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ABSTRACT: 

Aim: The present study was designed to investigate the effect of experimentally-

induced renal ischemia reperfusion (IR) injury on rat liver function. Also, to 

investigate the potential role of angiotensin II (Ang II), the final effector of rennin 

angiotensin system (RAS), in the pathogenesis of liver injury induced by renal IR. 

Methods: 24 male albino rats were included in the present study. Animals were 

randomly divided into the following experimental groups (6 rats each): Sham-

operated control group; in which rats were left freely wandering in their cages, 

Ischemia group; in which rats were subjected to renal ischemia for 60 min, IR-

induced group; in which rats were subjected to renal ischemia for 60 min followed by 

60 min reperfusion and finally, IR-losartan treated group; in which rats were given a 

single dose of losartan (a selective angiotensin II type 1 receptor blocker) at a dose 

level of (5 mg/kg), by oral gavage 24 and 1.5 hours before renal IR At the end of the 

experimental procedure, animals were sacrificed; serum was collected for 

determination of urea, creatinine, transaminases levels. Liver tissues were removed 

and used for determination of hepatic malondialdehyde (MDA) and tumor necrosis 

factor-α (TNF-α) contents or histopathological examination. 

Results: In the present study, renal ischemia, either alone or followed by 1h 

reperfusion, caused significant alterations in both renal and liver function as 

evidenced by significant increases in serum urea, creatinine and transaminases as well 

as structural alterations in hepatic sections, which were more evident in IR group and 

were associated with a significant increase in hepatic MDA and TNF-α levels. 

Blocking of AT1 receptors by losartan abolished the injurious effect of renal IR on 

liver tissue as evidenced by the significant decrease in serum transaminases and 

improvement of histological changes, along with a significant decrease in hepatic 

MDA and TNF-α level. 

Conclusion: Renal ischemia either alone or followed by 1h reperfusion caused 

injurious effect on liver histology and function, possibly via oxidative and 

inflammatory processes. In addition, these results suggest a possible role for RAS 

including its final product Ang II in the pathogenesis of liver injury induced by renal 

IR. So, pharmacologic blocking of RAS axis could be clinically useful to protect 

against remote organ injury including the liver, especially after post-ischemic renal 

insult. 
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INTRODUCTION: 

Remote organ injury is a kind 

of oxidative damage that may be seen 

in various organs away from the tissue 

exposed to ischemia-reperfusion (IR) 

injury. The degree of damage depends 
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on the duration of the ischemia. 

However, it becomes apparent during 

the reperfusion period, which 

intensifies the damage by triggering an 

inflammatory reaction involving 

oxygen free radicals, endothelial 

factors, and leukocytes. Attracted and 

activated neutrophils migrate and 

adhere to the endothelium, causing 

release of proteases and free oxygen 

radicals
1
. 

 

Liver injury is one of the 

distant-organ damages induced by 

kidney IR. Acute renal failure 

associated with liver disease is an 

extensively encountered clinical 

problem of varied etiology and high 

mortality
2
. It is believed that IR injury 

induces an inflammatory response, 

which results in the formation of 

reactive oxygen species (ROS) that 

augments local tissue damage or 

affects organs remote from the site of 

IR
3
. 

Since the liver tissue represents 

one of the vascular beds into which 

ROS are delivered, it would be likely 

to manifest a number of toxic effects of 

these molecules. It has been suggested 

that dehydroepiandrosterone treatment 

has a beneficial effect on antioxidant 

defenses against hepatic injury after 

renal IR in rabbits, possibly by 

augmenting glutathione (GSH) levels 

and lowering malondialdehyde (MDA) 

production
4
. 

   

An important function of ROS 

is the regulation of cytokine gene 

expression
5
. Miyazawa et al.,

6
 showed 

an influx of neutrophils and 

lymphocytes, not only in the clamped 

kidney, but also in the hepatic 

sinusoids concomitantly with liver 

dysfunction. These findings indicate 

that a systemic cellular immune 

response, including intermediate T 

cells, affects multiple organs during  

ischemic acute renal failure (ARF), 

which may play an important role in 

the development of multi-organ failure.  

