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Abstract : 
          In this study forty five normal male albino rats of Sprague Dawley 
strain, Weighting (140+_5g) were used to study paw edema . In order to 
carry out the study a formalin 1.0 mg/kg- induced  the  paw edema 
model in rats .The period continued 21 days from  the date of injury .The 
regular  intake of different concentrations (5,10 mg/kg) of 5or 10% 
tomatoes, spinach , Jew’s  mallow(Corchorus olitorius )and n-acetyl 
cysteine,(NAC) in diets has been associated with a reduced  risk of  paw 
edema . Inflammation was assessed by the measurement of paw volume  
after 0,1,2,4,5h and4,6,8,12.19.21 day, of  injection , Complete Blood 
Count(CBC),some of liver function parameters and  malondialhide 
(MDA) were determind. Spinach at 10% showed significant reduction of 
paw edema after 6 days of  formalin  injection .Likewise poth of  tomato 
at  5%and Jew’s  mallow at 10% showed significant reductions of paw 
edema after 8 days of formalin injection. Also spinach at 5% showed 
significant reduction of paw edema after 12 days of formalin till the end 
of experiment. NAC,tomato and spinach( 5%) induced  significant 
decreases in glutamate pyruvate transaminase( GPT).All plants induced 
significant decreases in MDA level . Tomato and spinach at (5 and 10%) 
caused decreased in platelet cell (PLT) levels. Also tomato 5%, 
spinach10% and Jew’s mallow 5% induced significant decreases in 
lymphocytes level. The present results showed that the mentioned plants 
has anti inflammatory activity on paw edema .It could be speculated   
that administration might be useful in the pharmacological modulation 
of inflammatory changes. 
Key words: (inflammation ,paw edema, tomato, spinach, corchorus 
olitorius) 
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INTRODUCTION: 
          Inflammation; the response of the host against infection and 
injury, may lead to several acute and chronic diseases such as 
atherosclerosis, rheumatoid arthritis, and even cancer. Chronic 
inflammatory diseases strike millions of people all over the world, and 
exercise is often prescribed for these patients to improve overall fitness 
and quality of life. Paw edema, is a convenient method for assessing 
inflammatory responses to antigenic challenges and irritants. Certain 
relatively uncommon antioxidants such as lycopene and phenolic 
compounds have not been extensively investigated from all above 
ailments, push us step forward to carry on to study the anti-inflammatory 
effect of selected dietary antioxidants. Cotran and Kumar, (1998). 
 
SUBJECTS AND METHOD: 
Subject: Normal male albino rats of Sprague Dawley strain ,Weighting 
(140+_5g). 
 Materials: Plants including tomato (Solanum lycopersicum),spinach 
(Spinacia oleracea )and molokhia” Jew’s  mallow”  (Corchorus 
olitorius ). 
Chemicals: Formalin, and diethyl ether .N-acetyl cysteine ( NAC)  . 
Method: All plants  were carefully washed then put it in  vacuum oven 
at 45

o
C to be driede. Rats were  fed on experimental diets for 21 

days .All the groups of rats were fed on basal diet according to 
Campbell,(1961).Experimental diets contained 5or 10% of plants. 
 
Induction of paw edema and treatment protocol : 
         Forty five male albino rats were randomly divided into nine groups 
with five rats each as follows: 
Group 1:The animals were subjected to injection into the rat left hind 
paw of 0·1m sterile saline and administered with saline (1 ml/kg, 
intraperitoneally ) .This group served as normal control without any 
treatment (Control-).The formalin-induced paw edema of the rat hind 
paw is a suitable model to study acute local inflammation . Agnel and 
Shobana,(2012). All other groups were injected with saline 10 micro 
liter of formalin (1 ml/kg) in left hind paw.  
Group 2: Served without treatment as paw edema control (control +). 
Group 3:Treated with  N-acetyl cysteine  added to water( 200mg /kg 
b.wt.). 
Group 4 and 5:Treated with powder of tomato at two  levels,(5and 10 
mg/kg b.wt.) respectively. 
Group 6 and 7 : Treated with powder of spinach at two  levels,(5and 10 
mg/kg b.wt.) respectively. 
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Group 8and 9 : : Treated with powder of molokhia”Jew’s  mallow” at 
two  levels,(5and 10 mg/kg b.wt.) respectively 
Paw edema 
   The formalin-induced paw edema of the rat hind paw is a suitable 
model to study acute local inflammation and widely considered to be 
one of the most useful models in the evaluation of anti-inflammatory 
activity of investigational compounds .( Agnel and Shobana,2012). 
Measurement instruments  of paw edema 
    
