended on the extraction method. On 
types of lysis buffers  extraction and heat-

1  2 345 6 7 8
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treatment in combination with proteinase K 
digestion resulted in the good quantity of  DNA 
concentration were found in four extracts of  
each samples after proteinase. K  digestion  and 
heat-treatment. This may in part explain why it 
is not unusual to find conflicting findings in 
previously published studies. Such as, in a 
comparison of the effect of time of incubation 
during tissue digestion, Isola et al. (1994) argue 
that prolonged time is better, while Banerjee et 
al. (1995) argue that no more than 3 hours are 
required. While others study pointed to 
importance of adding Proteinase K in high 
concentration and  incubation at high 
temperature (60 to 70°C) in DNA extraction 
method (Thomas et al., 2007)  ,this also lead to 
removes part of the methylol additions induced 

by formalin fixation .   The predominant 
alternative to Tris-based digestion buffers are 
guanidinium thiocyanate/proteinase k containing 
buffers, favored by those who perform DNA 
extractions using commercially available kits 
(e.g. Qiagen’s QIAamp DNA micro kit) that are 
based on the silica-binding principle described 
by Boom et al. (1990). In this study we 
succeeded in finding a modified method for 
DNA isolation  especially that from FFPE 
Tissues samples  by decreased the incubation 
time to 2 hours and increased the temperature of 
lysate cell to 65 C  with increase  the 
concentration of proteinase K to 30mg\ml with 
addition  the GTC(1M) to the best digestion  
buffer .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure (3): Effect of cell lysis buffer type(1) on detection  the quantity of  DNA extraction  from 
different samples of cancer  by agarose gel electrophoresis ( with agarose concentration (0.8%),voltage 
5volt/cm,during 1.5hr) 

Lane 1        : DNA extract from human blood (control).  
Lane 2,3,4,  : DNA extract from breast cancer  type. 
Lane 5,6,7,  : DNA extract from thyroid cancer  type 
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Figure (4 ): Effect of cell lysis buffer type(2) on detection  the quantity of  DNA extraction  from 

different samples of cancer  by agarose gel electrophoresis  ( with agarose concentration 

(0.8%),voltage 5volt/cm,during 1.5hr . 

Lane   1 , 3 : DNA extract from breast cancer  type.(B) 
Lane   4, 6  : DNA extract from thyroid cancer  type.(B) 
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Figure (5 ): Effect of cell lysis buffer type (3) on detection  the quantity of  DNA extraction  from 
different samples of cancer  by agarose gel electrophoresis ( with agarose concentration (0.8%),voltage 
5volt/cm,during 1.5hr). 
Lane  1 ,2,3,  : DNA extract from breast cancer  type. 
Lane  4,5,6,  : DNA extract from thyroid cancer  type. 
Lane,7     :DNA extract from Human  blood sample   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (6): Agarose gel electrophoresis of DNA extracted by using modified methods from different 
samples of cancer by agarose gel electrophoresis (with agarose concentration (1%),voltage 
5volt/cm,during 1.5hr) 
Lane 1, 2 : DNA extract from breast cancer  type. 
Lane, 3    : DNA extract from thyroid cancer  type. 
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Assessment of total RNA yield and purity  

The amount of total RNA extracted for each samples was measured by a UV and Vis-
Spectrophotometer with the exception of the samples that contained no RNA. According to the results 
of methods extracted total RNA as mentioned . 

The results of protocol (1) showed only three breast cancer samples give result, while tweleve 
samples from breast cancer and thyroid cancer showed positive result according to protocol 2 .The 
estimated mean total RNA extracted for protocol (2) was 130 μg (2.6 μg\ μl )(2600 ng/μL) for breast 
cancer samples  with values ranging from 80 to 180 μg (1.6 to 3.6 μg\ μl )(1600 to 3200 ng/μL) , for 
thyroid cancer samples the estimate mean total RNA extract was125 μg (2.5 μg\ μl )( 2500 ng/μL) 
with values ranging from 70 to 180 μg (1.4 to 3.6 μg\ μl )(1400 to 3600 ng/μL), . The 
meanA260/A280 ratio for protocol 2 was 1.8 ± 0.2  , The desired ratio A260/A280 is in the range of 
1.7 to 2.1 and is dependent on the extraction conditions ( Table-1). 

The purity of the extracted RNA was comparable throughout the samples and was close to a ratio 
(A260/A280) of 1.85, the GTC and the SGC technique,. A ratio close to 1.8 indicates that there were  
only limited protein contamination. 
 
Table (1): Comparative data of total RNA Extracted from different cancer type by modified protocol2,  

Types of cancer A260/A280 ratio. 
Yield  :  μg/ml 

 

Breast cancer (6) 2, 1.25,1.4,2,1.7,1.7 180,80,100,160,110,120, 

Thyroid cancer(6) 1.7,1.3,2,1.7,1.8,2.3, 120,70,150,120,123,180

Cervical uterus carcinoma 
-

 

- 

 

* The total yield,        1.8 < A260/A280   ≥ 2 indicates pure RNA 

 

Assssement of DNA yield and purity  

According to the results of methods extracted DNA as mentioned above . The results of Modified 
methods by using different lysis buffers, showed only three breast cancer samples give positive result, 
while others samples from thyroid cancer did not show any result . To evaluate the purity of the 
extracted DNA, absorbance ratio at 260/280 nm (DNA/protein) was determined. (Table 2). The 
estimated mean total DNA extracted by using  digestion lysis buffers type(1) was 170 μg (3.4 μg\ μl 
)(3400 ng/μL) for breast cancer samples  with values ranging 160-180 μg (3.2-3.6 μg\ μl )( 3200 -3600 
ng/μL) , for digestion lysis buffers type(2) the estimate mean total DNA extract was200 μg (4 μg\ μl )( 
4000 ng/μL) with values ranging from 160 to 240 μg (3.2 to 4.8 μg\ μl )(3200 to 4800 ng/μL), for 
digestion lysis buffers type(3) the estimate mean total DNA extract was230 μg (4.6 μg\ μl )( 4600 
ng/μL) with values ranging from 200 to 260 μg (4 to 5.2 μg\ μl )(4000 to 5200 ng/μL), while the value 
for modified method the estimate mean total DNA extract was250 μg (5 μg\ μl )( 5000 ng/μL) with 
values ranging from 220 to 280 μg (4.4 to 5.6 μg\ μl )(4400 to 5600 ng/μL),.. The meanA260/A280 
ratio for Extract DNA with different lysis buffers  was 1.6  and for modified method 1.8 – 2 , The 
desired ratio A260/A280 is in the range of 1.6 to 2  and is dependent on the extraction conditions . 
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Table (2): Comparative data of total DNA Extracted from different samples of cancer by modified 
protocol,  

Types of cancer A260/A280 ratio. 
Yield  :  μg/ml 

 

Breast cancer (1) 2* ,     1.7**,     2*** 
180,     160,     210 

 

Breast cancer (2) 1.7 *     ,  0  ** , 1.8*** 160,       0    ,  200 

Breast cancer (3) 
1.6*  ,    0**    ,   0  ***

 

160   ,   0   ,  0 

 

Thyroid cancer (4) -  

Thyroid cancer (5) -  

Thyroid  cancer (6) 0  *,  1,8** , 1,9*** 0 , 240  ,  260 

 Modified method  

Breast cancer (1) 1.88 260 

Breast cancer (2) 1,8 220 

Thyroid cancer (6) 2 280 

* The total yield,        1.8 < A260/A280   ≥ 2 indicates pure RNA 

* result of digestion lysis buffer (1)  ** result of digestion lysis buffer (2)  *** result of digestion lysis 
buffer (3). 
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انی ڕێگه به دنه كارھێ شی  ی ناوكه و ی جياوا بۆ جياك دراو شانانه  له RNAو DNA ت   ناو مۆمدا له  له  ی چاندێ

په  سامپڵه   كاندا جياوا  نجه شێ

   پوخته

دنه  له  يه ك ھه يه ند كێشه چه دراو  شانه  لهRNA و DNA ی  و ڕێگاكانی جياك ھؤی  ش به مه كانی ناو مۆ ئه چاندێ
يای و ئه ه ربوونی كا ، ئه تێپه  دروست بوو به  ی كه و و پارچانه گۆرانكاری كي ڕێگا   پێكھاتبوو له  يه و  توێژي

دنه  كا له ندێتيه چه په   لهRNAی  و جياك ێ شێ ه نجه سامپ دراوھ   له) مانگ - (ی  مۆمدا بۆ ماو  يی چاندێ
په ند نه چه ابوو و يی جياوا و نجه خؤشێكی شێ په رگي ه نجه كو شێ په ر ك و گاندنی د يی م ی  قی و شێ نجی م

داڵدا ، به انی دوو ڕێگا جێ به به  م ا يه كارھێ انی  به  ميا به كه جێ ك  Guanidine isothiocyanateكارھێ

(GTC)ڵ گه له phenol-chloroformانی به   به ی دوو ڕێگه  و بۆ Silica Gel Column(SGC) كارھێ
ين رێگا بۆ پوخته دنی باشت د و   دياريك    به ی دوو نجامدا ڕێگه ر د  له. RNAچڕی   پوختێتی و توانيی بهك

دنی  پوخته  له  SGCتوانات بوو په سامپڵه كه ر  ھه  لهRNAك ی   قی و به ر دمك و گاندی  ی مه نجه ی شێ چ
ا )٨-٨( ؤگ به/ مايك دنی له به  م په  نھا له ته  كه(GTC) مدا كه كه ی يه ڵ ڕێه گه راوردك يی  نجه سامپڵی شێ
دنه مكی به مه ا بۆ جياك دنی له به  بهRNAی  و كارھێ او RNA  راورد ك ی ئاد  كا له جياك ی  ركه د( ميزاد  خوێ وت

  ). دوو گور

ه ھا ئه رو ھه يش ئه چه  يه و  تؤێژي ێته ند شتێكی ت ه و  و گ ي يكی  توانا بۆ ته  ی باش و به ی ڕێگه و ك دۆ ك
دنه دراو له سامپڵی ھه بۆ  DNAو   جياك دراو  شانه  ڵبژێ ،  ئه چێ   خته ڕێگايی پو  توانای   نجا به كانی ناو مۆ

دنه ت به ی د كه گۆراو  كه ك انی  به  رخ او كارھێ ی  DNAكی   چڕيه  كا كاتێك كه ی جياوا بۆ تێكشكاندنی خانه گي
د ا)  -(   به  ك وگ ين چڕی بۆ ئه مل ، و/ مايك ی شيكه باشت ا    ی شانه و ر نزي كاتی  مل له/ مل گ
تن  ی ھه ماو ه خوله ڵگ دنی به  دی به سه رمی  ی گه ك و پ و  كه ست ئه د  ی كه نجامانه و ئه ڵ ئه گه له راورد ك
دنه  له ا   چڕی    كانبه ی شانه و شيك گ ه  كاتژمێ له) ٨-( ی  بۆ ماومل / م   ديو سه رمی   ی گه پ

ی ا )٨- (   DNAچ وگ   .مل/مايك

  
 

  

  
ا الـ ت است ق م دا ط  است

ع من  ور في الش ط ج ال ت  من اان طاني م ا س عي DNA  و RNA 

  

 الخلاصة 

خلاج  ي طرخ اس حويرات الكيميائية  DNA و RNA عا ديدة ويعوث هذا الى ال شاك  سجة المطمورة في الشمع    الا
مة بمرور الز والقطع  خلاج ,  النا ة بي الطرخ الكمية في اس قار ا   ضمن الدراسة  طمورة في الشمع ينة سرطان  ٤صالر

را ض ون  ا رضى يعا خدام  مع   ، باس نق الرح ينات سرطان الثدي وسرطان الغدة الدرقية و ابي  وز  ة  خ ية  سرطا
خدام  مث الاولى باس ي  ية  phenol-chloroformع  Guanidine isothiocyanate (GTC)طريق والطريقة الثا

خدام  ا  Silica Gel Column(SGC)باس ركيز الر ة النقا وة و خلاج وثر وءة في الاس حديد الطريقة الك ائ  . ل واظهرت الن
ية  اءة الطريقة الثا ا    SGCك خلاج الر ركيز  صصفي اس  \ايكروغرام  )٨٠ص- ٨٠(ينة لسرطان الثدي وسرطان الغدة الدرقية ب

خدام   ة بالطريقة الاولى باس ا  اذ اسخ   (GTC)قار ينة ثم  صص الر ص   خ ا المس ع الر ة  قار ينات  سرطان الثدي فقط 
ي( بشرية    ).ظهور حز

خلاج الـ      وءة في اس حري  طرخ ك طمورة في  DNAم الدراسة ايضاال سجة  خبة  ا ن ينات  ة  نقي   س و
حورة باس خلاج  اءة طريقة اس ائ ك راوت  الشمع، واظهرت الن ا  د ركيز ل ط   ا ا ند كسير الخلايا  ة ل خ حالي  خدام ثلات 

نسي     \ايكروغرام )  ٦٠ص- ٦٠ص( زي الحال ل ركيز للا ة  \غرام  ٠ص ، وافض  رة حضا ند ف ة حرارة  ٠صص  ثقيقة بدر
ة ٦٥ قار ركيز  وي  سجة ب ح الا يها   ي حص  ائ ال مدة  \غرام   ٠صع الن ة حرارة ) ٤٨-٤ص( ل ة بدر   .م ٥٥سا



Journal of University of Zakho, Vol. 2(A), No.1, Pp 86-96, 2014            
 

 86

STUDY OF SOME RISK FACTORS IN PATIENTS WITH UNTREATED 
BREAST CANCER IN ERBIL CITY 

 
Sarhang Hasan Azeez and Suhaila Nafia Darogha 

Department of Biology, College of Education, University of Salahaddin- Erbil, Kurdistan Region – Iraq. 
(Accepted for publication: February 24,  2014) 

 

Summary 
This study was carried out in Rizgary and Hawler Teaching hospital in Erbil city, from  the period of August 2010 

to June 2011. A total of 115 women patients with breast tumor (55 malignant and 60 benign) and 40 females as a 
control group with age ranged (18-71) in both patients and control group were participated, they were matched with 
patients by age group without any history of breast problem or neoplastic disease and not had any other cancer. Data 
were collected by interview with patients and control group, a questioner form were provided to each patients which 
include (age, age at menarche, regularity of menstruation, etc.) and clinical file made for each patient who attends to 
these two hospitals for each patients for the first time, in spite of histopathological diagnosis. Results indicated obvious 
relation between risk factor and breast cancer (BC), among these factors is the age; the most frequent age for breast 
cancer was that at age group (38- 47).Percentage of patients starting age menarche after 12 year was higher when 
compared with patients starting at or before 12 year. The results showed higher percentage of BC in patients who 
have regularity menses when compared with irregular menstrual cycle. Age of first pregnancy in 20 years and greater 
which was higher than other group. The results indicated that the percentage of BBD patients which diagnosed 
premenopausal was higher than postmenopausal. Higher percentage of breast feeding found in BC patients when 
compared with bottle feeding. Oral contraceptive pills users occupied higher percentage in patients. Patients which 
not used hormone replacement therapy (HRT) have higher percentage when compared with patients used HRT. 
About half of the patients recorded positive family history. The numbers of patients diagnosed as stage third and 
fourth were higher compared with those stage two, unknown and first stage. According to the type of benign breast 
disease, the unknown cause showed higher percentage when compared with other types. 
 

Keywords: Breast cancer, risk factors, epidemiological study. 
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Introduction 

ancer is the leading cause of death in 
economically developed countries and 

the second leading cause of death in developing 
countries (World health organization, 2008). It  
is the most frequently diagnosed cancer and the 
leading cause of cancer death in females 
worldwide according to global statistics (2008), 
accounting for 1.38 million of the total new 
cancer cases and 458,400 of the total cancer 
deaths annually (Jemal et al., 2011). Breast 
cancer is the second most common type of 
cancer after lung cancer. One woman in ten will 
develop the disease and one in 29 will die as a 
direct result of it (Wernberg et al., 2009). 
Generally, breast cancer refers to cancer 
originating from breast tissue (Martini et al., 
2006). In Iraq, breast cancer is the commonest 
type of female malignancy, accounting for 
approximately one- third of the registered female 
cancers according to the latest Iraqi Cancer 
Registry (Iraqi Cancer Registry, 2007). The 
incidence of breast cancer in Erbil city was more 

common than the other type of cancers (Iraqi 
Cancer Registry, 2005). 
Aim of the study 

The present study was aimed to shed light on 
the risk factors which may use for detection and 
they are related with breast cancer. 
Materials and methods 

The study was include 115 female patients 
presented with breast mass (55 malignant and 60 
benign) attended Rizgary and Hawler teaching 
hospital in Erbil city from August 2010 to June 
2011. The age of the patients ranged from 18-71 
years and the mean was 44.5 years. A total of 
forty women selected as control group, they 
were matched with patients by age group 
without any history of breast problem or 
neoplastic disease and not had any other cancer. 
Data were collected by interview with patients 
and control group, a questioner form were 
provided to each patients which include (age, 
age at menarche, regularity of menstruation, etc.) 
and clinical file made for each patient who 
attends to these two hospitals for each patients 

C
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for the first time, in spite of histopathological 
diagnosis. 
 

Results 

Age groups of the patients 
The highest number of breast cancer patients 

were found at age interval (38- 47) year, while 
the lower or minimum record was at aged 58 and 
older. The higher number about benign breast 
disease patients was found at the table age 
interval (28- 37), as well as the minimum 
number was found in the last age interval.  
Patients and age at menarche  

In fig: 2 about 45.46% of the breast cancer 
patients have got their menarche at or before 12, 
while 54.54% of them got it after 12 years old. 
However, about the BBD the data is different, 
16.67% got their menarche at or before 12 years, 
and 83.33% got it after 12 years old. Women 
with early age at menarche or late menopause 
have an increased risk of developing BC.  
Regularity of menstruation and patients  

In this study, regularity of menses is 
considered as a risk factor for BC as showed in 
(Fig. 3). This study showed 74.54% of BC 
patients had regular menses, while only 25.46% 
of them had irregular menstrual cycle. The result 
for BBD patients showed that 76.66% had 
regular and 23.34% had irregular menstrual 
cycle.  
Age at first pregnancy of the patients 

In fig: 4 about 16.36% and 16.66% of breast 
cancer and BBD patients were single or infertile, 
27.27% of breast cancer patients had first 
pregnancy before 20 years old, while 56.36% 
were at 20 or older. However, 36.66% of the 
BBD patients had first pregnancy before 20 and 
46.66% had it at or after 20. About 55% of our 
patients had their first pregnancy at age 20 or 
older.  
Patients and age at diagnosis 

Menopausal age used as a point for this risk 
factor. 65.46% of the breast cancer patients was 
diagnosed premenopausal, while it was higher in 
BBD patients which were 80%. Therefore, 
34.54% of the BC patients were diagnosed 
postmenopausal, whereas for BBD patients were 
20% as shown in (fig. 5). 
Relation between BC and oral contraceptive 
pills 

In this study, using of oral contraceptive pills 
(OCP) was a good risk factor for breast cancer. 
78.18% of BC patients were using the OCP, 
while 21.82% did not used it. About the BBD 

patients the data showed that about 33.3% used 
OCP, and 66.7% neglected the OCP (fig. 6).  
Patients and hormone replacement therapy  

In fig: 7 (16.36%) breast cancer patients were 
taking HRT and 83.64% were not taking HRT, 
while for the BBD patients 8.3% were taking 
HRT and 91.7% were not taking HRT 
Relation of BC to having family history 

The higher number recorded for this risk 
factor in both BC and BBD patients were from 
patients who had no family history (55%, 75%) 
respectively. 29% and 8.33% of the patients had 
first degree family history relation for both BC 
and BBD patients respectively. In BC 9% had 
second degree, while 16.66% of BBD patients 
had second degree, regarding the third degree 
7% of BC was found, while there was no record 
about third degree for BBD patients, (fig. 8).  
Distribution of patients according to type and 
stage of disease 

Breast cancer patients were 100% had 
invasive ductal carcinoma, first stage showed 
zero percentage, while in the second, third and 
fourth stages, the percentages were 25, 30, and 
30% respectively, and 15% of them had 
unknown stage of BC. About the BBD patients 
35% had unknown type of the disease, 30% had 
lipoma, 15% had fibroadenoma, 5% had fat 
necrosis, 10% had fibrosis, and 5% had duct 
ectasia shown in (fig. 9 and 10).  
Body mass index and breast cancer 

Body mass index is an important risk factor 
for BC. There were 40.45% of the BC patients 
had BMI≥ 30 which were obese females, while 
40.63% of them had BMI (25- 29.9), 15.54% of 
the patients had BMI=18.5- 24.9, and only 
3.63% of them had BMI< 18.5. In BBD patients 
33.33% had obesity (BMI≥ 30), 45% of the 
examined patients had over weighted BMI (25- 
29.9), only 21.66% had BMI=18.5-24.9, and no 
patient has BMI< 18. While 80.78% of patients 
had BMI more than 25, which was considered as 
overweight and obese women as shown in (fig. 
11). 
Marital status of the patients  

Fig: 12 showed 9% and 11.66% of breast 
cancer and BBD patients were single 
respectively, 78.18% and 76.66% of BC and 
BBD patients were married respectively, while 
12.72% and 11.66% of BC and BBD patients 
were widowed respectively. Our results showed 
about 7.5% of patients were single, while all of 
the remaining was married. 
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Discussion 

Age groups of the patients 
Our study was in agreement with Montazeri 

et al. (2003) and Rennert (2009) which showed 
that the Iraqi BC patients had an age distribution 
that was nearly the same as that seen in Iran, 
Egypt and Jordan. In Sulaimanyiah- Iraq also 
agreed with our findings they found that 
currently diagnosed at advanced clinical stages 
with 60% of patients being under 50 years of age 
(Majid et al., 2010). In contrary with our study, 
in the United States, more than three- fourth of 
all breast cancers occurred in women aged 50 or 
older (Palmer et al., 2003). The greatest risk of 
BC occurs with increasing age, with incidence 
doubling every 10 years until menopause 
(McPherson et al., 2000). This increasing risk 
may be indicative of the lifetime accumulation 
of exposures to those risk factors, as well as 
genetic events throughout the lifetime (Alwan, 
2010). 
Patients and age at menarche  

A woman who began menstruating before 12 
years old has a 10- 20% increased risk of BC 
compared to one whose menstruation started 
when she was older than 14 years of age (Berkey 
et al., 1999). In addition, women who experience 
a delayed natural menopause (after the age of 
55) are twice as likely to develop BC compared 
to women who experience menopause before the 
age of 45 (McPherson et al., 2000) which is in 
agreement with our study. Older age at 
menarche typically is reported to be associated 
with reduced BC risk, while older age at 
menopause is associated with increased risk. 
These relationships are believed to be mediated 
through estrogen production (Henderson et al., 
1996). 
Regularity of menstruation and patients  

This study showed only one-fourth of the BC 
patients had irregular menstruation to the extent 
that irregular menstrual cycles reflect an 
ovulatory cycles, our findings support the 
hypothesis that the cumulative number of regular 
ovulatory cycles increases BC risk (den 
Tonkelaar and de Waard, 1996). Rockhill et al. 
(1996) found little support for the hypothesis 
that a longer time until onset of regular 
menstrual cycling was associated with reduced 
risk of BC, which is in contrast with our study. 
Parazzini et al. (1993) reported an increased risk 
among women who had menstrual cycles lasting 
31 days or longer, but those women whose cycle 

was too irregular to estimate were at reduced 
risk. 
Age at first pregnancy of the patients 

Other reproductive events have also shown a 
linear association with risk for BC, specifically, 
women who gave birth for the first time before 
age 18 experience one- third the risk of women 
who have carried their first full- term pregnancy 
after age 20 (Yoo et al., 2002). Women who 
have their first full- term pregnancy at a 
relatively early age have a lower risk of BC than 
those who never have children or those who 
have their first child relatively late in life 
(Wohlfahrt and Melbye, 2001). There is also 
consistent evidence that first pregnancy 
completed before age 30- 35 lowers risk of BC 
and that first full- term pregnancy after age 30- 
35 raises risk (Helmrich et al., 1983). It has been 
observed that five to seven years after 
pregnancy, women, especially older women are 
at increased risk of BC. This increase in risk is 
thought to be attributable to the increase in 
gestational hormone levels that occur during the 
first pregnancy (Bernstein, 2002 and Dumitrescu 
and Cotarla, 2005). 
Patients and age at diagnosis 

A 2- to 4- fold higher risk was found for 
women who experienced menopause after 50 
years of age; meanwhile, the time from 
menarche to menopause is an interesting factor 
in considering its relation to the mechanism of 
breast carcinogenesis (Suh et al., 1996). Women 
who have menopause after the age of 55 years 
are twice as likely to develop BC as women who 
experience the menopause before the age of 45 
years (Khalid et al., 2009). Furthermore, the 
increased cumulative exposure from the 
combined effect of early menarche and late 
menopause has been associated with elevated 
risk (Lipworth, 1995). 
Relation between BC and oral contraceptive 
pills 

Other study attempting to link oral 
contraceptives with increased BC have been 
inconclusive (Marchbanks et al., 2002). A case 
control study was done in Basrah in 2005 found 
that there was no association between the use of 
OCP and development of BC (Dahooz and 
Hawaz, 2005). Some studies suggest that past 
use of OCP may increase risk of BC in 
postmenopausal women, especially in those with 
a long history (more than 10 years) of OCP use 
(Van Hoften et al., 2000). The association of 
OCP use with BC is related to the duration, 
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dosage, pattern of usage, type of OCP and the 
age of first use (McPherson et al., 2000). 
Patients and hormone replacement therapy  

Use of estrogen replacement therapy is 
another factor associated with increased 
hormone levels and it has been found to confer a 
modest (less than two-fold), elevation in risk 
when used for 10-15 years or longer (Kelsey, 
1993). The long- term (more than five years) use 
of postmenopausal estrogen therapy (ERT) or 
combined estrogen/ progestin hormone 
replacement therapy (HRT) may be associated 
with an increase in BC risk (Downing et al., 
2007). 
Relation of BC to having family history 

Similar to our findings, others found most 
women who get BC (approximately 80 percent) 
have no such family history of the disease 
(Porch et al., 2002). There was an increased risk 
of BC among Kurdish patients who had a 
positive family history compared to case 
controls. 
Distribution of patients according to type and 
stage of disease 

According to the WHO classification (World 
health organization, 2008), the most common 
histological type determined microscopically 
was invasive ductal carcinoma. According to the 
AJCC system, the frequencies were 7.6%, 
45.1%, 31.5% and 15.7% for stages I, II, III and 
IV respectively (Alwan, 2010). For patients with 
a designated stage, there was no significant 
relationship between tumor stage and age nor 
was the relationship significant when patients 
whose stage was unknown were included (Majid 
et al., 2010). 
Body mass index and breast cancer 

Some studies agreed with our results which 
they had shown that a high BMI was positively 
related with BC (Helmrich et al., 1983).  A study 
done in Basrah in 2005 showed significant 
association between increase body mass index 
and risk of BC (Dahooz and Hawaz, 2005). 
Obesity is another known risk factor for BC 
Obese women have an increased risk for 
postmenopausal but not premenopausal BC. The 
association between obesity and BC risk has 
been proposed to be largely due to increased 
estrogenic activity in overweight women. 
Increased body weight results in elevated 
circulating estrogens from peripheral 
aromatization of androgensin adipose tissue. 
Breasts, which are estrogen- sensitive tissues, 
are therefore exposed to more estrogen 
stimulation in obese women, leading to an 

increased risk for BC (Kelsey, 1993 and 
McTiernan, 1997). 
Marital status of the patients  

Study by Ibarluzea et al. (2004) agreed with 
our results which documented that BC is 
common in married females. Other study also 
found higher ratio of BC among married females 
(Montazeri et al., 2003), while Pharoah et al. 
(1997) was disagree with our results which 
showed that never married women were at 
higher risk for BC which may be due to 
exposure of married women to many hormonal 
changes like parity, and this factor showed to be 
protective factors against breast cancer. 
Conclusions: 

 Age group (38- 47) was the most susceptible 
group for breast cancer.  In breast cancer patients, some risk factors 
like (regularity of menstruation, age at diagnosis, 
BMI, age at first pregnancy, OCP and family 
history) were more prevalent than BBD. 
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Figure (1): Age groups of the patients. 
 

 

Figure (2): Patients and age at menarche. 
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Figure (3): Regularity of menstruation and patients. 

 

Figure (4): Age at first pregnancy of the patients.  
 

 

Figure (5): Patients and age at diagnosis. 
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Figure (6): Distribution of patients according to using OCP. 
 

 

Figure (7): Patients and hormone replacement therapy. 
 

 

Figure (8): Percentage of patients according to family history relationship. 
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Figure (9): Percentage of stages of the infiltrative ductal carcinoma. 
 

 

Figure (10): The percentage of types of BBDs. 
 

 

Figure (11): Patients and body mass index. 
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Figure (12): Percentage of the patients according to the marital status 
 

 

 

 

وا الخطورة فى السرطان الثد دينة اربيعال قب يثراسة بعض    جة فى 

  الخلاصة

رة آب  حافظة اربي  ال يمي في  ع ى رزكاري و اربي ال ش س ري هذ  الدراسة في  الى حزيران  ٠ص٠صا
صابة  بورم الثدي  ٥صصم ,  صص٠ص بيث و ٥٥(ريضة  برن   ٤٠ع ) ورم حميد ٦٠ورم  يمة ا راة س ا

ة السيطرة  . كمجمو

وا الخطورة وسرطا لاقات بي  دة  ائ  شير الدراسة الى ان أظهرت الن ن الثدي و هذ العوا العمر، حيث 
ة العمرية  رى) ٤٨-٧ص(عظ الحالات كا بي ال ات العمرية الأ ها بال قار ند  ي . سنة  دث المريضات اللا

ند أو قب  صصبدأن الدورة الشهرية بعد  ي بدأن  ة بالنساء اللا قار ى  ائ ان النساء اظهرت الن. سنة صصسنة كان أ
ي لديه الدورة الشهرية غير  ه بالنساء اللا قار ند  اح  ى ار ظ اظهرت أ ن ي لديه الدورة الشهرية بشك  اللا

ظمة ند سنة . ن ي ولدن اول ط  ة ببقية  ٠صكذل النساء اللا قار سبة اصابة بالسرطان  ى  ك ا او اكثر 
خد . النساء ي يس ةبالاصابة بالاورام النساء اللا قار سبة اصابة بسرطان الثدي  ى  نع الحم كان له ا حبوب 

خد هذ  ي يس ة بالنساء اللا قار سبة  ى  ون سج أ ة بالهر عالجة بدي خد  ي ل يس الحميدة بينما النساء اللا
مرض. المعالجة ي ل ائ اري  ص المريضات له    . واظهرت 
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Abstract: 
The soil microfungi inhabiting pine (Pinus brutia Tern.) forests in Atrush and Zawita, Duhok governorate(Kurdistan 
region),Iraq were examined by using five isolation methods with the objective to compare the diversity of soil 
microfungi at O1 and O2 soil horizon layers from both sites. A total of 26 genera and 51 species of soil fungi as well as 
yeasts and non- sporulating mycelia were isolated from the two sites. Aspergillus was represented by 17 species and 
thus showed the widest diversity among all recovered genera. A.niger and A.fumigatus were the most frequent species 
among the genus. Black aspergilli were the most common species among the genus. They were represented by five 
species viz A.awamori, A.foetidus, A niger, A. sclerotioniger and A.vadianes. Penicillium was the second in the number 
of species isolated and was represented by 6 species. These include P. cammeberti, P. citrinum, P. coryophilum, P. 
digitatum , p. glabrum and P. roquefotri.. Two species were identified in each of the genera Absidia, Cladosporium, 
Emericella, Mucor and Paecilomyces. The rest genera that included Alternaria, Cunnighamella, Chaetomium, 
Corynascus, Eupenicillium, Fusarium, Gymnoascus, Melanocarpus, Monilia, Pestatiolopsis, Phaeoacremonium , 
Phialophora, Rhizopus, Sordaria, Stachybotrys, Scytalidium, Thermomyces, Trichoderma and Ulocladium were each 
represented by one species. The highest similarity index for fungal community inhabiting soil at both sites was found 
in soil at O1 layer (Atrush) and   O2 layer (zawita).The least (SI) was recorded between O1 layer (Zawita) and O2 
layer (Atrush). Absidia spinosa, and Mucor plumbeus are newly recorded from Iraq; hence they represent new 
additions to the Iraqi mycobiota. 
 

Keywords: microfungi, diversity, forest soil, Iraq. 
 
Introduction 

oil is the habitat for living many 
organisms including, bacteria, fungi, 

algae, viruses and protozoa. It supports the 
growth of a variety of plants, animals and soil 
microorganisms (Chiacek et al., 1996). 

Soil  fungi  play  an  important  role  as  a  
major  decomposers  in  the  soil  ecosystem.  
They  also  provide  mankind  with  very  useful  
pharmaceutical  products,  such  as  antibiotics  
and  other  valuable  substances,  including  
organic  acids,  enzymes,  pigments  and  
secondary  metabolites  used  in  the  food  
industry  and  fermentation.  In  addition  many  
soil  fungi  are  biological  control  agents  for  
plant  pathogens  and  insect  pests.  On  other  
hand  ,  some  of  them  are  very  harmful  
causing  food  spoilage  and  diseases  to  plants,  
animals,  and   humans  (Manoch,  2004). 

Despite  the  fact  that  several  studies  on  
Iraqi  soil  there  were carried  in  different  
ecosystems,  very  little  is  known  regarding  
their  diversity  in forest  soil.  Previous studies 
included desert soil (Abdullah et al., 1986),  soil  
at  date palm  plantations  (Abdullah and  Zora,  
1993),  cultivated  soil  in  middle  and  Southern  
parts  of  Iraq  (Al-Doory  et al.,  1959;  Ismail  
and  Abdullah,  1977;  Abdullah  and  Al-

Bader(1989,  1990),  forest  soils  (Al-Bader  et 
al.,  2000;  Abdullah  and  Abdullah, (2008,  
2009,  2010) and  from  soil at  vineyards  
(Abdullah  and  Mohammed,  2011). 

The  present  study  was  carried  out  on  soil  
fungi  present  in  Atrush-Zawita  natural  pine  
forest  in  Duhok governorate   to  study  species  
abundance,  diversity  and  taxonomy. 

 
Materials and Methods 

Site Description 
The  study  was  conducted  in  the  unique  

natural  pine  forest  restricted  to  Zawita-Atrush  
locality  (36°52¯ - 36°90¯ N  latitude  and  43° 
17¯ -43° 58¯   E  longitude). The  forest  supports  
pure  stand  of  Pinus bruitia  Tern  trees  
covering  a  mountainous  area   of  100  Km  
square,  10  Km  N.W  of  Duhok  city 
(Townsend  and  Guest,  1966;  Shahbaz,  2007). 

Both sites were about 8 Km apart from each 
other and have similar climatic conditions, the 
average minimum temperature is 8.97c° and 
average maximum temperature is 22.34 c°.  The 
total rainfall average is 578.5mm. The  monthly  
average  relative  humidity  (RH%)  is  ranging  
between  18.5%  to  68%  with  a  total  average  
44.18%  (Duhok  metrological  station,  2005). 

S
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The soil type is belonging to the mountain 
soil according to the classification of Buringh 
(1960) that constitute the bulk of soil in Atrush-
Zawita forest. Top soil is alkaline and mostly 
covered by individual tress of Pinus bruitia. The 
trees found to live up to 1600m in Zawita region 
(Shahbaz et al., 2002). 
Collection of Soil Samples 

A total of 20 samples were collected during 
November, 2011 from the two sites, 10 samples 
points were selected in each site (Atrush-
Zawita). Soils were taken from the O1 horizon 
layer with sterile trowel for each location in each 
site (Atrush and Zawita) after first removing the 
litter layer (L1-L2). Similarly soil samples were 
collected from the O2 horizon layer after 
removing the O1 horizon layer. Afterwards, soil 
samples were stored in polythene bags at 5C° 
and were processed within 1-2 weeks after 
collection. 
 
 

Isolation of Fungi from Soil 
Five isolation methods were used: dilution 

plating method (Parkinson et al. 1971), direct 
plating method (Warcup, 1960), soil treatment 
with 5% Acetic acid  (Furuya and Naito, 1979), 
treatment with 70% ethanol (Warcup and Baker,  
1960), and treatment with 2% phenol (Furuya 
and Naito, 1980). Two types of  media were 
used to isolate fungi: potato carrot agar (PCA) 
(20g peeled potato,  20g carrot, 20g agar, 1L 
distilled water) and malt extract agar (MEA). 
Media were supplemented with 50mg/L 
chloramphenicol.  
Identification of Fungi  

Identification of fungal isolates was based on 
morphological and cultural characteristics. 
General and specific taxonomic literature was 
used for identification of fungal species. Domsch 
et al., (1980); Klich (2002), Ellis (1971, 1976), 
Pitt and Hocking (1997), Watanabe (2002), 
Samson et al., (2007), Frisvad and Samson 
(2004). 

 
Data Analysis 

Frequency of occurrence for soil samples was calculated based on the following formula: 
 

100% 
samplessoilofnumbertotal

observedspeciesfungalparticularathatsamplessoilofnumber
FO  

Comparing the similarity of fungal species composition between different habitats, Sorensen´s index 
(SI) was applied (Sorenson, 1948). The index was calculated as the following formula   

SI =  
Where 
a = total number of species at site 1 
b = total number of species at site 2 
c = number of species common to both sites.  
Similarity  is  expressed  with  values  between  0  (no  similarity)  and  I  (absolute  similarity). 
 
Results  

A total of 32 species belonging to 14 genera including yeasts and non sporulating mycelia were 
isolated from soil of O1 layer obtained from the two sites (Zawita and Atrush). Their frequency of 
occurrence is presented in table 1. 

Twenty six species were detected on PCA medium and 32 species developed on MEA medium 
after incubation at 25ºC. 

Aspergillus was represented by 12 species and thus showed the widest diversity among all 
recovered genera. A.niger and A.fumigatus were the most frequent species within the genus. 

Black Aspergilli were the most common species among the genus. They were represented by five 
species A. awamori, A.foetidus, A.niger,  A.vadiances  and A. sclerotioniger. 

Penicillium was second in the number of species isolated and was represented by 3 species. These 
include P. camemberti, P. citrinum and P. glabrum. The later species was the most frequent among the 
genus. 
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Two species were indicated for each of the genera Mucor and Paecilomyces. The rest genera that 
included Alternaria, Cheatomium, Cladosporium, Fusarium, Gymnoascus, Monilia, Rhizopus, 
Sordaria, Stachybotrys, Ulocladium were represented by one species each. 

Twenty two species were found common to both sites (Zawita and Atrush). Aspergillus alliaceus, 
A.ornatulus and Gymnoasus ressiiwere detected only from Zawita sites whereas, Mucor sp., 
Stachybotrys atra and Cladosporium gallicola were detected from soil at Atrush site. 