 

Renin-angiotensin system 

(RAS) is well known for its regulation 

of blood pressure and fluid 

homeostasis. Besides vasoconstriction 

on the cardiovascular system, 

angiotensin II (Ang-II), the final 

effector of RAS, is known to exert 

several effects, such as increased 

expression of adhesion molecules
7
 and 

cytokines
8
, and generation of ROS

9
. 

  

In gastrointestinal system, Ang-

II reportedly constricts the gastric 

vasculature through AT1 receptor 

stimulation
10

 and is involved in gastric 

damage
11

. Furthermore, Nakagiri et 

al.,
12

 found a link between Ang-II 

activation and ROS production in 

gastric IR injury thus, raising the 

possibility for the involvement of Ang-

II in the pathogenesis of IR injury in 

other tissues. 

 

Therefore, the aim of the 

present study was to investigate the 

effects of experimentally-induced renal 

IR injury on rat liver function. Also, to 

explore the potential role of Ang-II in 

the pathogenesis of liver injury 

induced by renal IR.  

 

MATERIALS AND METHODS: 

Experimental design  

Twenty four male albino rats 

weighing 250–300g were included in 

the present study. Animals were 

housed at room temperature with 

normal light/dark cycles and were fed 

a standard diet of commercial rat chow 

and tap water ad libitum. Animals were 

randomly assigned into one of the 

following experimental groups (n = 6):  

1. Sham-operated control group; in 

which rats were left freely 

wandering in their cages. 
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2. Ischemia group; in which rats were 

subjected to renal ischemia for 60 

min. 

3. IR-induced group; in which rats 

were subjected to renal ischemia 

for 60 min followed by 60 min 

reperfusion.  

4. IR-losartan treated group; in which 

rats were given a single dose of 

losartan (a selective AT1 receptor 

blocker) at a dose level of (5 

mg/kg), by oral gavage 24 and 1.5 

hours before being subjected to 

renal IR
13

.  

 

Induction of experimental renal IR 

Renal IR was done according to 

a previous method described by Kelly
3
. 

In brief, rats were placed on a warming 

pad and anesthetized with pento-

barbital sodium (60 mg/kg i.p) and 

supplemental doses were given if 

required. Body temperature was 

maintained at 37 ± 1
o
C. A midline 

incision was performed and the renal 

arteries were carefully separated from 

around the tissues. Then, the renal 

arteries were occluded by non-

traumatic micro-vascular clips for 60 

min, followed by 1 h reperfusion. 

Occlusion was approved visually by 

color change of the kidney to a paler 

shade and reperfusion by blushing. 

Sham-operated animals underwent 

identical surgical treatment, including 

isolation of both renal arteries. 

However, artery occlusion was not 

performed.  

 

At the end of the experimental 

procedure, animals were sacrificed; 

serum was collected for determination 

of urea, creatinine, transaminases 

levels. Liver tissues were removed and 

used for either determination of both 

hepatic MDA (markers of lipid 

peroxidation) and tumor necrosis 

factor-α (TNF-α) contents or histopa-

thological examination. 

 

Biochemical assay 

Serum concentrations of urea, 

creatinine, alanine aminotransferase 

(ALT), and aspartate aminotransferase 

(AST) were determined by comer-

cially available kits (Biodiagnostic, 

Egypt) following the manufacturers’ 

instructions. 

 

Hepatic malondialdehyde (MDA) 

assay 

A commercially available kit 

(Biodiagnostic, Egypt) for colorimetric 

determination of hepatic MDA content 

was used as previously described [14] 

and based on the reaction of 

thiobarbituric acid (TBA) with MDA 

in acidic medium at temperature of 

95
o
C for 30 min to form TBA reactive 

product, the absorbance of the resultant 

pink product can be measured at 534 

nm using a spectrophotometer 

(Spectronic 2000; Bausch & Lomb, 

Rochester, NY, USA).  

 

Hepatic TNF-α assay 

Hepatic TNF-α concentrations 

were measured by ELISA (Rat TNF-α 

ELISA kit, Biosource, USA). 100 mg of 

liver tissue were homogenized in 1 ml 

phosphate buffer solution (PBS) that 

contained antiproteases (0.1 mmol/L 

phenylmethylsulfonyl fluoride, 0.1 

mmol/L benzethonium chloride, 10 

mmol/L EDTA and 0.05% Tween 20). 