Paw edema was determined according to Fereidonia et al.,(1999).As 
follow: 
Fig (1): A line diagram of the apparatus used for determining edema. A 
5-cm glass cylinder with 4 cm water content, and placed on an electronic 
balance. After immersing the animal paw into the water to a 
predetermined depth, a weight will appear on the balance. The paw 
volume will be this value divided by the specific gravity of water. Paw 
volume was measured by means of a volume displacement method using 
water after 0h, 1h,2h,4h,5h,4days 6 ,8,12,14,19 and 21 days of  injection 
with formalin. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig(1): A line diagram of the apparatus used for determining edema. 

A 5-cm glass cylinder with 4 cm water content . 
Blood Samples: 
        All experimental animals were kept as mentioned before for 21 
days. At the end of experimental period ,rats were fasted for 12 hours 
and sacrificed under diethyl ether (anesthetized). Blood samples were 
collected in clean dry centrifuge tube from the hepatic portal vein. Apart 
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of blood was taken in heparinized plastic vial and analyzed immediately 
to determined a complete blood count (CBC). 
Separation of blood  serum: 
       At the end of experimental period, animals were sacrificed and 
blood samples were obtained form the hepatic portal veins then stored at 
room temperature for 15 minutes. After that samples were centrifuged at 
4000/r.p.m ,serum separated in clean glass well- Stoppard tubes and 
stored . 
Separation of organs : 
       Rats were subjected to  ether vapors inside desiccators for few 
seconds to be narcotized according to Baker (1958).Organs were 
separated at the end of the experiment by excising the animals with 
surgery, then transported by forceps to be weighted and put into Bouin 
solution for histological studies. 
Histopathological investigation: 
        The obtained organs were fixed using of Bouin’s solution according 
to method of  Humanso  (1962).The aqueous Bouin’s solution was 
prepared as follow: Saturated aqueous solution of picric acid ,formalin 
25cm

3 
,acetic acid 5 cm

3..
A microscopic section from organs was 

prepared according to the  method of   Kiernan (1981). 
Biochemical analysis 
        Serum GPT was determined according to the method of 
( Tietz,1976). 
 Serum GOT was determined according to the method described 
by Henry,(1974); Young,(1975).and Murray,(1984).Creatinine formed a 
colored complex with picrate in alkaline medium which was measured 
Spectrophotometer (Patton and Crouch,1977).Serum high density 
lipoprotein Cholesterol (HDL-C)was determined according to the 
method described by Lopez(1977).Determination of  serum  
malondialhide was determined according to Satoh (1978) using bio 
diagnosis at 534nm. 
Complete Blood Count (CBC)test:  
 This test included WBC count, Hb. Platelet count (PLT), Lym, 
Mon. The results of CBC are generated by highly automated electronic 
and pneumatic multichannel analyzers based on aperture-impedances /or 
laser beam cell sizing and counting according to Jacobs et al., (2001). 
 Statistical analysis: Statistical analyses were performed by IMB-
P-C computer hardware compact 1998,under Windows Microsoft Office 
2000 compared with program using statistical package for social Science 
SPSS (1998),and compared with each other using the suitable test.All 
obtained results were tabulated and suitable recommendation were 
given. 
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Result And Discussion 

The effect of NAC and different plants on paw edema induced by 

formalin: 

        Data concerning t he effect of  N-acetyl cysteine ( NAC) and other 

plants on weight of paw edema induces in formalin in Fig(2).  