 
Table (1): % Occurrence of Fungi in Soil from O horizon (O1) Layer Incubated at 25ºC 

ZAWITA ATRUSH 

FUNGAL SPECIES 
% 

Occurrence /  
on PCA 25°C 

% Occurrence 
/ on MEA 25°C 

% 
Occurrence /  
on PCA 25°C 

% Occurrence 
/ on MEA 

25°C 

A.awamori Nakaz 10% 20% 40% 30% 

A. aliaceus Thom - 10% - - 

A.flavus Link 30% 20% - 10% 

A.foetidus Thom&Raper 10% 10% 20% 20% 

A.fumigatus Fresen 70% 80% 60% 90% 

A.niger Fresen 80% 90% 90% 100% 

A.ochraceus K.Wilh 20% 20% - 20% 

A.ornatuluns Samson&W.Gams - 10% - - 

A.tamarii Kita 10% 10% 20% - 

A.terrus Thom 10% 30%  10% 

A.vadiances Samson, de Vries, Frisvad & 
Visser 

20% 40% 10% - 

A.sclerotioniger Samson & Frisvad - 30% - 30% 

Alternaria alternata (Fr.) Keissler 10% - 30% 10% 

Cheatonium  sp. - 10% 20%  

Cladosporium gallicola Sutton - - 10% 20% 

Fusarium  sp. 10%  30% 40% 

Gymnoascus ressii Baranetzky - 10% - - 

Monillia sp. 30% 40% 30% 10% 

Mucor sp. - - 10% 10% 

Mucor  plumbeus Bonordon - 30% - 20% 

P.camemberti Thom 10% 40% 10% 10% 

P.citrinium Thom - 30% 20% 20% 

P.glabrum (Wehmer)Westling 40% 70% 20% 50% 

Paecilomyces variotii Bainier - 50% 40% - 

Paecilomyces sp. 40% 30% 10% - 

Rhizopus sp. 20% 60% 40% 50% 

Sordaria fimicola(Roberg ex Desm.)Ces 
De Not. 

- 10% 20% 40% 

Stachybotrys atra Corda - - 20% 30% 

Sterile mycelium(white) 40% 60% 30% 70% 

Sterile mycelium(brown) 20% 30% 20% 30% 

Ulocladium atrum preuss. 10% - 10% 30% 

Yeast 40% 60% 50% 40% 
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Table (2): % Occurrence of Fungi in Soil from O horizon Layer (O2) Incubated at 25ºC  
ZAWITA ATRUSH 

FUNGAL SPECIES 
% Occurrence /  

on PCA 25°C 
% Occurrence / 
on MEA 25°C 

% Occurrence /  
on PCA 25°C 

% Occurrence / 
on MEA 25°C 

A.awamori Nakaz 30% 50% 50% 40% 

A.alliaceus Thom - 30% - 20% 

A.carbonarius (Bainier)Thom - 50% - 30% 

A.flavus Link 30% 30% 10% 20% 

A.foetidus Thom&Raper 40% 50% 40% 30% 

A.fumigatus Fresen 70% 90% 80% 100% 

A.niger Tiegh. 80% 100% 50% 60% 

A.ochraceus K.Wilh. 30% 50% 30% 30% 

A.ornatulas Samson&W.Gams - 20% - - 

A.oryzae Ahlburg)Cohn. - - - 20% 

A.tamarii Kita 10% 20% - 10% 

A.terrus Thom - 40% 30% - 

A.vadiances Samson,de 
Vries,Frisvad&Visser 

- 50% - 30% 

A.sclerotioniger Samson&Frisvad 20% 30% - 20% 

Absidia spinosa Lender 20% - - 10% 

Alternaria alternate (Fr.)Keissler - 10% - - 

Cheatonium sp. 40% 30% 20% 20% 

Canninghamella echinulata 
(Thaxt.)Thaxt. 

20% - - - 

Emericella nidulans (Eidam)Vuill. 10% 10% - - 

Eupenicilium sp. 30% 90% 50% 100% 

Fusarium sp. 40% - 50% 20% 

Gymnoascus ressii Baranetzky 10% 10% - - 

Monillia sp. 40% 40% 30% 40% 

Mucor sp. 20% 10% 20% 10% 

Mucor  plumbeus Bonordon 10% 10% -  

P.digitatum (Pers.)Sacc. 10% 20% - 10% 

P.camemberti Thom   30% 20% 

P.citrinium Thom 30% 20% - 20% 

P.glabrum (Wehmer)Westling 40% 40% 30% 40% 

P.roquiforti Thom 10% - - 10% 

Paecilomyces variotii Bainier - 30% - 10% 

Paecilomyces sp. 40% 10% - - 

Rhizopus sp. 40% 30% 50% 40% 

Sordaria fimicola (Roberg ex 
Desm)Ces De Not. 

40% 20% - 30% 

Stachybotrys atra Corda - 30% 10% 30% 

Sterile mycelium(white) 40% 50% 40% 100% 

Sterile mycelium(brown) - - - 20% 

Ulocladium atrum Preuss. 10% - - 20% 

Yeast - 30% 50% 60% 

 
Frequency of occurrence of fungi detected from the O2 layer at both sites is showed on Table 2. A 

total of 39 species including yeasts and non-sporulating mycelia assigned to 17 genera were detected 
after incubation at 25C°. Aspergillus showed the widest diversity and was represented by 14 species.  
A.niger, A.fumigatus, A,awamori, A.foetidusand A.ochraceuss were the most frequent species detected 
on both media. Penicillium was second and represented by five species among them. P. glabrum was 
the most frequent. 
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A.ornatulus, Alternaria alternate, Cunnighamella echinulata, Emericella nidulaus, Gymnousus 
ressii, Mucor plumbeus and paecilomyces sp., were isolated from Zawita soil, whereas, A.oryzae and 
P. cammeberti were detected in the soil at Atrush site. 

Table 3 shows the data for % frequency of occurrence of fungi isolated from O1 layer on both PCA 
and MEA media after incubation at 40 C°. 

A total of 31 species assigned to 16 genera including yeasts and non-sporulating mycelia were 
detected from both sites. 

Aspergillus was represented by 12 species among them, A.niger, A fumigatus were the most 
frequent and showed high percentage of occurrence. Pinicillium citrinum was the only species isolated 
at 40ºC.   

A. candidus, A. tamari, Cheatonium sp, Corynoascus spedonium, Melanocarpus sp, P. citrinium, 
Paecilomyces sp., Sordaria fimicola, and Stachybotrys atra, were isolated from Atrush site whereas A. 
flavus, A. ochraceus, A. ornatulans, C. gallicola and G ymnoascus ressii were detected in Zawita sites.  

 
Table (3): % Occurrence of Fungi in Soil from O horizon Layer (O1) Incubated at 40c°   

ZAWITA ATRUSH 

FUNGAL SPECIES 
% Occurrence 
/  on PCA 40°C 

% Occurrence / 
on MEA 40°C 

% Occurrence 
/  on PCA 40°C 

% Occurrence 
/ on MEA  40°C 

A.awamori  Nakaz 70% 20% - 10% 

A.candidus Link - - 40% - 

A.carbonarius(Bainier)Thom - 40% - 10% 

A.flavus Link 20% 10% - - 

A.foetidus Thom&Raper 10% 50% - 10% 

A.fumigatus Fresen 30% 80% 50% 50% 

A.niger Tiegh 100% 100% 90% 80% 

A.ochraceus K.Wilh 30% 30% - - 

A.ornatulus Samson&W.Gams - 20% - - 

A.tamarii  Kita - - - 40% 

A.terrus Thom - 10% 50% 40% 

A.vadences Samson, de 
Vries,Frisvad&Visser 

20% - 10% 10% 

Cheatomium sp. - - - 40% 

Cladosporium gallicola Sutton 20% 30% - - 

Corynascus 
sepdonium(C.W.Emmons)Arx 

- - 10% 10% 

Emericellanidulans(Eidam)Vuill - 10% 60% 30% 

Fusarium sp. 20% - - 10% 

Gymnoascus ressii Baranetzky - 10% - - 

Melanocarpus sp. - - 20% - 

Monillia sp. 30% 10% - 80% 

Mucor sp. - 10% 20% 70% 

P.citrinium Thom - - - 30% 

Paecilomyce svariotii Bainier 20% 30% - 20% 

Paecilomyces sp. - - - 10% 

Rhizopus sp. - 70% 60% 70% 

Sordaria fimicola(Roberg ex 
Desm.)Ces De Not 

- - - 60% 

Stachybotrys atra Corda - - 30% 30% 

Sterile mycelium(white) 10% 30% 40% 40% 

Sterile mycelium(brown) - 10% - - 

Trichoderma sp. - - 10% 10% 

Yeast 30% - - 40% 



Journal of University of Zakho, Vol. 2(A), No.1, Pp 97-106, 2014            
 

 102

Table 4 shows the data for the % occurrence of fungi isolated from O2 layer on both media after 
incubation at 40ºC from both sites.  

A total of 25 species distributed in 14 genera in addition to yeasts and non-sporulating mycelia 
were isolated. Aspergillus was the most frequent genus and showed the highest diversity. The genus 
was represented by 10 species among them A. niger, A. fumigatus, A. awamori, were the most 
frequent species. Paecilomyces was represented by two species the rest genera were represented by 
one species each.  

A.candidus, A. ochraceus, A. terrus, C. sepedonium, E. nidulans, and Trichoderma sp, were 
detected in Atrush site, whereas, A .flavus, Mucor plumbues, Paecilomyces sp., and Pestalotiopsis sp., 
were isolated from Zawita site.  

The majority of species were found common to both O1 and O2 soil   layers except for C. 
gallicola, E. rugulosa, Melanocarpus sp, and Pestalotiopsis sp. were detected in O2 soil layer. 

Corynascus sepedonium, Melanocarpus sp, and Pestatiolopsis sp, were not detected at 25ºc on both 
media. 

Similarity index (SI) for soil fungal community in O1 and O2 horizon layers at Atrush site was 
higher (0.914) than that calculated for the two layers of O horizon (0.845) at zawita site. 

The highest similarity index (0.929) was found between soil fungal communities from O1 layer at 
Atrush site with O2 layer at Zawita site. The least (SI) was found between O1 layer at Zawita site and 
O2 layer at Atrush site (Table 5). 

 
Table (4): % Occurrence of Fungi in Soil from O horizon Layer (O2) Incubated at 40ºC 

ZAWITA ATRUSH 

FUNGAL SPECIES 
% Occurrence /  

on PCA 40°C 
% Occurrence / 
on MEA 40°C 

% Occurrence /  
on PCA 40°C 

% Occurrence / 
on  MEA  40°C 

A.awamori Nakaz 70% 60% - 40% 

A.candidus Link - - 20% - 

A.carbonerius (Bainier)Thom  30% - 20% 

A.flavus  Link - 40% - - 

A.foetidus Thom&raper 30% 80% - 20% 

A.fumigatus Fresen 80% 70% 60% 100% 

A.niger Fresen 100% 100% 90% 100% 

A.ochraceus K.Wilh. - - - 20% 

A.terrus Thom - - 20% 30% 

A.vadiances Samson,de 
vries,frisvad&Visser 

30% 30% 10% 10% 

Absidia spinosa Lender 40% 40% 10% - 

Corynascus 
sepdonum(C.W.Emmons)Arx 

- - 10% - 

Emericella nidulans 
(Eidam)Vuill 

- - 20% - 

Monillia sp. 90% 80% - 30% 

Mucor sp. - 30% 20% 20% 

Mucor plumbeus Bonordon 30 30% - - 

P.camemberti Thom - - - 10% 

P.citrinium Thom 30% 40% - 20% 

Paecilomyces variotii Bainier 20% 50% - 60% 

Paecilomyces sp. 40% - - - 

Pestatiolopsis sp. 30% 30% - - 

Rhizopus sp. 30% 30% 40% 50% 

Sordaria fimicola (Roberg 
exDesm)Ces De Not. 

- 70% - 40% 
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Stachybotrys atra Corda 70% - 30% 30% 

Sterile mycelium(white) - 70% 40% - 

Sterile mycelium(brown) - 30% - 50% 

Trichoderma sp. - - 10% - 

Yeast 40% 100% - 30% 

 
Table (5): Similarity index (SI) between Soil Fungal Communities at Zawita and Atrush Sites 

Atrush  Soil O2 Atrush Soil  O1 Zawita Soil O2 Zawita Soil O1 Sites 

    ---------- Zawita Soil O1 

   ----------- 0.864 Zawita Soil O2 

  ------------ 0.929 0.845 Atrush Soil O1 

 ------------- 0.914 0.849 0.739 Atrush Soil  O2 

 
Discussion 

Among the Aspergillus, A. fumigatus, A. 
niger, A. awamorri, A. foetidus   were the major 
species according to their frequency of 
occurrence in both sites. A .fumigatus and A. 
niger have been reported as the most frequent 
isolates from soil of date palm plantation in Iraq 
and among the most frequent isolates known 
from the other soils in arid region (Moubasher 
and Mustafa, 1970; Halwagy et al. 1982: 
Abdullah et al., 1986; Abdullah and Zora, 1993 
Abdullah et al., 2007). This is primarily related 
to their high tolerance to both relatively high 
temperature and drought conditions (Durell and 
shields, 1960; Christensen, 1969). A. awamori 
and A. foetidus have been recently reported 
among the most common species inhabiting soil 
(particularly vineyard soil) in Kurdistan region 
(Abdullah and Abdullah, 2009; Abdullah and 
Mohammed, 2011). 

Five species of Penicillium found in our 
study, P.citrinium was the most   common one. 
The fungus is cosmopolitan species which has 
been frequently reported from a variety of 
habitats (Domsch et al., 1980). 

Only twenty eight species isolated from 
plates incubated at 40ºC .  A. fumigatus, A .niger, 
A. terreus,  A. candidus,  Emericella  spp., 
Paecilomyces variotii and Thermomyces sp., 
were previously reported from Iraq as  a 
thermotolerant species (Abdullah and Al-Bader, 

1990). According to Cooney and Emerson 
(1964), definition of thermophilic and 
thermotolerant fungi, the above reported species 
are considered thermotolerant species, since they 
grow at temperature with optimum between 30–
40 ºC. 

Emericella nidulans and E. rugulosa, two soil 
borne ascomycetes were isolated in our study at 
40 ºC. The former species was previously 
reported in several occasions from soil in 
Southern Iraq and from sediments of Shatt–Al 
Arab river and southern Marshes (Abdullah and 
Zora, 1993; Abdullah and Abbas, 2008; 
Abdullah et al., 2010). Moreover, the two 
species have been recently reported from soil in 
Kurdistan region of Iraq (Abdullah and 
Abdullah, 2009). 

The Ascomycete isolate which identified  as 
Melanocarpus detected at 40 ºC is  very close to 
M. thermophilus which was reported by Guarro 
et al., (1996) from  soil at Nineva forest, North 
Iraq. 

Sordaria fimicola is a common coprophilous 
fungus. However, the fungus has been 
repeatedly isolated from soil (Domsch et al., 
1980, Furuya and Naito, 1979; Abdullah et al., 
2010) and perhaps originated from disintegrated 
dung pellets incorporated into soil. 

Our results for fungal isolation from soil in 
pine forest of Zawita and Atrush were compared 
with those of studies carried out on date palm 
plantation and forest soil in Iraq. There were 
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obvious differences among species composition 
for genera with darkly pigmented mycelium as 
well as for ascomycetes. Dematiaceous genera 
reported previously from soil in Iraq (Al-Doory 
et al., 1959; El-Dohlob and Al-Helfi, 1982; 
Abdullah and Zora, 1993; Al – Bader et al., 
2000) showing a high species diversity were 
Alternaria (5 species), Curvularia (3 species), 
Drechslera (5 species), Ulocladium (4 species), 
Stemphylum (3 species), whereas, Alternaria and 
Ulocladium were each represented by one 
species in the soil of pine forest. Other 
dematiaceous were not detected during our 
study. It has been suggested that fungi with 
darkly pigmented mycelia are well adapted to 
withstand intense higher radiation (Durell & 
Shield, 1960; Ranzoni, 1968), hence, low 
diversity level among dematiaceous taxa was 
due to the fact that forest soil at Zawita and 
Atrush is receiving low solar radiation because 
of the density of pine trees. 
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حافظة ثهوك ربة غابات الصنوبر في  طريات الدقيقة في  ان العراخ/ نوح ال ي كورثس   اق

خص   :الم

روج وزبوي ر في ب و ص ات ب ا ترة  يقة  د فطريات ب ة ب ربخ  تم درب ة دهوك شمال ب زل ا م محا ربئ  ة  خدبم خم
ين لا بلمو ترة  قات ب ط يقة  د فطريات ب وع ب رض مقارة  ا م . فطريات وذ  و ون  زل وشخيص بحدى وخم تم 

ود بلى  فطريات  رثمة" ضلا" ا ٦صب ير بلم فطرية  يوط ب ائر وب ـ بظهر بلج .  ب وع وتمث  ى  بر ب  ض١ب

اا. وع يو ثر  بر ب ود م بلج ب ون بلا وبع ذبت ب وبع هي"  بلا ة ب   :وتمث بخ

A.awamori, A.foetidus, A niger, A. sclerotioniger and A.vadianes.   

وبع شم  Penicilliumبما بلج  ة ب بر وتمث  د بلا ية  ثا ة ب المر   ح 

P. cammeberti, P. citrinum, P. coryophilum, P. digitatum , p. glabrum and P. 

roquefotri  

اس    Absidia, Cladosporium, Emericella, Mucor and Paecilomycesبما بلا

ا ه ين  م و اس ةقي بما.ث  تي شم  و بلا   ب

 Alternaria, Cunnighamella, Chaetomium, Corynascus, Eupenicillium, 

Fusarium, Gymnoascus, Melanocarpus, Monilia, Pestatiolopsis, 

Phaeoacremonium , Phialophora, Rhizopus, Sordaria, Stachybotrys, Scytalidium, 

Thermomyces, Trichoderma and Ulocladiu  

ا ه وع وبحد  م تر . ث  ة  و فطريات بلم شا ج ب ام  ى م ين  ب  O1 layer.ة ما 

(Atrush) and   O2 layer (zawita). قة ين  شا  ما  ام   O2م O2 (zawita) بما ب م

(Atrush) .ا و ربخMucor pleumbeus , Absidia  spinosaن   ب   .لاول مرة في ب
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Abstract 

The study included 300 samples collected from 150 clinical and 150 hospital environmental sources. Only 43 

(14.3%) isolates belonged to Ps. aeruginosa. The isolates were tested for their susceptibility to 7 types of heavy metals 

(HM) namely Copper Sulfate, Silver Sulfate, Mercury chloride, Lead nitrate, Zinc sulfate, Cadmium sulfate, and 

Nickel sulfate. The screening test for ability of the isolates to resist HM was detected using lead nitrate in 

concentration of 400μg/ml. Results revealed that 37/43 were resistant to lead nitrate (400μg/ml). The MIC of 7 HM 

was detected by agar dilution and pouring method. Results revealed that most of the isolates were resistant to 7 HM in 

some of concentrations. The plasmid content was investigated for all 37 isolates of Ps. aeruginosa (34 clinical and 3 

environmental). Results revealed that most isolates 32/37 harbored large (mega) plasmid. Biofilm production of Ps. 
aeruginosa isolates was investigated; results showed that 20/43 (47%) of isolates had biofilm. This study concluded 

that the increase of HM resistance was correlated with biofilm production for some HM used. The bacterial curing is 

proceeding for one isolate of Ps. aeruginosa (Ps.3). The results showed survived resistance to all HM used, which may 

be due to HM resistance trait was carried out on bacterial chromosome rather than plasmid.  

 

Keywords: Pseudomonas Aeruginosa, Resistance, Heavy Metals, Environmental. 
 

Introduction 

Heavy metals, particularly silver and 
mercury, have a variety of applications in 
controlling microbial population (Kenneth and 
Jeffery, 2006). Silver salts alone or in 
combination with other drugs appear to have a 
significant potential as topical antimicrobial 
agent (Fox et al., 1977; De Gracia, 2001). 
Mercury in the form of less toxic organic 
compounds is being used as skin disinfectant 
(Gerald, 2007). Copper is considered as a safe 
agent to humans, as demonstrated by the 
widespread and prolonged use by women of 
copper intrauterine devices (Anonymous, 2002; 
O'Brien et al., 2008).  

Pseudomonas aeruginosa is pathogen that 
causes a substantial portion of hospital 
infections. It is frequently multi drug resistant, 
which contributes to the high morbidity and 
mortality of patients in intensive care units 
(ICUs), burn units and surgery wards. A major 
reason for its prominence as a pathogen is its 
high intrinsic resistance to antibiotics and heavy 
metals (Fluit et al., 2000). This a ubiquitous, 
environmentally important microbe that may 
employ many resistance mechanisms against 
different heavy metals, such as the mer operon 
that reduces toxic Hg2+ to volatile Hg0, which 
then diffuses out of the cell (Outten et al., 2000). 

Pseudomonas aeruginosa is a prevalent 
hospital pathogen that is well known for its 
ability to form biofilms that are recalcitrant to 

many different antimicrobial treatments 
(Harrison et al., 2008). 

 It was found that biofilms were from 2 to 
600 times more resistant to heavy metals stress 
than free-swimming cells. They also showed that 
biofilms are more resistant to heavy metals than 
either stationary-phase or logarithmically 
growing plankotonic cells (Teitzel and Parsek, 
2003). 

The aim of this study was to detect the 
prevalence of heavy metals resistant (HMR) Ps. 
aeruginosa isolates recovered from clinical and 
environmental samples and studying the 
correlation between biofilm production and HM 
resistance.  

 

Materials and Methods 

This study included 300 samples (150 
Clinical and 150 Environmental samples). The 
clinical specimens were collected from patients 
suffering from burns, wounds, and otitis media, 
who attending Hilla teaching hospital; whereas 
hospital environmental samples included 
catheters, beds, bath rooms, fomites, wall of 
wards, and some types of disinfectants at the 
same hospital. 

  All samples were inoculated on MacConkey 
agar, Nutrient agar, and selective medium 
(cetrimide agar), then incubated at 37ºC for 24-
48 hrs. Ps. aeruginosa were identified by routine 
diagnostic tests including cellular, cultural and 
biochemical characteristics. 



Journal of University of Zakho, Vol. 2(A), No.1, Pp 107-115, 2014            
 

 108

All isolates were subjected to susceptibility 
testing by screening test using agar medium 
supplemented with (PbNO3 400μg/ml).  The 
isolates were also tested for their susceptibility 
to 7 heavy metals (HM) represented by; Copper 
Sulfate, Silver Sulfate, Mercury chloride, Lead 
nitrate, Zinc sulfate, Cadmium sulfate, and 
Nickel sulfate. The minimum inhibitory 
concentration (MIC) of 7 HM was detected by 
agar dilution method (silver, zinc, cadmium, 
nickel) and pouring method (lead, copper, 
mercury), based on standard methods (Riley and 
Mee, 1982; Forbes, 1998). 

 The following concentrations of heavy 
metals were prepared:  
1- 0.0001M, 0,001M, 0.01M for Cadmium and 
0.0001M, 0.001M, 0.01M, 0.1M for Nickel, 
Zinc, and Silver. 
2- (100, 200, 400, 800, 1600, 2400, 3200 µg/ml) 
for lead; (100, 200, 400, 800, 1600, 1750, 3200 
µg/ml) for Copper; and (2.7, 5.4, 10.8, 21.6, 43.2, 
54.3, 86.4 µg/ml) for Mercury. 

Biofilm production, Plasmid profile, and 
Plasmid curing were studied as follows: 

Biofilm formation was determined using 
tissue culture-treated, 96-well polystyrene plates, 
based on the methods of Christensen et al (1985) 
and Ziebuhr et al (1997).  

Plasmid DNA extraction of gram negative 
bacteria was performed using Geneaid kit, the 
steps of the method was according to the 
manufacturing company (Geneaid kit, USA) and 
plasmid profile was carried out by 
electrophoresis (Sambrook and Rusell, 2001). 
Plasmid curing was carried out using Elevated 
Temperature method according to Kheder 
(2002). 

 

Results and Discussion 

Out of the 300 samples, only 43 (14.3%) 
isolates belonged to Ps. aeruginosa. 40 (26.6%) 
of these isolates belonged to clinical samples and 
3 (2%) isolates belonged to the Ps. aeruginosa. 
Heavy metals resistance and MIC of isolates: 

All isolates were subjected to susceptibility 
testing by screening test using agar medium 
supplemented with PbNO3 400μg/ml. Results 
revealed that 37 isolates (85%) were resistant to 
lead nitrate, these isolates were distributed into 
34 clinical and 3 environmental samples (Table 
1). 

Vaca Pacheco et al. (1995) used lead nitrate 
as a screening test for detection of heavy metals 
resistance in P. aeruginosa, and they found all 
their isolates were resistant to lead nitrate 
(PbNO3) at a concentration of 400μg/ml. 

 
Table (1) Numbers and percentage of clinical and environmental isolates of Pseudomonas aeruginosa 
detected by screening test: 

(%) Total 

No. of isolates (%) 
 
Environmental      Clinical    
 

Susceptibility to 
PbNO3 ( 400μg/ml) 

85% 37 34(85%)            3(100%) 
Resistant 

 

15% 6 6 (15%)                    0  
Sensitive 

 

100%  
 

43 40(92.8%)           3(6.9%) Total 

 
Bacterial resistance to heavy metals (Table 2, 

3) shows the MIC of Ps. aeruginosa to all 
studied heavy metals. In case of silver sulfate 
(AgSO4), results showed that 34:37 isolates were 
resistant to AgSO4 in concentration 0.0001M and 
the MIC of all isolates was 0.01M. 

In case of zinc sulfate (ZnSO4), four isolates 
were sensitive to ZnSO4 in low concentration 
0.0001M. The MIC of all isolates was 0.1M. In 
case of cadmium sulfate (CdSO4), five isolates 
were sensitive to CdSO4 in low concentration 
0.0001M. The MIC values of all isolates were 
0.1M. In case of nickel sulfate (NiSO4), the 
results indicated the all of isolates were resistant 

to CdSO4 in concentration 0.0001M and 
0.001M. The MIC of all isolates was 0.01M 
(Table 2).   

In case of copper sulfate (CuSO4), results 
indicated that all isolates were resistant in 
concentrations of 100, and 200μg/ml and the 
MIC of most of the isolates was 1600 μg/ml. 
(Table 3).    

In case of mercury chloride (HgCl2), two 
isolates were sensitive to HgCl2 in low 
concentration 2.7 μg/ml. The MIC of all isolates 
was 86.4μg/ml. 

In case of lead nitrate (PbNO3), results 
revealed that 30:37 isolates were resistant in 
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concentration of 2400 µg/ml and the MIC of all isolates was 3200 μg/ml. 
Table (2): MIC values of Pseudomonas aeruginosa isolates to silver sulfate, zinc sulfate, cadmium 
sulfate, nickel sulfate in molar concentrations.  

 
Isolates 

MIC of 
Silver sulfate 

MIC of 
Zinc sulfate 

MIC of Cadmium 
sulfate 

MIC of 
Nickel sulfate 

Ps.1 0.01 0.1 0.001 0.01 

Ps.2 0.01 0.1 0.001 0.01 

Ps.3 0.01 0.1 0.01 0.01 

Ps.4 0.01 0.1 0.001 0.01 

Ps.5 0.01 0.1 0.001 0.01 

Ps.6 0.01 0.1 0.01 0.01 

Ps.8 0.01 0.01 0.01 0.01 

Ps.9 0.01 0.1 0.01 0.01 

Ps.12 0.01 0.1 0.001 0.01 

Ps.13 0.01 0.1 0.001 0.01 

Ps.14 0.01 0.1 0.001 0.01 

Ps.15 0.01 0.1 0.01 0.01 

Ps.16 0.001 0.01 0.001 0.01 

Ps.17 0.001 0.1 0.0001 0.01 

Ps.19 0.0001 0.0001 0.001 0.01 

Ps.20 0.001 0.01 0.001 0.01 

Ps.21 0.001 0.01 0.001 0.01 

Ps.22 0.01 0.01 0.001 0.01 

Ps.24 0.001 0.01 0.001 0.01 

Ps.25 0.01 0.01 0.001 0.01 

Ps.26 0.001 0.01 0.001 0.01 

Ps.27 0.01 0.01 0.01 0.01 

Ps.28 0.001 0.1 0.01 0.01 

Ps.29 0.001 0.01 0.001 0.01 

Ps.30 0.001 0.01 0.001 0.01 

Ps.31 0.0001 0.0001 0.01 0.01 

Ps.32 0.001 0.1 0.01 0.01 

Ps.33 0.001 0.01 0.01 0.01 

Ps.34 0.001 0.01 0.001 0.01 

Ps.36 0.0001 0.0001 0.01 0.01 

Ps.37 0.001 0.01 0.0001 0.01 

Ps.38 0.001 0.01 0.01 0.01 

Ps.39 0.001 0.01 0.001 0.01 

Ps.40 0.01 0.01 0.0001 0.01 

Ps.41 0.001 0.01 0.01 0.01 

Ps.42 0.001 0.1 0.0001 0.01 

Ps.43 0.001 0.0001 0.0001 0.01 

 
The interpretation of these results may be due 

to the fact that Ps. aeruginosa has many 
mechanisms for heavy metals resistance; firstly, 
the accumulation of specific ions can be 
diminished, not by interference with uptake but 
by active extrusion of the heavy metals ion from 
the cells. This mechanism is specific only for 
Pseudomonas spp. Secondly; cations can be 
segregated into complex compound by thiol-
containing molecules and then ejected from the 
cell. Thirdly, some metal ions may be reduced to 
a less toxic oxidative state by the complex 
enzymes and special oxidation mechanisms in 
the cells and finally, for many metals resistance 
and homoeostasis where is a combination of two 
or three of the mentioned basic mechanisms that 

is the case which Ps. aeruginosa success 
(Abdul-Sada, 2008).   

Prasad et al. (2009) found that all isolates 
were sensitive to heavy metals (Cd2+, Ag+, Ar2+, 
Co2+, Ni2+, Hg2+, and Pb2+) at a concentration of 
0.1M, and most of them were resistant to heavy 
metals at a concentration of  0.0001M. Singh et 
al (2010) found that the MIC values of Ni2+ were 

ranged from 80-250 μg/ml, Cd2+ was (80-210 
μg/ml).  

The results of this study are similar to those 
obtained by Prasad et al (2009) who found that 
all isolates of P. aeruginosa were resistant to 
silver nitrate at a concentration of 0.0001M and 
all isolates were sensitive to silver nitrate at 
concentrations of 0.01M and 0.1M. Dong et al. 
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(2001) found 100 μg/ml of sliver nitrate is 
effective to prevent P. aeruginosa ATCC 27853 
production biofilm and inhibition of bacterial 
attachment. 

In a local study, Abdul-Sada (2008) found 
that P. aeruginosa isolated from wastewater in 
Basrah, Iraq, were resistant to Zn2O3 and 
cadmium chloride at concentrations of 0.4M, 
and 0.1M, respectively,  while  Xiao-xi et al. 
(2009) found that P. aeruginosa isolate E1 was 
resistant to Zn2+ and Cd2+ in concentrations of 
16.5 mmol/L (0.0165M) and 18.5 mmol/L 
(0.018M) respectively.  Nies (2003) interpreted 
that P. aeruginosa respond to excess Zn2+ and 
cd2+ by metal-inducible resistance mechanisms, 
Zn2+ and Cd2+ resistance in bacteria is mainly 
based on active efflux of metal ions to prevent 
toxic effects in the cell.   

Regarding to mercury chloride, karbasizaed 
et al (2003) revealed that coliforms were tolerant 
to mercury chloride was in 54.3 μg/ml, while 
Prasad et al (2009) found that all isolates of P. 
aeruginosa were sensitive to mercury chloride in 

concentration 0.0001M, 0.001M , 0.01M and 
0.1M. Pseudomonas aeruginosa were able to 
resist to mercury because it has mer operon that 
reduced toxic Hg2+ to volatile Hg0, which then 
diffuses out of the cell. 

According to lead nitrate, the results showed 
that all isolates were resistant to lead nitrate and 
the MIC values ranged from 800-3200 μg/ml 
(Table 3). These results are similar to that 
obtained by Karbasized et al (2003) who 
revealed the coliforms were tolerant to lead 
nitrate was in a MIC of 3200 μg/ml. Xiao-xi et 
al. (2009) found P. aeruginosa isolate E1 was 
resistant to pb+2 in concentration 10.0 mmol/L 
(0.01M). Prasad et al. (2009) found that all 
isolates of P. aeruginosa were sensitive to lead 
nitrate at concentrations of 0.001M, 0.01M and 
0.1M. Many authors found that  P. aeruginosa  
were resistant pb2+ by the system localized in 
cad AC operon, cad A catalyzed the active efflux 
of Cd2+, Zn2+, and Pb2+, also they found 
Pseudomonads have P-type ATPase that can 
resist Pb2+ (Nucifora et al., 1989). 

 

Table (3): MIC values of Pseudomonas aeruginosa isolates to copper sulfate, mercury chloride, and 
lead nitrate in (μg/ml) concentrations.  

 
Isolates 

MIC of Copper 
sulfate 

MIC of Mercury 
chloride 

MIC of 
Lead 
nitrate 

Ps.1 1600  2.7 3200 

Ps.2 1750 54.3 3200 

Ps.3 1750 86.4 3200 

Ps.4 1600 86.4 3200 

Ps.5 1750 43.2 3200 

Ps.6 1750  54.3 3200 

Ps.8 1750 86.4 3200 

Ps.9 1750  86.4 3200 

Ps.12 1600 54.3 3200 

Ps.13 1750 43.2 3200  
Ps.14 1750 86.4 800 

Ps.15 1600 86.4 3200 

Ps.16 1600 86.4 3200 

Ps.17 1600 54.3 3200 

Ps.19 1600 86.4 3200 

Ps.20 3200 86.4 3200 

Ps.21 1600 86.4 800 

Ps.22 1600 2.7 2400  
Ps.24 400 54.3 3200 

Ps.25 1600 43.2 3200  
Ps.26 1600 86.4 3200 

Ps.27 1600  21.6 2400 

Ps.28 800 43.2 2400  
Ps.29 400 21.6 3200 

Ps.30 1600 21.6 3200 

Ps.31 1600 21.6 1600  
Ps.32 1600 21.6 3200 

Ps.33 1600 21.6 3200 

Ps.34 1600 21.6 3200 

Ps.36 1600  86.4 3200 
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Ps.37 800 21.6 3200 

Ps.38 3200  21.6 3200  
Ps.39 1600 43.2 ٦ 

Ps.40 1600 86.4 3200 

Ps.41 1600 54.3 3200 

Ps.42 1600 54.3 3200 

Ps.43 1600  43.2 3200  

 
Biofilm formation: 

The biofilm formation by Ps. aeruginosa isolates was investigated. The results showed that 20/43 
(47%) of isolates had biofilm (Table 4). Results also showed that all environmental isolates (3 isolates) 
and 17/40 (42.5%) of clinical isolates were biofilm producers. The relationship between biofilm 
production and heavy metal resistance (HMR) was studied. It was found that the HMR of Ps. 
aeruginosa isolates is not correlated with production of the biofilm. From these results, this study 
concluded that the increase of HM resistance was correlated with biofilm production for some (but not 
all) HM used. 
 
Table (4): Biofilm production by Pseudomonas aeruginosa isolates recovered from clinical and 
environment samples 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
* The number between brackets indicates the standard value of biofilm production by ELIZA 
technique. 
 
 
 
 
 

Isolate No. 
A 492 

(≥ 0.17)* 
Biofilm 

production 

Ps. 1 0.11 - 

Ps. 2 0.20 + 

Ps. 3 0.23 + 

Ps. 4 0.17 + 

Ps. 5 0.09 - 

Ps. 6 0.11 - 

Ps. 7 0.22 + 

Ps.8 0.12 - 

Ps. 9 0.22 + 

Ps. 10 0.21 + 

Ps.11 0.14 - 

Ps. 12 0.11 - 

Ps. 13 0.14 - 

Ps. 14 0.19 + 

Ps. 15 0.10 - 

Ps. 16 0.15 - 

Ps. 17 0.24 + 

Ps. 18 0.14 - 

Ps.19 0.11 - 

Ps.20 0.20 + 

Ps.21 0.16 - 

No. of 
isolates 

A 492 
(≥ 0.17)* 

Biofilm 
production 

Ps.22 0.09 - 

Ps.23 0.09 - 

Ps.24 0.17 + 

Ps.25 0.20 + 

Ps.26 0.26 + 

Ps. 27 0.11 - 

Ps.28 0.30 + 

Ps.29 0.11 - 

Ps.30 0.11 - 

Ps. 31 0.16 - 

Ps. 32 0.11 - 

Ps. 33 0.12 - 

Ps.34 0.20 + 

Ps.35 0.14 - 

Ps. 36 0.16 - 

Ps. 37 0.29 + 

Ps.38 0.24 + 

Ps. 39 0.20 + 

Ps.40 0.25 + 

Ps.41 0.24 + 

Ps.42 0.12 - 

Ps.43 0.83 + 
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Plasmid profile and Curing of bacterial plasmids: 
The plasmid content was investigated for all 37 isolates of Ps. aeruginosa (34 clinical and 3 

environmental) (Figure 1). Results revealed that most isolates 32:37 harbored large (mega) plasmid 
with large (huge) molecular weight that couldn't be detected using 3000 bp size marker (ladder). 

Many researchers worldwide reported that HMR in P. aeruginosa is carried on large (mega) 
plasmids. Raja and Selvam  (2009) revealed isolate P. aeruginosa exhibited resistance to heavy metals 
such as cadmium, chromium, nickel and lead, due to the presence of plasmid DNA, which was 
designated as pBC15. The size of this plasmid DNA was approximately 23 kb, and they suggested that 
nickel and ampicillin resistance gene was conferred by plasmid DNA. Nikbin et al (2007) revealed 
that P. aeruginosa isolated from hospital in Tahran, Iran has plasmid with molecular weight 100 kbp. 
However in this study a large size marker (40000bp) was not available at the period of the study, so 
only 3000bp marker was used and all of the plasmid bands (in the gel) were out of ladder. 
 
Figure (1): Gel electrophoresis of plasmid DNA content  of Ps. aeruginosa isolates after (1:30) hr. at 
(60) voltage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Lane (M): DNA molecular size marker (3000-bp ladder). 
Lane (E): Show negative control (E. coli standard strain MM294). 
Lanes: (P13), (P14), (P15), (P16), (P17), (P19), (P20), (P21), (P25), (P27), (P28), (P29), (P30), (P31), 
(P32), (P33), (P34), (P36), (P37), and (P38) shows clinical isolates. 
Lanes :( P40), (P41) Show environmental isolates. 
 

The bacterial curing was concluded for one isolate Ps. aeruginosa (Ps.3) (Figure 2). The results 
showed survived resistance to all HM. This result indicates that the HM resistance trait was carried on 
chromosome rather than plasmid. This could be due to that the plasmid is not cured out because it is 
really difficult to cure large mega plasmids. Many isolates of P. aeruginosa have no plasmid content 
and still show heavy metals resistance that lead to think that gene responsible for these resistances 
found on the chromosome (Raja and Selvam, 2009). 
 
 
 
 
 
 
 
 

 

3000bp 
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Figure (2): Gel electrophoresis of plasmid DNA content of Ps. aeruginosa isolate  before and            
after curing after (1:30) hr. at(60) voltage. 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 

  
                                  Before curing                                          After curing                                                              
 
Lane (M): DNA molecular size marker (3000-bp ladder). 
Lane (P3/1): shows clinical isolate (first dilution). 
Lanes (P3/2): shows clinical isolate (second dilution). 
Lanes (P3/3): shows clinical isolate (third and last dilution). 
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ة، العراخ دينة الح ة في  معاثن الثقي ية ل صاثر سريرية وبي ة الزوائ الزجارية المعزولة    قاو

 

خص  الم

مع  ريا الزوائ  مع ٥٠صسريرية و  ٥٠ص ،ينة ٠٠صضمن هذ الدراسة  زل بك ى لغرض  ش ة المس  بي
زل . الزجارية معاثن . زلة  الزوائ الزجارية%) ص,٤ص( ص٤  ة ل كش  العزلات المقاو س أولي ل راء   ب

ركيز رات الرصاج ب خدام  ائ أن  (μg/ml 400)باس ركيز  37:43وأظهرت الن ة لهذا ال قاو  .  العزلات كا 

ة ة  الكش  حساسية هذ العزلات المقاو ضة(لعدث  المعاثن الثقي ات ال ات الز  ،كبري ات   ،كبري يومكبري   ،الكاث
ات النيك ات النحاس  ،كبري وريدات الرئبق  ،كبري رات الرصاج ،ك ى لهذ المعاثن ) و ركيز المثبط الأث حديد ال لال   

ي بالأكار وطريقة ص الأطباخ خ ي ال راكيز وبطريق ة لهذ المعاثن في بعض ال قاو عظ العزلات كا  ائ ان  . وأظهرت الن

عظ العزلات  ائ أن  ة وأظهرت الن معاثن الثقي ة ل عزلات المقاو يدي ل وى البلاز ى  صص:٧ص الكش  المح وت  أح
ملاخ يد  د ان . بلاز عزلات وو ات الغشاء الحيوي ل حري  ا جة ل%) ٤٧( ال ن ائ ان زياثة .  العزلات  وأظهرت الن

ة كان  معاثن الثقي ة ل ات الغشاء الحيويالمقاو ى ا ية بعض العزلات  ع قاب بطا  يري . ر يد البك حييد البلاز ائ  أظهرت 
وسوم وليس  ى الكرو حمولة  ة  ة المعاثن الثقي قاو ة  ما يشير الى ان ص حييد  ة بعد ال معاثن الثقي ة ل عزلات بقاء المقاو ل

يري يد البك   .ى البلاز
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Abstract: 

Hepatitis C virus infection is a major health problem among haemodialysis patients in developing countries. 