The samples were then centrifuged for 

10 min at 3000 r/min and the supernatant 

was used for ELISA. 

 

Histological procedures 

Liver samples were imme-

diately fixed in 10% neutral formalin 

for 24 h then changed to absolute 

ethanol for dehydration and embedded 

in paraffin. Sections were stained with 

hematoxylin and eosin for micro-

scopical examination and were 

evaluated for the presence of cong--

estion, cellular degenerative changes, 
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cytoplasmic vacuolization and leuko-

cyte infiltration. 

 

STATISTICAL ANALYSIS: 

Data were represented as mean 

± standard error of the mean (m ± 

SEM). Statistical analysis was perfor-

med using Graph pad Prism 5 software 

and significant difference between 

groups was done by one-way ANOVA 

followed by Tukey-Kramar post hoc 

test for multiple comparisons with a 

value of P ≤ 0.05 considered 

statistically significant.  

 

RESULTS: 

 Changes in serum biochemical 

parameters (urea, creatinine, ALT, 

AST) in different experimental groups 

Both ischemia and IR groups 

showed significant increases in serum 

urea level (42.83±1.49 mg/dl and 

63.33±4.57 mg/dl vs. 16.17±1.58 

mg/dl, P≤0.05) compared to the sham 

control group. Serum creatinine level  

also showed significant increase in 

both groups (1.02±0.06 mg/dl and 

1.27±0.05 mg/dl vs. 0.67±0.06 mg/dl, 

P≤0.05) compared to the sham control 

group. Loasartan pretreatment to IR 

group caused significant decrease in 

both serum urea and creatinine levels 

(33±4.89 mg/dl and 0.72±0.05 mg/dl 

vs. 63.33±4.57 mg/dl and 1.27±0.05 

mg/dl, P≤0.05) compared to IR non 

treated group (table 1). 

 

As regards Serum transami-

nases (ALT, AST), ischemia group 

showed significant increases in serum 

ALT and AST levels (102.2±7.48 U/L 

and 108.2±8.44 U/L vs. 55.17±4.49 

U/L and 50.67±4.02 U/L respectively, 

P≤0.05) compared to the sham control 

group. In IR group, more significant 

increase in both serum ALT and AST 

levels was observed (178±6.20 U/L 

and 199.8±5.29 U/L) compared to 

either ischemia or sham control 

groups. Loasartan pretreatment to IR 

group caused significant decrease in 

both serum ALT and AST levels 

(74±5.96 U/L and 64.33±7.53 U/L, 

P≤0.05) compared to either ischemia 

or IR non treated groups (table 1). 

 

 

Table 1: Changes in serum biochemical parameters (urea, creatinine, ALT and AST)  

                in different experimental groups 

 

Groups 
Urea 

(mg/dl) 

Creatinine 

(mg/dl) 

ALT 

(U/L) 

AST 

(U/L) 

Sham 

Ischemia 

I/R 

I/R+losartan 

16.17±1.58 

42.83±1.49
● 

63.33±4.57
●○ 

33±4.89
●
*

 

0.67± 0.06 

1.02± 0.06
●
 

1.27± 0.05
●○

 

0.72± 0.05
○
* 

55.17± 4.49 

102.2± 7.48
●
 

178± 6.20
●○

 

74± 5.96
○
* 

50.67± 4.02 

108.2± 8.44
●
 

199.8± 5.29
●○

 

64.33± 7.53
○
* 

 

Data represent the mean ± SEM of observations from 6 rats. 
●
: significantly different 

from Sham group;
 ○

: significantly different from Ischemia group; *: significantly 

different from I/R group, P≤0.05; ALT; Alanine aminotransferase; AST; Aspartate 

aminotransferase. 

 

 Changes in hepatic MDA and TNF-

α levels in different experimental 

groups 

The level of liver MDA did not change 

significantly ischemia group. However, 

it was significantly increased in IR 

group (19.99±2.59 nmol/g tissue vs. 

8.83±1.22 nmol/g tissue and 13.05±  

1.14 nmol/g tissue, P≤0.05) compared 

to either sham control or ischemia 
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groups, respectively. On the contrary, 

pretreatment with losartan, caused a 

significant decrease in hepatic MDA 

levels (12.30±1.31 nmol/g tissue) 

compared to IR non treated group 

(Figure 1). 