There was significant difference between control negative and 

control positive after one hour of formalin injection till the end of 

experiment. Paw edema volume of control (-) group increased gradually 

with the time till 12 day after that paw edema was decreased . These data 

agreed with Lee and Jeong (2002). who found similar observant 

injection of formalin elicits significant inflammation (i.e. edema) in the 

center of the sole of the hind paw. Different concentrations of formalin 

effect on paw edema and pain behaviors in rats. Rats were injected with 

100 micro liter of formalin 10% (F10) group .The diameters of the  paw  

in the  F 10 group were significantly larger than those in the control 

group (p<0.05).  This suggests that there may be some dissociation of 

nociception from the edema formation. On other hand NAC and ” Jew’s  

mallow”5% didn’t show any improvement on paw edemaduring the 

experiment .Where spinach 10% showed a significant reduction of paw 

edema after 6 days of  formalin injection compared with positive group . 

Likewise both  tomato 5%and ” Jew’s  mallow”10% showed  significant 

reductions  on  paw edema after 8 days of formalin injection compared 

with control positive group .Also spinach 5% showed significant 

reduction on paw edema after 12 days of formalin till the end of 

experiment. Mean while  the obtained data treated with  NAC  did not  

show any improvement on paw edema during the experiment . These 

data were  in contrast with Farshid et al.,(2010 )who found that n-

acetylcysteine and diclofenac decreased paw thickness, and neutrophil 

infiltration in the paw tissues. Inhibition of cyclooxygenase products 

such as prostaglandins may be involved in the anti-inflammatory effects 

induced by n-acetylcysteine. 
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Figure (2 ) :The effect of N-acetyl cysteine  (NAC )and different plants on 
weight of paw edema induced by formalin . 
 
The effect of  NAC and different plants on GOT of formalin induced 
inflammation on in rats inflicted with paw edema. 

Data of significant differences in GOT levels of control( –) 
compared with control (+)  group (p≤0.05)  these data were in link with 
Agnel and  Shobana(2012) who found that formalin induced significant  
increase in GOT level . There is increasing evidence that lysosomal 
enzymes play an important role in the development of acute and chronic 
inflammation (Anderson et al., 1971).In present work  (Fig.3)  there was 
non significant difference in GOT level between all treatments and 
positive group except of tomato 10%.Our results  were in agreement 
with Parvin and Akhter(2008 ).who found that  tomato induced  
significant rise in serum GOT  level and different grades of necrotic 
changes in myocardium. On the contrary , Mazumder et al., (2003) 
found that low dose of  Corchorus olitorius Linn. seed which contain 
steroids and cardenolide glycosides, did not exhibit any significant 
change of serum GOT level. In addition ,Bignotto. Letı´cia  et al.,(2009). 
found that daily administration of  lycopene during 14 d  at  two doses of  
25 and  50  mg/kg  by oral administration did not exhibit any significant 
differences in  GOT serum  levels when compared with the control 
negative ,these results may due to desires effect of  lycopene treatment 
on liver injury. In addition both concentration (5and10%)of spinach did 
not exhibit any significant change in  serum GOT level. Similar 
observation also found within impaired liver function. Also (Silva et 
al.,2012). Who found that daily administration of  NAC increase 
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Aspartate aminotransferase . NAC preserved the remnant liver in mice 
and stimulates regeneration even after IR injury.  

 

Figure (3 ):The effect of N-acetyl cysteine  (NAC) and other plants 
on GOT for all studied groups. 
 