Nosocomial transmission of HCV infection was a considerable route, particularly during the outbreaks of infection. 

To compare serological and molecular methods for detection of HCV infection serum samples were screened for anti-

HCV antibodies using a fourth generation enzyme-linked immunosorbent assay (ELISA) and positive samples were 

confirmed by immunoblot assay. All seropositive and seronegative samples were screened for the presence of HCV-

RNA by using reverse transcriptase PCR (RT-PCR). The overall prevalence was (41.10%) in the three centers (range: 

26.05% to 62.82%) with higher prevalence in Al-Kadhimiya Teaching Hospital. All seropositive samples were tested 

by reverse transcriptase PCR, and 24/92 (26.09%) of confirmed samples were found to contain HCV-RNA. 

Additionally, 2/5 (40%) of immunoblot-indeterminate and 1/3 (33.33%) of immunoblot-negative samples were also 

found to be HCV-RNA positive. Also all seronegative samples were screened for the presence of HCV-RNA by using 

pooling strategy and 2/136 (1.47%) of anti-HCV negative samples were found to be HCV-RNA positive. Our data 

emphasize the need for stricter adherence to infection control measures in haemodialysis centers and reinforce the 

importance of screening by both PCR and serological methods at regular intervals to identify all HCV-infected 

patients. 

 

Key words: HCV, Haemodialysis, Serological test, RT-PCR. 
 

Introduction: 

epatitis C virus (HCV) is blood-borne 
pathogen that appears to be endemic in 

most parts of the world. It is estimated that there 
are 170 million HCV-infected persons 
worldwide (Al Dhahry et al., 2003; and 
Senevirathna et al., 2008).The populations most 
affected by HCV are patients that undergo 
multiple blood transfusions, individuals who are 
intravenous and inhalant drug users, 
hemophiliacs, and haemodialysis patients 
(Alavian et al., 2011). HCV infection is a major 
health problem among dialysis patients in the 
developing countries. The higher prevalence in 
developing countries in comparison with 
developed countries reflects many factors 
including socioeconomic factors, bad infection 
control measures, use of blood transfusion 
before the routine use of erythropoietin to treat 
anemia and the higher prevalence of HCV 
among general population in developing 
countries (Chong and Zinna, 2008). Currently 
there are no vaccine and post exposure anti-viral 
prophylaxis to prevent HCV infection. 
Therefore, identification of HCV infected in 
haemodialysis (HD) centers can reduce the risk 
of nosocomial transmission of HCV and its 
clinical complication (Samimi-rad et al., 2008). 

In Iraq, the prevalence of anti-HCV was reported 
between (40.2%) in renal dialysis unit patients in 
Mosul (Mohammed, 1997) to (62%) in 
haemodialysis patients (Khalaf et al., 1996). The 
prevalence rates reported in haemodialysis 
patients in Middle Eastern countries are 68% in 
Saudi Arabia with a range of 14.5% to 94.7%, 
26% in Oman, and 80% in Egypt. The 
seroprevalence of HCV in haemodialysis centers 
in Jordan was 34.6% compares with 45% in 
Tunisia and 45% in Syria (Bdour, 2002). In 
Turkey, the prevalence of HCV infection among 
HD has been reported between 31.4% and 51% 
(Kaya, 2008). In Iran, several studies were done 
regarding HCV seroprevalence among HD 
patients (Ansar and Kooloobandi, 2002; Alavian 
et al., 2003; Amiri et al., 2005; and Hosseini-
Moghaddam et al., 2006), in the largest study 
done by Hosseini-Moghaddam and his 
colleagues in 2006, 45 HD centers were enrolled 
in the study, including 1914 HD patients, HCV 
was found in 8.1% of studied population 
(Hosseini-Moghaddam et al., 2006). The 
prevalence rates reported are 1%–29% from 
Western Europe, 8%–36% from North America, 
5.9% in Australia, and 44%–60% in Far Eastern 
countries (Hayat et al., 2010). 
Subjects, Materials and Methods: 

H
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Subjects: A total of 236 dialysis patients, 150 
(63.6%) male and 86 (36.4%) female, their age 
ranged from 15 to 78 (44.39 ± 15.06 S.D.) years. 
They were attendants the three HD centers in 
Baghdad; Al-Yarmouk Teaching Hospital, Al-
Kadhimiya Teaching Hospital and Al-Karama 
Hospital. Samples were taken between May and 
October 2010. The mean duration of HD 
treatment was (33.91 ± 25.75) months. All 
patients were dialyzed 2 or 3 times per week and 
each HD treatment took three to four hours, the 
patients were distributed into two shifts 
depending on their haemodialysis centers. 
Dialyzer membranes were disposable and single 
use. The clinical diagnosis was obtained from 
patient records and interview and ethical 
approval for use of all specimens was obtained. 
Our exclusion criteria were peritoneal dialysis or 
history of receiving antiviral and/or interferon 
therapy for HCV (+) subjects. 
Samples: Blood was obtained by vein puncture 
immediately before HD sessions. Sera were 
separated from whole blood under optimal 
conditions for RNA extraction. For this purpose, 
the blood samples were allowed to clot in the 
room temperature for 20 minutes and then 
centrifuged at 2,000 rpm for 10 minutes (-4ºC). 
All samples were divided into three aliquots then 
immediately frozen and stored at (-20ºC) and (-
80ºC), for serological and molecular assays 
respectively to minimize degradation of viral 
nucleic acid, prevent cross contamination and 
unnecessary thawing and freezing. 
Materials and Methods: For anti-HCV 
antibodies detection two commercial kits were 
utilized in this part of study. The initial 
screening for anti-HCV IgG antibody was 
determined by fourth generation enzyme-linked 
immunoassay (ELISA) (Bioelisa HCV 4.0 
ELISA, Biokit, Spain). The results were inter-
preted according to manufacturers’ instructions. 
All ELISA positive samples were subjected to 
confirmatory test using immunoblot assay 
(EIBA) (Bioblot HCV, Biokit Spain). All 
seropositive samples were tested individually for 

the presence of HCV RNA by qualitative RT-
PCR (Sacace Biotechnologies, REF V-1-100R, 
Italy). To permit the molecular analysis of the 
large number of seronegative samples, a pooling 
strategy was developed, similar to the method 
described by Schneeberger et al. (1998). This 
involved the pooling of four seronegative serum 
samples and the analysis of the mixture for the 
presence of HCV RNA. Twenty-five μl of each 
of the four samples were mixed together, and 
then 100μl pool was used for the assay. RT-PCR 
based on four major processes: isolation of HCV 
RNA from specimens, reverse transcription of 
the RNA, nucleic acid amplification and 
detection of the amplified products on agarose 
gel. To avoid possible contamination with 
exogenous sequences during extraction or 
amplification, all nucleic acid extraction, 
amplification, and detection steps were 
performed in separate laboratories. Negative and 
positive controls were extracted, reverse 
transcribed, and amplified in each batch of 
samples tested by PCR. All amplified product 
were analyzed using electrophoresis. 
Statistical analysis: Descriptive analysis was 
done using the statistical package for social 
studies (SPSS) program for windows software 
package release 15. 
 
Results: 

Seroprevalence of HCV in haemodialysis 

patients: 

The collected sera were subjected to 
serological screening and confirmation analysis 
to determine the presence of HCV. The results 
are summarized in Table (1). Sera from 100/236 
(42.37%) patients were found to be anti-HCV 
positive by ELISA and 97 (41.10%) were 
subsequently confirmed as being positive by 
bioblot; 92 (38.98%) of these sera were anti-
HCV bioblot positive giving the true 
seroprevalence of anti-HCV antibody, five sera 
gave indeterminate results on immunoblotting 
and three were negative.   

 
 
 
 
 
 
 
 
 

Table (1): Anti-HCV seropositivity by ELISA and bioblot in 236 HD patients. 
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Variation in the prevalence of anti-HCV antibody was observed between the haemodialysis centers. 
The distribution of HCV-infected patients among the three dialysis centers is shown in Figure (1). 
Anti-HCV antibody was found in 31/119 (26.05%), 49/78 (62.82%), 17/39 (43.58%) in Al-Yarmouk 
Teaching  Hospital, Al-Kadhimiya Teaching Hospital and Al-Karama hospital, respectively. Thus, the 
prevalence of HCV infection ranged from 26.05% to 62.82%.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Seroprevalence of HCV infection in the three hemodialysis centers. 
 
HCV RNA prevalence in haemodialysis patients: 

 HCV-RNA was detected in 29/236 (12.29%) of haemodialysis patients sera. In 92 of 100 (92%) 
confirmed anti-HCV antibody by bioblot; 24 of these sera were HCV RNA-positive. Five sera gave 
indeterminate results on immunoblotting; two were HCV RNA-positive and three were negative on 
immunoblotting; one was HCV RNA-positive), as shown in Table (2) and Figure (2).  

All 136 anti-HCV antibody-negative sera were tested by RT-PCR divided among 34 pools. Among 
the 34 pools of seronegative samples, 2 yielded positive signals for HCV RNA. Then these two 
positive pools were retested individually by RT-PCR and resulted in two of 136 (1.47%) seronegative 
sera were confirmed to be HCV-RNA positive. The combination of serological and molecular methods 
resulted in the most accurate estimation of the number of HCV infections among haemodialysis 
patients. Using only antibody assays in this population, three HCV RNA-positive patients would have 
been missed.  
 
 

Characteristic of anti-HCV No. % 

Total H.D. patients tested 236 100 

Non reactive in ELISA 136 57.63 

Reactive in  ELISA 100 42.37 

Bioblot positive 92 38.98 

Bioblot indeterminate 5 ---- 

Bioblot negative 3 ---- 
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Table (2): Comparison of ELISA, bioblot and RT-PCR results: data on anti- HCV positive and 
negative HD patients with HCV RNA detection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): PCR products from haemodialysis patients. Lane 1, DNA marker (100-bp ladder).The 
500bp band was present at triple the intensity of the other fragments and serves as a reference 
indicator, while all other fragments appear with equal intensity on the gel; lane 2, HCV cDNA (C+) 
serves as positive control for amplification; lane 3, DNA-buffer (C-) serves as negative control for 
amplification; lane 4, HCV IC Rec Fag serves as internal control; lane 5, Negative control sample 
(NCS) serves as negative control for RNA isolation; lane 6 to 8, DNA from haemodialysis patient 
positive for HCV antibodies; lane 9 to 11, DNA from haemodialysis patients negative for HCV 
antibodies; lane 12, HCVC+ Rec Fag serves as positive control for RNA isolation. 
 

 

 

Test results No. of patients (%) 

EIA Bioblot Total % PCR positive % 

Positive Positive 92/100 92% 24/92 26.09% 

Positive Indeterminate 5/100 5% 2/5 40% 

Positive Negative 3/100 3% 1/3 33.33% 

Negative  136/236 57.63% 2/136 1.47% 

Total  236 100% 29/236 12.29% 

1 ٨

100 bp 

200 bp  

300 bp  

400 bp  

500 bp  
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Discussion: 

Prevalence of anti-HCV antibody: 

Several prevalence studies of HCV infection 
have been undertaken in HD patients. The 
prevalence of anti-HCV antibody in HD subjects 
ranged between 10% and 55% (Horoz et al., 
2006). Epidemiological studies about HCV 
infection among HD patients in Iraq have 
reported a prevalence of 7.1%-62% in different 
cities (Khalaf et al, 1996; and Kattab; 2008). 
While the reported prevalence in the general 
population in Iraq is ranges from (0.2%) to 
(0.5%) (Fayadh and Jureidini, 2001).  

The prevalence of anti-HCV antibody in our 
study was found to be (41.10%) and ranged from 
(26.05%) to (62.82%) according to the dialysis 
center (Table: 1) and (Figure: 1), these results in 
accordance with that reported by others (Khalaf 
et al, 1996; Mohammed, 1997; Othman and 
Monem, 2001; and Al-Shohaib et al., 2003).  
HCV prevalence in haemodialysis patients is 
highly variable between different countries and 
between different centers in the same locality 
(Devesa et al., 1997). This difference can be 
attributed to several influencing factors. First, 
these studies were performed in different 
regions, with various HCV prevalence among 
their normal population. Second, adherence of 
haemodialysis centers to precautionary measures 
might be different between centers of various 
parts of the same country (Alavian et al., 
2011).Technical reasons are likely to account for 
this difference since a different generation EIA 
and confirmatory immunoblot assay were used 
for evaluating HCV-antibody seropositivity.  

In this study, different seroprevalence of 
HCV had detected in the three HD centers in 
Baghdad. A much higher prevalence (62.82%) 
of anti-HCV was documented among Al-
Kadhimiya Teaching Hospital patients and this 
strongly points to the magnitude of HCV 
problem among this selected group of patients. 
The second high prevalence was found in Al-
Karama hospital (43.58%), followed by Al-
Yarmouk Teaching hospital which has the 
lowest prevalence (26.05%) (Figure: 1). 
Nosocomial transmission of HCV infection has 
been reported to be a considerable route in 
modern hospital dialysis centers, particularly 
during the outbreaks of infection (Sabry et al., 
2007; and Arrais et al., 2008).  

 
 

HCV RNA prevalence in haemodialysis 

patients: 

Detection of HCV-PCR is currently the most 
sensitive and specific method for detecting 
active infection and to overcome two other 
problems: that the serological test can not 
differentiate between acute and chronic infection 
and cannot detect evidence of infection during 
window period (Al-Kubaisy et al., 2003). In the 
present study RT-PCR was used to screen for the 
presence of HCV RNA in all 236 serum 
samples. HCV RNA was detected in 29 
(12.29%) samples, Table (2). Of these 236 
serum samples, 97 were seropositive and HCV-
RNA was detected in 26 (26.80%). We conclude 
that prevalence of hepatitis C infection is high in 
HD patients in our region, but not associated 
with active HCV infection. Similarly, Arababadi 
et al. (2009) from Kerman, Iran found that 30 
out of 90 (33.3%) HD patients were RT-PCR 
positive for HCV-RNA. Also Bdour (2002) from 
Jordan, found that 30 out of 98 (30.6%) anti-
HCV positive sera was harbor HCV-RNA by 
RT-PCR. In Brazil, HCV viremia was present in 
63.5% of the anti HCV positive patients in one 
study (Carneiro et al., 2001) and (7.6%) in 
another study (De Albuquergue et al., 2005).  

Possible explanations for this low percentage 
of viremic patients in our population include: the 
level of viremia may be low and below 
detectable level of PCR assay at time of 
sampling, the pattern of fluctuating viremia or 
intermittent viremia, patients might be cured 
from HCV infection at time of sampling (Bdour, 
2002; Al-Kubaisy et al., 2003; and Wang et al., 
2004). PCR-based methods reliability may 
further be compromised if viral RNA is lost in 
the serum or plasma through storage or improper 
laboratory handling or if it is absent from the 
circulation during sample collection (Zein, 
2000). 

However, it has also been reported that 7–
68% of haemodialysis patients have intermittent 
viremia with periods of undetectable HCV RNA 
for up to 4 weeks. The viral load is relatively 
low in this group of patients and long-term 
maintenance haemodialysis decreases the HCV 
RNA level but does not produce clearance of 
viremia (Bdour, 2002; and Horoz et al., 2006). 
Barril et al. (2008) detected the presence of 
antigenomic HCV-RNA in 53% of HD patients 
with occult HCV (presence of HCV- RNA in 
liver in absence of anti-HCV and serum HCV-
RNA), showing that HCV is replicating in 
peripheral blood mononuclear cells (PBMC) and 
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suggesting that these patients could be 
potentially infectious; therefore, occult HCV 
infection could play a role in HCV spread within 
HD centers which is a very serious problem. 

In the present study, PCR was used to screen 
for the presence of HCV RNA in all 136 
seronegative serum samples. HCV RNA was 
detected in 2 of 136 (1.47%) of the seronegative 
samples using pooling strategy, retesting 
positive pools individually confirmed these 
result. Also HCV RNA was detected in 1 of 3 
(33.33%) of the bioblot negative samples which 
might be bioblot false negative. The presence of 
HCV viremia in anti-HCV negative 
haemodialysis patients has been frequently 
reported by others researchers (Schneeberger et 
al., 1998; and Carneiro et al., 2001). In contrast, 
none of the anti-HCV negative patients were 
shown to be viremic by the PCR as mention by 
De Albuquergue et al. (2005). The detection of 
HCV RNA in non-hepatitis patients could be 
explained by the fact that the patients might be 
in the early stage of acute hepatitis, and the 
antibody had not been produced yet (Wang et 
al., 2004). On the other hand, one cannot 
exclude the existence of impaired immune 
responses in some of these patients 
(Schneeberger et al., 1998).  

Conclude that the detection of HCV RNA by 
PCR technique permits direct detection of the 
presence of the virus and also permits detection 
of infectivity during the seronegative window 
which reinforces the importance of screening by 
both serological and PCR methods at regular 
intervals to identify all HCV-infected patients. 
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ايروسي  هاب الكبد ال دوى ال شار  ى " ت"مط ا رضى غسي الك راكز في بغداث، في   ثلاثة 
قصائية: العراخ ية  ثراسة اس مرة والطرخ المص ا الب   بواسطة 

  :الخلاصة

ائي  و د ب هاب ب ا دوى  امية نمط تبر ب دبن ب ى في ب ي ب ى  ين مر يرة  حية  ة  دوى . مش بر  و
فشي  لال  ا  ي فايروس، ولا  قال ب رخ ب شفيات م به  ش   .بلمرضبلم ية في ب ية وبلجزي طرخ بلمص ين ب قارة 

ائي و د ب هاب ب رب  يروس ب خدبم بلجي ب ا د   هاب ب فايروس ب ام بلمضادة  ود بلا و ية  ات بلمص ي حص ب تم 
زبز ي فحص بلام ا زيم  بلمقترن بلم ية ) ELISA(الأ ا طخة بلم ة ب خدبم مقاي ا ية  يد بلايجا أ  immunoblot)وتم 

assay).   ات ي ار جمي ب ود ا وتم ب فايروس و وزي  ربي ووي ب ام ب فا طريقة  HCV-RNA)(ب ة 
ي رة ب د نمط  .)RT-PCR( ب هاب ب فايروس ب دوى  شار ب قيي مدى ب ى  ٦صص دىت قد تم  م مر

دبد  ة  ى في مدي ي ب وي في ثلات م وحدبت  ي ب ي، (ب ي ية ب اظ شفى ب ي، م ي يرموك ب شفى ب م
ربمة شفى ب ام ). وم شار ب دل بلا ان م ثلاثة %) 41,10(و وحدبت ب %) ص٨،ص٦إلى %  ٦،٠٥ص: بجال(في ب

ي ي ية ب اظ شفى ب شار في م دل ب ى م فا . م أ ة  طريقة  ية بلمص  ات إيجا ي ار جمي ب ر وتم ب ب
ي ى ب ثور  و %) ط٦،٠ص( صط/٤ص، وتم ب دت أح ية أ ا طخة بلم ا ية  ات بلايجا ي ى م ب ووي بءها  ام ب ب
وزي ربي ى . ب ثور أيضا  ة إلى ذ تم ب ا ية ، و %) ٤٠( ٥/صالإ ا طخة بلم ا ير محددة  ات  ي %) صص،صص( ص/١م ب

ية  ون بيضاً إيجا ية  ا طخة بلم ا ية  ات ب ي وزيم ب ربي ووي ب ة . حام ب ا ية ب ات بلمص ي حص جمي ب ا تم 
ود  و ي  ية ب ي ترب خدبم ب ا فايروس  ام بلمضادة  ود بلا وزيو ربي ووي ب ام ب ية في  ب ة أيجا ي ا ب و

دت%). ض١،٤( ٦ص١/2 ة هذ أ درب رورة  ب زبمى  ي بلا ز  دوى في مرب ى ب يطرة  ربءبت ب أ صارم  ى ب  ب

فحص  زيز أهمية ب طر و طة  م ب يوب ر ب فا ب ية و  ين  خ بلمص ى بلمصا حديد جمي بلمر ة  تربت م ى 
ي فايرو د ب هاب ب    .نمط ت ا

 

مات احية الك وي، :الم ي ب د نمط ت، ب هاب ب ار  ايروس ب يةبت بلا ي بلمص ر ب فا ب  ،.  
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Abstract 

To study the bacteriological quality of imported frozen chicken meat in Sulaimani markets, a total of 360 samples 

represented whole chickens (160 samples, 80 for each batch), thighs (120 samples, 60 for each batch) and breasts (80 

samples, 40 for each batch) belonged to seven commercial trademarks, distributed on two batches, were tested 

according to international analytical regulations and guides. The mean values of the total plate count (TPC) in batches 

1 and 2 of the whole chicken carcasses ranged 0.540-5.720 ×104 and 0.250-5.720 ×104 CFU/ g meat respectively, in 

thighs they ranged 1.170- 17.520 and 0.730- 12.500 ×104CFU/ g meat respectively, and  in breast they ranged 0.586- 

14.380 and 1.174-11.900×104CFU/ g meat respectively. The psychrophiles count in whole chicken carcasses ranged 

1.950- 13.740×104  and  0.900-27.420×104 CFU/ g meat, in thighs they ranged 0.554-8.560 and 0.360- 8.000×104 CFU/ g 

meat, and in breast ranged 0.734-8.880 and 1.140- 9.360 ×104 CFU/ g meat in batches 1 and 2 respectively.  

Psychrotrophes count in whole carcasses ranged 1.964- 14.280 and 1.286- 21.800×104 CFU/ g meat, in thighs they 

ranged 1.560- 12.640 and 3.42- 7.680 ×104 CFU/ g meat, and in breast ranged 0.770- 13.140 and 1.178- 8.440 ×104 

CFU/ g meat in batches 1 and 2 respectively. The most probable number (MPN) of both total coliforms and fecal 

coliforms in the two batches were less than 1 CFU/ g meat in all samples that inspected. Significant differences were 

recorded among all marks and between both batches for each mark including the three types of meat while all 

samples were E. coli O157: H7, coagulase positive staphylococci, and Salmonella free. 

 

KEY WORDS: Bacterial quality, Standard plate count, Psychrophil count, E. coli O157:H7, Staphylococcus, Salmonella. 
 

* This research is extracted from a PhD dissertation of the first researcher. 

 

Introduction 

hicken and poultry products have 
become popular due to their specific 

sensory attributes and the increasing tendency of 
the public to consider white meat as being 
healthier compared to red meat (Geonaras et al., 
1995). The presence of pathogenic 
microorganisms, spoilage microorganisms, or 
both in poultry is undesirable but unavoidable 
and lead chicken meat to be deteriorated in 
quality (Brown, 1982; Russell, 2001).  Meat 
cannot be without microorganisms but their 
number can be increased by providing the 
optimum temperature, humidity, and oxygen 
leading to spoilage while the microbial growth 
will be static and limited at frozen temperatures 
(Inoue & Ishikawa, 1997; Nollet, 2007; Biswas 
et al., 2011). In Iraq, Zangana (2006) noticed 
that the total count of Psychrophilic bacteria in 
frozen chicken thigh were 4.70 – 4.28 log./ gm 
meat and  the mean value of coliform count in 
frozen chicken thighs were ranged between 3.86- 
4.86 log/ g meat. Alrubaei et al. (2007) found 
that the psychrophilic count of broiler chicken 
meat stored at 4C° for 0, 3, 6 days were 6.1, 6, 

6.5 log / gm meat respectively while Al- 
Mosawy et al. (2008) found that the 
psychrophilic count in minced breast chicken 
meat stored at 4C°for 0, 3, 6 day were 6.0, 6.2, 
6.5 log/ gm meat respectively. Poultry are highly 
susceptible to infection with E. coli 0157:H7 
(Beery et al., 1985; Stavric, et al., 1993). 
Contamination of poultry carcasses with 
enterotoxigenic Staphylococcus isolates of 
human origin often occurs at processing (Adams 
& Mead, 1983). In the neighbor Saudi Arabia 
(KSI), Zeitoun, & Al-Eid (2003) mentioned that 
two of five marks of imported frozen chicken 
collected from Al-Hassa revealed no coagulase 
positive staphylococcal count whereas 
Salmonella was positive in some, while Al -
Dughaym & Al-Tabari (2009) mentioned in their 
study on 10 samples of chicken thighs collected 
from Al-Ahssa market, that the total mean value 
of Staphylococcus aureus was less than 102 

CFU/g meat. Foods from animal's origins 
(especially poultry) are important source of 
human Salmonella infections, especially those 
which may become contaminated during 
handling by an ill patient or carrier persons 
(Gast, 2003). In poultry the cross contamination 

C
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is also most likely to occur during evisceration 
procedures with the use of plucking machines, in 
which these mechanical devices often rupture 
the abdominal air sacs and pericardium of the 
affected birds (Herenda & Franco, 1996 and 
Lake et al., 2002).  AL-Dughaym and Altabari 
(2009) in KSA ranked the samples from carcass 
cuts (chilled, frozen, fillet and thigh) to minced 
meat or further processed products as burger, 
nuggets, frankfurter and meat paste loaf and 
revealed Salmonella arizona was isolated at 
once from thigh samples. In Kurdistan region of 
Iraq, the demand for meat increased during the 
last decades (Iraqi poultry and product annual, 
2010), this led poultry meat of different sources 
to be imported in high quantities. Without 
regarding the formal inspection may or may not 
be occur. So, the aim of this study was to assess 
the bacteriological load of imported frozen 
chicken meat trademarks available in Sulaimani 
markets in order to determine their quality for 
human consumption. 

 
Materials and methods 

Sampling: The ultimate inspection included a 
total number of (360) samples of frozen chicken 
meat belonged to 7 foreign trademarks were 
collected in two batches from different parts of 
Sulaimani city markets. The samples consisted 
of whole chickens (160 samples- 80 from each 
batch), thighs (120 samples- 60 from each batch) 
and breasts (80 samples- 40 each batch). The 
duration of sampling batch (1) was from the first 
of February till end of April 2010, while batch 
(2) was sampled from July till end of September 
2010. The whole chicken carcasses were 
distributed on 40 samples for each of DMIS 
(Iranian), Gedik (Turkey), Sadia (Brazilian) and 
Frinal (Brazilian) while thighs were on 40 
samples of Sadia (Brazilian), 40 samples of 
Tyson (American) and 40 samples of AJC 
(American), and the breasts were from Sadia 
(Brazilian), 40 samples of Seara (Brazilian). 
From each trademark (40) samples (whole 
carcasses, thighs or breasts) were collected and 
the whole carcass or a number of meat 
specimens from each sample were obtained 
aseptically. Both of AJC and Tyson marks were 
sold in unpacked condition at retail selling. All 
Samples were transferred inside a Cork chilled 
box (ice box) to the laboratory of Animal 
production department, Agriculture faculty, 
Sulaimani University, as soon as possible to 
prevent thawing.  

-pH measurement  

     The procedure of Naveena and 

Mendiratta (2001) was used to determine the 
pH of the specimens 

 
Microbiological tests  

The procedure of USDA/ FSIS (1998) was 
used, aseptically, 50 ± 0.1 g of the sample 
(Major and minor pectoralis with femur 
muscles) were used. 
Total plate count 

The procedure of AOAC 966.23 C (1995) 
was used. 
Psychrophilic bacterial count (APHA, 1992) 

The same procedure for counting was used as 
in Total Plate count; 1ml of the series dilutions, 
then the plates were incubated at 5-7ºC for 10 
days.  
Psychrotrophic bacterial count (AOAC, 1995)  

The same protocol of pour plate procedure 
was used, plates were incubated at 20ºC for 4-5 
days. 
Most Probable Number (MPN) of Coliforms 

(USDA/FSIS, 1998; Garthright, 1995) 

The procedures of 3 set tubes were used. To 
count the MPN of the fecal source coliforms, a 
loopful from the positive tubes was inoculated 
into tubes with lactose broth and incubated at 
45.5 ± 0.05◦C in covered water bath for 24 ± 2h. 
The positive Coliform tubes were having acid 
(change the colour of medium to yellow) and 
gas. The number of the positive tubes that 
incubated at 35ºC was considered in the 
calculation of MPN of total coliforms, while that 
positive at 45.5ºC was considered to calculate 
the fecal source (thermotolerant) coliforms. 
MPN/g of meat was calculated by comparing the 
positive tubes against standardized MPN tables 
(USDA/FSIS Laboratory guide book, 2008). The 
highest lactose positive dilution tubes were 
confirmed to contain fecal source Coliforms 
(Escherichia coli) (APHA, 1992)  by streaking 
onto Eosin–Methylene Blue agar (EMB) plates, 
after incubation at 37◦C for 24 hours, the plates 
were examined for typical E. coli colonies, 
which are metallic green sheen. A number (2-3) 
of isolated colonies were picked out and purified 
on EMB, then subculture to Nutrient agar slants 
and incubated at 35ºC for 18 -24 hours to be 
tested completely. The completed test was 
achieved by sending the nutrient agar slants to 
be identified at the species level as E. coli 
through an automated Vitek- 2 system at the 
Central Health Laboratory, Erbil city, after a 
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gram stain was done for the slants; those gram 
negative rods were send.  

 
Identification of E. coli O157:H7: Those E. 
coli detected by MPN were completely 
identified by Vitek 2system which identifies the 
enteropathogenic strain E. coli O157; H7 by 
development of agglutination with a normal 
saline suspended colonies. 
Identification of Coagulase positive 

Staphylococci (Staphylococcus aureus) (Bennet 
& Lancette, 1998)  

Performed by using Baired-Parker medium 
(Prondisa, Spain), and also by using Mannitol 
salt agar, which was prepared according to 
manufacturer directions (APHA, 1992). 
Coagulase test was achieved according to 
Collins & Lyne (1987). The black colonies were 
surrounded by a clear zone on Baired-parker 
agar, yellow mannitol fermentative on mannitol 
salt agar, and clotted the rabbit blood plasma 
within four hours were presumptively identified 
as coagulase positive Staphylococcus aureus, but 
for the purpose of complete identification, a 
number of colonies that showed positive and 
negative results were purified by streaking on 
mannitol salt agar and incubated for 24h at 37◦C,  
and then isolated colonies were sub cultured 
onto Nutrient agar slants, incubated at the same 
conditions and were sent to be completely 
identified by Vitek2 system in Erbil city to be 
identified at the species level.   

                                                                   
Identification of Salmonella  

The procedure of Waltman (1999) and 
Talaska (2004) were used.  Three to five 
suspected colonies were inoculated separately 
into TSI (Triple Sugar Iron) agar (Merck, 
Germany) and Urea agar (Biolofe, Italy) and 
incubated at 35◦C for 24 hours, the colonies with 
characteristics reaction of Salmonella were 
subcultured in duplicates on Nutrient agar slants, 
incubated at 37◦C for 24 hrs and stained by gram 
staining. The duplicates of the gram negative 
ones were transferred to the Central Health 
Laboratory (Erbil) to complete identification by 
Vitek2 system and to the Salmonella National 
Center in Baghdad city as well. The isolates that 
gave negative Urea test, and TSI test gave Acid, 
gas ( Yellow, pink, black with gas formation), 
the biochemical tests of automated Vitek2 
system, and the results obtained  from 
Salmonella National Center, all were 
confirmative for the presence of Salmonella spp. 
in the samples.        

Results  

pH values: Figure (1) showed the pH mean 
values of two batches for all inspected marks. In 
whole carcasses the values ranged 5.70- 6.11 for 
batch (1) and 5.68- 6.10 for batch (2). Gedik and 
Sadia did not significantly differ in both batches, 
while these marks were significantly difference 
(p< 0.05) for both Frinal and DMIS which in 
turn were different (p< 0.05) in between. Also, 
there were no significant differences between the 
two batches for each mark. The pH mean values 
of two batches of chicken thighs ranged 6.00-
6.12 for batch (1) and 6.01-6.03 for batch (2). 
Tyson was significantly different (p< 0.05) from 
the other two marks. All thigh marks showed no 
significant difference between two batches 
except for Tyson. The same figure  showed the 
pH mean values of two breast trademarks which 
ranged 5.92-6.03 and 5.71-5.87 for batch(1 and 
2) respectively.  Both marks revealed significant 
differences (p< 0.05) in both batches. Also, both 
batches were significant difference (p< 0.05) for 
each mark.  
 
Bacterial count: The mean values of total 
bacterial counts of the whole carcasses of two 
batches for the four trademarks are shown in 
table (1), the mean values of standard plate count 
showed significant differences (p< 0.05) among 
all marks for both batches, also, there was a 
significant difference (p<0.05) between the two 
batches for each mark. All trademarks are within 
the standard levels of Iraqi quality regulations 
for frozen poultry meat (ICOSQC- IQS 2270/4, 
2006) that specified the SPC of frozen poultry 
between 105- 107 CFU/g meat. Mean values of 
total plate count for the thighs in two batches of 
four trademarks are shown in table (2). The 
mean values for all marks were significantly 
different in both batches (p< 0.05). There were 
significant differences between both batches for 
each mark (p< 0.05), so, all trademarks matched 
standard levels in Iraqi quality regulations 
(ICOSQC IQS 2270/4, 2006). The mean values 
of total bacterial counts of the breasts for two 
batches of two trademarks are shown in table 
(3). The mean values for both marks were 
significantly different (p˂ 0.05) in each batch. 
There was no significant difference between the 
two batches for Seara, while for Sadia there was 
(p< 0.05). All trademarks matched the standard 
levels of Iraqi quality regulations for frozen 
poultry meat (ICOSQC /IQS 2270/4, 2006). 
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The psychrophilic bacterial count mean 
values of the carcasses of two batches for four 
trademarks are shown in table (1). The mean 
values showed that there was no significant 
difference between the two batches of both 
Gedik and Frinal while there was significant 
difference (p< 0.05) between the two batches for 
both of DMIS and Sadia. The mean values of 
psychrophilic bacterial count of the thighs are 
shown in table (2).The results revealed that all 
marks, in both batches (1, 2), appeared 
significantly different (p˂ 0.05). There were 
significant differences between the two batches 
for each mark. The mean values of psychrophilic 
bacterial count of frozen breast are shown in 
table (3). The results showed the presence of 
significant difference (p< 0.05) between the two 
marks in both batches. The mean values of 

psychrotrophic bacterial count of whole 
carcasses are shown in table (1). There were 
significant differences (p< 0.05) between the two 
batches for both of DMIS and Sadia while both 
of Frinal and Gedik were not different 
significantly. The mean values of psychrotrophic 
bacteria count of the thighs are shown in table 
(2). All marks significantly differed (p< 0.05) in 
both batches. Also, there was a significant 
difference (p< 0.05) between two batches for 
each mark except for AJC mark which showed 
no difference. The mean values of 
psychrotrophic in the breasts are shown in table 
(3). There was a significant difference (p< 0.05) 
between the two marks for both batches. Also, 
there was significant difference (p< 0.05) 
between the two batches for each mark. 

 

  
A-                                                                                         B- 

                                               
                                             C- 

Figure (1): pH mean values of all chicken trademarks: A-Whole chicken carcasses. B- Chicken 
thighs.  C- Chicken breasts. 
 
-Means having different lower-case at the same row (Trademarks) and upper – case at the same 
column (Batch) are significantly different.at ( p < 0.05 ).   
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The mean values of most probable number (MPN) of total coliform count of whole carcasses are 
shown in table (1). There were no significant differences among all marks except for Gedik in both 
batches, also, there was no significant difference between the two batches for each mark. While the 
MPN of total fecal coliforms of whole carcasses for two batches of four trademarks are shown in table 
(2). Batch (1) showed that all marks were not significantly different except for Gedik, batch (2) 
showed that both DMIS and Frinal were significant difference (p< 0.05) with Gedik and Sadia which 
were not varied in between. E. coli were isolated from both batches of Gedik and Sadia carcasses (2). 
The microbiological analysis results for whole chicken carcasses matched standard levels of Iraqi 
quality regulations for frozen poultry meat (ICOSQC IQS 2270/4, 2006).   

Table (2) showed the MPN of total coliforms mean values of chicken thighs and there were no 
significant differences (p< 0.05) among all marks for both batches. Also, there was no significant 
difference between the two batches for each mark. The MPN of total fecal coliforms of chicken thighs 
are shown in table (2). There were no significant differences among all marks in both batches and no 
significant difference between two batches for each mark.  

The mean values of MPN total Coliform count of the breasts are shown in table (3), there was a 
significant difference (p< 0.05) between the two marks in both batches. There was no significant 
difference between the two batches for each mark. There were no significant differences between two 
marks for each batch. E. coli and their enteropathogenic variant O157:H7 were not detected in breasts of 
all trademarks inspected. There were no significant differences with respect to MPN of coliforms 
among the four inspected marks for whole carcasses except for Gedik (table, 1), which was higher 
than other marks.  
 
Table (1):  Bacterial counts mean values of imported whole frozen chicken carcasses for two batches 
of four trademarks in (CFU/ g meat).  

Traits 
 

Bat-
ch 

Trade  mark 

DMIS Gedik Sadia Frinal

 
Total plate 

count 

1 
0.54 ×10

4
 ±0.24 

d   A 

5.72×10
4
  ± 0.22 

a   A 

3.18×10
4
  ± 0.07 

c   B 

3.90×10
4
  ± 0.26 

b   B 

2 
0.26×10

4
  ±0.16 

d   B 

3.42 ×10
4
  ± 0.15 

c   B 

4.72 ×10
4
  ± 0.53 

b  A 

5.72 ×10
4
  ± 0.23 

a   A 

 
PSP. 

bacterial 
count 

1 
1.95 ×10

4
 ±0.34 

c   A 

13.74×10
4
   ±1.58 

a   A 

7.60 ×10
4
   ± 0.64 

b   B 

12.16×10
4
± 1.68 

a   A 

2 
0.90×10

4
  ±1.33 

c   B 

10.11×10
4
   ±0.55 

b   A 

27.42 ×10
4
  ±3.97 

a   A 

15.02×10
4
± 0.83 

b   A 

 
PST. 

bacterial 
count 

1 
1.96 ×10

4
±0.73 

b   A 

14.28 ×10
4
  ±1.11 

a   A 

10.54 ×10
4
  ±0.94 

a B 

9.50 ×10
4
  ± 2.67 

a   A 

2 
1.28 ×10

4
 ±1.16 

c   B 

11.62 ×10
4
  ±0.66 

b   A 

21.80 ×10
4
  ±2.67 

a   A 

14.22 ×10
4
± 1.56 

b   A 

 
MPN of total 

Coliforms 

1 
< 0.03 ± 0.0 

b   A 

0.258 ± 0.08 

a   A 

0.030 ± 0.0 

b   A 

< 0.03  ± 0.0 

b   A 

2 
<0.03 ± 0.0 

b   A 

0.132  ± 0.04 

a   A 

0.030 ± 0.0 

b   A 

< 0.03 ± 0.00 

b   A 

MPN of total 
fecal 

coliform 

1 
< 0.03 ± 0.0 

b  A 

0.101 ± 0.09 

a   A 

0.030 ± 0.0 

b  B 

< 0.03  ± 0.0 

b  A 

2 
< 0.03 ± 0.0 

c  A 

0.101 ± 0.09 

a  A 

0.074 ± 0.0 

b  A 

< 0.03  ± 0.0 

c  A 

E.coli 1 ND ND ND ND 
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(O157 :H7) 2 ND ND ND ND 

Coa. pos. St. 
aureus 

1 ND ND ND ND 

2 ND ND ND ND 

Salmonella 
Spp. 