 

 

 

M
D

A
 (

n
m

o
l/

g
 t

is
s

u
e

)

C
ontr

ol

Is
ch

em
ia IR

IR
+L

osa
rt
an

0

5

10

15

20

25

Ischemia

Control

IR

IR+Losartan*



 
 Fig. 1: Alterations in hepatic MDA level in different experimental groups. 

●
: 

Significantly different from control group; 
○
: Significantly different from ischemia 

group; *: Significantly different from ischemia/reperfusion (IR) group, p≤0.05. 

 

Similarly, ischemia group did 

not show any significant change in 

liver TNF-α level but, in IR group, 

liver TNF-α level was significantly 

increased (594.3±63.81 pg/100mg 

tissue vs. 182.1±14.55 pg/100mg tissue 

and 274.4±23.21 pg/100mg tissue, 

P≤0.05) compared to either sham 

control or ischemia groups, 

respectively. Pretreatment with 

losartan, significantly attenuated the 

IR-induced increase in TNF-α level to 

349.2±25.54 pg/100mg tissue, P≤0.05) 

compared to IR non treated group, but 

still significantly higher than the 

control level (Figure 2). 
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Fig. 2: Alterations in hepatic TNF-α level in different experimental groups. 

●
: 

Significantly different from control group; 
○
: Significantly different from ischemia 

group; *: Significantly different from ischemia/reperfusion (IR) group, p≤0.05. 
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 Histopathological changes in 

hepatic tissue in different 

experimental groups  

Liver sections were evaluated for the 

presence of congestion, cellular 

degenerative changes, cytoplasmic 

vacuolization and leukocyte infil-

tration. The sections from the sham-

operated rats displayed minimal/no 

changes. In ischemia group, congestion 

was present, but there was no apparent 

evidence of cellular degenerative  

changes including cytoplasmic vacuo-

lization or leukocyte infiltration. In IR 

group, congestion was more sever, 

vacuolezation was frequent, irregu-

larity, pale nuclei, disintegrated 

cytoplasm, and infiltration of 

leukocytes were also seen. In losartan-

pretreated IR group, histological 

changes were lessened showing less 

congestion, minimal vacuolization 

with absence of leukocyte infiltration 

(Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

 

Figure (3): Hematoxylin and eosin-stained sections of rat liver. A: Sham-operated 

group: showed normal hepatic lobular architecture and normal hepatocytes with granulated 

cytoplasm and small uniform nuclei. B: Ischemia group: Showed congestion in the central 

vein with minimal cytoplasmic vacuolization. C: IR group: Showed marked congestion, 

pale nuclei with frequent vacuolization and leukocyte infiltration. D: losartan group: 

showed less congestion, minimal vacuolization but no leukocyte infiltration (x 400). 

 

 

DISCUSSION: 

Acute renal ischemic injury 

continues to be associated with a high 

mortality rate. Renal IR injury occurs 

in many clinical situations, such as 

transplantation, partial nephrectomy, 

sepsis, hydronephrosis, or elective 

urological operations. Although most 

research in this area has focused on the 

renal response to this injury, recent 

A B 

C D 
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work has suggested that renal injury 

may affect and also be regulated by the 

extra-renal organs including the 

liver
15,2

. 

  

In the present study, the changes in 

hepatic function, histology, MDA and 

TNF-α level were examined after 

induction of rat renal ischemic injury.  

 

60 minute-period of renal ischemia 

was selected in the present study based 

on a previous study by Kadkhodaee et 

al.,
16

 who reported that a minimum of 

45-60 min ischemia is needed to study 

the effects of renal injury on the liver 

as a remote organ. So, the longer 

duration of renal ischemia was chosen 

to be certain of hepatic affection.   

 

In the present study, renal 

ischemia, either alone or followed by 

1h reperfusion, significantly attenuated 

the renal function as evidenced by 

significant increases in serum urea and 

creatinine levels. Liver function was 

also affected in both groups, as 

evidenced by a significant increase in 

serum transaminases (ALT, AST) and 

structural alteration, as evidenced by 

the histological changes in liver 

sections. However, these changes were 

more evident in IR group and were 

associated with a significant increase 

in hepatic MDA and TNF-α level, 

indicating the development of 

oxidative stress and inflammatory 

response. Findings which are in 

agreement with Serteser et al., (2002), 

who reported some changes in hepatic 

TNF-α levels and oxidation products 

after renal IR injury in mice
17

. 