The effect of NAC and different plants on GPT of formalin induced 
inflammation  in rats are show n in figure (4)  .  
     Data represented in Fig.(4) revealed significant difference in GPT 
level observed for  control(–) compared with control (+)  (p≤0.05).These 
data were parallel with Agnel and  Shobana (2012)  who found that 
formalin induced significant  increscent  in GPT level. There is 
increasing evidence that lysosomal enzymes play an important role in 
the development of acute and chronic inflammation (Anderson et al., 
1971).  Also both of concentration of ” Jew’s  mallow” (5and 10%) 
induced  significant increase in GPT level compared to control (+) 
(p≤0.05) these data were in agreement  with Mazumder et al.,(2003) , 
who found that Corchorus olitorius Linn seeds which contain steroids 
and cardenolide glycosides  in medium and high dose levels, induce  
significant increase in GPT. Elevation level of GPT activity in moderate 
and high dose level of weekly treated mice may be due to improper liver 
function following the treatment. On the contrary NAC ,tomato 5% and 
spinach5% induced  significant decrease in GPT level compared with  
control positive (p≤0.05) ;these data were in line with that of bigontto, 
Letı´cia et al.,(2009) who studied that  effect of lycopene on GPT levels 
in the serum. When compared with sham-operated animals, there was a 
significant rise in the serum level of GPT. Daily administration of 
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lycopene during the 14 days that preceded the experiments significantly 
reduced this increase. This suggests that the beneficial effect of lycopene 
on the  reduction of liver injury, might be related to its antioxidant 
properties. In addition Silva et al.,(2012)  found that  N-Acetylcycteine 
decreased ALT activity in ischemia reperfusion  significantly (P < .05), 
reflecting a modulation of the injury. Necrosis resulting from IR was 
mitigated by NAC. N-Acetylcysteine (NAC) exerts beneficial effects on 
livers undergoing ischemia reperfusion. There are authors of present 
work sought to evaluate NAC modulation on reduced livers associated 
with IR injury. 

 
Figure ( 4):The effect of N-acetyl cysteine (NAC) and different 
plants on GPT of  formalin induced inflammation in rat. 
 
The effect of NAC and different plants on MDA of formalin induced 
inflammation on rats  are shown in figure (5 ). 
      As represented in the Fig. there was significant decrease  observed in 
control positive compared to negative control. These data  agreed with 
that of Duan (2011). who found similar observation  in MDA contents in 
human bronchial epithelium group increased with formaldehyde. These 
results  may be due to formaldehyde-induced damages in human 
bronchial epithelium cells in vitro. With exception of NAC which 
showed non significant effect on MDA, all plants induced significant 
decreases compared with control positive group. Groups could be 
arranged descending as follow: NAC, tomato 5%,  spinach10%, ” Jew’s  
mallow” 5%, spinach5%,” Jew’s  mallow” 10% and tomato 10%.These 
data were in consistence with Aydın et al.,(2012).who found that  
lycopene significantly recovered the parameters of liver functions in 
plasma and  reduced malondialdehyde. It was suggested that the 
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reduction in  MDA  level  induced  by tomato might be  due to the 
carotenoids have been well described  able to scavenge reactive oxygen 
species. Lycopene, a carotenoid present in tomatoes and  tomato 
products, have been suggested to have antioxidant activity, so may play 
a role in certain diseases related to the oxidative stress.  In addition  
Otari et al.,(2012) found the protective effect of aqueous extract of  
Spinacia  oleracea leaves (AESO) in experimental paradigms of 
inflammatory bowel disease. AESO significantly decrease colon 
malondialdehyde content . The most prominent effects were evident for 
AESO 1,000 mg/kg. This effect might be due to the antioxidant activity 
of the flavonoids present in the AESO. Also Das et al.,(2010). found that 
treatment with  of aqueous extract of C.olitorius (AECO) significantly 
increased (p<0.01) malondialdehyde and protein carbonyl content in 
myocardial tissue. Such  results concluded that the treatment with AECO 
prior to arsenic intoxication has significant protecting effect against 
arsenic-induced myocardial injury .The obtained data showed  no effect 
of N-Acetylcysteine on  MDA  being  in contrast with that of Ucar et 
al.,(2013). who examined the potential protective effects of  N-acetyl 
cysteine (NAC) and NAC + ozone therapy (OT) combination against 
APAP-induced nephrotoxicity. Also ,they found that  NAC and 
NAC + OT significantly decreased MDA .These findings suggest that 
combination of NAC and OT might improve renal damages because of 
both oxidative stress and inflammation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure ( 5 ):The effect of N-acetyl cysteine  (NAC) and different 