1 ND ND ND ND 

2 ND ND ND ND 

- Means having different lower-case at the same row (Trademarks) and upper – case at the same 
column (Batch) are significantly different at ( p < 0.05 ).   
 - ND : Not detected. - The symbol (<) was not included in statistical analysis. 
     
Table (2): Bacterial counts mean values of imported frozen chicken thighs for two batches of three 
trademarks (CFU / g meat)  

Traits 
CFU/g meat 

Batch 
Trade  mark

Sadia Tyson AJC

 
Total plate count 

1 
3.0×10

4
   ±  0.53 

b   B 

17.52×10
4
   ± 0.29 

a   A 

1.17 ×10
4
 ± 0.36 

c   A 

2 
5.82×10

4
   ± 0.22 

b   A 

12.50 ×10
4
  ± 0.70 

a   B 

0.73×10
4
 ± 0.35 

c   B 

 
Psychrophilic 
bacterial count 

 

1 
4.62 ×10

4
  ± 0.51 

b   B 

8.56 ×10
4
  ± 0.31 

a   A 

0.55 ×10
4
 ± 0.46 

c   A 

2 
8.00 ×10

4
  ± 0.39 

a   A 

6.28 ×10
4
  ± 0.30 

b   B 

0.36 ×10
4
± 0.58 

c   B 

 
Psychrotrophic 
bacterial count 

 

1 
1.56 ×10

4
  ± 0.31 

b   B 

12.64 ×10
4
  ± 0.29 

a   A 

6.46×10
4
  ± 0.78 

c   A 

2 
3.42 ×10

4
  ± 0.18 

b   A 

7.68 ×10
4
  ± 1.22 

a   B 

4.82 ×10
4
 ± 0.21 

c   A 

 
MPN of total 

coliforms 
 

1 
0.03  ±  0.0 

a   A 

0.03  ± 0.0 

a   A 

< 0.03 ± 0.0 

a   A 

2 
0.03  ± 0.0 

a   A 

0.03  ± 0.0 

a   A 

<  0.03 ± 0.0 

a   A 

MPN of total fecal 
coliforms 

1 
0.03  ±  0.0 

a  A 

< 0.03 ± 0.0 

a A 

<  0.03 ± 0.0 

a  A 

2 
0.09 ± 0.0 

a  A 

0.03 ± 0.0 

a  A 

<  0.03 ± 0.0 

a  A 

E.coli 
(O157 H7) 

1 ND ND ND 

2 ND ND ND 

Coa. Pos. St. 
aureus 

1 ND ND ND 

2 ND ND ND 

Salmonella Spp. 
1 ND ND ND 

2 ND ND ND 

Means having different lower-case at the same row (Trademarks) and upper- case at the same column 
(Batch) are significantly different at (p < 0.05).  
ND: Not detected. The symbol (<) was not included in statistical analysis. 
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Table (3): Bacterial counts mean values of imported frozen chicken breast for two batches of two 
trademarks( CFU / g meat).   

Traits Batch 
Trade  mark 

Seara Sadia 

 
Total plate count 

1 
14.38 ×10

4
± 1.20 

a   A 

0.586 ×10
4
  ± 0.56 

b   B 

2 
11.90×10

4
 ± 0.99 

a   A 

1.174×10
4
   ± 0.53 

b   A 

 
Psychrophilic 
bacterial count 

1 
8.88×10

4
  ± 0.67 

a   A 

0.734×10
4
   ± 0.74 

b   B 

2 
9.36×10

4
 ± 0.59 

a   A 

1.140×10
4
   ± 0.62 

b  A 

 
Psychrotrophic 
bacterial count 

1 
13.14×10

4
   ± 0.36 

a   A 

0.77×10
4
   ± 1.36 

b   B 

2 
8.44×10

4
   ± 1.04 

a  B 

1.178×10
4
   ± 0.13 

b   A 

MPN total Coliforms 
count 

1 
0.030  ± 0.0 

a   A 

4.58   ± 0.26 

a   A 

2 
0.030 ± 0.0 

a   A 

2.44  ± 0.21 

a   A 

MPN total fecal 
coliforms 

1 
<  0.030 ± 0.0 

a  A 

0.03 ± 0.0 

a  A 

2 
<  0.030± 0.0 

a  A 

0.03 ± 0.0 

a  A 

E.coli 
(O157 :H7) 

1 ND ND 

2 ND ND 

Coa. Pos. St. aureus 
1 ND ND 

2 ND ND 

Salmonella Spp. 
1 ND ND 

2 ND ND 

Means having different lower-case at the same row (Trademarks) and upper-case at the same column 
(Batch) are significantly different at (p < 0.05).  
ND: Not detected.  The symbol (<) was not included in statistical analysis   

Discussion 

The differences in pH mean values among the 
whole carcasses (except for both Gedik and 
Sadia marks), could be due to the stress factors 
before slaughtering which resulted in drop of 
glycogen content in meat and less lactic acid 
formation (Berri, et al., 2005), or exhaustion of 
the bird before slaughtering (Owens & Sam, 
2000). The decrease in pH value could be due to 
liberation of free fatty acids as a result of the 
lipolytic enzymes, either because of prolonged 
storage period, or bad storage conditions (Frazier 

& Westhoff, 1988 and Sams, 2001) which may 
explain why DMIS mark gave a low pH value. 
The study results were similar to results of Ali & 
Al-Zahran (2010) who recorded the pH values in 
chicken carcasses stored at chilling conditions 
for 0, 2, 4 and 6 days as 6.00, 6.21, 6.80 and 
7.20 respectively.  The same explanations above 
are true to elucidate the differences in pH values 
in inspected thighs and breasts. The pH values 
obtained in this study were in agreement with 
those obtained by Mead (2000) who stated that 
leg and breast muscles of chicken have pH 
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values range of (6.1–6.4) and (5.6-5.8) 
respectively, whilst they were lower than those 
recorded Al- Hamadany (2009) who recorded 
the range of pH values in imported frozen 
chicken thighs sold in Baghdad's markets as 6.60 
- 6.90.Unfortunately, there is no related standard 
for pH in Iraqi quality regulations to be 
compared with. 

Although there were significant differences in 
total plate count among the inspected carcasses 
from the collected marks, Gedik had the highest 
count while DMIS had the lowest. This could be 
due to many reasons, 

the low pH value for DMIS (figure, 1) may 
had an influence on bacterial growth (Jay et al., 
2005), other factors occur through poultry 
manufacturing processing like slaughtering, 
eviscerating, scalding, chilling, packaging, 
freezing, transporting and handling (Bolder, 
1998). Also, as being mentioned by ICMSF 
(2011) that the rate of spoilage is influenced by 
many factors such as, storage temperature, initial 
number and type of microorganisms when 
packaged, type of packaging and chemical 
composition. The same table revealed significant 
differences in count between two batches of both 
Sadia and Frinal marks. The count in batch (2) 
appeared little higher than batch (1), this may be 
due to the effect of season; in summer the 
electric current cut off affects the thawing and 
refreezing of the products which in turn lead to 
increase in count as mentioned by Narasimha et 
al. (1998), while DMIS and Gedik appeared not 
to be affected seasonally because they have been 
stored in different freezing conditions as they 
were less demanded by consumers than the other 
two marks. Indeed, the freezing process inhibits 
mesophilic bacterial growth (Jay et al., 2005). 
Bailey et al. (2000) recorded higher bacterial 
count than the current study as they reported the 
mean total plate count in chicken carcasses 
stored in 4 ºC for 7 days, for 0 till 7 days as 4.6  
to 6.6 log  CFU/ g meat respectively  while their 
results remained the same when the samples 
stored by chilling to -18 ºC. Morshedy & Sallam 
(2009) recorded the total plate count in chicken 
carcasses stored at 4ºC for 0, 4, 6, days as 5.13, 
6.87, 7.4 log10 CFU/g meat respectively. It 
should be kept in mind that the above two 
articles used fresh meat but not frozen. Freezing 
has lethal effect on some microorganisms by 
formation of ice crystals (Kuntz, 1996) and as a 
result the count decreased. 

The highest psychrophilic count in batch (1) 
of Frinal and batch (1) of Gedik mark, batch (2) 

of the Brazilian Sadia, could be due to many 
reasons, the different manufacturing steps 
(slaughtering, scalding, defeathering, chilling, 
handling, packaging) all these factors lead to 
adding more bacterial count (Bolder, 1998), and 
the initial bacterial count had an effect on the 
final count (ICSMF, 2011). Mead (2004) and Jay 
et al. (2005) had mentioned increasing the 
psychrophilic count within long storage at low 
temperature.  The significant difference (p< 
0.05) in psychrophilic count between two 
batches of DMIS and Sadia marks may be due to 
the seasonal effect on the products, in 
appropriate storage temperature or fluctuation of 
storage temperature are the most causes of 
spoilage (Russell, 2009).  The same table 
showed that the mean value of psychrophilic 
bacterial count of all inspected marks were 
higher than total plate count (mesophilic 
bacteria), this may approve that the increase of  
count might be due to the contamination of 
freezers or the storage area with that kind of 
microorganisms specially Pseudomonas spp. or 
due to the thawing and refreezing processes 
through processes of marketing handling etc., 
which lead to rapid spoilage of the products 
during thawing (Russell, 2001 and Jay et al., 
2005). 

In table (2) which explained the mean value 
of psychrophilic count in thighs the results 
showed that AJC mark had the lower 
psychrophiles count in both batches, this could 
be due to good manufacturing practices which 
has a role in decreasing the count (Bolder, 1998 
and Mead, 2004) which may be an advantage for 
those marks with low psychrophilic count. The 
results obtained here were little lower than those 
recorded by Al-Hasnawi (2010) who evaluated 
the quality of thighs meat of imported frozen 
chicken  in Diwaniya city; she claimed that  the 
psychrophilic bacterial count for Tyson thighs as 
55.6×104 CFU/g meat  while for Sadia thighs  as  
10.6 ×105 CFU/g meat. The current results were 
also lower than results published by Al- 
Hamadany (2009) who recorded psychrophilic 
bacterial count mean value in Sadia chicken 
thighs collected from Baghdad markets were 
10.6 ×105 CFU/g meat, when the average count 
of other six imported and local marks ranged 
between 3 ×102 and 2 ×106 CFU/g meat.  

The results related with psychrophilic 
bacterial count mean values of the breasts 
samples (table, 3)  which revealed a rather high 
count in Seara mark in comparison to Sadia 
mark for both batches, may explain the role of 
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several factors have been mentioned before, 
including the number of microorganisms that 
contaminate the carcasses through slaughtering, 
handling, and marketing processes (Bolder, 1998 
and Mead, 2004), which differ between  the two 
marks according to the manufacturing  
processes. The results here agree with those 
reported by Kenawi et al. (2007) who found that 
the psychrophilic bacterial count in breasts 
stored at 4ºC in day 1 to 24 increased from 3 log 
CFU/g meat to 6.8 log CFU/g meat respectively, 
and results of Gallas et al. (2010) who reported 
that the psychrophilic count in chicken breasts 
stored under refrigerator condition at 0, 3, 9, 14 
days were 3.1, 2.7, 4.4, 6.5 log10

 CFU/g meat 
respectively. Despite the claim of Abu-Ruwaida 
et al. (1996) who studied the microbial shelf life 
and quality of frozen broiler chickens and 
reported that prolong frozen storage did not 
cause substantial changes in the bacterial count 
of carcasses stored at (-12ºC), as being decreased 
slightly when stored at (-18ºC), but Modi et al. 
(2005) and Sudheer et al. (2011) disapprove that 
when they reported increasing in psychrophilic 
count in prolong freezing storage. Even (ICMSF, 
2011) confirmed that frozen poultry typically 
does not undergo microbial spoilage, but they 
also determined that storage temperature should 
be controlled to prevent fluctuation which 
directly have an effect on microbial growth.  

The mean values of psychrotrophic bacterial 
count revealed the lowest by DMIS (table, 2), 
this could be due to the lowest total bacterial 
count and psychrophilic. Season may be a strong 
factor in showing significant differences 
between the two batches of all marks, due to 
electrical cut out, freezing and thawing process 
lead to reactivation of psychrotrophic 
microorganisms especially in samples collected 
from grosser shops. Psychrotrophic counts were 
higher than the mesophilic (table, 1), this mean 
that most of the mesophiles were adapted to 
grow in low temperatures (Kraft, 1992; Zeitoun 
& Al-Eid, 2003; and Jay et al., 2005) as well as 
a number of psychrophiles that grew in the 
incubation temperatures of psychrotrophic ones 
as has been confirmed by several researches 
(Olson & Nottingham, 1980; Moyer & Morta, 
2001 and Jay et al., 2005), indeed the storage 
area and the time of storage may serve as an 
additional factor (Mead, 2004 and Russell, 
2009). The lowest mean value of psychrotrophic 
bacterial count in the thighs of both batches for 
the three marks that have been inspected was 
scored by AJC mark, while Tyson showed the 

highest in both batches (table, 2). The 
Psychrotrophes were lower than total aerobic 
bacterial count, because the samples were 
bought fresh and the products did not stay for 
long periods in shops and markets therefor the 
psychrotrophic bacteria did not have enough 
time to increase (Jay et al., 2005). Tyson mark in 
batch (1) had a higher count than batch (2) 
which may be due to the exploration mode of the 
products in winter (as mentioned earlier) which 
may led to the growth of mesophilic bacteria at 
thawing; during refreezing the mesophiles adapt 
to be psychrotrophs to handle low temperatures 
(Mead., 2004; Jay et al., 2005). The mean value 
of Psychrotrophic bacterial count of the breasts 
were higher in batch (1) of Seara (table, 3) 
which may again be due to the high mesophilic 
count (total plate count) that has been detected in 
Seara regarding that most of mesophiles turned 
to Psychrotrophic and Psychrophils at low 
temperatures (Lahellec et al., 1975; Jay et al., 
2005). In contrast, samples of the batch (2) of 
Sadia mark recorded higher count than batch (1) 
which reflects the effect of summer heat leading 
to increase in the psychrotrophic count in 
addition to the high mesophilic count shown in 
batch (2) of the Sadia. To debate this, some facts 
should be kept in mind, that Psychrotrophic and 
Psychrophils have the same minimum 
temperature ranged -5 to 5 °C but, psycrotrophes 
have optimum growth temperature at 25 to 30 ºC 
and Psychrophils have 12-15 ºC, as an optimum 
range (Olson & Nottingham, 1980; Moyer & 
Morta, 2001 and Jay et al., 2005), and 
psychrotrophes has been defined as subgroup of 
mesophiles since their optimum temperatures for 
growth are in moderately low range and they 
still grow well at temperatures below the 
maximum for most mesophiles (Kraft, 1992; 
Bolder, 1998). Some strains of species that fall 
into the indicator organisms categories (such as 
certain coliforms and Enterobacter from the 
family Enterobacteriaceae) are psychrotrophic 
and can multiply on refrigerated raw poultry 
carcasses and products (ICMSF, 1986).  

Some of pathogenic and food poisoning 
microorganisms are also psychrotrophic in 
nature like Salmonella species, Staphylococcus, 
E.coli, Listeria (Sams, 2001; Mead, 2004 and 
Jay et al., 2005). So, in food quality it’s 
important to count the psychrotrophic bacteria, 
because any increase may lead to more 
pathogenic bacterial isolation and identification 
(USDA /FSIS, 1998).  
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The sources of coliforms were reported to be 
due to process of slaughtering, handling and 
marketing (Mead et al., 1993 and Sarlin et al., 
1998), and the good manufacturing practices 
(GMP) in addition to that, HACCP may be 
concerned in manufacturing countries, to control 
the processing practice (Mead et al., 1993; 
Donald et al., 2001), and reducing of count may 
be due to controlling  processes of slaughtering, 
eviscerating, scalding, chilling, packaging, 
freezing, transporting and handling (Bolder, 
1998). Yet the MPNs for all marks were very 
low in comparison to results recorded by Khalifa 
& Abd El-Shaheed (2005) who reported the 
coliform count in 35 raw chicken samples as 
4.1.x103 CFU/g meat and results of Zeitoun and  
Al-Eid (2003) who studied the safety and quality 
of frozen poultry at AL-Hassa supermarkets in 
Saudi Arabiya; 360 samples from seven locally 
produced companies and from five imported 
companies were tested, the mean value of 
coliform count in imported chicken was 1.00 
CFU/cm2. 

Table (2) showed count in the frozen thighs, 
there were no significant differences in the mean 
value of MPN of coliforms among all the three 
marks in both batches. This confirms the good 
hygienic practices by the manufacturers’ inspite 
of that both Tyson and AJC marks were 
unwrapped at retail outlet. Hygienic habits of the 
vendors including freezing process may be an 
additional factor on coliforms count reduction 
(Bailey et al., 2000).  Al- Hamadany (2009) 
reported similar results; she recorded that the 
frozen chicken thighs of Sadia mark in both 
retail and whole outlet were coliform free, but 
the results of AL- Hisnawi (2010) who found 
that the total coliform count in 15 samples of 
Sadia mark thighs was 7.3×103 CFU/ g meat and 
in 15 samples of Tyson thigh mark was 6.6 ×103 
CFU/ g meat, AL- Hisnawi attributed this 
difference to bad manufacturing and handling of 
the products. Although, there were no significant 
differences in MPN of coliforms between the 
breasts of the two marks inspected (table, 3). So, 
the presence of coliform is an indicator of 
unsanitary conditions through slaughtering 
processes specially evisceration (Donald et al., 
2001), or contaminating of the products during 
handling specially at manufacturing (Mead, 
2004) because the products were packaged at 
retile outlets.  There were no significant 
differences also between the two batches for 
each mark, which shared the same hygienic and 
handling conditions.  Since there was no specific 

coliform criteria in the Iraqi quality regulations 
specified for frozen chicken meat, so the 
comparison with limits given by H.P.F.B. (2003) 
which determined coliform limit at 10-103 

CFU/g meat and ICMSF (1986) determined it at 
102 CFU/g for meat, revealed that all marks for 
whole chicken and chicken portions were within 
the standard limits. 

As shown in tables (1, 2, 3), E.coli O157: H7 
was not detected in all inspected samples. This 
serovar is considered as one of the causatives of 
food born disease (Feng et al., 2001 and Mead, 
2004) and so should be included in inspection. 
The current result is not an exception in this 
respect if we know that E.coli O157 H7 was not 
applicable in results published by USDA-FSIS 
(1996) out of 1297 postchill carcass rinse 
samples from approximately 200 broiler 
processing plants. E.coli is not included in the 
specific Iraqi standards in both IQS 2270/4 and 
3725/4 (Microbiological limits of frozen 
chicken) (ICOSQC, 2000 and ICOSQC, 2006), 
whilst all the inspected marks were within the 
limits introduced by ICMSF (Microbial limits of 
fresh poultry) (1986) which specified that any 
food products should be free of this kind of 
bacteria. 

Coagulase positive Staphylococcus aureus 
were not detected in all samples for two batches 
of all marks (table,1, 2, 3). There are no standard 
for the incidence of Coagulase positive 
Staphylococcus aureus in Iraqi quality 
regulations to be compared with (ICOSQC, 
2000; ICOSQC, 2006). This was agree with Al- 
Hamadany (2009) who recorded that the count 
of Staphylococcus aureus in most of imported 
frozen thighs sold in Baghdad were zero. 
Contamination of poultry carcasses with 
enterotoxigenic S. aureus of human origin often 
was mentioned to occur during processing 
(Adams & Mead, 1983). Indeed coagulase-
positive S. aureus is typically originated from 
humans (Donald et al., 2001). Even though, both 
Tyson and AJC marks were unpackaged at retail 
selling. The effect of freezing on the 
microorganisms may be the major reason for 
lowering coagulase positive staphylococcal 
count (Lambert et al., 1991 and Jay et al., 2005). 
In a similar study, Al-Hamadany (2009) 
mentioned that the mean count of 
Staphylococcus aureus in Sadia mark thighs was 
zero CFU/ g meat in whole sells, and 1×102 

CFU/g meat in retail sells. While Al -Dughaym 
& Al-Tabari (2009) in Saudi Arabiya, mentioned 
in their study on 10 samples of chicken thighs 
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collected from Al-Ahsa market, that the total 
mean value of Staphylococcus aureus was less 
than 102 CFU/g meats.   

Salmonella were also undetected in all 
samples inspected (Tables, 1, 2, 3), the no 
detection of Salmonella agreed with standard 
levels of Iraqi quality regulations for frozen 
poultry meat (ICOSQC IQS 2270/4, 2006). 

This means good manufacturing conditions, 
handling and transporting for the products (Gast, 
2003; Sampathkumar et al., 2003 and Maed, 
2004). The use of prebiotic and probiotic 
additives to birds feed had been reported to have 
a good effect on bacterial growth in the birds 
intestine (Wolfeden et al., 2007), but in any case 
FSIS in 1996,  has reported that many produced 
countries follow the Pathogen Reduction-Hazard 
Analysis Critical Control Point (HACCP) 
systems, which set pathogen reduction 
performance standards for Salmonella for 
slaughter plants and for plants producing raw 
ground meat products (Bilgili, 2001). Yet 
freezing had low effect on the Salmonella 
microorganisms (Mead, 2004; ICSMF, 2011), 
since the last reference reported that Salmonella 
can live in a frozen product for about one year. 
AL- Hamdany (2009), in Iraq, reported 
compatible result when revealed all inspected 
sample were Salmonella free. 
Conclusion 

Regarding the microbiological quality, all 
chicken samples (whole chicken carcasses, 
thighs and breasts) were within Iraqi and 
international standards and fortunately all 
samples were free from Salmonella, E.coli 
O15:H7 and coagulase positive Staphylococcus 
aureus. In spite of that there are no standard 
limits for psychrophilic bacterial count, 
Psychrotrophic bacterial count, Coliform count, 
Staphylococcus bacteria, in Iraqi quality 
standards to be compared with. 
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ية يما دينة الس ورث المباح في اسواخ  ات المجمد المس د ية ل ريولو ية البك   النو

  الخلاصة 

ات المجمد  الناحية البلغرض  ية لح الد و ية  فحص ثراسة  يما دينة الس ية والمباح في اسواخ  ريولو ات المجمد ٦٠صك  ينة  الد

ذها جارية  حيث  ا ات  لا نبية سبعة  ي   ا ب بة  ٨٠قع ينة  الذبائ بوا ٦٠ص( مع بو  ٦٠( ينة  الافخاذ ٠صصو) ينة لك و

بة بة) ٤٠(  الصدور ينة ٨٠و) لك و حوصاتو . ينة لك و ي العالمية في ال ح باح طرخ ال حوصات  اظهرت .  ا ينات الذبائ  ال بان ك 
ة كا ضم الحدوث الميكروبية القياسية،  باتالكا ات والو عنوية بي العلا دت فروقات  دى . وو يري  ي البك عدلات العد الك - .٠,٥٤سج 

ع ٠ص٤×  ص٥,٧ -٥ص,٠و  ٠ص٤×  ص٥,٧ س كوي  والي/مرةوحدة  ى ال ية  ي الاولى والثا ب يري للافخاذ كان . غ لح في الو ي البك والعد الك
عمرة٠ص٤× ٥٠,صص -ص٠,٧و ص٧,٥ص- ٧ص,صبمدى س كوي  والي/وحدة  ى ال ية  بة الاولى والثا و دى . غ لح ل سج الصدور 

عمرة ٠ص٤×٧ص,ص،٠,٥٨و  ٩٠,صص،٨ص,٤ص س كوي  ي غ لح لك /وحدة  جاري ي ال والي Sadiaو س  Seara العلا ا . ى ال دى ا
بروثة  ة ل ريا الآل عمرة٠ص٤×ص٧,٤ص -٠,٩٠و  ٧٤,صص-٩٥,صكان فقد  دث البك س كوي  غ لح في الذبائ بينما في الافخاذ فكا /وحدة 

عمرة ٠ص٤×٨,٠٠-٦ص,٠و  ٨,٥٦-٠,٥٥ س كوي  كوي ٠ص٤× ٦ص,٩ -٤ص,صو  ٨,٨٨-ص٠,٧غ لح وفي الصدور كا /وحدة  وحدة 
عمرة ية فكا بمدى ان . غ لح/س ي الاولى والثا ب و ذبائ ول بروثة ل ة ل حم ريا الم وحدة ٠ص٤× ٨٠,صص-٨ص,صو  ٨ص,٤ص-٩٦,صدث البك

عمرة س دى . غ لح /كوي  عمرة ٠ص٤× ٧,٦٨ -٠,٤٨و  ٦٤,صص-٠,٦٤والافخاذ سج  كوي المس ي الاولی  غ لح/وحدة  ب و ول
والي ى ال ية  دى . والثا عمرة٠ص٤× ٨,٤٤ -٧ص,صو  ٤ص,صص -٠,٧٧والصدور سج  س كوي  ى /وحدة  ية  ي الاولى والثا ب و غ لح ول

والي ي اق  .  ال ب ي لك العينات ولكلا الو ريا القولو بك مالا ل عمرةصالعدث الاكثر اح س كوي  ذل  ك العينات ولك وك. غ لح/وحدة 
ريا  ي  بك ب ات وفي كلا الو ريا  E.coli O157:H7العلا واح  Coagulase positive Staphylococcus aureusو بك وا

ريا    .  Salmonellaبك
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Abstract   
TThhee  ssttuuddyy  wwaass  ccoonnnneecctteedd  ttoo  eevvaalluuaattee  sseevveenn  mmaayyss  hhyybbrr iiddss  ffoorr   ggeenneett iicc  vvaarr iiaabbii ll ii ttyy  ffoorr   yyiieelldd  ccoommppoonneennttss  aatt   FFaaccuull ttyy  ooff  

AAggrr iiccuull ttuurr ee  aanndd  ffoorr eessttrr yy  ff iieelldd  uunniivveerr ssii ttyy  ooff   DDuuhhookk  dduurr iinngg  sspprr iinngg  22001111  aanndd  22001122  ..  
TThhee  rr eessuull tt   sshhooww  hhiigghhllyy  ssiiggnnii ff iiccaanntt   ddii ff ffeerr eenntt   bbeettwweeeenn  tthhee  ggeennoottyyppee  ffoorr   ppllaanntt   hheeiigghhtt ,,  lleeaaff   aarr eeaa  ,,  aanndd  ssiiggnnii ff iiccaanntt   aatt   

00..0055  lleevveell   ffoorr   eeaarr   hheeiigghhtt   ,,nnuummbbeerr ..  ooff   ggrr aaiinn  eeaarr --11  aanndd  nnoonn--ssiiggnnii ff iiccaanntt   ffoorr   330000--ggrr aaiinn  wweeiigghhtt   aanndd  ggrr aaiinn  yyiieelldd  ppllaanntt --11  iinn  
sspprr iinngg  22001111..  WWhhii llee  tthhee  mmaaiinn  ssqquuaarr ee  ffoorr   ggeennoottyyppee  wwaass  hhiigghhllyy  ssiiggnnii ff iiccaanntt   ffoorr   lleeaaff   aarr eeaa  aanndd  ssiiggnnii ff iiccaanntt   ffoorr   ppllaanntt   hheeiigghhtt ,,  
eeaarr   hheeiigghhtt   ,,nnuummbbeerr   ooff   rr ooww  eeaarr --11,,aanndd  nnoonn--ssiiggnnii ff iiccaanntt   ffoorr   rr eesstt   cchhaarr aacctteerr ss  ,,aallssoo  sshhooww  ssiiggnnii ff iiccaanntt   eeff ffeecctt  bbeettwweeeenn  hhyybbrr iidd  
aanndd  yyiieelldd..  PPllaanntt   hheeiigghhtt   eexxhhiibbii tteedd  ssiiggnnii ff iiccaanntt   ppoossii tt iivvee  ggeennoottyyppiicc  ccoorr rr eellaatt iioonn  wwii tthh  eeaarr   hheeiigghhtt ,,  lleeaaff   aarr eeaa  ,,330000--ggrr aaiinn  wweeiigghhtt  
,,aanndd  nnoott   ssiiggnnii ff iiccaanntt   wwii tthh  yyiieelldd  ppllaanntt --11  wwhhii llee  tthhee  pphheennoottyyppiicc  ccoorr rr eellaatt iioonn  sshhooww  aappppoossii tt iivvee  nnoonn  ssiiggnnii ff iiccaanntt   ccoorr rr eellaatt iioonn  
bbeettwweeeenn  nnuummbbeerr   ooff   rr ooww  wwii tthh  lleeaaff   aarr eeaa  wwii tthh  ((rr pphh  ==00..6600))..  

  

KKEEYYWWOORRDDSS::   HHyybbrr iiddss  ,,YYiieelldd  ,,PPhheennoottyyppiicc  ,,GGeennoottyyppiicc  ,,  VVaarr iiaabbii ll ii ttyy                                                                                                                                                                                                    
  

II nnttrr oodduucctt iioonn  

hhee  uussee  ooff   hhyybbrriiddss  wwaass  mmoosstt  iimmppoorrttaanntt  
aaddvvaannccee  iinn  tthhee  ccuull ttiivvaattiioonn  ooff   mmaaiizzee..  TThhee  

ff ii rrsstt  ccoommmmeerrcciiaall   ssaallee  ooff   hhyybbrriidd  sseeeedd  ssttaarrtteedd  iinn  
11998844..IInnbbrreedd  ll iinneess  ooff   MMaaiizzee  sshhooww  ggeenneerraall   
ddeetteerriioorraattiioonn  iinn  yyiieelldd  aanndd  vviiggoorr,,  bbuutt  
hhyybbrriiddiizzaattiioonn  bbeettwweeeenn  ttwwoo  iinnbbrreedd  iimmmmeeddiiaatteellyy  
aanndd  ccoommpplleetteellyy  rreeccoovveerrss..  IInn  mmaannyy  ccaasseess  tthheeii rr  
yyiieelldd  eexxcceeeeddss  tthhaatt  ooff   tthhee  vvaarriieettiieess  ff rroomm  wwhhiicchh  
iinnbbrreedd  wweerree  ddeerriivveedd  ((sshhuull ll ,,11990088))..IInnccrreeaasseedd  
pprroodduuccttiioonn  ppeerr  uunnii tt  aarreeaa  iiss  tthhee  pprriimmaarryy  oobbjjeeccttiivvee  
iinn  mmaaiizzee  bbrreeeeddiinngg  pprrooggrraammss  aanndd  ggrraaiinn  yyiieelldd  iiss  
tthhee  mmoosstt  iimmppoorrttaanntt  aanndd  ccoommpplleexx  cchhaarraacctteerr  wwii tthh      
tthhee  mmaaiizzee  bbrreeeeddeerrss  wwoorrkk  wwhhiicchh  iinnhheerrii tteedd  ttrraaii tt  
bbeeiinngg  qquuaannttii ttaattiivveellyy      ccoonnttrrooll lleedd  bbyy  nnuummeerroouuss  
mmiinnoorr  ggeenneess  ,,  aass  aa  rreessuull tt  ooff   ddii ff ffeerreenntt  vvii ttaall   
pprroocceesssseess  ooff       ppllaannttss,,  ssuucchh  aass  pphhoottoossyynntthheessiiss  
,,ttrraannssppii rraattiioonn  aanndd  ssttoorraaggee  ooff     ffoooodd  mmaatteerriiaallss  ,,  
mmaaiizzee  ddiissppllaayy  aann  oorrddeerrllyy  sseeqquueennccee  ooff   
ddeevveellooppmmeenntt  oo  nn  yyiieelldd  ccoommppoonneennttss      nnuummbbeerr  ooff   
eeaarr  ppllaanntt--11,,nnuummbbeerr  ooff   kkeerrnneellss  rrooww  ,,nnuummbbeerr  ooff   
rroowwss  iinn  eeaarr  aanndd  kkeerrnneell   wweeiigghhtt  ((VViioollaa  eett  aall ..,,  
22000033))..GGeenneettiicc  iimmpprroovveemmeenntt  iinn  ttrraaii ttss  ooff   
eeccoonnoommiicc  iimmppoorrttaannccee  aalloonngg  wwii tthh  mmaaiinnttaaiinniinngg  
ssuuff ff iicciieenntt  aammoouunntt  ooff   vvaarriiaabbii ll ii ttyy  iiss  aallwwaayyss  tthhee  
ddeessii rraabbllee  oobbjjeeccttiivvee  iinn  mmaaiizzee  bbrreeeeddiinngg  pprrooggrraammss  
((HHaall llaauueerr  aanndd  SSccoobbss,,11997733))..  

TThhee  vvaarriiaabbii ll ii ttyy  iiss  aa  kkeeyy  ttoo  ccrroopp  iimmpprroovveemmeenntt  
((WWeellsshh,,11998811))..GGrrzzeessiiaakk  ((22000011))  oobbsseerrvveedd  
ccoonnssiiddeerraabbllee  ggeennoottyyppeess  vvaarriiaabbii ll ii ttyy  aammoonngg  
vvaarriioouuss  mmaaiizzee  ggeennoottyyppeess  ffoorr  ddii ff ffeerreenntt  ttrraaii ttss..  
..IIhhssaann  eettaall ..,,  ((22000055))  aallssoo  rreeppoorrtteedd  ssiiggnnii ff iiccaanntt  
ggeenneettiicc  ddii ff ffeerreenncceess  ffoorr  mmoorrpphhoollooggiiccaall   ppaarraammeetteerr  
ffoorr  mmaaiizzee  ggeennoottyyppeess  ..  

  LLaarrggee  aammoouunntt  ooff   ggeenneettiicc  vvaarriiaabbii ll ii ttyy  hhaass  bbeeeenn  
oobbsseerrvveedd  ttoo  ooccccuurr  iinn  tthhee  oorriiggiinnaall   aacccceessssiioonnss  aanndd  
rraacceess  aammoonngg  ssaammpplleedd  ppooppuullaattiioonn  rreepprreesseennttiinngg  
ddii ff ffeerreenntt  ccll iimmaattiicc  aanndd  ggeeooggrraapphhiiccaall   rreeggiioonnss  
((II llaarrssaallaann  eett  aall ..,,22000022)),,((AAbbaayyii   eett  aall ..,,((22000044)),,    
((NNaauusshhaadd  eett  aall ..,,22000077)),,    aanndd    MMeell ii ll   eett  aall ..,,((22001133))  
OObbsseerrvveedd  ssiiggnnii ff iiccaanntt  ggeenneettiicc  vvaarriiaattiioonn  iinn  
iimmppoorrttaanntt  aaggrroonnoommiicc  ttrraaii ttss..  SSeelleeccttiioonn  ffoorr  ssppeeccii ff iicc  
ttrraaii tt  iiss  kknnoowwnn  ttoo  rreessuull tt  iinn  ccoorrrreellaatteedd  rreessppoonnssee  iinn  
cceerrttaaiinn  ootthheerr  ttrraaii ttss..    

IImmpprroovveemmeenntt  yyiieelldd  iiss  tthhee  mmoosstt  iimmppoorrttaanntt  
ttaarrggeett  ttrraaii tt  iinn  mmoosstt  ooff   ccrrooppss..AALL--AAhhmmaadd,,  ((22000044)),,  
AAyyddiinn  eett  aall ..,,((22000077))  aanndd  NNaajjeeeebb  eett  aall ..,,((22000099))  
iinnddiiccaatteedd  tthhaatt  tthhee  ccoorrrreellaattiioonn  vvaalluuee  wweerree  ppoossii ttiivvee  
aanndd  ssiiggnnii ff iiccaanntt  bbeettwweeeenn  ggrraaiinn  yyiieelldd  aanndd  eeaacchh  ooff   
eeaarr  ddiiaammeetteerr  ,,eeaarr  lleennggtthh  aanndd  nnuummbbeerr  ooff   kkeerrnneellss  
rrooww--11..  BBrraarr  eett  aall ..,,((22000088))  ddeennootteedd  tthhaatt  ssttuuddiieess  
ccoonndduucctteedd  oonn  ((1155))  ssiinnggllee  ccrroossss  hhyybbrriidd  ((FF11))  mmaaiizzee  
oovveerr  ttwwoo  llooccaattiioonnss  rreevveeaalleedd  eeaarr  lleennggtthh  aanndd  
nnuummbbeerr  ooff   rroowwss--11    eeaarr  hhaadd  ssiiggnnii ff iiccaanntt  ppoossii ttiivvee  
ccoorrrreellaattiioonn  wwii tthh  yyiieelldd  ..    

    TThhee  pprreesseenntt  ssttuuddyy  wwaass  ccoonndduucctteedd  ttoo  eevvaalluuaattee  
tthhee  ppeerrffoorrmmaannccee  ooff   ddii ff ffeerreenntt  mmaaiizzee  hhyybbrriiddss  aanndd  
ggeennoottyyppiicc  aanndd  pphheennoottyyppiicc  ccoorrrreellaattiioonn  bbeettwweeeenn      
ttrriieess  uunnddeerr  aaggrrooccll iimmaattiicc  ccoonnddii ttiioonn  ooff   DDuuhhookk  
,,KKuurrddiissttaann  RReeggiioonn  --II rraaqq..    

  
MM aatteerr iiaallss  aanndd  mmeetthhooddss  

TThhee  pprreesseenntt  ssttuuddyy  wwaass  ccoonndduucctteedd  ttoo  eevvaalluuaattee        
sseevveenn  mmaaiizzee  hhyybbrriiddss  ffoorr  ggeenneettiicc  vvaarriiaabbii ll ii ttyy((IIKK88  
××IIKK5588  ,,ZZPP770077××  UUNN4444005522  ,,IIKK88  ××  HHSS  ,,IIKK88  ××  DDKK  
,,OOHH4400  ××  ZZPP--330011  ,,IIKK88  ××  OOHH4400,,  UUNN4444005522××      DDKK  
))  iinn  yyiieelldd  aanndd  yyiieelldd  ccoommppoonneennttss  aatt  FFaaccuull ttyy  ooff   

TT
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AAggrriiccuull ttuurree  aanndd  FFoorreessttrryy  ff iieelldd  uunniivveerrssii ttyy  ooff   
DDuuhhookk,,  dduurriinngg  sspprriinngg  1155//33//22001111  aanndd  22001122..  

  TThheessee  hhyybbrriiddss  wweerree  sseelleecctteedd  ff rroomm  mmaaiizzee  
pprrooggrraammss  wwhhiicchh  wweerree  aappppll iieedd  iinn  tthhee  ff iieelldd  ccrrooppss  
ddeeppaarrttmmeenntt  ooff   FFaaccuull ttyy  ooff   AAggrriiccuull ttuurree  aanndd  wweerree  
hhaavviinngg  mmoorree  hheetteerrooggeenneeii ttyy  aass  ccoommppaarreedd  ttoo  tthhee  
ssyynntthheettiicc..  

      TThhee  eexxppeerriimmeenntt  wwaass  llaaiidd  oouutt  iinn  rraannddoommiizzeedd  
ccoommpplleettee  bblloocckk  ddeessiiggnn  wwii tthh  tthhrreeee  rreeppll iiccaattiioonnss..  