 

Although ischemia can damage 

cells directly, liver cells have defense 

mechanisms to protect against such 

insults if the ischemic time is relatively 

brief [18], which was not the case in 

the present study, most probably due to 

the longer period of renal ischemia. 

However, even if the liver cells survive 

the ischemic insult, reintroduction of 

blood flow (reperfusion) often leads to 

cellular damage
19

. The hypothesis is 

that this second “hit” to the liver 

during reperfusion is mediated predo-

minantly by inflammation and 

generation of ROS
20

.   

 

In support of this hypothesis, 

some authors have suggested that 

mobilization of the complement 

cascade stimulates Kupffer cells, 

which mediate hepatocyte damage 

after limb IR injury
21,22

. Furthermore, 

Hoke et al., (2007) demonstrated that 

acute absence of kidney function 

results in pulmonary injury indep-

endent of renal ischemia, and 

highlighted the critical role of the 

kidney in the maintenance of serum 

cytokine balance and pulmonary 

homeostasis
23

. Moreover, Park et al., 

(2011) reported an improvement in 

liver and intestinal protection in mice 

treated with neutralizing antibodies or 

mice deficient in TNF-α after renal 

ischemic injury
24

, suggesting a critical 

role of proinflammatory cytokines 

namely, TNF-α in mediating hepatic 

injury induced by renal IR. 

  

It has been previously reported 

that renal IR affects liver inflammatory 

status with subsequent hepatic injury, 

possibly via increased renal production 

or impaired clearance of mediators of 

tissue injury, namely proinflammatory 

cytokines such as TNF-α
24

; findings 

which were confirmed in the present 

study by the significant increase in 

hepatic TNF-α level observed in IR 

group.  

 

Oxidative stress and ROS 

production after reperfusion also seems 

to be a critical component in remote 

tissue injury
16

. There most likely are 

numerous sources of ROS during 

reperfusion. For example, reperfusion 
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itself leads to the generation of free 

radicals via enzymes such as xanthine 

oxidase
25

. Furthermore, intrinsic infla-

mmatory cells (e.g.,macrophages) and 

recruited inflammatory cells (e.g., 

neutrophils) also generate ROS in 

liver
22

. These observations were 

confirmed, in the present study, by the 

significant increase in hepatic MDA 

level (as a marker of lipid 

peroxidation) in IR group, which was 

associated with marked alterations in 

hepatic function and histology. Thus, it 

is likely to say that oxidative stress and 

ROS production may also be 

implicated in the pathogenesis of 

hepatic damage in such condition. 

 

In a trial to clarify the possible 

underlying mechanisms mediating the 

injurious effect of renal ischemia on 

liver function, a separate group was 

made in which rats were pretreated 

with losartan, a selective AT1 receptor 

antagonist, before being subjected to 

renal IR to examine whether the RAS, 

which is well known to be activated 

under ischemic conditions
13

, may or 

may not be a possible mechanism of 

hepatic affection in such condition.  

 

In the present study, 

pretreatment with losartan abolished 

the injurious effect of IR on the liver 

tissue as evidenced by the significant 

decrease in serum transaminases and 

improvement of histological changes. 

This was also accompanied with a 

significant decrease in hepatic MDA 

and TNF-α level, indicating attenu-

ation of oxidative stress and infla-

mmatory process. Thus, these results 

suggest a possible role for RAS 

including its final product Ang II in the 

pathogenesis of liver injury induced by 

renal IR.   

 

It has been proposed that the 

RAS may contribute to inflammation 

in target organs, including the liver. 

However, most work investigating 

such a role has been in models of 

chronic tissue damage (e.g., renal and 

hepatic fibrosis). Although some 

studies have suggested that the RAS is 

involved in some models of acute 

inflammation in liver
26

, the potential 

mechanisms by which this system may 

contribute to inflammation and damage 

are unclear. In the present study, 

losartan pretreatment blocked the IR-

induced increase in hepatic TNF-α 

level. RAS inhibition also had 

profound protective effects on subse-

quent liver damage and recruitment of 

inflammatory cells (as evidenced by 

absence of leukocytic infiltration in 

hepatic sections; findings which are in 

agreement with those of Bataller et 

al.,
27

. 