plants on MDA of formalin induced inflammation  rats. 
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The effect of NAC and different plants on PLT of formalin induced 
inflammation of  rats  is  shown in figure( 6) 
     As represented in Fig (6)  there were significance different  between 
positive and negative control groups (p≤0.05).These data are in 
agreement with that of  Kilic et al., (2002). who found that  in all  
animals with paw edema induced by formalin, platelet count was 
increased .In addition  Sivan et al.,(2010)   found  that the inflammatory 
response induced by S. argus venom in the mice hind paw was 
significantly increased  considering platelet count. Also Henriques et 
al.,(1987).found higher  increased in the number of circulating  platelets  
in paw edema model. These data might due to in inflammation induced 
by formalin  injection revealed a diffuse cellular infiltrate with 
predominance of polymorph nuclear neutrophils. As shown  in Fig.(6)all 
treatments revealed   non  significant difference of  PLT levels compared 
with  positive group. In addition, there were decreases  in both 
concentration (5 and 10%)of tomato and spinach compared  with 
positive control group .On the contrary  NAC and both concentrations of 
“Jew’s  mallow” (5and 10%) induced increases  in PLT level compared 
with positive group. These data are in line with that of Xu et al., 
(2011)found that lycopene decreased platelet count. This effect of 
lycopene on protecting blood cell, promoting fibrinolytic activity and 
reducing aortic lesions in hyperlipidemic rats might be the result of 
reducing blood lipids and improving anti oxidation. 

 
 

Figure (6 ): The effect of NAC and other plants on PLT for all 

studied groups. 
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The effect of NAC and different plants on LYM of formalin induced 
inflammation of  rats is  shown  in figure (7 ).     
     As represented  in Fig.(7) there was significant difference  between 
control positive and negative groups ( p≤0.05) . Agnel and Shobana et 
al.,(2012) found that administration of formalin in rats resulted in a 
significant increase in the levels of   lymphocytes which are predominant 
cells  in chronic inflammation. This may cause permanent distortion of 
the tissue, interfering its function. Also  inflammation  might induce 
infiltration .On other hand tomato 5%,spinach10% and “Jew’s  mallow” 
5% induced significant decreases in lymphocytes level compared with 
control positive group( p≤0.05).These results are in agreement with  
Porrini et al., (2002).who found that  lycopene  decreased significantly  
lymphocytes , and  this reduction was due to the consumption of 
carotenoid-rich foods which even for a short period of time gives 
protection against oxidative stress. The results obtained ,however seem 
to suggest that this protective role is not specifically related to 
carotenoids .In addition Pool, Zobel et al.,(1997)  found  that  t he 
supplementation of the diet with  spinach products resulted in a 
significant decrease in endogenous levels of strand breaks in lymphocyte 
DNA. Oxidative base damage was significantly reduced during the 
carrot juice intervention. These findings support the hypothesis that 
carotenoid containing plant products exert a cancer-protective effect via 
a decrease in oxidative and other damage to DNA in humans.  Also 
Chew et al.,(2012) found  that A 14 immune-gene signature, which 
identifies molecular cues driving tumor infiltration by lymphocytes, 
accurately predicts survival of patients with  hepatocellular carcinoma 
especially in early disease. In addition Li et al.,(2012) investigated the 
effects of ethanol extract of C. olitorius (ECO) on the growth of human 
hepatocellular carcinoma (HepG2) cells ,and gained some insights into 
the underlying mechanisms of its action. This action might induce the 
decrease of lymphocyte. Although the obtained data  showed  no effect 
of N-Acetyl cysteine on  lymphocyte count ,they were in contrast with 
that   Zhuang et al.,(2012 )  found that the infiltration of lymphocytes 
and formation of pseudolobuli in liver  alleviated in three acetyl cysteine 
magnesium treatment groups was significantly lower than for control 
group. It was suggested that  Acetylcysteine magnesium is probably a 
distinctive antioxidant which can remove various free radical in body 
and modulate ligand-dependent signal transduction and the growth of 
cell. It also have protection  from the liver cirrhosis and portal 
hypertension of rats induced by dimethylnitrosamine. 
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Figure (7):The effect of NAC and other plants on LYM for all 

studied groups. 