TThhee  ggeennoottyyppeess  wweerree  ggrroowwnn  iinn  ttwwoo  rroowwss  pplloottss,,  
wwii tthh  rrooww  lleennggtthh  ooff   33mm  hhaavviinngg  rrooww  ttoo  rrooww  aanndd  
ppllaanntt  ttoo  ppllaanntt  ddiissttaannccee  ooff   00..7755  aanndd  00..2255  mm  
rreessppeeccttiivveellyy  ..TTwwoo  sseeeeddss  ppeerr  hhoollee  wweerree  ppllaanntteedd,,  
wwhhiicchh  wweerree  tthhiinnnneedd  ttoo  oonnee  ppllaanntt  ppeerr  hhoollee  aatt  44--55  
lleeaaff   ssttaaggee..  CCoommppoouunndd  ffeerrttii ll iizzeerr  ,,NNPPKK  RRuussssiiaann  
oorriiggiinn,,  1177,,1177,,1177  wwaass  aaddddeedd  wwii tthh  qquuaannttii ttyy  
660000kkgg//hhaa  aaff tteerr  pplloowwiinngg  aanndd  uurreeaa  4466%%  NN  oonnccee  
wwii tthh  qquuaannttii ttyy  220000kkgg  //hhaa  aatt  tthhee  bbeeggiinnnniinngg  ooff   
ff lloowweerriinngg  ..SSttaannddaarrdd  ccuull ttuurraall   pprraaccttiicceess  wweerree  
ffooll lloowweedd  ff rroomm  ssoowwiinngg  ttii ll ll   hhaarrvveessttiinngg  dduurriinngg  tthhee  
eennttii rree  ccrroopp  sseeaassoonn  ..  

    TThhee  ddaattaa  rreeccoorrddeedd  oonn  tthhee  bbaassiiss  ooff   tthhee  
aavveerraaggee  eexxppeerriimmeennttaall   uunnii tt  ((ff iivvee  ppllaanntt  ppeerr  

eexxppeerriimmeennttaall   uunnii tt))  ,,ffoorr  yyiieelldd  rreellaatteedd  ttrraaii ttss  vviizz,,  
nnuummbbeerr  ooff   ggrraaiinn  rrooww--11  nnuummbbeerr  ooff   rrooww  ppeerr  eeaarr--11    ,,  
330000--ggrraaiinn  wweeiigghhtt  aanndd  ggrraaiinn  yyiieelldd  ppllaanntt--11..DDaattaa  
wweerree  ssttaattiissttiiccaall llyy  aannaallyyssiiss  uussiinngg  aannaallyyssiiss  ooff   
vvaarriiaannccee  aapppprroopprriiaattee  ffoorr  rraannddoommiizzee  ccoommpplleettee  
bblloocckk  ddeessiiggnn..  MMeeaann  wweerree  ccoommppaarreedd  uussiinngg  
MMuull ttiippllee  RRaannggee  TTeesstt  aatt  00..0011  aanndd  00..0055  lleevveell   ooff   
pprroobbaabbii ll ii ttyy  ((sstteeeell   aanndd  TToorrrriicc  11998844  ))..  

                                                                                                        
RReessuull tt   aanndd  ddiissccuussssiioonn  

        TThhee  aannaallyyssiiss  ooff   vvaarriiaannccee  ((TTaabbllee  11))  sshhoowweedd  
tthhee  mmeeaann  ssqquuaarree  ooff   ggeennoottyyppeess  wwaass  hhiigghhllyy  
ssiiggnnii ff iiccaanntt  ffoorr  ppllaanntt  hheeiigghhtt,,  lleeaaff   aarreeaa  aanndd  
ssiiggnnii ff iiccaanntt  aatt  00..0055  lleevveell   ffoorr  eeaarr  hheeiigghhtt,,  NNuu..  ooff   
rroowwss//eeaarr  --11  ,,NNuu  ..ooff   ggrraaiinn  eeaarr--11  aanndd  nnoonn--ssiiggnnii ff iiccaanntt  
ffoorr  330000  ggrraaiinn  wweeiigghhtt  aanndd  ggrraaiinn  yyiieelldd  ppllaanntt--11  iinn  
sspprriinngg  22001111,,wwhhii llee  tthhee  mmeeaann  ssqquuaarree  ffoorr  ggeennoottyyppee  
wwaass  hhiigghh  ssiiggnnii ff iiccaanntt  ffoorr  lleeaaff   aarreeaa  aanndd  ssiiggnnii ff iiccaanntt  
ffoorr  ppllaanntt  hheeiigghhtt,,  eeaarr  hheeiigghhtt,,  NNuu..  ooff   rrooww  eeaarr--11  aanndd  
nnoonn--ssiiggnnii ff iiccaanntt  ffoorr  tthhee  ootthheerr  cchhaarraacctteerrss  iinn  sspprriinngg  
22001122  ..  

  
TTaabbllee  ((11))::   TThhee  aannaallyyssiiss  ooff   vvaarriiaannccee  ffoorr  yyiieelldd  aanndd  ssoommee  ssttuuddiieedd  cchhaarraacctteerrss..  

ss..oo..vv  dd..ff  yyeeaarr  MM..SS  

  

  
  

22001111  

PPllaanntt  
hheeiigghhtt  
((ccmm))  

EEaarr  
hheeiigghhtt  
((ccmm))  

LLeeaaff  aarreeaa  
((CCmm

22
))  

NNuu..ooff  
rroowwss  
eeaarr

--11
  

NNuu..ooff  
ggrraaiinnss  
rrooww

--11
  

330000ggrraaii    
nn  wweeiigghhtt  

((gg))  

ggrraaiinn          
yyiieelldd  

ppllaanntt
--11

  
((gg)) 

RReepplliiccaatteess  22  22..8888  22..6644  44556688..4477  66..0044  44..3333  221144..3311  882244..0033  

HHyybbrriiddss  66  330088..7722****  113377..7722    **  3333668811..1155  ****  66..6633**  2233..9933  5533..7711  779955..3333  

EErrrroorr  1122  33..0033  11..2200  773333..8811  22..8822  55..3388  110000..7733  334444..5555  

RReepplliiccaatteess  22  

22001122  

6600..3333  99..4477  22665511..8800  33..0044  1100..9900  8811..1111  11111144..2288  

HHyybbrriiddss  66  119933..9999  **  116633..0022**  1199779955..9911****  33..7744  2222..5522  1144..6644  220077..7799  

EErrrroorr  1122  7777..5511  4422..2222  887766..2277  11..9933  2200..2233  1166..6688  226600..3377  

  

TTaabbllee  ((22))  sshhoowweedd  ccoommbbiinngg  aannaallyyssiiss  rreessuull ttss  ooff   
ggeennoottyyppeess  aaccrroossss  ffoorr  sseevveenn  cchhaarraacctteerrss  ooff   mmaaiizzee..  
TThhee  mmeeaann  ssqquuaarree  ooff   ggeennoottyyppeess  wwaass  hheeiigghhtt  
ssiiggnnii ff iiccaanntt  ffoorr  ppllaanntt  hheeiigghhtt,,  lleeaaff   aarreeaa  aanndd  
ssiiggnnii ff iiccaanntt  ffoorr  tthhee  ootthheerr  cchhaarraacctteerrss  ..TThhee  mmeeaann  
ssqquuaarree  ooff   yyeeaarr  wwaass  ssiiggnnii ff iiccaanntt  aatt  00..0011  lleevveell   ffoorr  

aall ll   ssttuuddiieedd  cchhaarraacctteerrss  eexxcceepptt  ggrraaiinn  yyiieelldd  ppllaanntt--11  
wwhhiicchh  wwaass  ssiiggnnii ff iiccaanntt  aatt  00..0055  lleevveell   wwhhii llee  
NNuummbbeerr  ooff   rroowwss  eeaarr--11wwaass  nnoott  ssiiggnnii ff iiccaanntt..  TThhee  
YYeeaarrss  xx  HHyybbrriiddss  iinntteerraaccttiioonn  wwaass  ssiiggnnii ff iiccaanntt  ffoorr  
aall ll   tthhee  ssttuuddiieedd  cchhaarraacctteerrss  eexxcceepptt  NNuu..ooff   rroowwss  eeaarr11..   
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Table (2 ): combing analysis for two years and some characters for maize varieties .                

S.O.V d.f Plant 
height 
(cm ) 

Ear height 
   (cm ) 

Leaf area 
   (cm

2
) 

Nu.of 
rowsear

-1
 

Nu.of 
grains 
row-

1
 

300grain    
weight 
   (g) 

ggrraaiinn                            
yyiieelldd  ppllaanntt

--11
  

  (g) 
      

Years 1 
 

2608.03** 1167.88 ** 150335.56** 0.20 168.02 ** 514.80 ** 291.97 * 

Repl.X 
years 

4 65.37 29.25 8882.68 ** 4.79       * 14.45   * 83.08    * 525.10 * 

Hybrids 5 
 

286.71 ** 95.42   * 25967.08 ** 4.89       * 22.13   * 18.24 398.11  * 

Years X  
Hybrids 

5 98.23   * 100.53  * 2866.45   * 2.24 17.86    * 65.50    * 961.23 * 

Error 
 

5 36.79 17.75 1177.50 1.34 3.76 22.04 71.24 

    
TTaabbllee  ((33))  ccoonnff ii rrmmeedd  tthhaatt  tthhee  eeff ffeecctt  ooff   yyeeaarrss  

oonn  ggrraaiinn  yyiieelldd  aanndd  ii ttss  ccoommppoonneennttss  wweerree  
ssiiggnnii ff iiccaanntt  iinn  aall ll   cchhaarraacctteerrss  wwii tthh  tthhee  eexxcceeppttiioonn  ooff   
nnuu..  ooff   rroowwss  eeaarr--11  ..RReessuull ttss  iinnddiiccaatteedd  tthhee  eexxcceeeeddiinngg  
ooff   tthhee  yyeeaarr  22001122  iinn  aall ll   ssttuuddiieedd  cchhaarraacctteerrss  

ccoommppaarreedd  ttoo  yyeeaarr  22001111  bbyy  116655..99  ,,7788..3355  ,,  666699..9900  ,,  
3399..3300  ,,5511..5500  ,,8866..9955  ffoorr  tthhee  cchhaarraacctteerrss    ppllaanntt  
hheeiigghhtt  ,,eeaarr  hheeiigghhtt  ,,  LLeeaaff   aarreeaa  ,,NNuu..ooff     ggrraaiinn  rrooww--11  
,,330000  ggrraaiinn  wweeiigghhtt  aanndd  ggrraaiinn  yyiieelldd  ppllaanntt--11  
,,rreessppeeccttiivveellyy..  

  
TTaabbllee((33))::   eeff ffeecctt  ooff   yyeeaarrss  iinn  ggrraaiinn  yyiieelldd  ,,ii ttss  ccoommppoonneennttss  aanndd  ggrroowwnn  cchhaarraacctteerrss..  

cchhaarraacctteerr  
yyeeaarrss  

PPllaanntt  
hheeiigghhtt  
((ccmm))  

EEaarr  hheeiigghhtt  
((ccmm))  

LLeeaaff  aarreeaa  
((ccmm

22
))  

NNuu..ooff  
  rrooww  eeaarr

--11
  

NNuu..ooff  
ggrraaiinnssrrooww

--11
  

330000ggrraaiinn  
wweeiigghhtt  

((gg))  

ggrraaiinn                    
yyiieelldd  
ppllaanntt

--11
  

  ((gg))  

22001111  
  

114433..6633  bb  6633..4411  bb  550000..4499  aa  1166..0000  aa  3333..6633  bb  6611..6655  aa  7799..4488  aa  

22001122  
  

116655..9955  aa  7788..3355  aa  666699..9900  aa  1155..8800  aa  3399..  3300  aa  5511..5500  aa  8866..9955  aa  

  
DDaattaa  iinn  ttaabbllee  ((44))  iinnddiiccaatteedd  tthhaatt  tthheerree  iiss        

ssiiggnnii ff iiccaanntt  ddii ff ffeerreennccee  bbeettwweeeenn  hhyybbrriiddss  iinn  aall ll   
ssttuuddiieedd  cchhaarraacctteerrss..    

    TThhee  rreessuull ttss  ooff   tthhee  eeff ffeecctt  ooff   ggeennoottyyppeess  oonn    
ppllaanntt  hheeiigghhtt    rreevveeaalleedd  ssiiggnnii ff iiccaanntt  ddii ff ffeerreenncceess  
bbeettwweeeenn  ggeennoottyyppeess,,  aanndd  tthhee  mmaaxxiimmuumm  ppllaanntt  
hheeiigghhtt  rreeccoorrdd  bbyy  tthhee  hhyybbrriidd  ((IIKK88  xx  HHSS))  ((117700..1133  
ccmm))  ,,wwhhii llee  tthhee  mmiinniimmuumm  ppllaanntt  hheeiigghhtt  rreeccoorrddeedd  
bbyy  hhyybbrriidd  ((IIKK88  xx  IIKK5588  ))    ((114422..3333  ccmm))..  FFoorr  eeaarr  
hheeiigghhtt  tthhee  ggeennoottyyppeess  ((IIKK88  xx  DDKK  ))  ssuurrppaasssseedd  
ootthheerrss  ggeennoottyyppeess    ((7755..5500  ccmm)),,  ffooll lloowweedd  bbyy  tthhee    
((ZZPP770077  xx  UUNN4444005522  ))  wwhhiicchh  ggaavvee  ((7744,,3366  ccmm  ))      
bbuutt  tthhee  ggeennoottyyppee  ((  IIKK88  xx  IIKK5588  ))  wwaass  iinnffeerriioorr          
((6622..0000  ccmm  ))..  

      TThhee  ddaattaa  iinn  tthhee  ssaammee  ttaabbllee  iinnddiiccaatteedd  tthhee  
mmaaxxiimmuumm  LLeeaaff   aarreeaa  vvaalluuee  rreeccoorrddeedd  bbyy  tthhee  
hhyybbrriidd  ((OOHH4400  xx  ZZPP--330011))  mmaarrkkeett    wwii tthh  
773333..9999ccmm22  aanndd  ffooll lloowweedd  bbyy  tthhee  hhyybbrriidd  ((IIKK88  xx  
DDKK  ))wwii tthh  664466..5533  ccmm22,,  wwhhii llee  tthhee  mmiinniimmuumm  vvaalluuee  
eexxhhiibbii tteedd  bbyy  tthhee  hhyybbrriidd  ((IIKK88  xx  HHSS  ))  wwhhiicchh  wwaass  
557733..7733  ccmm22..  

FFrroomm  tthhee  ssaammee  ttaabbllee,,  tthhee  hhyybbrriidd  ((IIKK88  xx  
OOHH4400))  sshhoowweedd  tthhee  hhiigghheesstt  nnuummbbeerr  ooff   rroowwss  eeaarr--11  

wwhhiicchh  rreeaacchheedd  1188..0000  rroowwss..  MMiinniimmuumm  vvaalluuee  
rreeccoorrddeedd  bbyy  hhyybbrriidd  ((IIKK88  xx  IIKK5588))  ((  1133..3333  rroowwss))  
TThhee  pprreeddoommiinnaattiinngg  ooff   hhyybbrriidd  ((IIKK88  xx  OOHH4400))  
ccoommppaarreedd  ttoo  hhyybbrriidd  ((IIKK88  xx  IIKK5588))  wwaass  rreeccoorrddeedd  
2255  %%  ..  
        CCoonncceerrnniinngg  eeff ffeecctt  ooff   hhyybbrriidd  oonn  NNuu..  ooff   ggrraaiinnss  
rrooww--11  ,,wwaass  aallssoo  iinnff lluueenncceedd    ssiiggnnii ff iiccaannttllyy,,  ((ttaabbllee  
44))  sshhoowweedd  tthhaatt  tthhee  hhyybbrriidd  ((ZZPP770077  xxUUNN4444005522))  
ggaavvee  tthhee  hhiigghheesstt  NNuu..  ooff   ggrraaiinnss  rrooww--11  ((  4400..3333))  ,,  
bbuutt  tthhee  lleeaasstt  vvaalluuee  wwaass  ((3333..0000))  iinn      hhyybbrriidd  ((IIKK88  
xxHHSS  ))..FFoorr  tthhee  330000  ggrraaiinn  wweeiigghhtt  ,,nnoo  ssiiggnnii ff iiccaanntt  
ddii ff ffeerreennccee  wweerree  nnoottiicceedd  bbeettwweeeenn  aall ll   hhyybbrriiddss  aanndd  
tthhee  vvaalluuee  rraanngg  bbeettwweeeenn  5555..0000  ttoo  5599..7799  ffoorr  hhyybbrriidd  
((IIKK88  xx  IIKK5588))  aanndd  hhyybbrriidd  ((ZZPP770077  xx  UUNN4444005522))  
rreessppeeccttiivveellyy..  

  TThhee  ddaattaa  iinn  ttaabbllee  ((44))  sshhoowweedd  tthhaatt  tthheerree  iiss  nnoo  
ssiiggnnii ff iiccaanntt  ddii ff ffeerreenncceess  oobbsseerrvveedd  bbeettwweeeenn  tthhee    
hhyybbrriiddss  iinn  ppllaanntt  yyiieelldd  eexxcceepptt  tthhee  hhyybbrriidd    ((IIKK88  xx  
IIKK5588))wwhhiicchh  rreeccoorrdd  6600..9966gg  wwhheerree  ccoommppaarreedd  wwii tthh  
tthhee  hhyybbrriidd  ((IIKK88  xx  SSHH))  ((9911..7722))      ..  TThhiiss  ff iinnddiinngg  aarree  
aaccccoorrddaannccee  wwii tthh;;  NNaajjeeeebb  eettaall ..((22000099))..BBrraarr    

eett  aall ..((22000088))..  aanndd  AAyyddiinn  eett  aall ..((22000077  ))  
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TTaabbllee  ((44))::EEffffeecctt  ooff   ggeennoottyyppeess  oonn  ssttuuddiieedd  cchhaarraacctteerrss..      

vvaarriieettyy  
PPllaanntt  
hheeiigghhtt  
((ccmm))  

EEaarr  
hheeiigghhtt  
((ccmm))  

LLeeaaff  aarreeaa  
((ccmm

22
    ))  

NNuu..ooff  rroowwss  
eeaarr

--11
  

NNuu..ooff  
ggrraaiinnss  
rrooww

--11
  

330000ggrraaiinn  
wweeiigghhtt  

((gg))  

ggrraaiinn                    
yyiieelldd  
ppllaanntt

--11
  

  ((gg))  

IIKK88  xx  IIKK5588  114422..3333  cc        6622..0000          cc  553366..4411  ccdd  1133..3333          cc  3399..0000      aabb  5555..0000        aa  6600....9966    bb  

ZZpp770077xxUUNN4444005522  115588..1166  aabb  7744..3366      aabb  557711..7766      cc  1166..3333      aabb  4400..3333          aa  5599..7799        aa  8855..8800      aa  

IIKK88  xx  HHSS  117700..1133      aa  7755..3333          aa  557733..7766      cc  1155..3333      bbcc  3333..0000          dd  5599..7700        aa  9911..7722      aa  

IIKK88  xx  DDKK  115588..6666  aabb  7755..5500          aa  664466..5533      bb  1166..0000      aabb  3344..6666      ccdd  5533..6600        aa  7799..5566      aa  

OOHH4400  xx  ZZPP--330011  115500..4433  bbcc  6699..1100  aabbcc  773333..9999  aa      1166..6666      aabb  3355..3333  bbccdd  5588..4422        aa  9900..5566      aa  

IIKK88  xx  OOHH4400  114488..7733  bbcc  6688..3333  bbcc  552277,,7799  ccdd  1188..0000          aa  3388..0000  aabbcc  5555..4400        aa  8844..9966        aa  

UUNN4444005522    xx    DDKK  115511..3366  bbcc  7722..6666  aabb  447777..9933  dd  1155..6666  aabbcc  3344..0000  ccdd  5555..1166        aa  8877..6666      aa  

  
TTaabbllee  ((55))  sshhoowweedd  ssiiggnnii ff iiccaanntt  eeff ffeecctt  ooff   

iinntteerraaccttiioonn  bbeettwweeeenn  hhyybbrriiddss  aanndd  yyeeaarrss  ..TThhee  
mmaaxxiimmuumm  ppllaanntt  hheeiigghhtt  vvaalluuee  rreeccoorrddeedd  bbyy  tthhee  
iinntteerraaccttiioonn  ooff   hhyybbrriidd((IIKK88  xx  HHSS))  wwii tthh  tthhee  yyeeaarr22  
wwaass  118822..5500  ccmm,,  aanndd  ffooll lloowweedd  bbyy  117711..0000ccmm  
eexxhhiibbii tteedd  bbyy  tthhee  iinntteerraaccttiioonn  bbeettwweeeenn  hhyybbrriidd  
((UUNN4444005522  xx  DDKK))  wwii tthh  tthhee    ssaammee  yyeeaarr,,  wwhhii llee  tthhee  
lloowweesstt  ppllaanntt  hheeiigghhtt  vvaalluuee  rreeccoorrddeedd  bbyy  tthhee  
aassssoocciiaattiioonn  bbeettwweeeenn  hhyybbrriidd  ((IIKK88  xx  IIKK5588))  wwii tthh  
yyeeaarr11  wwaass  112288..5500  ccmm  ..  RReeggaarrddiinngg  eeff ffeecctt  tthhee  
iinntteerraaccttiioonn  bbeettwweeeenn  hhyybbrriiddss  aanndd  yyeeaarrss  
,,mmaaxxiimmuumm  eeaarr  hheeiigghhtt  eexxhhiibbii tteedd  bbyy  hhyybbrriidd  ((IIKK88  xx  
HHSS))wwii tthh  tthhee  yyeeaarr  22    wwaass  9900..5500ccmm  aanndd  tthhee  
mmiinniimmuumm  vvaalluuee  wwaass5522..5500  ccmm  ,,bbyy  tthhee  iinntteerraaccttiioonn  
hhyybbrriidd  ((IIKK88  xx  IIKK5588))  wwii tthh  tthhee  yyeeaarr11..FFoorree  tthhee  
LLeeaaff   aarreeaa  tthhee  mmaaxxiimmuumm  vvaalluuee  wwhhiicchh  wwaass  881199..0000  
ccmm22  bbyy  tthhee  iinntteerraaccttiioonn  ((OOHH4400xxZZPP--330011))xxYY22  
wwhhiicchh  tthhee  lloowweesstt  vvaalluuee  eexxhhiibbii tteedd  bbyy  tthhee  
iinntteerraaccttiioonn((ZZPP770077xxUUNN4444005522))  xxYY11  wwii tthh  338855..9911  
ccmm22..TThhee  ssaammee  ttaabbllee  sshhoowweedd  ssiiggnnii ff iiccaanntt  
ddii ff ffeerreenncceess  eeff ffeecctt  ooff   iinntteerraaccttiioonn  bbeettwweeeenn  
ggeennoottyyppeess  aanndd  yyeeaarrss  iinn  NNuu..  ooff   rroowwss  eeaarr--11  ,,tthhee  
iinntteerraaccttiioonn    bbeettwweeeenn  ((OOHH4400xxZZPP--330011))xxYY11  aanndd  

((IIKK88xxOOHH4400))  xxYY11  rreeccoorrddeedd  tthhee  mmaaxxiimmuumm  NNuu..ooff   
rroowwss  eeaarr--11  wwhhiicchh  wweerree  1188..0000  rroowwss  aanndd  tthhee  lloowweesstt  
vvaalluuee  wwaass  1133..0000  rroowwss  bbyy  tthhee  iinntteerraaccttiioonn  bbeettwweeeenn  
((IIKK88xxIIKK5588))xxYY11  ..FFrroomm  tthhee  NNuu..ooff   ggrraaiinnss  rrooww--11  
,,tthhee  iinntteerraaccttiioonn  bbeettwweeeenn((IIKK88xxIIKK5588))xxYY22  ggaavvee  
mmaaxxiimmuumm  NNuu..,,ooff   ggrraaiinnss  rrooww--11  wwhhii llee  tthhee  lloowweesstt  
NNuu..ooff   ggrraaiinnss  rrooww--11  wwaass  3300..0000  eexxhhiibbii tteedd  bbyy  tthhee  
iinntteerraaccttiioonn  bbeettwweeeenn  ((UUNN4444005522xxDDXX))  xxYY11  ..  
RReeggaarrddiinngg  tthhee  330000  ggrraaiinn  wweeiigghhtt  ,,tthhee  ddii ff ffeerreenncceess  
ooff   tthhee  iinntteerraaccttiioonn  eeff ffeecctt  oonn  tthhee  330000  ggrraaiinn  wweeiigghhtt  
,,tthhee  hhiigghheesstt  vvaalluuee  wwaass  7755..2233  gg..  aatt  tthhee  iinntteerraaccttiioonn  
bbeettwweeeenn  ((ZZPP770077xxUUNN4444005522))xxYY11  ,,wwhhii llee  tthhee  
lloowweesstt  vvaalluuee  rreeccoorrddeedd  bbyy  tthhee  iinntteerraaccttiioonn  
((IIKK88xxIIKK5588))xxYY22  wwhhiicchh  wwaass  4444..6644gg..TThhee  rreessuull ttss  
wweerree  ccoonnff ii rrmmss  iinn  ((ttaabbllee  55)),,wwhheerree  tthhee  iinntteerraaccttiioonn  
wwaass  ssiiggnnii ff iiccaanntt    tthhee  ttrreeaattmmeenntt  ((IIKK88  xxOOHH4400))  xxYY11  
hhaavvee  hhiigghheesstt  ggrraaiinn  yyiieelldd  ppllaanntt--11  wwii tthh  ((111133..4466  gg))  
ffooll lloowweedd  bbyy  ((IIKK88  xx  HHSS  ))xxYY11  wwii tthh  110044..1100  gg  
,,wwhhii llee  tthhee  ttrreeaattmmeenntt  ((ZZPP770077xxUUNN4444005522))xxYY11  
ggaavvee  tthhee  lloowweesstt  vvaalluuee  wwii tthh  5511..7722  gg  ..TThhiiss  rreessuull tt  
aaggrreeeemmeenntt  wwii tthh  GGrrzzeessiiaakk((22000011));;  NNaauusshhaadd  eett  
aall ..,,((22000077));;  IIhhssaann            eett  aall ..((22000055));;                              aanndd                
AAll ..AAhhmmaadd  eett  aall ..((22000044))  ..  

 
  



 Table(5): effect of interaction between genotypes and years on studied characters.  

Years vvaarriieettyy  
PPllaanntt  hheeiigghhtt  

((ccmm))  
EEaarr  hheeiigghhtt  

((ccmm))  
LLeeaaff  aarreeaa  

    ((    ccmm
22
  ))  

NNuu..ooff  rroowwsseeaarr
--

11
  

NNuu..ooff  
ggrraaiinnss  
rrooww

--11
  

330000ggrraaiinn  
wweeiigghhtt  

((gg))  

ggrraaiinn             
yyiieelldd  ppllaanntt

--11
  

    ((gg))    
  

 
2011 
(Y1) 

IK8  x IK58 128.50  f 52.50 f 444.62 fg 13.00 c 34.00 def 60.00     abcde 52.86    d 

ZP707  x UN44052 135.00 ef 55.60 ef 385.91 g 17.00 ab 36.00 cdef 75.23    a 51.72    d 

IK8 x HS 163.95 abc 67.75 cde 519.72 ef 16.00 abc 32.50  ef 69.24    ab 104.10  ab 

IK8  x  DK 144.50 cdef 71.50 bcd 525.85 ef 16.00 abc 34.00 def 55.70    bcde 61.97   cd 

OH40  x  ZP-301 144.40 cdef 67.65 cde 691.49 bc 18.00 a 33.00      ef 56.50    bcde 85.84  abc 

IK8   x   OH40 143.70 def 65.00 def 418.21 fg 18.00 a 40.00  bcd 64.44   abc 113.46  a 

UN44052  x  DK 141.55 ef 64.85 def 431.89 fg 15.50 abc 30.00    f 59.28    abcde 80.78   bc 

2012 
(Y2) 

IK8  x  IK58 170.00 ab 81.00abc 720.00 ab 14.00 bc 48.00     a 44.64   e 77.17   bcd 

ZP707 x UN44052 169.75 ab 83.75 ab 664.69 bcd 16.00 abc 42.00     ab 52.08   cde 102.84 ab 

        

IK8 x HS 182.50 a 90.50 a 681.75 bcd 14.00 bc 
34.00     
def 

50.16   cde 66.99  cd 

IK8 x DK 165.75 ab 77.50 abcd 706.88 b 16.00 abc 35.00    def 52.56   cde 88.36  abc 

OH40 x ZP-301 162.50 bcd 72.00 bcd 819.00 a 14.00       bc 
40.00     
bcd 

62.28   abcd 100.03  ab 

IK8 x OH40 151.25 bcde 65.50 def 582.58 bcd 18.00 a 
37.00   
bcde 

50.89   cde 70.71    cd 

UN44052 x DK 171.00 ab 86.50 a 570.00 de 16.00 abc 
42.00     
abc 

46.92  de 101.44 ab 
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Plant height exhibited significant positive 
genotypic correlation with ear height 
rG=0.67(Table 6 ). 

 However the genotypic correlation of plant 
height with Leaf area, 300 kernel weight and 
yield was not significant. Plant height showed 
significant positive phenotypic correlation with 
ear height (rph= o.65) and non significant with 
other traits .positive and significant genotypic 

between ear height with leaf area and kernel 
yield plant-1 with (rG= 0.55 and rG =60) 
respectively.      

 The same result obtained in case of 
phenotypic correlation between ear height and 
leaf area, rph = 0.53. The other traits showed 
positive or negative and non-significant 
genotypic between them 

Table (6) Genotypic (Above Diagonal and phenotypic Bellow Diagonal) correlation among various traits of seven maize 
hybrid-2011. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 rG = genotypic correlation 
rph = phenotypic correlation  

 
 
 
 

PPllaanntt  
hheeiigghhtt((

ccmm))  

EEaarr  
HHeeiigghhtt  
((ccmm))  

LLeeaaff  
aarreeaa  
((ccmm

22
))  

NNuu..ooff  
rroowwss  
eeaarr

--11
  

    

NNuu..ooff  
ggrraaiinnss  
rrooww

--11
  

330000ggrraaiinn  
wweeiigghhtt  

((gg))  

ggrraaiinn                        
yyiieellddppllaanntt

--11
  

          ((gg))    
    

Plant height(cm) 
 

 
0.67** 

 
0.33 0.32 0.05 0.33 0.50 

Ear height (cm) 0.65*  0.55* 0.26 0.21 0.19 0.60* 

Leaf area 
(cm

2
) 

0.29 0.53*  0.11 -0.07 0.18 0.35 

Nu.of row ear
-1

 0. 19 0.11 0.12 
 
 

0.01 -0.07 0.13 

Nu.of grains 
row-1 

0.03 0.14 -0.12 -0.05  0.12 0.45 

300grain 
weight(g) 

0.15 0.09 0.06 -0.16 0.24  0.29 

    ggrraaiinn                                    
yyiieelldd  ppllaanntt

--11
  

    ((gg))  
 

0.35 0.39 0.13 -0.005 0.37 0.27  
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Table(7): Genotypic(above Diagonal and phenotypic bellow Diagonal) correlation among various traits of seven maize 
hybrid -2012. 

 
The data in table (7) showed the genotypic 

and phenotypic correlation between the many 
traits .The plant height exhibited a positive 
genotypic correlation with ear height and 
positive or negative genotypic correlation and 
significant with the other traits .Leaf area 
showed negative genotypic correlation with no 
.of row ear-1 with (rG=0.73) while the 
phonotypic correlation showed a positive and 
significant correlation between Nu. of row ear-1 
with Leaf area with (rph=0.60 ) ,but the 
remaining traits showed positive and negative 
phenotypic correlation between them.   

 
Conclusion 

pprreecceeddiinngg  rreessuull ttss  aanndd  ddiissccuussssiioonn  rreevveeaalleedd  tthhaatt  
ddii ff ffeerreenntt  mmaaiizzee  hhyybbrriiddss  hhaavvee  ppeerrffoorrmmeedd  
ddii ff ffeerreennttllyy  ffoorr  yyiieelldd  aanndd  yyiieelldd  ccoommppoonneenntt  mmaayy  bbee  
ccoonncclluuddeedd  tthhaatt  mmaaiizzee    aanndd    hhaavvee  rreessuull tteedd  iinn  
bbeetttteerr  ppeerrffoorrmmaannccee  ffoorr  yyiieelldd  aanndd  yyiieelldd  
ccoommppoonneennttss,,  aanndd  aarree  rreeccoommmmeennddeedd  ffoorr  
ccoommmmeerrcciiaall   ccuull ttiivvaattiioonn  iinn  DDuuhhookk  aanndd  ootthheerr  
llooccaattiioonn  hhaavviinngg  tthhee  ssiimmii llaarr  ccll iimmaattiicc  ccoonnddii ttiioonn,,  
aaff tteerr  ddeevveellooppmmeenntt  ooff   iimmpprroovveedd  pprroodduuccttiioonn  
tteecchhnnoollooggyy,,  aanndd  aallssoo  ii tt  ccoonncclluuddeedd  tthhaatt  sseelleeccttiioonn  
ffoorr  ggeennoottyyppeess  hhaavviinngg  hhiigghh  yyiieelldd  ppootteennttiiaall   mmaayy  bbee  
bbaasseedd  oonn  ppllaanntt  hheeiigghhtt  aanndd  NNuu..  ooff   rrooww  eeaarr  --11..      
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  ::ةةصصلخلالخلااا
ري هذ ري هذب ي    ب ري وسمي   ب صفربء  ذر ب ة ه م ب ا  و حا وم وربثي  اي ب قويم ب درب  ي  ب ري وسمي   ب صفربء  ذر ب ة ه م ب ا  و حا وم وربثي  اي ب قويم ب درب    ٠١١ص٠١١صب

ة دهوك    ص٠١صص٠١صوو ام ات  ا زرب وب ية ب ة دهوك  في حق  ام ات  ا زرب وب ية ب   ..  في حق 

وربثي لأرفاع ي ب ترب ين ب وية   ي بلم ا ات  رو ود  ائ و وربثي لأرفاعأظهرت ب ي ب ترب ين ب وية   ي بلم ا ات  رو ود  ائ و ات  أظهرت ب اتب ات   ب فرو ا ب ي في حين  ور اح ب ات وبلم فرو ا ب ي في حين  ور اح ب وبلم
وى  وى ى م صفة وزن ٠،٠٥٠،٠٥ى م وي  ير م روج  ذور   دد ب ات و صفة وزن لأرفاع ب وي  ير م روج  ذور   دد ب ات و ي   ٠٠ص٠٠صلأرفاع ب ري و ب ات  ي ح وحا ب ري و ب ات  ح وحا ب

صفات ..٠١١ص٠١١ص قية ب وي  ير م روج و وي لأرفاع ب ي وم ور اح ب وي  ية  بلم ا ات  فرو ا ب صفات ا  قية ب وي  ير م روج و وي لأرفاع ب ي وم ور اح ب وي  ية  بلم ا ات  فرو ا ب هرت هرت ا أظا أظ،،ا 
ي ووزن  ور اح ب روج  وبلم ات وإرفاع ب ين ب ين إرفاع  اط  ة إر لا ود  ائ و ي ووزن ب ور اح ب روج  وبلم ات وإرفاع ب ين ب ين إرفاع  اط  ة إر لا ود  ائ و وي م حا   ٠٠ص٠٠صب ير م وي م حا ح و ير م ح و

ات  ات ب ي ،،ب ور اح ب وبحد وبلم روج ب صفوف  دد ب وي م  ير م اط مو و هري إر اط بلم ي ا أظهرت إر ور اح ب وبحد وبلم روج ب صفوف  دد ب وي م  ير م اط مو و هري إر اط بلم ان   ،،ا أظهرت إر ا  ان ي ا  ي
اط مو اط موألأر ير م  آ آ ألأر ير مو روج و صفوف  دد ب ين  روج وي  صفوف  دد ب ين  ة   وو  وي  قي ي  ور اح ب ة بلم قي ي  ور اح ب   ..    ٦٠٦٠،،٠٠بلم
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Abstract 

The main objective of this work is to size a vertical axis gas liquid separator to separate gas and liquid on a long 
distance in gas-liquid pipelines. This is necessary to ensure the safe operation of the compressors used along the 
pipelines. 

The separator equipped with wave plate demister (vane pack) as the secondary separator. 
The design is achieved through investigation of the parameters which has an effect on the separation efficiency of 

the separator. In this study, inlet pipe diameter, vessel bend spacing, vane pack bend angle, momentum breaker, vane 
pack plate spacing, and the number of bends in pack were used. From the results of this study overall separation 
efficiency of 99.99% has been achieved.   

  
KEYWORDS: phase separation, efficiency, vertical separator, vane pack.  

 

1. Introduction 

Phase separators, particularly gas / liquid 
two-phase separators, are employed in a very 
wide range of industries. They can range from 
the small size application to large vessel employ 
on offshore oil production platforms or slug 
catchers at the shore terminals of undersea 
transmission pipelines. 

Phase separator separates the well fluids into 
gas and liquid. A two-phase separator can be 
horizontal, vertical or spherical. The liquid (oil, 
emulsion) leaves the vessel at the bottom 
through a level-control or dump valve. The gas 
leaves the vessel at the top, passing through a 
mist extractor to remove the small liquid 
droplets in the gas. The mechanisms of phase 
separation employed include setting under the 
action of gravity or centrifugal forces and 
impaction onto solid surfaces. 
1.1. Separator Type 

There is primary (gravity) separator (vertical 
or horizontal) and secondary separator or 
demister employed for phase separation. The 
sizes of drop which can be removed from the gas 
phase can vary over a wide range in demister, 
depending on their form of source. According to 

their size, it can be classified as a rough 
approximation; those above 10 µ m are referred 
to as sprays, below these range droplets are 
regarded as mists or aerosols. Sprays and mists 
are not uniform but always consist of drops of a 
distribution of sizes. 

The type of demister used will rely on the 
drop size distribution of the mist and the 
efficiency required. A combination of types will 
be employed in many cases. Gravity separator or 
cyclones are used if the mist with drops above 
100 µm  a unit capable of handling finer drops 
followed should be necessary. Therefore, for 
finer drops, whether the main part of the mist or 
the tail of a coarser mist, wave plate or mesh pad 
demisters or axial flow cyclones are suggested.   

Wave plate demisters or separators (also 
known as vane pack demisters) are composed of 
series of wave plates laid side by side. The 
inability of drops to follow the gas through the 
plates can determine the effectiveness of wave 
plate. The drops tend to follow a straighter line, 
impinge on the wall and drain away. Additional 
features are employed in the form of recessed of 
protruding channels to assist drainage of the 
liquid, shown in Figure (1). 

 
 
 
 
 
 
 
 
 
Figure (1) arrangement of typical wave plate 
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The wave plate units are operated with 
vertical flow or horizontal flow. In the case of 
vertical flow the collected liquid has drain 
counter-currently to the gas flow. Consequently, 
there is a limitation that is counter-current flow 
limitation or flooding when the gas begins to 
hold liquid up with it. But for horizontal gas 
flow, liquid drainage is obviously perpendicular 
to the gas flow. In both cases local re-
entrainment and loss of efficiency can be cause 
by the accumulation of liquid.  

The bend angle, the plate spacing and the 
approach velocity of the gas are the important 
parameters of the wave plate geometry. 
Excepting grade efficiency, pressure drop 
through the demister is also important parameter. 