  

Ang II has been shown to 

stimulate expression of proin-

flammatory cytokines
28

, adhesion 

molecules (e.g., intercellular adhesion 

molecule-1 [ICAM-1]
7
 and to activate 

proinflammatory transcription factors 

(e.g., activator protein-1 and nuclear 

factor κB)
29

. Furthermore, Harrison et 

al.,
30

 reported that Ang II can lead 

directly to increased superoxide 

production via nicotina-mide adenine 

dinucleotide phosphate oxidase in 

macrophages. In the liver, stellate cells 

have been shown to respond to Ang II 

to produce proin-flammatory and 

profibrotic cytokines and chemokines 

and reactive oxygen species
27

. So, 

blocking the action of Ang II by 

losartan would be expected to lessen 

the severity of liver damage induced 

by renal IR, mostly via suppression of 

inflammatory cytokines namely, TNF-

α, findings which were confirmed by 

the data of the present study. 

 

In addition to preventing the 

inflammation and subsequent damage, 

blocking of AT1 receptors by losartan 

also protected against oxidative stress 
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and ROS production induced by renal 

IR, as evidenced by the significant 

decrease in hepatic MDA levels 

compared to IR non treated group. This 

protective effect was observed, not 

only in the biochemical analysis, but 

also in hepatocytes that appeared 

undamaged by histological assessment. 

Taken together, these data clearly 

show that losartan had an antioxidant 

effect against hepatic injury under such 

condition.  

 

A broader definition of 

antioxidants includes not only 

therapies that directly intercept free 

radicals, but also those that prevent the 

formation of these species
31

. In this 

context, it is likely to say that the 

antioxidant effect of losartan, observed 

in the present study could be a 

consequence of the prevention of the 

infiltration and activation of 

inflammatory cells by losartan rather 

than a direct free radical scavenging 

effect
13

. 

 

In conclusion, the data of the 

present study clearly demonstrated that 

renal ischemia per se or followed by 1h 

reperfusion caused detrimental changes 

in liver histology and function (which 

was more evident after reperfusion), 

possibly via oxidative stress and 

inflammatory cytokines, which ulti-

mately leads to attenuation in hepatic 

defense mechanisms and subsequent 

damage. Activation of RAS could be a 

possible mechanism mediating that 

effect. Therefore, there might be a 

rational for pharmacological blockade 

of RAS to protect against remote tissue 

injury, in that case the liver, especially 

following renal ischemic insult.  
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تأحيرالاصابت بالقصىر الشرياني الحاد للكلى واعادة الارتىاء المحدث تجريبيا علي 

 2وظيفت كبد الفأر: دورالأنجيىتنسين 
 

 

يهدد ا بحث ددج ة بأددر لاصحًةبباددصور وصحريددي  بحاددةيصوى بح ددصة حرتردد   ب ددصة  بب لادديب   الهددد :

فى آحًصت باصور  2وجًيلاىيًه بحم  ث لاجةيثًص  رى  ظصئف بحتث  فى بحفئةبن,  بح    بحم تمل حلأ

 بحتث  فى مخل هذي بح صحر.

مه ذكي  بحفئةبن بحثًضص  حًج قيمت  اديبئًص  22 ق  بأتخ مت فى هذي بح  بأر  طرق البحج:

فئةبن فى بحمجمي ر(:أ ب بحمجمي ر بحضصوطر، حًج لاةكت  6إح  بحمجمي صت بحتجةيثًر بحتصحًر )

ص مجمي ر بحريي  بحاةيصوى بح صة حرتر ،  بحتى أح ث فًهص بحفئةبن لاجيل و ةير فى أقفصاهص، حصوً

ةقًردر  حصحخدص مجمي در بحريدي  بحادةيصوى بح دصة حرترد  مد   60بحريي  بحاةيصوى بح صة حرتر  حم   

ةقًردر لاد ي ب دصة  ح  لاديب   60ب صة  بب لايب  حًج لام بح بث بحريي  بحاةيصوى بح صة حرتر  حمد   