The main problem of drop removal is related 
to the fact that the effectiveness of many 
separators is decisively affected by the 
individual drop size.  For a given configuration 
of demister, the fractional separation efficiency 
represents the probability of a drop with a given 
size being retained in the separator.  The curve 
obtained by plotting the fractional separation 
efficiency as a function of particle size is called 
fractional separation curve.  This can be 
combined with the particle size distribution to 

give the effectiveness of a specific separator 
with a particular laden gas flow.  If a given 
contaminant is to be fully separated, the entire 
fractional separation curve must lie on the left of 
the oversize cumulative distribution curve. On 
the other hand, if the fractional separation curve 
lies on the right of the oversize cumulative 
distribution curve, no separation occurs at all, 
i.e. the separator is totally ineffective.  
Frequently the two curves overlap, and partial 
separation takes place Figure (2).  The overall 
separation efficiency O

 is calculated from the 

fractional separation efficiencyF
: 

dd v(d)   = 
F

d

d

O  max

min

    (1) 

The integration is performed from the 
smallest to the largest particle diameter. 
However, for the practical purposes, it is 
sufficient if the particle size distribution and the 
fractional separation efficiency are available in 
graphical form.  The approximate overall 
separation efficiency is then calculated from the 
following equation: 

v   = iFO        (2)  

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (2) Particle size distribution curve and fractional separation efficiency curve 
 

From the above it can be seen that sufficiently large drops are always completely separated while 
small drops can escape separation altogether.  However, what the meaning of large and small is 
depends on the particular piece of equipment. 

Typical grade efficiency curves for wave plates, measured by Azzopardi et al. (2000) are shown in 
Figure (3) where the effect of gas velocity can be seen.  As well as data from plain wave plates, the 
figure also shows data from a unit with drainage channels or hooks.  These results were taken on a 
carefully designed wind tunnel, which provided (nearly) saturated air to minimize evaporation of the 
drops.  The drop flow was sampled before and after the demister and sorted into sizes.  From this the 
grade efficiency could be determined.   
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Figure (3) Effect of gas velocity and wave plate geometry on grade efficiency for wave plate 
demisters. 
 

The occurrence of re-entrainment in wave 
plate demisters has been studied by Houghton 
and Radford (1939), Monat et al. (1986), 
Verlaan (1991) and Sanaullah and Azzopardi 
(1999).  For vertical wave plates (gas up flow, 
downwards drainage of the liquid) the 
mechanism for the decrease in efficiency has 
been attributed to flooding of the draining film 
by the upward shear of the gas, Verlaan (1991).  
Flooding is the condition at which an upwards 
gas flow starts to prevent the down flow of 
liquid.  From their experiments with air/water at 
ambient conditions, Monat et al. (1986) 
proposed that re-entrainment would occur when 
a critical value of dimensionless re-entrainment 
number (Ug

4g
2/lg) was exceeded.  This group 

is the fourth power of the dimensionless 
velocity, usually called the Kutateladze number, 
a parameter much used in the analysis of 
flooding processes.  For horizontal systems 

Sanaullah and Azzopardi (1999) propose that it 
is the centrifugal forces on the film as it goes 
around a corner that causes re-entrainment.  
They propose a simple model which successfully 
describes the limiting gas flow determined 
experimentally. 

 
1.2. Pressure Drop  

Pressure drop across the unit is another 
important design parameter.  A correlation has 
been proposed by Wilkinson (1999) which 
predicts a large bank of data from plain wave 
plates to within +26/-37% with all data being 
encompassed by ~53%.  More interestingly, 
Burkholz (1989) has proposed that pressure drop 
correlates well with the drop diameter for which 
the collection efficiency is 50%.  Figure (4) 
show that data from both plain wave plates and 
those with drainage channels both lie on one line 
when plotted in this way.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (4) correlation of pressure drop with drop size whose collection efficiency is 50%. 
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1.3. Diameter and Height of Vessel: 
Sinnott (1999) suggested that the settling 

velocity of the liquid droplets for the design of 
separation vessels can be estimated by the 
equation (3) given below: 
                  
 
 
 
                                                                                     
Where    Ut= settling velocity (m/s) 
               k  = 0. 07  
               l = liquid density (kg/m3) 
               g = gas density (kg/m3) 

The diameter of the vessel must be large 
enough to show the gas down to below the 
velocity at which the particles will settle out. 

Therefore, the minimum allowable diameter 
can be calculated by the following equation:  

Dv= {4Vv/π Ut} 
0.5

                                                          (4) 

Where Dv= minimum vessel diameter, m 
            Vv=gas volumetric flow rate, m3/s 
The height of the vessel can be found from 

the optimum length to diameter ratio as a 
summarized in table (1): 

Table(1) the range of optimum L/D ratio for 
vertical separator 
Operating pressure range(barg) Optimum L/

Atmospheric pressure to 17 barg ≤ 3 

18 barg to 34 barg ≤ 4 

Higher than 35 barg  ≤ 5 

 
2. Experimental Facility  

A schematic of a vertical separator is shown 
in Figure (5) the inlet flow enters the vessel 
through the side. The inlet diverter does the 
initial gross separation. Liquid flows down to the 
liquid collection section of the vessel, then go 
down to the liquid outlet. When liquid reaches 
equilibrium, gas bubbles flow counter to the 
direction of liquid flow and eventually migrate 
to the vapor space. Then liquid leaves the vessel 
through the liquid dump valve, which is 
regulated by a level controller. The level 
controller senses changes in liquid level and 
controls the dump valve accordingly. 

 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (5) Vertical separator for gas/liquid separation 
 

Gas flows over the inlet diverter and then up toward the gas outlet. In the gravity setting section, 
the liquid drops fall downward, counter to gas flow. Gas goes through the wave plate demisters before 
leaving the vessel. A controller opens and closes the pressure control valve at the gas outlet to 
maintain the desired vessel pressure.   
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3. Process Conditions: 

For this study, the feed into the vertical 
separator is given in Table (2): 

 
Table (2) process conditions 

Gas flow ,Q (MMscf/D) 150

Gas to liquid ratio (bbl/scf) 30000 

Liquid flow ,L(bbl/day) 4500000 

Operating pressure ,P(bar) 20 

Operating temperature ,Tº 25 

 
From the given conditions, the properties of gas 
and liquid as well as their mass flow rates are 
given in Table (3): 
 
Table (3) properties of gas and liquid 

Gas mass flow rate , Mv (t/h) 119.85

Liquid mass flow rate ,Ml(t/h) 16.77 

Gas density, ρv(kg/m3) 13.52 

Liquid density, ρl(kg/m3) 550.47 

Gas viscosity, μv(kg/ms) 1.161*10
-5

 

Liquid viscosity, μv(kg/ms) 1.668*10
-4

 

Surface tension ,σ(N/m) 0.00994 

 

4. Results and Discussion  

4.1. Inlet pipe diameter  

To obtain optimum the pipe diameter the inlet 
pipe diameter is changed according to the values 
of the standard pipe sizes.  

 The effects of the change in pipe diameter on 
the overall separator efficiency are shown in 
Figure (6). From figure, it can be seen that as the 
pipe diameter increases the overall efficiency 
decreases initially until a diameter of 0.2 m is 
reached. This can be explained by dispersion of 
larger droplets into smaller droplets due to 
increase in the vapour velocity .higher velocity 
tends to break large droplets into smaller 
droplets. At the same time, using larger pipe size 
would have an effect of producing larger 
droplets which should be relatively easier to 
coalesce and removed upon accumulation 
compare to finer droplets.  As the pipe diameter 
increases beyond 0.2 m, the overall efficiency 
increases to a value of 99.99%. For the pipe 
diameter of 1.067m .from the figure, it is also 
observed that the overall efficiency only 
increases by small amount of 0.047 when the 
pipe diameter is increased from 0.813m to 
1.067m, therefore the pipe diameter of 0.831 m 
is chosen as the optimum diameter. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure (6) effect of varying inlet pipe diameter on the overall separator efficiency  
 
4.2. Vessel Bend Spacing  

With inlet pipe diameter fixed at 0.813 and other parameters, the vessel bend spacing is changed at 
values of 0.3, 0.4 and 0.5m. Figure (7) shows the effect of varying the spacing on the adjusted bend 
efficiency. From the figure, the efficiency achieved is almost the same for droplet sizes less than 20 
μm and only at higher droplet sizes the efficiency greater at a spacing of 0.3m. Therefore the spacing 
of 0.3 m is chosen as the optimum spacing. 
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Figure (7) effects of varying vessel bend spacing on the adjusted bend efficiency. 
 
4.3. Momentum Breaker Bend Angle  

With fixing all parameters. The effect of the change in momentum breaker efficiency is 
investigated when angle is changed to 120°, 150° and 180°. The variation is shown in Figure (8). From 
the figure, as can be seen, the efficiency achieved is almost the same for droplet sizes less than 20 μm 
and then efficiency started to increase with increasing droplets diameter. In addition, it is clear from 
figure at higher droplet sizes the efficiency greater at angle 180° degree. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (8) effect of varying momentum breaker bend angle on the adjusted bend efficiency  
 
4.4. Vane Plate Spacing  

From Figure (9), it is clear that the overall vane efficiency increases as the plate spacing is reduced. 
The figure also shows that changes in the vane plate spacing have more pronounced effect on the 
efficiency for droplet diameters less than 10 m compared to the parameters which were changed 
previously. In addition, reducing the vane plate spacing will lead to higher effectiveness in removing 
smaller droplets. Reducing the plate spacing will lead to droplets to collide at the bend wall at higher 
velocity and trap in the drainage channel. The pressure drops as estimated from the correlation shown 
in figure1 are negligible for all three spacing as they are all less than 5 pa. Therefore the plate spacing 
of 0.06m is chosen as the optimum plate spacing. 
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Figure (9) effect of varying the vane plate spacing on the overall vane efficiency  
 
4.5. Number of Bends in Vane Pack 

It was found from figure (10) that the separation efficiency increases as the number of bend in the 
vane increases. This is fairly obvious as the droplets have a higher chance of collide at the bend wall 
and coalesce to from droplets. From figure it is also observed that a certain vane has certain limitation 
on the size of droplets that it can separate, which does not vary with change in the number of bend in 
the vane .therefore increasing the bend number further will not help in achieving a better separation in 
terms of removal of more smaller droplets, but will help in more complete separation of larger 
droplets.. 

 
 
 

  
 
 
 
 

  
 
 
 
 
 
 
 

Figure (10) effect of varying the number of bends in vane pack on the overall vane efficiency  
 
4.6. Vane Pack Bend Angle  

From Figure (11), it is found that increasing the angle of vane pack bend will increase the overall 
vane efficiency as the gas and droplets have to bend through a greater angle. Therefore the number 80 
degree is chosen as the optimum vane pack bend angle. The pressure drop for this case is around (10 
pa) estimated from figure (4). 
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Figure (11) effect of varying the vane pack bend angle on the overall vane efficiency  
 
4.7. Final Design  

From the results of the investigations on the effects of changing various parameters on the 
separator efficiency, the following design as shown in table (4). An overall separation efficiency of 
99.99% is achieved .The arrangement of the four vane packs in the separator is shown in Figure (12). 
 
Table (4) final design parameters for the vertical phase separator 

Overall design efficiency % 99.99 

Vessel diameter (m) 2.7 

Vessel height (m) 10.8 

Pipe diameter (m) 0.813 

Pipe bend radius(m) 1 

Pipe bend angle 1.571 

Vessel bend angle 1.571 

Vessel bend spacing(m) 0.3 

Momentum breaker bend radius(m) 1 

Momentum breaker bend angle 3.142 

Vane pack bend radius (m) 0.05 

Vane pack bend angle 1.396 

Vane pack bend spacing (m) 0.006 

Number of packs 4 

Pack depth(m) 1 

Number of vanes per packs 200 

Number of bends in packs 8 
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Figure (12) arrangement of vane pack from the top view of the vessel 
 
5. Conclusion 

An investigation has been undertaken to 
understand the effect of design parameter on 
vertical gas/liquid two-phase separator. From the 
data collected it can be concluded that: 
  The efficiency increases with decrease in 
vane packs plate spacing.  The efficiency of separator rises with an 
increasing in number of bends in the vane pack 
(up to 8).   Increasing number of bends in pack increase 
the efficiency of separator.  The efficiency of separator slightly increases 
with an increase in bend angle before separator, 
and the maximum efficiency of this case is 
99.99%.  
 
Abbreviations  

 O
        Overall separation efficiency  

F
         Fractional separation efficiency  

Ut           Settling velocity (m/s)             Liquid density (kg/m3) g          Gas density (kg/m3) 
Dv             Minimum vessel diameter, m 
Vv          Gas volumetric flow rate, m3/s 
π            pi(3.14)             Surface tension (N/m) 
g            Gravity  
Ug             Superficial velocity of gas (m/s)   
L            Length of vessel, (m) 

D           diameter of vessel, (m) 
Mv        Gas mass flow rate , (t/h) 
μv          Gas viscosity, (kg/ms) 
P            Pressure, (bar) 
T            Temperature, (C) 
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صمي اص العموثي بي الغاز  قياس ضغط الغاز أثير  اءة ال ابي الغاز/  ى ك ط أ  السائ في 

خص   :الم

ى  ص الغاز والسائ  اص الغاز و السائ ل حديد حج   المحور العموثي ل الهدخ الرئيسي  هذا العم هو 
ط و الغاز ابي الن طوط أ ى طول . سافة بعيدة في  ة  خد ضواغط المس شغي الآ  ل ر ضروري لضمان ال وهذا أ

ابي  . طوط الأ

اص المجهزة  بساح الرطوبة ذات ا ويال اص ثا موت ك    لسط الم

اص اءة فص  ال ى ك أثير  ي لها  قياس ضغط الغاز وال دقيق في  لال ال صمي   حقيق ال في هذ .  
حناء ريشة المروحة، المح اء، زاوية ا نحنى الو د  با ي،    بوب الدا د لوحات الريشة، , الدراسة، قطر الا با

حناءات في الحز  دث  الا يجة   . ةو لال هذ الدراسة  الوصول الى    اص٩٩,٩٩  اءة ال  ..ط  ك
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Abstract 

A series of 2-amino-5-(substituted phenyl) 1,3,4- thiadiazol have been synthesized through the reaction of  

thiosemicarbazide with substituted  benzoic acids in the presence of phosphoroxy chloride readily undergo  

nucleophilic addition – elimination reaction with chloroacetyl chloride in benzene as a solvent to afford 2-chloro 

acetamido compounds. The prepared compounds were subjected  cyclization reaction and results in the formation of 

a series of 2- imino-3-(substituted phenyl)  1,3,4- thiadiazol-2yl-thiazolidinone -4 one .   

The IR ,1H and 13C- NMR spectra of the prepared compounds were confirmed to their proposed structures . 

Finally antimicrobial activity of the newly obtained compounds were tested against Klepsilla pneumonia (gram -ve )     

and  Staphylococcusaurous (gram + ve)  and the results showed that most of the prepared compounds are sensitive 

against both types of test organisms in different activities .  

 

Key words: iminothiazolidin-4-one,  antimicrobial, addition–elimination 

 

1. Introduction 

 heterocyclic   compound (Morrison  and 
Boyd ,1992)     is one that contains a ring 

made up of more than one kind of atom. 
Heterocyclies (Chavan  and Pai, 2007) bearing 
nitrogen, sulfur, and thiazole moieties constitute 
the core structure of a number of biological 
interesting compounds. The chemistry of 
thiazolidin-4-one ring system is one of 
considerable interesting as it is a core structure 
in various synthetic pharmaceuticals that 
displaying a broad spectrum of biological 
activities .Also 2-iminothiazolidin-4-ones have 
been found to have antifungal activity.   

Design ( Saeed et al. 2007) of general, simple 
and efficient methods for rapid synthesis of 
thiazolidinone would be greatly valuable and 
could warrant further investigations in drug 
discovery. Among (Turget et. al,2007)    these 
types of molecules , 4-thiazolidinones have been 
shown to have various important biological 
activities such as bacterial antifungal and  
antiviral. Quantitative structure – activity 
relationship (QSAR) studies have also been 
performed on the basis of the fact that the 
biological activity of a compound is a function 
of it is physicochemical properties(Sharma 
et.al.,2009). 

4-Thiazolidinones (Jubi et.al.,2009)  are 
derivatives  of thiazolidine with carbonyl group 
at the (4) position and formed by the attack of 
sulfur nucleophile on imine carbon followed by 
intramolecular cyclisation with the elimination 

of water. The derivatives of 4-thiazolidinone 
nucleus has occupied a unique place in the field 
of medicinal chemistry . 

The synthesis of 2- iminothiazolidine -4-one  
has been (Singh et.al,1981) reported by using 
thiourea and sodium salt of the labled 
monochloroacetic acid . 

2-Imino thiazolidinone were synthesized 
(Banday and Rauf,2009) from fatty acid 
hydrazides, firstly acylthiosemicarbazide was 
obtained which on cyclization of the latter 
compound with chloroacetyl chloride in 
chloroform give the desired 2- 
iminothiazolidinone .the aim of the our work is 
synthesize and spectroscopic identification of a 
new series of biologically active  2- 
iminothiazolidinone compounds. 

 
2- Experimental 

Instruments: 

1- Melting points were determined by using 
electro thermal melting point apparatus from 
Stuart Scientific uncorrected. 
2- IR spectrum were taken by Bio-rad Merlin 
FTIR spectroscopy ,Mod  FTS 3000 .  
3- The Nuclear Magnetic Resonance (300 MHz 
1H-NMR and 75MHz13C-NMR) spectra were 
recorded on a Brucker  using TMS as internal 
standard at Al-Albayat University-Jordon. 
 

 

A
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2.1 Synthesis of 2-amino-5-( substituted 

phenyl)  1,3,4-thiadiazols (1 a- h). 

(Jumaa,2005) 

A mixture  0.02 mole of substituted benzoic 
acids, 0.02mole thiosemicarbazide and 10 mL of 
phosphoroxy chloride was placed in a 100 mL 
round bottom flask and refluxed for 0.5 h , the 
resulting reaction mixture cooled and followed 
by adding 24 mL of cooled water slowly. The 
obtained solution was further refluxed (4h). 
After completion of the reaction , the product 
was separated and washed with sodium 
carbonate solution (2.5 %)  and water 2- times , 
then subject to dryness at r.t and recrystallized 
from (DMSO + H2O ) .The yields and melting 
points were summarized in  Table (1) .   

 
2.2   Synthesis of 2-chloro acetamido-5-

(substituted phenyl) 1,3,4- thiadiazols  (2 a-

h).(Liu et. al,2000). 
In  a (100 mL)  round bottom flask equipped 

with a dropping funnel  and condenser,(0.01 
mole) of 2-amino-5-(substituted phenyl) 1,3,4- 
thiadiazol was dissolved in benzene (30 mL)  

.The solution was cooled to (0-5C˚). After 
cooling, 0.01 mole of chloroacetyl chloride was 
added  slowly  to the mixture with vigorous 
stirring .  After completion the addition , the 
reaction mixture was refluxed for 3h , and 
benzene  removed under vaccuo . The residue 
was washed with 5% NaHCO3 ,and subsequently 
with water,  then  dried and  recrystallized from 
DMSO and water .The percentage of yields and 
melting points of the synthesized amides are 
shown in Table (2).   
2.3     Synthesis of 2-imino-3-(substituted 

phenyl) 1,3,4-thiadiazol-2yl- thiazolidine-

4ones ( 3 a-h) ):(Liu et. al,2000). 

In a  (50 mL)  round bottom flask  a mixture 
of  2- chloroacetatemido 5- (substituted phenyl) 
1,3,4-thiadiazol (0.01 mole ) and  KSCN (0.01 
mole )  in acetone  ( 33mL)  was refluxed for 3 
h. The excess of acetone removed under vacuum 
.The solid  product was recrystallized  from 
toluene.  The percentage of yields and melting 
points of synthesized products are shown in 
Table  (3)  

 

Table (1): some physiochemical properties of prepared amines (2-amino-5-(substituted phenyl) 1,3,4-
thiadiazols ( 1 a-h):  

S

N N

NH2

X  

 
 

 
 
 
 
 
 

Compound 
 

X M .F Yield % M.P  ̊C 

1 a 
4-CH3 

 
C9H9N3S 62 214-216 

1 b 4-OCH3 
C9H9N3OS 

 
85 228-230 

1 c 3-Cl 
C8H6ClN3S 

 
85 212-214 

1 d 4-NO2 
C8H6N4SO2 

 
83 226-230 

1 e 3-NO2 
C8H6N4O2S 

 
82 220-222 

1 f 4-Br C8H6BrN3S 
82 
 

231-233 

1 g 3-Br C8H6BrN3S 
82 
 

220-222 

1 h H C8H7N3S 
83 

 
174-176 
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Table (2): Some physiochemical properties of prepared amides (2-chloroacetamido-5-(substituted 
phenyl) 1,3,4-thiadiazols  ( 2 a-h): 
 

S

N N

NH C

O

CH2Cl

X  
 

 
Table (3): some physiochemical properties of prepared  (2-imino-3-(substituted phenyl)1,3,4-
thiadiazol-2yl thiazoilidin-4-ones( 3 a-h) :  
 

N

S

N

N

S

O

HN

X

 

  
 
 

Compound 
X 
 

M.F of amides Yield % M.P  ̊C 

2 a 
4-CH3 

 
C11H10ClOS 79 194-196 

2 b 
4-OCH3 

 
C11H10ClN3O2S 84 253-255 

2 c 
3-Cl 

 
C10H7Cl2N3OS 83 174-176 

2 d 
4-NO2 

 
C10H7ClN3O3S 81 142-144 

2 e 
3-NO2 

 
C10H7ClN4O3S 81 190-192 

2 f 
4-Br 

 
C10H7BrClN3OS 83 190-192 

2 g 
3-Br 

 
C10H7BrClN3OS 83 194-196 

2 h 
H 
 

C10H8ClN3OS 83 228-230 

Compound 
 

X M.F Yield % M.P ˚C 

3 a 
4-CH3 

 
C10H10N4OS2 63 192-194 

3 b 
4-OCH3 

 
C12H10N4O2S2 63 185-187 

3 c 
3-Cl 

 
C11H7ClN4OS2 50 210-212 

3 d 
4-NO2 

 
C11H7N5O3S2 44 190-192 

3 e 
3-NO2 

 
C11H7N5O3S2 43 164-166 

3 f 
4-Br 

 
C11H7BrOS2 37 230-232 

3 g 
3-Br 

 
C11H7BrN4OS2 35 98-100 

3 h 
H 
 

C11H8N4OS2 35 200-202 
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Results and discussion 

3.1   Synthesis of 2-amino -5-(substituted phenyl) 1, 3,4-thiadiazol  (1 a-h ) (Jumaa,2005) . 

The reaction of substituted benzoic acids with thiosemicarbazide in the presence of phosphoroxy 
chloride gives 2- amino-5-(substituted phenyl) 1,3,4-thiadiazole. The products were identified  by IR,1 
H-NMR, and 13C-NMR . 

COOH

H2NHN NH 2

S

X

POCl 3

NN

S

NH 2

+

(1 a-h)  
 

IR spectrum of  2-amino -5- (p-methyl phenyl) 1,3,4- thiadiazol (1 a) , Fig (1) (Table 4),   observed 
several characteristic absorption bands at (3281 and 3081) cm-1  due to NH2 group and at 2960 cm -1  
due to C-H str. of the methyl group (Madkoub , 2004) at para  position of the benzene ring and the 
disappearance of carbonyl group band for substituted benzoic acids is a good evidence for the 
elucidation of expected structure . The 1H-NMR data(Table5),showed a signal at 2.3 ppm for methyl 
and amino groups at 7.4ppm . In addition , the aromatic protons were resonated in the aromatic region 
between  7.2-7.7 ppm(Chavan  and Pai, 2007) .      

The 13C-NMR spectrum of compounds (1a) (Table 6),revealed the expected signal at 21.3 ppm 
(Moghaddam and Hojabri,2007) due to methyl carbon atom , and also two  signals at (169 ,156)  due 
to C2  and C5 of the thiadiazol ring , respectively . 

   
Table (4): Assignments of characteristic frequencies (cm-1) of IR spectra for the prepared amines (1a-
h). 

NN

S

NH 2

(1 a-h)

1 2

34

5
6

78

9

8 7
X

 

 
Compound N-H  

Str. 
C-H 
Aromatic Str. 

C-H  Aliphatic 
Str. 

C=N str. C=C 
Str. 

NO2 
Str. 

1 a   3281 , 3081 3040 2960 1637 1515 ------- 

1 b 3254 , 3101 3030 2950 1609 1513 ------- 

1 c  3400 , 3150 ------- -------- 1622 1525 ------- 

1 d 3427 , 3230 3093 --------- 1639 1595 1352,1525 

1 e 3407 , 3280, 
3159 

3100 --------- 1635 1527 1345,1535 

1 f 3461 , 3290 3100 --------- 1681 1599 -------- 

1g 3380 , 3180 ------- --------- 1620 1523 ------ 

1 h 3275 , 3100 3060 --------- 1634 1514 ------- 

 
 
Table (5): 1 H –NMR data of  prepared substituted amines (1a,b)  
 

Compound 
δ NH  ppm 

 
 

δ CH3 
ppm 

δ  OCH3 ppm δ  Aromatic protons ppm 

1 a 7.4(s,2H) 2.3(s,3H)  
7.7 d  (2H, 7,7¯  ), 7.2 d 

(2H, 8,8 ¯  ) 

1 b 7.3(s,2H)  3.79(s,3H) 
7.0  d (2H, 7,7¯   ) 
7.7 d ( 2H, 8,8¯   ) 
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Table (6): 13C -NMR data of compound ( 1a,b) : 
 

Compound C2 C5 C6 C7,7 ¯  C 8,8¯  C9 CH3 OCH3 

1 a 169 156 130.3 129.5 129.7 21.3 21.3  

1 b 168 161 156.7 130 115 160.7  56 

 
 

 
 

Fig (1): IR spectrum of compound (1a)         
 

3.2    Synthesis of 2-chloro acetamido-5-( substituted phenyl)1,3,4- thiadiazols   (2a-h) (Liu 

et.al.2000)
                                                                                      

 

The most frequently used method for the preparation of amides is the reaction of amines and 
acylchlorides. In similar way , we focused on the synthesis of  a series of  2-chloroacetamido 1,3,4- 
thiadiazol (2a-h ) . 

NN

S

N
H

NN

S

NH2
Cl

Cl

O

(2 a-h)

Cl

O

+

(1 a-h)

X X

Benzene

reflux

 
2-Chloroacetamido-5-(p-methyl phenyl)-1,3,4-thiadiazol (2 a ) was prepared from the reaction of  

2-amino -5-(p-methyl phenyl) -1,3,4- thiadiazol and chloroacetyl chloride under reflux condition in 
benzene .  

The infrared spectrum of  2-chloroacetamodo -5-(p-methyl phenyl) -1,3,4- thiadiazol (2 a ) is 
shown in Fig. (2 ) and the most important feature of this spectrum is carbonyl stretch of the 2-
chloroacetamido moiety at (1708) cm-1(Chavan and Pai,2007) , Yadav(2005).The1H- NMR spectrum 
of (2a )(Fig 3) supported the expected structure by showing two singlet signals at ( 13 ) ppm(Chavan 
and Pai,2007) ,   due to N-H and at (2.3 ) ppm(Madkoub,2004) ,(Moghaddam and Hojabri,2007) ( for 
methyl group , on the other band , the 13C-NMR spectrum confirmed the 1H-NMR finding by 
presenting two signals at (44 ) and (42.8 ) due to the 2-chloacetamido moiety.  
3.3 Synthesis of 2-imino-3-(substituted phenyl)-1,3,4-thiadiazol-2-yl  thiazolidin-4-ones  (3 a-h ) 

Jumaa,2005). 
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Since the nucleophilic  substitution  reaction of alkyl halides with  potassium  thiocyanate  was 
successful especially in polar aprotic solvent , we decided to followed the same condition for carrying  
out reaction between (2 a ) with potassium thiocyanate in acetone under reflux condition . In this 
reaction the in situ generated substitution product readily undergoes cyclization reaction to yield 2-
imino -3-(p-methyl phenyl) -1,3,4 –thiadiazol-2-yl thiazilidin-4-ones (3 a ) . 

  

NN

S

(3 a-h)

X

Acetone

reflux

NN

S

N
H

(2 a-h)

Cl

O

X

N

S

O

HN

+  KSCN

 

 
The general feature of the IR spectrum of   for compound ( 3a) exhibits a strong  band at 1726 cm-1   

(Table7)  which belong  to carbonyl groups of the 2-imino thiazolidin -4-ones structure(Sharma et 
al.2009;Abhinit et.al.2009)  ,that is considered as evidence  for the formation of the desired product , 
and strong band at 3253 cm-1 corresponding to NH str.(   Abhinit et.al.2009 ; Makdoub 2004).  

The Fig. (4) shows the 1H-NMR data for some 2-iminothiazolidin-4-ones ( 3b) .The protons of CH3 
group   are  observed as a singlet signal at 3.85ppm (Jumaa 2005)  ,  In addition the proton of (NH) 
group in thiazolidinone ring appears at (7.2) ppm (Yadav et.al.2005 ; Moghaddam and Hojabri,2007) , 
while the protons of aromatic rings appear at (7.06-7.92) ppm,(Makdoub 2004)    and  cyclic CH2 
appears as singlet signal at (4.27) ppm (Singh et.al.1981)  .  It seem from  13C-NMR of  some 2-
iminothiazolidinones(3b), Fig. (5) , that the carbonyl  of  thiazolidinone compound (3b)  appear at 
(174.5) ppm (Moghaddam and Hojabri,2007) which is the strong  evidence for the forming of 
products. In addition to signal for(C=NH) carbon group appears (169.7) ppm(Singh et.al.1981;Aziz 
et.al.2009) and  aromatic carbons appear  at (114-161.8 ) (Aziz et.al.2009: Moghaddam and 
Hojabri,2007)  .  
 

 

 

 

 

                            

 

 

 

 

Fig (2 ): IR spectrum of compound (2 a) 
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Fig(3): 1H-NMR spectrum of compound(2a) 
  
Table (7): Assignments of characteristic frequencies (cm -1) of IR spectra of the new 2-
iminothiazolidin-4-ones (3 a-h). 
 

NN

SX

N

S

O

H N( 3  a - h )

1 2

34

5
6

78

9

8 7

 

Compound N-H           str. 
C-H str. 
Aliphatic 

C=O str. C=N str. 
C=C ring 

str. 

3 a 3252 2924 1726 1632 1450 

3 b 3437 2834 1736 1598 1580 

3 c 3212 2987 1679 1501 1480 

3 d 3200 2800 1679 1550 1590 

3 e 3281 2987 1731 1614 1690 

3 f 3200 ------- 1700 1500 1550 

3 g 3211 2981 1720 1570 1540 

3 h 3440 2920 1715 1580 1540 
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Fig (4): 
1
H-NMR spectrum of compound( 3 b ) 

 

 

 

 
 

Fig ( 5 ) : C13 – NMR spectrum of compound ( 3b ) 
 
3.4. Anti-bacterial activities of the prepared compounds: 

Some of the prepared compounds were screened for their antibacterial activity against two types of 
bacteria Staphylococcus aurous (gram positive) and Kllepsilla pneumonia (gram negative) using the 
cape late agar diffusion method . The prepared KBr discs of compounds(1:3) (the mixture was pressed 
under pressure to form discs) were placed on the surface of the cultured media and incubated for 24 
hours at 37�C .Culturing the bacteria on nutrient agar, reading the zone inhibition: the larger zone of 
inhibition represents by more +ve but un effected by national committed for clinical laboratory.    

During  this study , it was  found that the prepared compounds has anti-bacterial activity and their 
results were mentioned in (+) assignment (Table 8) .       
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Table(8): Anti-bacterial activities of some prepared compounds:-  
Compounds Microorganism 

 
Kllebsilla pneumonia –ve 

 
Staphylococcus aurous +ve 

1 a +++ +++ 

1 c +++ +++ 

1 d ++++ +++ 

1 e ++++ +++ 

2 a ++++ ++++ 

2 f +++ +++ 

3 a +++ +++ 

3 b +++ +++ 

 
Inhabitation zone (+) 7-10 mm  , (++) 11-15 mm , (+++) 16-21mm, (++++) 22-28mm (Yadav 
et.al.2005) 
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  الخلاصة

ة   س حضير س ضم هذا البحث  ينو -صي ض  ثايوثايزول ٤،ص،صأ ع حا ا ثايوسيمي كاربازايد  لال  البنزوي المعوض   
ي ورايد وال وروكسي ك ض فوس وث حا ى  بو حصول  ورايد في البنزي ل اي ك ورواسي ع ك لات الاضافة والحذخ  ا ي  -2عا

chloroacetamido 1,3,4- thiadiazol   يدة ائ     .وبن

ر في هذا جال ا قي وفي  ظام ح حوي المركبات المحضرة  بسهولة الى  ركبات  البحث   ديدة   ة  س عطي  س -صل

ينوثايزوليدي    . أون  -٤- ا

ي   ي الطي ح ذت ال رحة )  (NMR, IRأ راكي المق اكد صحةال مركبات المحضرة ل برت. ل يرآ أ ية ضد   و أ عالية البيولو ال
ريا  ي  البك خ ي  و )Klebsiella pneumonia( gram –ve), Staphylococcusaurou)gram +veو

عظ المركبات المحضرة لها حساسية ضد هذي ائ  بان  ي  اظهرت الن عاليات النو ريا و ب ة  البك  . خ
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Abstract 

Four locations were chosen from North Iraq having different soil orders namely: (Zawaita-Mollisols), (Batail-

Vertisols), (Ninevah forest-Inceptisols), (Tel-Afer-Aridisols) in order to study the role of solubility diagram and x-ray 

diffraction analysis in determining the type of mineral which effect the carbonate solubility. 

Results showed that the calcite mineral effected the carbonate solubility depending on solubility diagram 

indicating by the points that falls under calcite mineral line represented the state under saturation with respect to this 

mineral. Also the results of x-ray diffraction stated the presence of calcite at d-spacing (0.304nm) and dolomite at 

(0.289nm), therefore the peak intensity of calcite (d-spacing) was sharpened and most height than the peak of 

dolomite, this conclusion was in agreement with the results of solubility diagram that were obtained above. 

 

Keywords: Minerals, Carbonate Solubility, Calcareous, X-Ray Diffraction. 
 

Introduction  

arbonate extent a major influence on the 
chemical properties of soils, for example 

adsorption and pH-related phenomena affect the 
availability of plant nutrients such as Zn and Fe, 
Mn (Bui et al., 1990).  Calcium carbonate 
characterized by interaction with soil system, 
also their chemical and geochemical reactions 
interacted with other phases in soils which 
caused a large different in their properties 
especially the dissolution (Rezaei et al., 2004). 
This solubility is affected mainly by HCO3

- and 
CO3

-2 concentration with effect on the chemistry 
of carbonate (Manahan 2005). Carbonate having 
different phases in soils named calcite, dolomite, 
aragonite, siderite, vaterite, magnesite depending 
on their solubility, but calcite and dolomite 
minerals formed a major carbonate phases in 
soils (Holtzclaw et al., 1986) and (Karl and 
Vodvic, 2000). The differentiation between these 
phases has important implication in soil genesis, 
chemistry and fertility (Holtzcalw et al., 1986). 
Langmuir, 1997 considered dolomite as one of 
the carbonate minerals common in sedimentary 
rocks, its solubility controlled by tow reactions: 
1. Congruent reaction: happen in one step. 
CaMg(CO3)2                 Ca+2 + Mg+2 + 2CO3

-2 
2. Incongruent reactions: happen in two steps. 

 CaMg(CO3)2                CaCO3 + Mg+2 + CO3
-2 

CaCO3                 Ca+2 + CO3
-2 

 
Karbery et al., 2005 stated that the 

weathering and solubility of carbonate minerals 
is controlled by partial pressure of CO2 
according to Hennry’s law which stated that the 
increase in carbonic acid is followed by 
increasing the rate of minerals weathering in 
soils. The chemical weathering of carbonate 
based on physo-chemical conditions of water 
and solid phase, with some parameters play an 
important role in the solubility of carbonate such 
as pH, PCO2, ionic strength, Ca+2 ions, foreign 
ions (Abril et al., 2003). 

The objective of this study was to 
differentiate the mineral which control the 
carbonate dissolution using solubility diagram 
and x-ray diffractometer (XRD). 

 
Materials and Methods 

This study was conducted on four locations 
from north Iraq having different soils orders 
namely: Zawaita-Molliosls, Batail-Vertisols, 
Ninevah forest-Inceptisols and Tel-Afer-
Aridisols. These soils were classified at soil 
series (table 1) depending on (Soil Survey Staff, 
1994) and (Al-Agaid, 1989).  

 

Table (1): Soils classification at soil series 

Location Order suborder great group series 

Zawaita Mollisols Xerolls Calcixerolls 653 CCE 

Batail Vertisols Xererts Chromoxererts 452 CCW 

C
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Ninevah forest Inceptisols Ochrepts Xerochrepts 432 CCF 

Tel-Afer Aridisols Orthids Calciorthids 453 CCW 

Therefore the soils samples were collected from horizons of each pedon and prepared for chemical 
analysis presented in (table 2) as described by Rowell , 1996. 
 

Table (2) Some chemical characteristics of studied soils 
depth 

(cm) 
Horizon pH EC 

Organic 
matter 

Calcium 
carbonate 

Active 
carbonate 

CEC 

Measurement unit  dS.m
-1
 gm.kg

-1
soil C.mol.kg

-1
 

Zawaita-653 CCE 

0-17 Ah 7.53 0.21 23.40 116.20 61.30 36.41 

17-50 Bt 7.61 0.12 9.50 323.40 108.10 25.87 

50-87 C1k 7.70 0.11 8.10 369.60 87.21 19.65 

Batail-452 CCW 

0-18 Ap 7.48 0.17 15.80 123.20 102.60 32.75 

18-44 B2t 7.73 0.13 12.00 177.10 98,30 30.97 

44-81 C1Ca 7.52 0.19 11.00 231.00 112.40 25.86 

Ninevah forest-432 CCF 

0-22 Ah 7.40 0.17 19.40 111.00 27.80 18.54 

22-48 (B) 7.64 0.13 12.00 127.60 38.90 14.32 

48-80 BC 7.48 0.18 8.50 134.40 24.30 15.21 

Tel-Afer-453 CCW 

0-20 Ap 7.65 0.13 11.60 323.40 81.20 24.87 

20-52 Bt 7.75 0.15 8.50 327.20 93.50 21.09 

52-85 C1Ca 7.81 0.31 8.20 351.60 108.60 20.98 

 

Diagnosis of carbonate minerals: 

I. Using Solubility diagram: 

Dynamic equilibrium were made by 
preparing a soil suspension 1:20 (soil:water) at 
298 Kelvin for 48hr. (Lindsay, 1979), after that 
the equilibrium extracts were collected to 
determine the electrical conductivity, pH, Ca+2 
ion, as well as thermodynamic parameters were 
calculated as follows: 
1- Ionic strength (I) using Griffin and Jurinak, 
1973 equation. 

I = 0.013  EC 
2- Activity coefficient of calcium calculated by 
Davis equation. 

 
3- Ionic activity 

ai = Ci  fi 
4- Potential of calcium ion. 

PCa = - LogaCa 
 
II. Using X-ray diffraction analysis: 

Mineralogical analysis were made to 
differentiate carbonate minerals (calcite and 
dolomite) in soil samples firstly before 
dissolution and secondly after dissolution. 
Firstly: Air dry soil samples represent the soil 
before carbonate dissolution. 
Secondly: Soil samples represent the soil after 
dissolution, through an columns experiment (10 
cm depth, 3 cm diameter) as follows. 40 gm of 
soil were added to each column and compacted 
to their bulk density, distilled-water was added 
everyday equal to porous volume of water. At 
the end of experiment (21 days) the soil samples 
were dried, grinded and sieved which formed the 
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soil after dissolution. The two samples were put 
in a special pellets of x-ray diffractometer and 
exposured to the x-ray at Ө angle between (26-
34). 
 
 

Results and Discussion 

To distinguish the minerals which control the 
carbonate solubility, thermodynamic parameters 
as shown in table (2) were used. Soils under 
study are non saline characterized by low levels 
of ionic strength ranged from 1.0-2.1mol.L-1, the 
activity of coefficient ranged from 0.85 to 0.89, 

ion activity of calcium raised from 1.07 to 
1.88mol.L-1, the ionic potential of calcium are 
between (-logCa+2) (-2.74) and (-2.97). all points 
of calcium ions potential were located under the 
line of calcite (Fig.1), reflecting an 
undersaturation of this minerals associated with 
calcite dissolution. The solubility and 
precipitation of carbonate minerals especially 
calcite is associated with downward movement 
of percolating water and upward by capillary as 
well as vertically and horizontally movement 
(Dunling and Anderson, 2000).  

 
Table (3): Thermodynamic parameters using in solubility diagram  

depth 

(cm) 
Horizon 

Ionic 
strength(10

-3
) 

mol.L
-1
 

Activity 
coefficient 

of Ca
++

 

Activity of Ca
++ 

(10
-3

) 

Mol.L
-1
 

-logCa
++

 pH 

Zawaita-653 CCE 

0-17 Ah 1.5 0.86 1.31 - 2.88 7.6 

17-50 Bt 1.7 0.85 1.88 - 2.74 7.5 

50-87 C1k 1.2 0.87 1.32 - 2.87 7.7 

Batail-452 CCW 

0-18 Ap 1.8 0.85 1.28 - 2.89 7.7 

18-44 B2t 1.6 0.85 1.21 - 2.91 7.2 

44-81 C1Ca 2.1 0.84 1.28 - 2.89 7.7 

Ninevah forest-432 CCF 

0-22 Ah 1.0 0.89 1.35 - 2.86 7.5 

22-48 (B) 1.3 0.88 1.10 - 2.95 7.1 

48-80 BC 1.1 0.86 1.34 - 2.87 7.3 

Tel-Afer-453 CCW 

0-20 Ap 1.9 0.83 1.29 - 2.88 7.9 

20-52 Bt 1.8 0.86 1.64 - 2.78 7.9 

52-85 C1Ca 1.7 0.85 1.07 - 2.97 7.4 
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Fig. 1: Solubility diagram of carbonate minerals according to (Lindsay, 1979) 
 
Clay minerals diffraction: 

Carbonate minerals are numerous, some of them are common, others are unknown depending on 
their stability, some are unstable and transformed to other minerals, accordingly, they behave 
differently when analyzed with x-ray diffraction, calcite, the most common, show a d-spacing on 
0.304nm, secondly Dolomite on 0.289nm. the main mineralongical feature of the studied soils are: 
Zawaita region: 

Figure (2) showed a sharp peaks at (0.304 nm) for calcite with heights  
(4.5, 8.8 cm) at subsequent horizons after dissolution, dolomite peaks dosppeared in the surface 
horizon before and after dissolution giving peaks of subsequent depths at  
(4.5, 5 cm) height. This indicated that dolomite was the dominant mineral at deeper horizons 
especially Ck horizon (Reeder, 1983). 
Batail soil: 

Figure (3) indicated that peaks of dolomite didn’t appear in recognized horizons before and after 
dissolution, but calcite gives a clear peaks at (4, 4.8, 5.5 cm) heights after dissolution. The differences 
in peaks intensity after and before dissolution is because these soils are characterized by height content 
of swelling-type clays, which in dry seasons cause the soils to develop deep, wide cracks, associated 
with  
a phenomena called pedoturbation. (Dunling and Anderson, 2000) stated that peaks intensity of calcite 
increase with decreasing dolomite presence in soil. 
Ninevah forest soil: 

As shown in (Fig. 4) the peaks of calcite appeared at (0.304 nm) before dissolution with lower 
intensity in the studied profiles reflected by peaks height of  
(2, 2.6 cm). after dissolution the Calcite appearance increased at the surface layer and 48-80 cm depth, 
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reaching a 5.0cm height. This increment is due to the removal of precipitated non-crystalline particles 
on the surface of calcite mineral causing an increase in intensity of crystalline mineral. In addition this 
increase resulted from precipitation of secondary carbonate on the surface of coarse particles as 
coatings or as individual districts due to pedogenic processes (Miller et al., 2000) and  
(Al-Kaysi, 2000). 
Tel-Alfer soil: 

The height of calcite peaks were (5.5, 5.5, 6 cm) at the surface, (20-52 cm) respectively before 
dissolution (Fig. 5). So the dissolution increased the heights to (8.5, 8.5, 9 cm). The results indicated 
that calcite was dominant correlated with clay content, therefore the expectation of calcite dominany is 
to take into consideration since carbonate in clay particles is pedogenic as shown by (Dunling and 
Anderson, 2000) that 72-100% of carbonate in clay separates has a pedogenic origin. The 
disappearance of dolomite indicated that it is inherited from parent material  
(Gile, 1995). 
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Fig. 2: x-ray diffraction of carbonate minerals – Zawaita soil 

A- before dissolution. 

B- after dissolution. 
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Fig. 3: x-ray diffraction of carbonate minerals – Batail soil 

A- before dissolution. 

B- after dissolution. 
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Fig. 4: x-ray diffraction of carbonate minerals – Ninevah forest soil 

A- before dissolution. 

B- after dissolution. 
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Fig. 5: x-ray diffraction of carbonate minerals – Tel-Afer soil 

A- before dissolution. 

B- after dissolution. 
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مالي العراخ سية في  رب الك عاثن الكاربوات في بعض ال ية    شخيص المعاثن المحدثة لذوبا

  

خص   الم

رب  مث  ة  س وى الس ة بمس صن مالي العراخ  واقع   يرت اربعة  ا (ا ي   Mollisols –زاوي وبا
Vertisols   ينوى ر   Inceptisolsوغابة  ع خططات الاذابة وحيوث ، لغرض ثراسة ثور  Aridisolsو

عاثن الكاربوات ية  حكمة بذوبا وح المعاثن الم حديد  عة السينية في    .الا

ية ذوبان الكاربوات  حك بعم ساي هو الم عدن الك ائ بان  ميع . اظهرت الن خططات الاذابة بين بان  وان 
ا ارت  ساي ، كما ا عدن الك ط ذوبان  ح  خدام واقع الدراسة كا  ي باس ي المعد ح الى  XRDئ ال

ند  ساي  عدن الك ند  ٠٤ص,٠ d- Spacing nm شخيص  اي  عدن الدولو ص  ٨٩صnm٠ و وا
اي نحنيات الحيوث لمعدن الدولو ها حاثة وكا اكثر طولاً   ساي بكو    .نحنيات الحيوث لمعدن الك
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Abstract 
   The Dohuk dam is located on the north of Dohuk city, it is consider as one of the main sources for water 

supplying to many places in the city for drink and domestic uses, dam water flowing through the narrow stream 
within the Dohuk valley finally reach to the Mosul dam. The study covered three locations from the Dohuk dam 
outflow stream, first from the bottom tunnel of the dam, second in Bourse bridge and third in Church bridge, the 
samples were taken from October 2010 until February 2011. The research aimed to water quality monitoring by 
determination some of physical, chemical and biological properties with respect to its potability for human uses. 

   The electrical conductivity (EC) and total dissolved solids (TDS) values of water reach to 1116 s/cm and 899 
mg/l, pH value was 9.1 in Bourse bridge location. Water of the Dohuk dam outflow stream was on the alkaline side. 
Total hardness recorded 603 mg/l CaCO3 in Church bridge location. The water of Dohuk dam outflow stream was 
classified as hard water as its hardness was higher than 300 mg/l (WHO, 2006).  

   The Dissolved oxygen (DO) values were decreasing through the Dohuk dam outflow stream to reach 6.0 mg/l in 
Church bridge location. The values of Biochemical Oxygen Demand (BOD) increasing through the dam outflow 
stream to reach 4.1mg/l in Church bridge location, the number of bacterial colonies also increasing in the stream flow 
which was reached to 432 cells/ml in Church bridge location. 
 
Key words: Dohuk dam, water quality, monitoring water properties, domestic discharge.  
 
Introduction 

he freshwater for human consumption 
comes from rivers, lakes and 

underground. These sources account for only 
one percent of all water on the earth (Gebrekidan 
and Samuel, 2011). It is able to dissolve, adsorb 
or suspend many different compounds (WHO, 
2007).Thus, in nature, water is not pure as it 
acquires contaminants from natural and 
anthropogenic sources (Momodu and Anyakora, 
2010).  

The presence of metals in water results from 
two independent factors. The first involving the 
weathering of soils and rocks with its products 
being transported by air and water, and the 
second involving a variety of anthropogenic 
activities that have created and a societal health 
risk in rivers that receive a substantial amount of 
waste (Roberto et al., 2008). 

Quality drinking water is essential for life, 
good drinking water quality is essential for the 
wellbeing of all people. Contaminants such as 
bacteria, viruses, heavy metals, nitrites and 
others found their way into water supplies as a 
result of inadequate treatment and disposal of 
solid and liquid waste (human and livestock), 
industrial discharges, and over-use of limited 
water resources (Singh and Mosley, 2003). 

This paper focus on the water quality of 
Dohuk dam outflow stream by selected three 
locations. 

Methods and Materials 

The studied area include water discharged 
from Dohuk dam that moved with stream reach 
to the Dohuk valley and finally reach to Mosul 
dam, the study based on three locations from the 
Dohuk dam outflow stream, first from Dohuk 
water dam after flowed and second location of 
this water in Bourse bridge then third in Church 
bridge through October 2010 to February 2011. 
All water samples were kept in polyethylene 
bottles (Stankovic et al., 2007).Water samples 
were tested the, electrical conductivity, total 
dissolved solids, pH, dissolved oxygen, BOD, 
total hardness and bacteria test. The tests were 
conducted according to the following methods 
(APHA, 1999)  

 
Electrical Conductivity (EC) 

Conductivity was estimated by electrical 
conductivity meter, "InoLab EC, TDS Level 1, 
HANNA instrument, WTW ", the prop was 
calibrated monthly by buffer solution, on the 
reading the conductivity values were converted 
to specific conductivity at 25Co and the results 
were expressed by as s/cm. 
Total Dissolved Solid (TDS) 

The amount of the total dissolved solids in 
water was estimated by TDS meter "InoLab EC, 
TDS Level 1, HANNA instrument, WTW ". 

 
 

T
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Hydrogen Ion Concentration (pH) 
The pH was measured directly by using 

portable pH meter "InoLab pH Level 2, HANNA 
instrument, WTW", pH meter was calibrated 
with three buffer solutions of pH 4,7and 9. 

 
Dissolved Oxygen (DO)  

Determination of oxygen was carried out 
according to the Winkler's method (Azide 
modification) as describing by (APHA, 1999) 
the results were expressed in mg/l. 

 
Biochemical Oxygen Demand (BODs) 

The water sample saved in incubator during 5 
day under 20Co  after that determine dissolved 
oxygen by Winkler's method (Azide 
modification) as describing by (APHA, 1999), 
the results were expressed in mg/l. 

 
 
 
 

Total Hardness 
Estimated of total hardness was made by 

titrating water samples against EDTA disodium 

salt with Eriochrome black T indicator at pH 10 
(using ammonium buffer) the results were 
expressed in mg/l CaCO3 (APHA, 1999).  

 
Bacteria Test  

Estimated by Total Plate Count (TPC) 
(APHA, 1999). 

 
Results and Discussion 

The Electrical conductivity of water clarify 
from the Table 1, that the minimum value of 
801s/cm was recorded in Bourse bridge 
location and maximum value of 1116 s/cm in 
Church bridge location. Fig.1 elucidate 
increasing mean of EC through the dam outflow 
stream to reach 937s/cm in Church bridge 
location this increasing occurred as a result to 
the domestic wastes discharge to this stream 
(Fatoki et al., 2001), and the interactions 
between the acidic compounds which form from 
oxidation decomposition processes with basic 
compounds that found as suspended materials 
(Al-Saffawi et al., 2009).  

 

Table (1): Demonstrate the minimum, maximum and mean values of study parameters in study sites. 

 
               
 
 
 

Parameters 
 

 
Sites 

EC 
�s/cm 

TDS 
mg/l 

pH 

Total 
Hardness 

CaCO3 
mg/l 

DO 
mg/l 

BOD 
mg/l 

Bacterial 
colonies 

TPC 
Cells /ml 

Dohuk dam 

min 803 min 620 min 7.4 min 340 min 
7.7 

 
min 1.0 min 53 

max 1004 max 781 max 8.0 max 471 max 
9.2 

 
max 1.4 max 92 

mean 871 mean 688 mean 7.7 mean 419 mean 8.4 mean 1.2 mean 76 

Bourse 
bridge 

min 801 min 625 min 8.3 min 322 min 6.1 min 2.5 min 
138 

 

max 1126 max 857 max 9.1 max 587 max 9.0 max 3.2 max 
197 

 

mean 907 mean 721 mean 8.5 mean 430 mean 7.3 mean 3.0 mean 
169 

 

Church 
bridge 

min 816 min 679 min 8.2 min 408 min 6.0 min 
3.3 

 
min 

246 
 

max 1116 max 
899 

 
max 8.7 max 603 max 7.8 max 4.1 max 432 

mean 937 mean 785 mean 8.5 mean 
487 

 
mean 6.7 mean 3.8 mean 

408 
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Figure (1): The mean value of (EC) in study locations. 
 

The total dissolved solids of water represented in the Table 1, the minimum value of 620 mg/l was 
recorded in Dohuk dam location and maximum value of 899 mg/l was in Church bridge location, it is 
appear from Fig.2 that the increasing mean of TDS through the dam outflow stream to reach 785 mg/l 
was in Church bridge location caused by the effects of liquid wastes reach to it. All of the recorded 
values were above the minimum level of drinking water standard for drinking recommended by WHO 
and EPA (500 mg/l) (WHO, 1993; EPA, 2006).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (2): The mean value of (TDS) in study locations. 

 
pH values of water represented in Table 1, the minimum value of 7.4 was recorded in Dohuk dam 

location, while maximum value of 9.1 was recorded in Bourse bridge location.  Fig.3 illustrated mean 
of pH through Dohuk dam outflow stream to reach 8.5 in Bourse and Church bridge locations, the 
water of the dam outflow stream was on the alkaline side (7.4 - 9.1), this may due to the presence of 
carbonate and bicarbonate as dependent on the geology of area in additional to the nature of pollutants 
which reach to the stream such as detergents that has alkaline effect on the water (Adefemi et al., 
2007; Akoto and Adiyiah 2007).  
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Figure (3): The mean value of pH in study locations. 

 
The minimum value of total hardness was recorded in Bourse bridge location (322 mg/l CaCO3) 

and maximum value of (603 mg/l CaCO3) was recorded in Church bridge location. Fig.4 illustrated 
increasing mean of total hardness through the dam outflow stream that reach 487 mg/l CaCO3 was in 
Church bridge location. This increasing occurred as a result to the domestic and agricultural wastes 
discharge to this stream (Al-Barware and Al-Jahssany, 2009; Al-Saffawi et al., 2009) and wastes from 
soil during the rain seasons, the variation of hardness is probably related to the geological formation of 
the area (Al-Negashabandi, 2002; Shihab and Abdul Baqi, 2010; Adefemi et al., 2007), most values of 
water total hardness was lower than the hardness recommended by WHO of 500 mg/l CaCO3. The 
water of Dohuk dam outflow steam was classified as hard water as its hardness was higher than 300 
mg/l. (W.H.O, 1993).  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure (4): The mean value of Total hardness in study locations. 

 
The Dissolved oxygen values of water represented in Table 1, the minimum value of DO was 6.0 

mg/l recorded in Church bridge location and maximum value of 9.2 mg/l was in Dohuk dam location. 
Fig.5 illustrated decreasing mean of DO through the dam outflow stream to reach 6.7 mg/l in Church 
bridge location this decreasing occurred as a result to the oxidation and decomposition processes for 
organic materials by bacteria, The increase domestic and agricultural wastes into the environment 
helps the growth of bacteria by oxidation processes (Al-Jahssany, 2003; Al-Barware,2004). 
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Figure (5): The mean value of (DO) in study locations. 

 
Biochemical Oxygen Demand (BOD) values of water represented from the Table 1, the minimum 

value of 1.0 mg/l was recorded in Dohuk dam location and maximum value of 4.1 mg/l was in Church 
bridge location. Fig.6 illustrated increasing mean of BOD values through the dam outflow stream to 
reach 3.8 mg/l in Church bridge location. This increasing result from the domestic and agricultural 
wastes discharge to the dam outflow stream which contain organic matter, contain different types 
pollutants and detergents in additional to residual dead algae through the stream (Osibanjo et al., 2011; 
Soylak at el., 2002). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (6): The mean value of (BOD5) in study locations. 
 

The number of bacterial colonies in water represented in Table 1, the minimum colonies was 
recorded 53 cells/ml in Dohuk dam location and maximum colonies was 432 cells/ml in Church bridge 
location. Fig.7 illustrated increasing mean of bacterial colonies through the dam outflow stream to 
reach 408 cells/ml in Church bridge location as results from the effluents organic materials which help 
to growth and reproduction of bacteria during to decomposition of deed organisms and this organic 
materials (Al-Tayyar et al., 2008; Al-Saffawi et al., 2009), also bacteria may be enter from water-
legally, accidentally and through illegal dumping (Al-Shawani, 2001; Al-Jahssany, 2003). 
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Figure (7): The mean value of bacterial colonies in study locations. 
 
Conclusion 

1-The water of Dohuk dam outflow stream 
recorded high value of (EC) as a result of 
domestic waste discharge. 
2-The total dissolved solids values were above 
the minimum permissible level of water standard 
for drinking that recommended by WHO and 
EPA of 500 mg/l.  
3-The water of the Dohuk dam outflow stream 
was in alkaline side. 
4-The water of Dohuk dam outflow stream 
classified as hard water. 
5-Bacterial colonies in the water increasing as 
results of domestic waste which help growth and 
reproduction of bacteria. 
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جرى سد ثهوك يا  ية  و  ثراسة 

 :الخلاصة

مال  يا سد ثهوك واحدة  ،حافظة ثهوكيقع سد ثهوك الى  بر جهز العديد   ع ي   المصاثر الرئيسية ال
ية والشرب يا واثي ثهوك  ،المناطق ثا المدينة للاغراض المد جرى صغير وصولا الي  لال  يا السد   نحدر 

يرا في سد الموص  واقع ،ثا المدينة الذي يص ا حديد ثلات  الموقع الاول ، هذا المجرى ضمن الدراسة 
ق السد  سر الكنيسة، اس  نطقة  سر البورسة والثالث   نطقة  ي   هرمع العينات  ،الثا شري   

باط  ٠ص٠صالاول  هر  يزيائية والكيميائية ، صص٠صلغاية  راقبة وحديد الخصائص ال  يهدخ هذا البحث الى 

خد والبايولوحية ها للاس ي ات البشوقاب  . ريةا

ية الى  بة الك وصي الكهربائي والمواث الص ر /غ ٨٩٩ ،س/ ايكروسيمنز  ٦صصصوص قي ال قيمة الاس و  ل
يني سج  سر البورسة  ص,٩الهيدرو حطة  دية،في  حو القا ارت القي  ية  ،ا  ص٦٠وسج قي العسرة الك

سر الكنيسة/غ حطة  ر في  يا  ،ل بر  اوزت  ع ر/ غ  ٠٠صالمجرى ذات قساوة حيث    ل

(WHO,2006) . مجرى ليص الى ريان الماء ل لال  ض قي الاوكسجي المذاب  خ ر في / غ ٦,٠ا ل
سر الكنيسة  لال المجرى ليص الى و  حطة  ط البايوكيميائي للاوكسجي  ر في / غ ص,٤ازثاثت قي الم ل

سر الكنيسة بسب ية، حطة  ية والمد ضلات الزرا لال المجرى دفق ال يرية ازثاثت  عمرات البك س دث  كما ان 
سر الكنيسة صص٤ليص الى  حطة   .ية لك  في 

 

مات الدالة  ية الميا ،سد ثهوك: الك صائص الميا ،و ية ،راقبة  دفقات المد   .الم
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Abstract 

This paper presents a novel hybrid imperialist competitive algorithm called ICA-CG algorithm. Such an 
algorithm combines the evolution ideas of the imperialist competitive algorithm and the classic optimization ideas of 
the conjugate gradient, based on the compensation for solving the large scale optimization. In the ICA-CG algorithm, 
the process of every iteration is divided into two stages. In the first stage, the randomly, rapidity and wholeness of the 
imperialist competitive Algorithm are used. In the second stage, one of the common optimization classical techniques, 
that called conjugate gradient to move imperialist countries, is used. Experimental results for five well known test 
problems have shown the superiority of the new ICA-CG algorithm, in la rge scale optimization, compared with the 
classical GA, ICA, PSO and ABC algorithms, with regard to the convergence of speed and quality of obtained 
solutions. 
 

Keywords: Large scale global Optimization, Evolutionary Algorithms, Imperialist Competitive Algorithm (ICA),Conjugate 
Gradient (CG) . 
 

1 Introduction 

The global optimization problem is 
applicable in every field of science, engineering 
and business. So far, many Evolutionary 
Algorithms (EA) [Sarimveis 2005] and 
[Srinivasan 2003], have been proposed for 
solving the global optimization problem. 
Inspired by the natural evolution, EA analogizes 
the evolution process of biological population, 
which can adapt the changing environments to 
the finding of the optimum of the optimization 
problem through evolving a population of 
candidate solutions. Some Evolutionary 
Algorithms for optimization problem are: the 
Genetic Algorithm (GA) [Goldberg 1989], at 
first proposed by Holland, in 1962 [Holland 
1990], Particle Swarm Optimization algorithms 
(PSO) that at first proposed by Kennedy and 
Eberhart [Kennedy 1995], in 1995.In 2007, 
Artificial Bee Colony (ABC) that at first 
proposed by Karaboga and Basturk [Karaboga 
2007], and in the same year , a new algorithm 
which is called Imperialist Competitive 
Algorithm (ICA) [Atashpaz 2007] has been 
proposed by Atashpaz-Gargari and Lucas , that 
has inspired from a socio-human phenomenon.  

In general, The main advantages of 
Evolutionary algorithms are: they do not require 
the objective function to be differentiable or 
continuous, they do not require the evaluation of 
gradients and they can escape from local 
minima. 

On the other hand, the Conjugate Gradient 
(CG) method [Andrei 2007] is a highly efficient 
direct minimization approach, which is currently 
the method of choice in wide areas of science 
and engineering. In computational solid state 
physics, for example, the CG method is used to 
minimize directly the total energy of the system 
of electrons, which is usually a function of a 
very large number of variables, in small number 
of iterations [Patel 2000]. The key features 
behind the great success of the CG approach is 
the conjugacy property of the search directions, 
and periodic restart of the iterative minimization 
procedure each certain number of CG steps. 

 In this paper, we presents a novel hybrid 
imperialist competitive algorithm called ICA-
CG algorithm that combines the evolution ideas 
of the imperialist competitive algorithm and 
classic optimization ideas of the conjugate 
gradient based on the compensation for solving 
the large scale optimization. 

The paper is organized as follows: In Section 
2 some related work is presented. Section 3 
describes a brief description of Imperialist 
Competitive Algorithm (ICA). In Section 4, a 
brief description of Conjugate Gradient (CG). In 
Section 5, new approach and the motivation of 
the ICA-CG algorithm is presented. In Section 6, 
results are compared with other Evolutionary 
Algorithms. 
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2. Some Related Works: 

In 2007, Atashpaz and Lucas proposed an 
algorithm as Imperialist Competitive Algorithm 
(ICA) [Atashpaz 2007] and [Atashpaz 2008], 
that has inspired from a socio-human 
phenomenon. Since 2007 attempts were 
performed in order to increase the efficiency of 
the ICA. In 2009, Zhang, Wang and Peng 
proposed an approach based on the concept of 
small probability perturbation to enhance the 
movement of Colonies to Imperialist [Zhang 
2009]. In 2010, Faez, Bahrami and Abdechiri, 
proposed a new method using the chaos theory 
to adjust the angle of Colonies movement toward 
the Imperialists’ position (CICA)[ Bahrami 
2010a], and in other paper at the same year, they 
proposed another algorithm that applies the  
probability density function in order to adapt the 
angle of colonies’ movement towards 
imperialist’s position dynamically, during 
iterations (AICA) [Bahrami 2010b]. In 2012, 
Ghodrati, ,Malakooti and Soleimani, proposed a 
new hybrid method using the ICA and PSO by 
adding independent countries for large 
scale[Ghodrati 2012], and in the same year , 
Ramazani, Lotfi and Soltani proposed a new 
hybrid method called HEICA which combines 
Evolutionary algorithm and ICA [Ramezani 
2012]. 
 
 
 
 
 

3. Imperialist Competitive Algorithm (ICA)  
Imperialist Competitive Algorithm (ICA) is a 

new evolutionary algorithm in the Evolutionary 
Computation field based on the human's socio-
political evolution. The Procedures of the ICA is 
presented as below: 

 
Step 1:Creation of initial empires 

The goal of optimization is to find an optimal 
solution in terms of the variables of the problem. 
We form an array of variable values to be 
optimized. In the GA terminology, this array is 
called ‘‘chromosome”, but in ICA the term 
‘‘country” is used for this array. In an -
dimentional optimisation problem, a country is a ∗ -array. This array is defined as 
following: , , , … , , 

where   are the variables to be optimized. 
The variable values in the country are 
represented as floating point numbers. Each 
variable in the country can be interpreted as a 
socio-political characteristic of a country. From 
this point of view, all the algorithm does is to 
search for the best country that is the country 
with the best combination of socio-political 
characteristics such as culture, language, 
economical policy, and even religion. From 
optimization point of view this leads to find the 
optimal solution of the problem, the solution 
with least cost value. Figure (1) shows the 
interpretation of country using some of socio-
political characteristics[Atashpaz 2007] and 
[Atashpaz 2008]. 

 
 

 
 

  

  

 

 

 

Figure(1): The candidate solutions of the problem, called country, consists of a combination of some socio-
political characteristics such as culture, language and religion. 

The cost of a country is found by evaluation 
of the cost function f at variables 	 , , , … , . So we have 

 , , , … , 				  
 

To start the optimization algorithm, initial 
countries of size  is produced. We 
select  of the most powerful countries to 

form the empires. The remaining  of the 
initial countries will be the colonies each of 
which belongs to an empire. 

To form the initial empires, the colonies are 
divided among imperialists based on their 
power. That is, the initial number of colonies of 
an empire should be directly proportionate to its 
power. To proportionally divide the colonies 
among imperialists, the normalized cost of an 
imperialist is defined by 

1 2 3[ , , , ..., ]
varNcountry p p p p

culture Language Economical Policy  Religion 
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 max	 																														  
where	  is the cost of the nth imperialist and 
 is its normalized cost. Having the normalized 

cost of all imperialists, the normalized power of 
each imperialist is defined by 

∑ 																																																	  

The initial colonies are divided among 
empires based on their power. Then the initial 
number of colonies of the nth empire will be 
 . _ _ ∗ _ 	 							 4  
 

where .  is the initial number of colonies 
of the nth empire and  is the total number of 
initial colonies. To divide the colonies, . of 
the colonies are randomly chosen and given to 
the nth imperialist. These colonies along with the 
nth imperialist form the nth empire. Figure (2) 
shows the initial empires. As shown in figure 
(2), bigger empires have greater number of 
colonies while weaker ones have less. In this 
figure imperialist 1 has formed the most 
powerful empire and consequently has the 
greatest number of colonies [Atashpaz 2007] and 
[Atashpaz 2008]. 

 

 

 

 

 

 

 

 

Figure(2): Generating the initial empires: The more colonies an imperialist possess, the bigger is its relevant      
(    ) mark. 

 
Step2. Assimilation: movement of colonies 
toward the imperialist 

Pursuing assimilation policy, the imperialist 
states tried to absorb their colonies and make 
them a part of themselves. More precisely, the 
imperialist states made their colonies to move 
toward themselves along different socio-political 
axis such as culture, language and religion. In 
the ICA, this process is modeled by moving all 
of the colonies toward the imperialist along 
different optimization axis. Figure (3) shows this 
movement. Considering a 2-dimensional 
optimization problem, in this figure the colony is 

absorbed by the imperialist in the culture and 
language axes. Then colony will get closer to the 
imperialist in these axes. Continuation of 
assimilation will cause all the colonies to be 
fully assimilated into the imperialist. 

In the ICA, the assimilation policy is 
modeled by moving all the colonies toward the 
imperialist. This movement is shown in figure 
(3) in which a colony moves toward the 
imperialist by x units. The new position of 
colony is shown in a darker color. The direction 
of the movement is the vector from the colony to 
the imperialist. 
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Figure (3):. Movement of colonies toward their relevant imperialist 
 

In this figure x is a random variable with 
uniform (or any proper) distribution. Then ~ , ∗ 																		    

where  is a number greater than 1 and d is 
the distance between the colony and the 
imperialist state. > 1 causes the colonies to get 
closer to the imperia list state from both sides. 

Assimilating the colonies by the imperialist 
states did not result in direct movement of the 
colonies toward the imperialist. That is, the 
direction of movement is not necessarily the 
vector from colony to the imperialist. To model 
this fact and to increase the ability of searching 
more area around the imperialist, a random 

amount of deviation is added to the direction of 
movement. Figure (4) shows the new direction. 
In this figure  is a parameter with uniform (or 
any proper) distribution. Then ~ , 											   

where  is a parameter that adjusts the 
deviation from the original direction. 
Nevertheless the values of  and  are arbitrary, 
in most of implementations a value of about 2 
for  and about /4 (Rad) for  results in good 
convergence of countries to the global minimum 
[Atashpaz 2007] and [Atashpaz 2008]. 

 
 
 
 
 
 
 
 
 
 
 
 
Figure (4):Movement of colonies toward their relevant imperialist in a randomly deviated direction. 
 

Step 3. Revolution; a sudden change in socio-
political characteristics of a country 

Revolution is a fundamental change in power 
or organizational structures that takes place in a 
relatively short period of time. In the 
terminology of ICA, revolution causes a country 
to suddenly change its socio-political 
characteristics. That is, instead of being 
assimilated by an imperialist, the colony 
randomly changes its position in the socio-
political axis. Figure (5) shows the revolution in 
Culture-Language axis. The revolution increases 

the exploration of the algorithm and prevents the 
early convergence of countries to local 
minimums. The revolution rate in the algorithm 
indicates the percentage of colonies in each 
colony which will randomly change their 
position. A very high value of revolution 
decreases the exploitation power of algorithm 
and can reduce its convergence rate. In general, 
the revolution rate is 0.3. That is 30 percent of 
colonies in the empires change their positions 
randomly [Atashpaz 2007] and [Atashpaz 2008]. 

 

 



Journal of University of Zakho, Vol. 2(A), No.1, Pp 184-195, 2014            
 

 188

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (5): Revolution; a sudden change in socio-political characteristics of a country. 

 
Step 4. Exchanging positions of the imperialist 
and a colony 

 While moving toward the imperialist, a 
colony might reach to a position with lower cost 
than the imperialist. In this case, the imperialist 
and the colony change their positions. Then the 
algorithm will continue by the imperialist in the 
new position and the colonies will be assimilated 

by the imperialist in its new position. Figure(6a) 
depicts the position exchange between a colony 
and the imperialist. In this figure the best colony 
of the empire is shown in a darker color. This 
colony has a lower cost than the imperialist. 
Figure (6b) shows the empire after exchanging 
the position of the imperialist and the colony 
[Atashpaz 2007] and [Atashpaz 2008]. 

 

 

 

 

 
 
 
Figure(6a): Exchanging the positions of a colony               Figure (6b): The entire empire after 
position exchange and the imperialist 

 
Step 5.Total power of an empire 

Total power of an empire is mainly affected by the power of imperialist country. However the 
power of the colonies of an empire has an effect, albeit negligible, on the total power of that empire. 
This fact is modeled by defining the total cost of an empire by 

 . ∗ 	 	 	 															 7  
 

Where .  is the total cost of the nth empire 
and  is a positive small number. A little value 
for  causes the total power of the empire to be 
determined by just the imperialist and increasing 
it will increase to the role of the colonies in 
determining the total power of an empire. The 
value of 0.1 for n has shown good results in most 
of the implementations [Atashpaz 2007] and 
[Atashpaz 2008]. 

 
 

Step 6. Imperialistic competition 
All empires try to take the possession of 

colonies of other empires and control them. The 
imperialistic competition gradually brings about 
a decrease in the power of weaker empires and 
an increase in the power of more powerful ones. 
The imperialistic competition is modeled by just 
picking some (usually one) of the weakest 
colonies of the weakest empire and making a 
competition among all empires to possess these 
(this) colonies. Figure (7) shows a big picture of 
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the modeled imperialistic competition. Based on 
their total power, in this competition, each of 
empires will have a likelihood of taking 
possession of the mentioned colonies. In other 
words, these colonies will not definitely be 
possessed by the most powerful empires, but 
these empires will be more likely to possess 
them. 

To start the competition, first a colony of the 
weakest empire is chosen and then the 
possession probability of each empire is found. 
The possession probability PP is proportionate to 
the total power of the empire. The normalized 
total cost of an empire is simply obtained by . . . . 		  

Where, .  and . .  are the total cost 
and the normalized total cost of nth empire, 
respectively. Having the normalized total cost, 
the possession probability of each empire is 
given by . .∑ . . 							 9  

 
 
To divide the mentioned colonies among 

empires vector P is formed as following , , , … , 					  

Then the vector R with the same size as P 
whose elements are uniformly distributed 
random numbers is created, 

 , , , … , , , , , … , ~ , 													 		 
 

Then vector D is formed by subtracting R from P 
 , , , … , 		 , , , … , 			  

 
Referring to vector D the mentioned colony 

(colonies) is handed to an empire whose relevant 
index in D is maximized. 

The process of selecting an empire is similar 
to the roulette wheel process which is used in 
selecting parents in GA. But this method of 
selection is much faster than the conventional 

roulette wheel. Because it is not required to 
calculate the cumulative distribution function 
and the selection is based on only the values of 
probabilities. Hence, the process of selecting the 
empires can solely substitute the roulette wheel 
in GA and increase its execution speed 
[Atashpaz 2007] and [Atashpaz 2008]. 

  

 

 

 

 

 

 

 

Figure (7): Imperialistic competition: The more powerful an empire is, the more likely it will possess the 
weakest colony of the weakest empire. 
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4. Conjugate Gradient Algorithm: 

Conjugate gradient (CG) methods represent 
an important class of unconstrained optimization 
algorithm. The main advantages of the CG 
methods are its low memory requirements, its 
convergence speed and its poses a quadratic 
termination property in which the method is able 
to locate the minimize of quadratic function in a 
known finite number of iterations [Andrei 2007]. 
 A nonlinear conjugate gradient method 
generates a sequence	 , k is  integer number,  

0k . Starting from an initial point 0x , the 

value of kx  calculate by the  following equation: 														  
where the positive step size 0k  is obtained 

by a line search, and the directions kd are 

generated as: 													 4  
where 00 gd  , the value of  is determine 

according to the algorithm of Conjugate 
Gradient (CG), and its known as a conjugate 

gradient parameter, kkk xxs  1  and   )( kkk xfxfg  , consider .  is the 

Euclidean norm and kkk ggy  1 . The 

termination conditions for the conjugate gradient 
line search are often based on some version of 
the Wolfe conditions. The standard Wolfe 
conditions:     k

T
kkkkkk dgxfdxf   ,                (15)   k

T
kk

T
kkk dgddxg   ,                       (16) 

 where kd  is a descent search direction and 

10   , where k  is defined by one of 

the following formulas:  

)(1)( StiefelandHestenese
dy

gy

k
T
k

k
T
kHS

k
                (17) 

)Re(11)( evesandFletcher
gg

gg

k
T
k

k
T
kFR

k
              (18) 

);(1)( PolyakandRibierePolak
gg

gy

k
T
k

k
T
kPRP

k     (19) 

)(11)( descentConjugate
dg

gg

k
T
k

k
T
kCD

k
          (20) 

)(1)( StoeryandLiu
dg

gy

k
T
k

k
T
kLS

k
                  (21) 

)(11)( YuanandDai
sy

gg

k
T
k

k
T
kDY

k
                    (22)  

 

Outlines of the CG methods: 
 
Step1: Start with an arbitrary initial point . 
Step 2:Set the first search direction		

 
Step 3: Find the point X2 according to the 
relation 

 
where  is the optimal step length in the 
direction . Set  and go to the next step. 
Step 4 Find , and set  

 
where  is  the conjugancy coefficient equal 

to	 ‖ ‖‖ ‖ . 

Step5: Compute the optimum step length in 
the direction , and find the new point 

 
Step6: Test for the optimality of the point . 
If  is optimum, stop the process. Otherwise, 
set the value of 	and go to step 4 
[Andrei 2007]. 
 
5. Hybrid ICA with CG Algorithm: 
 

In this Section, we proposed a new hybrid 
ICA with conjugate gradient algorithm (CG), 
called ICA-CG algorithm. In the proposed 
hybrid algorithm, the process in every iteration 
is divided into two stages. In the first stage, we 
use the randomly, rapidity and wholeness of the 
imperialist competitive Algorithm.  In the 
second stage we used FR-CG algorithm to move 
imperialist countries.  
The important property in evolutionary 
algorithms is to find the best solution without 
needing to calculate the derivatives, while the 
classical methods of optimization especially 
conjugate gradient method, we need to calculate 
the derivatives because the solution moves in the 
negative gradient direction ) and 
therefore, we suggest here, to further improve 
the efficiency of  classical ICA is to use 
calculations derivatives instead of using 
derivatives to avoid the loss of one of the most 
important properties of evolutionary algorithms. 
The gradient direction  can be substituted by ∆∆ 														  

where ∆ 	is a small positive perturbation (i.e. 
1.00E-05). 
The revolution rate ( ) in the algorithm 
indicates the percentage of colonies in each 
colony which will randomly change their 
position. A very high value of revolution rate 
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decreases the exploitation power of algorithm 
and can reduce its convergence rate. In our 
algorithms the revolution rate is not constant 
number as original ICA, but its depending on  
the number of variables ( . The 
experimental results shows that the best 
revolution rate is shown in Table (1).  
 
Table (1):represent the best revolution rate for ICA-
CG 

 Revolution rate 

1-10 0.001-0.01 

11-20 0.01-0.05 

21-50 0.05-0.08 

51-100 0.08-0.1 

101-1000 0.1-0.3 

more than 1000 0.3-0.4 

 
Moreover, It is worth stressing again that no 

explicit calculations of the true gradient are 
performed, and the main purpose of this work is 
to provide an improved ICA method. In this 
algorithm when CG approach make bad 
imperialist, we back to the old imperialist before 
CG approach. Figure(8) shows the flowchart of 
the proposed algorithm .The Procedures of the 
ICA-CG is presented as below: 
 

Procedure ICA-CG 
Step 1: Initializing parameters; 
Step 2: 
2.1 Define the optimization problem; 
2.2:Generate some random countries; 
2.3:Select the most powerful countries as 
empires; 
2.4:Randomly allocate remain countries to 
different empires equality; 
Step 3:Decade loop k=k+1 % ICA-CG 
operators% 
Step 4:For i=1,2,…,   do %Imperialist 
Competitive Algorithm%  
4.1:Assimilate colonies toward their imperialist; 
4.2:Countries revolution; 
4.3:Exchange imperialist with best colony if is 
necessary; 
4.4:Calculate total cost of empires; 
4.5:Imperialistic competition; 
4.6:Eliminate the powerless empires; 
Step 5:For i=1,2,…,   do     %Conjugate 
Gradient% 
5.1: If k=1 then dk=-gk, Otherwise dk=-gk+βk-1dk-1 

5.2:Calculate the new imperialist as xk+1=xk+λdk, 

where λ is a step size which is equal to 0.001 
Step 6: Terminating Criterion Control; Repeat 
Steps 3-6 until a  terminating criterion is 
satisfied; 
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Start 

Generate random countries 

Initialize the empires countries, set k=1 

Stop condition satisfied No Yes Output  solution 

Move the colonies toward their 
relevant imperialist (Assimilation) 

    If there is a colony  in an empire which has 
 lower cost than that of imperialist 

Exchange the positions of that 
colony and the imperialist 

Compute the total cost of all empires  

Eliminate the empire  

Is there an empire with no colonies  

Pick the weakest colony (colonies) from the weakest empire and give it (them) to  
the empire that has the most likelihood to possess it (Imperialistic competition) 

Y
es

  
No 

Y
es

  

No

Revolve some colonies

  

Is k=1 

   

Yes No 

  

  

CG Procedures for every imperialist 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (8): Flowchart of the proposed ICA-CG algorithm 
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5. Numerical Results 

The proposed ICA-CG is tested using 5 benchmark functions [Andrei 2008]. For comparison, GA, 
PSO and ABC [Karaboga 2007] are also executed on these 5 functions. The parameter settings of 
ICA-CG algorithm are described as follows: Assimilation coefficients are set to 2.0, Revolutionary 
rates are set as table (1). Table (2) shows the details of test functions . The algorithm is conducted 20 
runs for each test function. 
 