ب مجمي ددر بحريددي  بحاددةيصوى بح ددصة حرتردد  مدد  ب ددصة  بب لادديب  ةقًرددر أىددةأ,  أىًددة 60حمدد   

( وجة در 2 بحمعصحجر ميثرص وعرص  بحريأص لاصن )كمضصة حرىيع بلأ ل مه ميدترث ت بلأوجًيلاىيدًه 

أص ر قثل بحد بث بحريدي  بحادةيصوى  1.5   22مجم / كجم(، وصحتزقًم  ه طةيق بحفم  5مر ب هص)

  وهصير بحتجةور، لام قتدل بحفئدةبن  حًدج لادم عمد   ًىدصت مده بحد   بح صة حرتر   ب صة  بب لايب .  ف

حرًدص  ويددثر بحًي يدص،  بحتةيددصلاًىًه،  بوزيمدصت بحتثدد . كمدص أىددذت  ًىدصت مدده أويدجر بحتثدد  حرًددص  

أحفص, هذب وصبضصفر بح  بحف د  بحمجهدةأ لأويدجر -م تيبهص مه بحايب ة بح ة    صمل وخة بحي  

 بحتث .

تصئج بح  بأر ح  ث لاغًةبت ةبحر بحيصئًص فى كل مه  ظصئف بحتث   بحترد   ق  أظهةت و النتائج:

 ى  بحتعةض حرريي  بحاةيصوى بح صة حرتر  بمص  ح ي أ  مي يوص وص صة  بب لايب   بحيبض ر مه 

ى ل زيصة  ةبحر بحيصئًص فى ميتيأ بحًي يدص   بحتةيدصلاًىًه  بوزيمدصت بحتثد  فدى بحد  , فضد   ده 

ًةبت بحمجهةير فى قطص صت بحتث ,  بن كصوت أكخة  ضيحص فى مجمي ر  بحريدي  بحادةيصوى بحتغً

بح ددصة حرتردد  مدد  ب ددصة  بب لادديب   بحتددى كصوددت أيضددص ميدد يور وزيددصة  ةبحددر بحيددصئًص فددى ميددتيأ 

أحفص فى بحتث . كمص أظهةت وتصئج بح  بأر بحتصحًة بحيقدصئى حعردص  -بحايب ة بح ة   معصمل وخة بحي  

أددص لاصن ضدد  باددصور بحتثدد  بحىصلاجددر  دده بحريددي  بحاددةيصوى بح ددصة حرتردد  مدد  ب ددصة  بب لادديب  بحري

بحيبض ر مه ى ل ببوخفصض بح بل بحيصئًص فى بوزيمصت بحتثد   لا يده بحتغًدةبت بحمجهةيدر فدى 
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أويجر بحتث ،  بحذي لاةبفدق مد  بوخفدصض ةبل بحيدصئًص فدى ميدتيأ بحاديب ة بح دة   معصمدل وخدة 

 بحتث  مرص ور وصحمجمي ر بحغًة معصحجر. أحفص فى-بحي  

ويتخر  مه هذي بح  بأر بحتصحًة بحيرثى حرريي  بحاةيصوى بح صة حرترد   ردى  ظدصئف  الاستنتاج:

بحتث ،   ومص يعزأ ذحد  بحد  لاىادًظ  مرًدصت بلأكيد    ببحتهصودصت, كمدص لاادًة وتدصئج بح  بأدر بحد  

فدصن بحتد ىل بحد  بئ   ث  فى هذي بح صحر.  حدذح فى ح  ث باصور بحت 2بح   بحم تمل حلأوجًيلاىيًه 

أوجًيويًه ق  يفً  فى  قصير أ ضص  بحجيم بحثعً   مه بباصور بحىصلاجر -وصأتخ ب  مضصةبت بحةيىًه

 حرريي  بحاةيصوى بح صة  ب صة  بب لايب ,  ىصار حرتر . ه بحتعةض 

 

, بحاديب ة بح دة , 2, أوجًيلاىيدًه بحريي  بحاةيصو  بح صة  ب دصة  بب لاديب , بحتثد  الكلماث الدالت:

 أحفص. -معصمل وخة بحي  