Table (2):Benchmark functions (F1-F5) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In Table (3), the performance of ICA-CG algorithm is compared with GA,ICA, PSO and ABC [13] for 
high dimensional problem . 
 
Table (3): Comparing the Performance ICA-CG with GA , PSO and ABC (high dimensions) 

 
 
 

 

 

 

Benchmarks Function Range 

 
F1(Sphere) 

 . , .  

F2(Rastrigin) cos	  . , .  

F3(Griewank) 4 cos √  ,  

F4(Ackly) exp . exp cos  ,  

F5(SumSquares)  ,  

9 

 
ABC PSO ICA GA  Gen Pop  F. 

2.02E-16 8.59E−05 1.99E+00 1.71E+02 9.70E-01 0.1 1000 500 100 

 

F1 
6.49E-10 2.26E+02 3.90E+03 2.94E+03 2.02E+01 0.25 1500 600 500 

5.29E-09 1.46E+03 8.00E+03 6.72E+03 6.40E+01 0.3 2000 800 1000 

2.46E-05 5.39E+01 6.05E+02 9.17E+02 5.81E+01 0.1 1000 500 100 
 

F2 
1.31E+02 1.93E+03 8.59E+03 7.14E+03 1.01E+03 0.25 1500 600 500 

5.08E+02 6.05E+03 1.74E+04 1.54E+04 2.97E+03 0.3 2000 800 1000 

3.95E-08 9.04E−03 5.24E−01 7.56E+02 1.32E-02 0.1 1000 500 100 
 

F3 
2.20E-01 9.48E+02 5.10E+01 1.03E+04 6.19E+01 0.25 1500 600 500 

1.50E+00 4.86E+03 2.98E+02 2.38E+04 1.14E+03 0.3 2000 800 1000 

1.24E-07 2.12E+00 3.37E+00 1.90E+00 2.74E+00 0.1 1000 500 100 
 

F4 
1.96E-05 1.49E+01 2.09E+01 3.49E+01 9.01E+01 0.25 1500 600 500 

2.80E-05 1.77E+01 1.74E+04 7.26E+03 7.80E+03 0.3 2000 800 1000 

4.35E-08 1.11E−03 1.39E+02 1.75E+04 8.69E+01 0.1 1000 500 100 
 

F5 
9.96E+00 5.23E+05 1.12E+07 7.41E+06 9.02E+02 0.25 1500 600 500 

9.77E+02 1.84E+08 9.50E+07 7.46E+07 3.39E+04 0.3 2000 800 1000 
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Conclusion  

This paper proposes hybrid algorithm 
consisting of ICA and CG. The performance of 
this algorithm is evaluated using various test 
functions. These functions are set of well-known 
multi-dimensional benchmark functions. The 
simulations indicate that the proposed algorithm 
has outstanding performance in speed of 
convergence and precision of the solution for 
global optimization. This is meaning that it has 
the capability to come up with non-differentiable 
objective functions with a multitude number of 
local optima through reasonable time limit. The 
results show the efficiency and capabilities of 
the new hybrid algorithm in finding the 
optimum. Also, the performance of such 
algorithm is better than other algorithms such as 
GA, ICA, PSO and ABC. Indeed, the 
performance achieved of this study is quite 
satisfactory and promising for all test functions. 
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بريالية  نافسية ا ية  رحة وارز ع ق جا المهجنة  ية الا ية وارز ث سائ الا   ذات القياس الكبيررافق لح 

  : الخلاصة

وبرزمية  صاربً  ى ب د ديدة  ة  وبرزمية مه تربت  حث تم ب طورية ICA-CGفي هذب ب ار ب رط بلا ، وذ 
وبرزمية بلاتجا بلمترب  ة في  ث يدية م ق ية ب ار بلامث ية م ب ية بلامبريا ا ائ خوبرزمية ب ية م يرة، في هذ  بلأمث ب

وبرزمية ية بلمقترحة ب ربر إلى ق ب شوبئي في   خدبم ب ة بلاولى تم ب ين، في بلمرح ـ مرح وبرزمية ب ة  ر ، ICAة وب
خدبم ية تم ب ثا ة ب ى وفي بلمرح د تي  ة وب رو يدية بلم ق ية ب يات بلامث ق دبن حري  FR-CGوبرزمية  وبحدة م  ب

ية ائد و  .بلامبريا ة م ددية  ارب ب وبرزمية  أظهرت ب فوخ  ية  يا ار  ائ  ICA-CGب بلجديدة في ح م
ية  وبرزمية بلجي ا يدية  ق وبرزميات ب ا يرة مقارة  ية ب وبرزمية GAبلأمث ة و طيور  أمث ربب ب وبرزمية PSO أ و

ح  ربت ب ة ABCم ول بلم ية ب و قارب و ة ب ر احية     .م 
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Abstract 

An artificial neural network technique is proposed in this research to solve the well-known partial differential 
equations of the types: Kawahara and modified Kawahara equations. The mathematical model of the equation was 
developed with the help of artificial neural networks. The construction requires imposing certain constrains on the 
values of the input, bias and output weights, and on the attribution of certain roles of each aforementioned 
parameters. The results obtained from the proposed technique were very accurate, simple and convenient. Moreover, 
the comparison between the approximated solutions and the exact one has done. This comparison found them in a 
good agreement with each other due to of superior properties of the Neural Network.  
 
Keyword: Kawahara   Equation, Modified Kawahara   Equation, Artificial Neural Network.   

 

1. INTRODUCTION 

n the past several decades, the 
investigation of solutions for nonlinear 

equations has played an important role in the 
study of nonlinear physical phenomena. 

The Kawahara equation was first proposed by 
Kawahara in 1972, as a model equation 
describing solitary wave propagation in media 
Kawahara T.1972. The Kawahara and 
Generalized Kawahara equation occurs in the 
theory of magneto-acoustic waves in plasma D. 
T. Pham, E. Koc, A. Ghanbarzadeh and S. Otri 
2006. and in the theory of shallow water waves 
with surface tension.  However, recently some 
researchers have used artificial neural network 
(ANN)  to solve differential equationsin 
numerical calculation to overcome such  
limitations A. Junaid, M. A. Z. Raja, and I. M. 
Qureshi2009.H. A . Jalab, Rabha W. Ibrahim, 
Shayma A. Murad, Amera I. Melhum, and  S. 
B.Hadid 2012. Many researchers have spent a 

great deal of effort to compute the solution of the 
Kawahara equation using various numerical 
methods. Recently, In V. G. Gupta and S. 
Gupta2010, the homotopy perturbation method 
(HPM) is employed to obtain approximate 
analytical solutions of the Kawahara equation 
and generalized Kawahara equation.  M. 
Kurulay2012 applied the homotopy analysis to 
solve the modified Kawahara equation. Exp-
function method used to study the exact solution 
for the Kawahara equation in N. A. 
Kudryashov2010. 

Sh. Bahzadi 2011,solved the Kawahara 
equation by using the Adomain’s decomposition 
method, modified Adomian’s  decomposition  
method, variational  iteration  method, modified  
variational  iteration  method,  homotopy  
perturbation  method,  modified homotopy 
perturbation method and  homotopy analysis 
method.  

 
2. THE MODEL PROBLEMS 

The analysis presented in this paper is based on the Kawahara equation (Sirendaoreji , 2004)  : 
                                                                   (1) 

 
with the  initial condition:  ( ,0) ( )u x f x  

The exact solution of the above equation is:  
 , 79 9 	 √ 9  

For example  
 

while we consider modified  Kawahara equation ( Sirendaoreji , 2004) , is:  
 

            (2) 

I
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where p,q are nonzero real constants, with the initial condition  ( ,0) ( )u x f x  

The exact solution is given for  modified Kawahara equation by ( Sirendaoreji , 2004): ,  

With       			      and     

 
In this paper we apply an artificial neural network to estimate the solutions of the Kawahara 

equation (1) and the for modified Kawahara equation (2). 
 
3. ARTIFICIAL NEURAL NETWORK 
(ANN) 

 
Neural networks are computational models of 

the biological brain. Like the brain, a neural 
network comprises a large number of 
interconnected neurons. Each neuron is capable 
of performing only simple computation M. 
Ghalambaz, A.R. Noghrehabadi, M.A. Behrang, 
E. Assareh, A. Ghanbarzadeh and N. Hedayat 
2011, D. T. Pham, E. Koc, A. Ghanbarzadeh and 
S. Otri2006. Anyhow, the architecture of an 
artificial neuron is simpler than a biological 
neuron. ANNs are constructed in layer 
connected to one or more hidden layers where 
the factual processing is performance through 
weighted connections. Each neuron in the hidden 
layer joins to all neurons in the output layer. The 
results of the processing are acquired from the 
output layer. Learning in ANNs is achieved 
through particular training algorithms which are 
expanded in accordance with the learning laws, 
assumed to simulate the learning mechanisms of 
biological system A. Malek and  R. S. Beidokhti 
2006. However, as an assembly of neurons, a 
neural network can learn to perform complex 

tasks including pattern recognition, system 
identification, trend prediction, function 
approximation, and process control D. T. Pham, 
E. Koc, A. Ghanbarzadeh  and  S. Otri 2006. 
Multi-layer Perceptron (MLPs) are perhaps the 
most common type of feed forward networks  D. 
T. Pham and  X. Liu1995, A. S. Yilmaz and Z. 
Ozer2009 . 

In this work, a standard back-propagation 
neural network (NN) is used to estimate the 
exact solution for the given fractional equation. 
The network consists of three layers; the first 
layer consists of neurons that are responsible for 
input data vectors into the neural network. The 
second layer is a hidden layer. This layer allows 
neural network to perform the error reduction, 
which is necessary to successfully achieve the 
desired output. The final layer is the output layer 
which is  

 
Determined by the size of the set of desired 

outputs, which represent the estimated exact 
solution. Each possible output is represented by 
a separate neuron. There is one output from 
neural network. The neural network structure is 
shown in Fig. 1. 

 

 
Fig.1 Neural Network structure 
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Each neuron j (Fig. 2) in the hidden layer 
sums up its input signals xi after weighting 

them with the strengths of the respective 
connections ijw  from the input layer and adding 

the bias ib  to them, and computes its output i  

as a function g of the sum 

( )i ij i ig w x b         (3) 

where i   is each  neuron output and g  can 

be a simple threshold function or a sigmoid. 

 

 
 
Fig.2 Details of a neuron 

 
The general training algorithm for BPN is as 
follows 

Step0. Initialize weights. 
(Set to small random values) 
Step1. While stopping, condition is 

false(output meet the goal), do Step 2-9. 
Step2.  For each training pair, do Steps 3-8. 
 

Feedforward: 
Step3. Each input unit , …  

receive input signal  and broadcasts this signal 
to all units in the layer above (the hidden units). 

Step4.  Each hidden unit , …  
sums it ∑              (4) 

Applies its activation function to compute its 
output signal. 		                             (5) 

and send this signal to all units in the layer 
above ( output units) 

Step5. Each output unit , …  
sums its weighted input signals ∑          (6) 

And applies its activation function to 
compute its  output  signal  		                           (7) 
 
Backpropagation  of  error: 

Step6. Each output unit , …  
receives a target pattern corresponding to the 

input training pattern, computes its error 
information term. 

′ 	                (8) 
Calculates its weight correction term (used to 

update   later). 
Δ                                   (9) 
Calculates its bias correction term (used to 

update   later). 
Δ                                    (10) 
and sends   to units in the layer below. 
Step7. Each hidden unit , …  

sums its delta inputs (from units in the layer 
above). ∑ 												(11) 

Multiplies  by  the  derivative  of  its 
activation function  to calculate  its  error 
information term  	 ′                        (12) 

Calculate its weight correction term (used to 
update   later). 

Δ                                     (13)  
and calculate its bias correction term (used to 

update  later) 
Δ (14) 

 
Update weights and biases: 

Step8. Each output unit , …  
update its bias and weights … : 

Δ         (15) 
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Each hidden unit , …  updates its 
bias and weights … : 

Δ             (16) 
Step9. Test stopping condition. [13]. 
 

4. Artificial Neural Network Methodology for 
Kawahara Equation 

Neural networks generally provide improved 
performance with the normalized data. The use 
of original data as input to neural network may 
cause a convergence problem. All the data sets 
were therefore, transformed into values between 
-1 and 1 through dividing the difference of actual 
and minimum values by the difference of 
maximum and minimum values subtracted by 1. 
At the end of each algorithm, outputs were 
renormalized into the original data format for 
achieving the desired result.  

Training goal for the networks was set to 10-

5. Finding appropriate architecture needs trial 
and error method. 

Networks were trained for a fixed number of 
epochs. By this way, we found that two neurons 
for two hidden layer  produce good result. 
Comparison the result of  ANN  and exact 
solution is shown in Fig. 3. 

 
1. Create an architecture consists of two input 
nodes in the input layer, two hidden nodes in 
two hidden layers, one output node in the output 
layer. Assign the nodes to each layer. 
2. Initialize the weights and bias to random 
values. 
3. Initialize the network parameters. 
4. Train the network with initialized parameters, 
and with sigmoid activation function. 
5. Repeat the process until the maximum epochs 
are reached or the desired output is identified or 
the minimum gradient is reached. 

 

 

 

 

 

 

Input Layer               First Hidden second Hidden      output Layer 

Fig. 3 Neural Network structure for  kawahara equation 

 
EXAMPLE 1. To show the procedure, we will 
examine Kawahara equation  

 
With initial condition  , 79 9 √  

The exact solution is  

, 79 9 	 √ 9  

 for computing work: Comparison  between the 
exact solution and the artificial neural network 
solution will be given in the  following (Table 
1):  
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Table 1: Comparison of results for the solutions of example 1 where ∈ , 	, ∈ ,  

Kawahara  Equation 

T x ANN Solution Exact Solution 

0.1 0.1 0.194818435344505 0.194915325641 

0.1 0.2 0.194134854223350 0.194097364623 

0.1 0.3 0.192782703802976 0.192805204738 

0.1 0.4 0.191039486048669 0.191042568078 

0.1 0.5 0.188833513582170 0.188812796301 

0.1 0.6 0.186115595708242 0.186121568496 

0.1 0.7 0.182957732770161 0.182977236589 

0.1 0.8 0.179393463430124 0.179389100063 

0.1 0.9 0.175383881161043 0.175364895242 

0.1 1 0.170903532930394 0.170914456985 

0.1 1.1 0.166008717725511 0.166051894564 

0.1 1.2 0.160830163626410 0.160786354712 

0.1 1.3 0.155484418862169 0.155513423562 

0.1 1.4 0.149951486630059 0.149108256974 

0.1 1.5 0.144126956820884 0.142723459831 

0.1 1.6 0.138580203948702 0.1359952886166 

0.2 0.6 0.185481153647747 0.1854893572 

0.2 0.7 0.182265474605305 0.182249967 

0.2 0.8 0.178640125774316 0.1785673955 

0.2 0.9 0.174550793023224 0.174451295 

0.2 1 0.169973265199086 0.1699123841 

 

 
 
Fig3.  Neural Network estimated solution for Example (1) 

 
EXAMPLE 2.  We have taken	 . 		 		 , then the modified Kawahara 
equation is .  

with initial condition  , .√ . 7 7  

The exact  solution  of  modified Kawahara equation   as follow: 

0

0.1

0.2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

ANN

Exact
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, .√ . 7 7 .  

 for computational work, , will be given in Table 2 
 
Table 2. Comparison of results for the solution of example2 . 	 		  ,      ∈ 	, ∈ ,  

 
Modified Kawahara Equation 

t x ANN Solution Exact Solution 

0.02 -5 0.000947424133242253 0.0009474889415215798 

0.04 -2.5 0.000948316063770784 0.0009483773375906261 

0.06 0.0 0.000948590405265281 0.0009486831272874861 

0.08 2.5 0.000948390995627245 0.0009484055588301033 

0.10 5 0.000947705508736422 0.0009475453146340136 

0.12 7.5 0.000946215002182919 0.0009461045077496208 

0.14 10 0.000944010475646170 0.0009440866708438895 

0.16 12.5 0.000941399960100077 0.0009414967378249370 

0.18 15 0.000938351483701271 0.0009383410182732446 

0.20 17.5 0.000934608800307114 0.0009346271649062464 

0.22 20 0.000930050731366098 0.0009303641343629944 

0.06 -1.25 0.000948730474574495 0.0009486031388265163 

0.07 0 0.000948664477167285 0.0009486831272874861 

0.08 1.25 0.000948514966415799 0.0009486172537859130 

0.09 2.5 0.000948270673895690 0.0009484055588301033 

0.10 3.75 0.000947888953488847 0.0009480481725713649 

0.11 5 0.000947320814390300 0.0009475453146340136 

0.12 6.25 0.000946548126945595 0.0009468972938286883 

 

 
 
Fig4.  Neural Network estimated solution for Example (2) 

 
 
 

0.00092

0.00093

0.00094

0.00095

1 2 3 4 5 6 7 8 9 10 11

ANN

Exact
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5. CONCLUSION 

This research indicated that the artificial 
neural network (ANN) technique can play an 
important role to estimate the solutions of the 
well-known equations: Kawahara and modified 
Kawahara equation. Therefore, the research has 
shown that the estimated solution by using ANN 
technique is approximately to the exact solution. 
Although the obtained results have acceptable 
accuracy, the proposed technique can be 
improved by increasing the number of training 
data, and can be minimized the error and 
reduced the differences. Further, the parallel 
processing property of neural network had 
reduced the computational time which makes 
this method better than the conventional 
methods. 
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Abstract 
In this paper we study the periodic solution of nonlinear system of differential equations 

depending on the gamma distribution by using the numerical analytic method to investigate 
periodic solutions of ordinary differential equation which given by Samoilenko A. M. .These 
investigations lead us to  improving and extending  this  method. Also we expand the results 
gained by Samoilenko A. M.  to change the periodic system of nonlinear differential 
equations to periodic system of nonlinear differential equations depending the on gamma 
distribution. 
 
Keyword: Periodic Solution, Differential Equations, Gamma Distribution, Numerical Analytic. 

  
1.Introduction.  

hey are many subjects in physics and technology using mathematical methods that 
depends on the linear and nonlinear differential equations, and it become clear that 

the existence of periodic solutions and its algorithm structure form  important problems, to 
present time where many of studies and researches [1,4,5,6] dedicates for treatment the 
autonomous and non-autonomous periodic systems and specially with differential 
equations. 

Numerical-analytic method [1,2,3,5] owing to the great possibilities of exploiting 
computers are becoming versatile means of the finding and approximate construction of 
periodic solutions of  differential equations. Samoilenko [4] assumes the numerical-
analytic method to study the periodic solutions for ordinary differential equations and its  
algorithm structure and this method  include uniformly sequences of periodic functions 
and the results of that study is using of the periodic solutions on wide range in the 
difference of new processes industry and technology as in [3,5,6].  

Samoilenko[4] has been used the numerical-analytic method to studythe periodic 
solution for nonlinear system of differential equation which has the form: , 					⋯ .  

where ∈ 	, 	 	 		 		 	 	 	 	 	 	 	 	 		 	 .  
In this study we have employed the numerical-analytic method of Samoilenko 
 .[4] to investigate the existence and approximation of periodic solution for nonlinear 

system of differential equations which depends on th  gamma distribution. The study of 
such differential equations leads to improving and extending Samoilenko  method [4 ]. 

Thus, the differential equations which depends on the gamma distribution that we have 
introduced in this study, becomes more general and detailed than those introduced by 
Samoilenko  .[4]. The study is considered a theoretical one, however, the results that we 
have got, many several applications in the physical field  as well as mathematical 
problems. 

Consider the following system of  differential equations which has the form  

T
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, , , 	⋯ .  

 	 ∈ 	,			 	 	 	 	 	 	 	 	 		 	 .	The vector function , , ,  is defined on the domain: , , , ∈ , ∞,∞ , 													 ⋯ .  
Continuous for all variables, periodic in  of period  and satisfies the inequalities: | , , , | 			, 																												 ⋯ .4  | , , , , , , | | |  ⋯ .  
for all ∈  and , , ∈ ,	where , , ⋯ , is a positive constant vectors 
and the gamma distribution is defined as , 				,			 	,where									 	. 																																																													⋯ .  

We define the non-empty sets as follows: ……………………… . .7  

Furthermore, we suppose that the greatest eigen value  of the matrix Λ 	 						does not exceed unity, i.e. Λ 																																																																																																									 ⋯ .  
Lemma 1.1[4]. Let  be a continuous vector function defined on the interval , ,	then max∈ , | | 
where . (For the proof see [4]) . 

By using Lemma 1.1 , we can state and prove the following Lemma.  
Lemma 1.2. Suppose that the  function	 ,  of  gamma distribution 	is continuous on 
the interval , . Then , ,  

is hold for all values of 	. where  max ∈ , | , |. 
 
 
Proof. Taking , , | , | | , |  
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so that , , ⋯ .  

for all ∈ ,  and 	.	 
2. Approximate solution. 
The investigation of periodic approximate solution of  (1.2) is  
formulated by the following theorem. 
Theorem 2.1.If the system (1.2) satisfy the inequalities (1.4),(1.5) and  conditions 
(1.6),(1.7) has a periodic solution , , , 	, then the sequence of functions , , , , , , , , , 	 

, , , , , , … . .  

 
 
with  , , , 	,																				 , , , ⋯ 
is periodic in  of period , and uniformly convergent to the limit function , , ,   as → ∞ in the domain , , , ∈ , ⋯ .  
  periodic in  of period  and satisfying the system of integral equations , , , , , , , , , 	 

, , , , , ,  							⋯ .  
 
which is a unique solution of the problem (1.2) provided that: 
 | , , , | 	 	 ……………………								⋯ .4  
and | , , , , , , | Λ Λ 	 	 	⋯ .  
for all  and ∈ , where  is the identity matrix. 
 
 
 : 
 By Lemma 1.1, 1.2 and using (2.1), when , we get: | , , , | | , , , , , , , | 	 
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| , , , , , , , | 													 
									 	 	  

	 	 				 
                                                    		 	  	 	 																																						 
So that | , , , | 	 ⋯ .  
i.e. , , , ∈ ,	for all ∈ , ∈ 	. 
 
Thus by mathematical induction, we find that: | , , , | 	 ⋯ .  
for all ∈  and ∈ . 
i.e. , , , ∈ , for all ∈  and ∈ . 
We claim that the sequence of functions (2.1) is uniformly convergent on the  
domain (2.2). 
By using the Lemmas 1.1,1.2 and putting  in (2.1), we have: | , , , , , , | | , || , , , | 	 
			 | , | | , , , | 										 

	 	  | , , , , , , | 	 ⋯ .9  

Suppose that the following inequality is true | , , , , , , | 	  ⋯ .  
for all . 
Now, we shall prove the following: | , , , , , , |	 	 | , , , , , , |  

| , , , , , , | 			 
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and hence | , , , , , , | ⋯ .  

for all 	. 
From (2.11) we conclude that for any , we have the inequality | , , , , , , | Λ 	 	 	  

such that | , , , , , , |	 
                                                               ∑ | , , , , , , |	 								 	Λ 		 

												 	 	 	Λ 	Λ 		 													 	 	 	Λ 	 E Λ  
so that | , , , , , , | 	Λ 	 E Λ 	 	 						⋯ .  
for all . 
From (2.12) and the condition (1.9), we find that: lim→ Λ 																																																																																																																 ⋯ .  

Relations (2.12) and (2.13) insures the uniform convergence of the sequence of functions 
(2.1) on the domain (2.2). 
Let lim→ , , , , , , ⋯ . 4  

Since the sequence of functions (2.2) is periodic in  of period , then the limiting 
function , , ,  is also periodic in  of period . 
Moreover, by Lemmas 1.1,1.2 and inequality (2.12) the inequalities (2.4) and (2.5) are 
holds. 
Finally, we have to show that , , ,  is a unique solution of the  
system (1.1).Assume that , , ,  is another solution of the system (1.1), i.e. , , , , , , , , , 	 , , , , , , , 							… .  
Now, we prove that 	 , , , , , ,  for all ∈  and to  
do this, we need to derive the following inequality: | , , , , , , | 	Λ 	 E Λ ∗	 	 							⋯ .  
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where	 ∗ ∈ , , , , , , , , |. 
Suppose that (2.15) is true for , i.e. | , , , , , , | 	Λ 	 E Λ ∗	 	  
then | , , , , , , |	 
                                         | , , , , , , | 	    | , , , , , , | 				 

				 Λ Λ ∗  

Λ Λ ∗ 	 
                                             Λ Λ ∗ . 
 
By induction, inequality (2.16) is true for , , , ⋯. 
Thus from (2.14) and (2.16), we have: lim→ | , , , , , , |  

 
 
 
and hence lim→ , , , , , ,  

By using the relation (2.14), we get: , , , , , ,  
i.e. , , ,  is a unique solution of (1.1) on the domain (1.2).  ∎ 
3. Existence of solution. 
The problem of existence of a periodic solution of period  of the system (1.1) 
is uniquely connected with the existence of zeros of the function , , ,  which 
has the form: , , , , , , , , , …………..	⋯ .  

where , , ,  is the limiting function of the sequence of functions (2.1). 
The function (3.1) can be determined only approximately, say by computing the  
following functions: , , , , , , , , ,  ……….		⋯ .  

              , , , ⋯. 
 
Now, we prove the following theorem. 
Theorem3.1. If all assumptions and conditions of theorem 2.1 are hold, then the 
inequality: | , , , , , , | Λ Λ 	 	 ⋯ .  
will be satisfied for all , ∈ 	. 
Proof. From relations (3.1) and (3.2), the estimate | , , , , , , |	 
                                             | , | | , , , , , , | 	 
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Λ Λ 	 	 							 
                                              Λ Λ 	  
Thus the inequality (3.2) is hold for all 	. 
Next, we prove the following theorem taking into account that the inequality  
(3.3) will be satisfied for all 	. 
Theorem 3.2. If the system (1.1) satisfies the following condition 
(i)The sequence of functions (3.2) has an isolated singular point , , , , ≡ , for all ∈ . 
(ii)The index of this point is nonzero; 
(iii) There exists a closed convex domain ∗ belonging to domain  and possessing a 
unique singular point  such that on its  boundary ∗  the following inequality  hold  ∈ ∗ ‖ , , , ‖ ‖Λ Λ 	 ‖⋯																												 .4  

Where  ∈ ∗  for all 	. Then the system (1.1) has a periodic solution  , , ,  for which , , ,  belongs to the domain ∗	. 
Proof. By using the inequality (3.1) the proof is similar to that of theorem 7.1[4]. 
 
Remark 3.1.[4]. When , i.e. when is a scalar, the existence of solution can be 
strengthens by giving up the requirement that the singular point shout be isolated, thus we 
have 
Theorem3.3. Let the system of nonlinear  differential equations (1.1) are defined on the 
interval , . Suppose that for , the function , , ,  defined according 
to formula (3.2) satisfies the inequalities: min ‖ , , , ‖ 							;					max ‖ , , , ‖ 											.				 																																⋯ .  

Then the system (1.1) has a periodic solution , ,  for which ∈ , , where ‖ 	 ‖  and ‖Λ Λ 	 ‖	. 
Proof. Let  and  be any two points on the interval ,  such that: , , , min , , , 		 ;, , , max , , , 		 . 							⋯ .  

From the inequalities (3.3) and (3.5), we have , , , , , , , , , , , ,, , , , , , , , , , , ,  ⋯ .7  
It follows from the inequalities (3.7) and the continuity of the function , , , , that there exist an isolated singular point , ∈ , , such that 	 , , , ≡ , this means that the system (1.1) has a periodic solution 	, , ,  for which ∈ , .				∎. 
Theorem3.4. If the function , , ,  is defined by : → , , , , , , , , , , ……		⋯ .7  																					 
where , , ,  is a limit of the sequence of functions (2.1). Then the following 
inequalities are holds 
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| , , , | M	M ⋯ .  
and | , , , , , , | Λ Λ 	⋯ .9  

for all , , 	 ∈ 	. 
Proof. From the properties of the function , , ,  as in theorem 2.1; it follows 
that the function , , ,  is continuous and bounded by 	 . 
By using (3.7), we get: | , , , , , , | , , , , , , 	 
                                                                , , , , , ,  																																																																						 | , , , , , , | 	 
                                                             . | , , , , , , | 	 
                                                             Λ| , , , , , , | 
and hence | , , , , , , |	 	Λ	| , , , , , , | ⋯ .  

where , , ,  and , , ,  are  solutions of the integral equation: , , , , , , , , , 	 , , , , , , 	 	⋯ .  

 					with  , , , 	, , . 
From (3.11), we have: | , , , , , , | | |	 	| , , , , , , |  

| , , , , , , | 					 
																																			 | | | , , , , , , |  

                                       | | Λ| , , , , , , | 
thus  | , , , , , , | Λ | |⋯ .  
using the inequality (3.12) in (3.10), we get (3.9). 
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Remark 3.2.[2]. The theorem 3.4 ensure the stability solution of the system (1.1) when 
there is a slight change on the point 	accompanied with noticeable change in the 
function 	 , , , 	. 
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Abstract: 

Electroencephalography (EEG) is a diagnostic tool that records the electrical activity of the brain using numerous 

electrodes placed on various regions to the scalp, or in special cases on the cortex. The resulting traces are known as 

an electroencephalogram and represent so-called brainwaves. 

There are many types of stimulators (physical, chemical , and mechanical )that are affect the special senses 

sensitive areas in the brain which are collected as electrical signals. This research is concerned with photo stimulator 

(yellow color with frequency of ≈ 515 THz that is transmitted by visual nerve and the generated electrical signal waves 

are recorded by EEG. The sample of the research consists of 18 normal vision volunteers divided equally between 

males and females. All precautions of wave interference or artifacts that are due to physiological or external electrical 

source are taken into account and minimized into the ignored level. 

The results clearly showed that, the mean relative action potential amplitude recorded from O2 for males were the 

same in low and higher intensities ; when intensity was increased  than that recorded from O1,  and O2 channel for 

females  also the same at low intensities then increased with increasing intensity than that recorded from O1. 

The fitting equation of the mean relative action potential amplitude versus the intensity of O1 and O2 channels for 

males are y = 0.053x2-3.161x + 47.23 with R2 = 0.969 and y = 0.044x2- 2.619x + 39.19 with R2 = 0.987, and for females 

are y = 0.046x2 – 2.693x + 39.60 with R2 = 0.894 and y = 0.043x2- 2.483x + 36.59  with R2 = 0.880 respectively. 

To compare the EEG electrical signals that are recorded from O1 and O2 channels for males and females, the 

mean relative action potential amplitudes are higher in males than in females for both channels. The deduced fitting 

curves for males O1 channel is y =0.046x2 – 2.693x + 39.60 with R2 = 0.894 and for females, O1 channel y =0.043x2 - 

2.483x + 36.59 with R2 = 0.880 and that for  male O2 channel is y = 0.044x2 – 2.619x + 39.19 with R2 = 0.987 and for 

female O2 channel y = 0.05x2 – 3.61x + 47.23 with R2 = 0.969. 

 

Keywords: Visual, EEG, Photons, Wave length, Brain 
 

Introduction: 

The electroencephalogram (EEG) is an 
instrument that recording the electrical activity 
along various regions of the scalp produced by 
the firing of neurons action potential within the 
brain (Niedermeyer, 2004).  It is a graphic 
display of the difference in voltages from two 
sites of brain function recorded over time.  EEG 
can be used to predict abnormal development 
and aid in the evaluation of nonspecific 
symptoms such as behavioral disorders, anxiety, 
or learning disabilities. On the other hand, by the 
addition of the averaging computer, electrical 
potential recording has been extended to the 
whole class of evoked or event related 
potentials. This improving the clinicians ability 
to diagnose multiple sclerosis and lesions 
located in the optic nerve, brain stem, 
cerebellopontine angle, and spinal cord. Finally 
EEG can also be used in conjunction with other 
types of brain imaging (Shamsaei, 2008).  

A visual evoked potential (VEP ) is an 
evoked potential caused by a visual stimulus, 
that are recorded from electrodes that are placed 
on the back of head and  observed as a reading 
on an electroencephalogram . These responses 
usually originate from the occipital cortex, the 
area of the brain involved in receiving and 
interpreting visual signals ( Leslie, 2006; 
Vaughan,1965and Edmund,2006 ). 

VEP has become  routinely used and 
extremely valuable in both research and clinical 
evaluation of visual sensory and perceptual 
processing. The current research focused on 
EEG signals generated in the visual cortex and 
recorded by channels connected  to  O1 and O2 
since these channels are the most sensitive 
channels (figure1) for specific photon’s wave 
lengths (yellow color photons of wavelength ≈ 
570 nm) at different intensities and to compare 
the response as EEG signals generated in males 
and females of the same age groups with normal 
Visual functions.  
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Figure 1: Showing the five senses activate separate areas of the cerebral cortex ( Edmund,2006). 
 

Materials and Methods: 

1- Equipments and Tools: 

EEG system used in the present study was 
KT88 Digital EEG and Mapping System 
Automatically recording  EEG Unit, with 16 
EEG leads and 2 ECG leads with an ability of 
Automatic measurement of multifunctional flash 
light of USB port and  manual or automatic 
control. The International Standard Electrode 
placement (10/20) method was used. 

The electrodes pick up  the signals from the 
head surface, amplifiers bring the microvolt into 
the range where they can be digitalized 
accurately, and converter changes the signals 
from analogue to digital readings which are 
displayed and stored in the computer monitor 
system.  

 
2- Subjects and Techniques: 

Subjects 18 subjects under test were divided 
into two groups, nine normal males and nine 
females  and with an age range between (25- 28) 
years. 

Each subject was sitting on a comfortable 
chair; their eyes were opened and looking 
forward to the screen of the computer. All 
electrodes were fixed on the scalp through the 
net work connecting channels from these 
channels O1 and O2 electrodes were selected 
(Edmund,2006). It is worthwhile to mention that 
these areas are the most sensitive through which 

light stimulating parameter (photons of certain 
intensities and frequencies )  are received by 
retina and transmitted through visual nerve as 
electrical signal to these  symmetrical areas to be 
recognized. Then a stimulating power spectrum 
produced through which the mean relative power 
spectrum can be determined (the ratio of the 
power spectrum after exposure to that before) at 
different frequencies ( yellow color photons of 
frequency  ≈   515 THz)  and at different light 
intensities (26.1, 32, 33.2, and 36 lux) for 
subject’s in a completely dark room and the eyes 
are opened as well as the distance between 
subject eye and computer screen was  2 cm.    

 
Results and Discussion:     

The results of the current study  showed that 
the amplitude of artifacts can be quite large 
relative to the size of amplitude of the cortical 
signals of interest. This is one of the reasons 
why it needs a considerable experience to 
correctly interpret EEGs clinically. Some of the 
most common types of physiological artifacts 
include: Eye induced artifacts (includes eye 
blinks, eye movements and extra-ocular muscle 
activity), EKG (cardiac) artifacts, EMG (muscle 
activation)-induced artifacts, and Glossokinetic 
artifacts ...etc . 

The physiological artifacts were  controlled 
by asking the subject under test to stop all the 
voluntary activities that may generate unwanted 



Journal of University of Zakho, Vol. 2(A), No.1, Pp 213-219, 2014            
 

  215

electrical signals that makes distortion to the real 
signal that we want to deduce. Other generated 
physiological artifacts  may due to external 
chemical ,physical, and mechanical stimulators 
that affect specific sense and cause the firing  of 
Electrical signals which interfere with the real 
electrical signal to be record. These signals can 
be minimized either by stop the cause or to be 
sure that there is no external stimuli. 

In addition to artifacts generated by the body, 
many artifacts originate from the environmental. 
Movement by the subject, or even just settling of 
the electrodes, poor grounding of the EEG 
electrodes can cause significant 50 or 60 Hz 
artifact, depending on the local power system's 
frequency. A third source of possible 
interference can be the presence of an IV drip; 
such devices can cause rhythmic, fast, low-
voltage bursts, which may be confused for 
spikes (Barry,1965 and Iwasaki, 2005). 

  The mean relative action potential amplitude 
recorded from O1 and O2 for males and females 
volunteers are showing in tables (1) and (2)and 
in figures ( 1 ) and ( 2 ). As the figures indicate, 
the mean relative amplitudes that are recorded 
from channel O1 is different from  that recorded 
from channel O2 for both males and females. 
This difference is decreased at intensity 32 lux 
then  increased with increasing the intensity. The 
fitting equation of the mean relative action 
potential amplitude versus the intensity of O1 

and O2 channels for males and female were y = 
0.053x2-3.161x + 47.23 with R2 = 0.969 and y = 
0.044x2- 2.619x + 39.19 with R2 = 0.987, and                
y = 0.046x2 – 2.693x + 39.60 with R2 = 0.894 
and y = 0.043x2- 2.483x + 36.59  with R2 = 
0.880, respectively.  

To compare between the EEG electrical 
signals that are recorded from O1 and O2 
channels for males and females, we found that 
the mean relative action potential amplitudes are 
the same at low intensity (26.1 Lux) and  higher 
in male than in females for both channels at 
other intensities (Figures 3 and 4). The deduced 
fitting curve for males O1 channel is y =0.046x2 

– 2.693x + 39.60 with R2 = 0.894 and for 
females, O1 channel is y =0.043x2 -  2.483x + 
36.59 with R2 = 0.880 and that for  male O2 
channel is y = 0.044x2 – 2.619x + 39.19 with R2 

= 0.987 and for female O2 channel y = 0.05x2 – 
3.61x + 47.23 with R2 = 0.969. 

It can be concluded from the results of the 
current study that male’s visual area is more 
sensitive for yellow color than that for females  
for both channels (O1 and O2), and both males 
and females are more  comfortable to yellow 
color at an intensity of (32 Lux ). This means 
that some intensities is more comfortable than 
others for same color, specially yellow color 
since it has been noted in  Holy Quran that 
bright yellow color is impresses the viewers.  

 
Table (1): The mean relative action potential recorded from O1 and O2 Channels of male subjects. 

 

Males 

Intensity 

(Lux) 

Mean Relative action potential  

of O1  Channel 

Mean Relative action potential  

of  O2Channel 

26.1 1.205 1.28 

32 0.935 0.838 

33.2 1.489 1.617 

36 2.658 2.915 

 
Table (2): The mean relative action potential recorded from O1 and O2 Channels of female subjects. 

Females 

Intensity 

(Lux) 

Mean Relative action potential  

of O1  Channel 

Mean Relative action potential  

of  O2Channel 

26.1 1.196 1.181 

32 0.95 0.931 

33.2 2.166 2.108 
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36 3.165 2.995 

 
Figure (1): The relation between the intensity of yellow color (Lux) and the mean relative action 
potential amplitudes for males of O1 and O2 channels. 
 

 
Figure (2): The relation between the intensity of yellow color (Lux) and the mean relative action 
potential amplitudes for females of O1 and O2 channels 
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Figure (3): The relation between the intensity of yellow color (Lux) and mean relative action potential 
amplitudes for males and females of O1 channel. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (4): The relation between the intensity of yellow color (Lux) and mean relative action potential 
amplitudes for males and females of O2 channel. 
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