Histopathological investigation: 
 

 
Photo ( 1 ): Muscles of rat from (control -) group  showing no 

histopathological change 

 
Photo( 2 ): Muscles of rat from (control +) group  showing massive 

inflammatory cells infiltration , fibroblasts proliferation with 

formation of new blood capillaries. 
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Photo(3): Muscles of rat from (NAC) group showing local myolysis 

of  sporadic myocytes 

.  
Photo(4): Muscles of rat from (Tomato5%) group showing  slighted 

liquifactive necrosis  associated with some neutrophilic cells 

infiltration. 

 
Photo(5) :Muscles of rat from (Tomato10%) group  showing local  

myositis .  Notice the slight  congested blood vessels and some 

infiltration with neutrophiles. 
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Photo(6) :Muscles of rat from (Spinach 5%) group  showing local 

neutrophilic cells aggregation associated with formation of newly 

formed blood capillaries 

 
Photo( 7): Muscles of rat from(Spinach 10%) group  showing local 

myositis associated with appearance of newly formed blood 

capillaries . 

 
Photo( 8) : Muscles of rat from (mellow5%) group  showing local 

myositis . 
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Photo( 9 ): M uscles of rat from(mellow 10%) group  showing 

massive inflammatory cells infiltration,fibroblasts proliferation   

and congested blood capillaries. 
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خبهعت الوٌىفٍت–كلٍت الإقخصبد الوٌضلى –أسخبر هسبعذ الخغزٌت وعلىم الأغعوت 
1

،هذسط بقسن الخغزٌت وعلىم  

خبهعت الوٌىفٍت–كلٍت الإقخصبد الوٌضلى –الأغعوت  
2

،الببحثت
3

 

 
 

 الملخص

خن لذساست الأود 5±145ركىس الفئشاى البٍعبء وصى  45فً هزٍ الذساست حن اسخخذام            

هلدن /كدن 1.1ٌوب الوخلبٍت وقذ حن أحذاد الأود ٌوب الوخلبٍت بحقي الفئشاى ببلفىسهبلٍي بخشكٍض 

ٌىم هي حبسٌخ الحقي. الوأخىر الٍىهً هي الطوبغن  21لوذة هي وصى الدسن .الذساست اسخوشث ا

اسخٍل –%( فً الغزاء هلدن/كدن هي وصى الدسن وأٌعب )ى11و5لسببًخ والولىخٍت بخشكٍض )وا

سبعبث وأٌعب بعذ  5و4و2و1سسخبءٌي( وقذ حن حقذٌش حدن الأود ٌوب بعذ 

ٌىم هي حبسٌخ الحقي وحخى ًهبٌت الخدشبت . وقذسث أٌعب صىسة الذم  21و11و12و8و6و4

حقذٌش الوبلىًذهٍذ .ووخذ الأحً الودوىعت الخً حخغزي الكبهلت وبعط هي وظبئف الكبذ وأٌعب حن 

أٌبم هي  6% لىحع فٍهب اًخفبض هعٌىي واظح فً حدن الأود ٌوب بعذ 11علً السببًخ بخشكٍض 

% 11%و الولىخٍت  5ً ًببث الطوبغنحبسٌخ الحقي .وأٌعب كلا الودوىعخبى الخً حخغزي عل

أٌبم هي الحقي .أٌعب الودوىعت الخً  8لىحع بهب اًخفبض هعٌىي واظح فً حدن الأود ٌوب بعذ 

ٌىم وحخى  12% أظهشث اًخفبض هعٌىي واظح فً حدن الأود ٌوب بعذ 5بهب ًببث السببًخ 

GPTًهبٌت الخدشبت.ٌىخذ اًخفبض فً أًضٌن غزث ببسخخذام ًببث ا فً كل هي الودوىعبث الخً ح 

% .كل الودوىعبث هبعذا هدوىعت )ى اسخٍل سسخبءٌي ( حذد بهن ًقص 5لطوبغن والسببًخ 

هعٌىي واظح فً هسخىي الوبلىًذهٍذ .أٌعب الودوىعبث الخً فً علٍقهب ًببث الطوبغن 

%( قللج عذد خلاٌب الصفبئح الذهىٌت .أٌعب  الودوىعت الخً حخغزي علً  11و 5والسببًخ) 

% أحذثج ًقص هعٌىي  فً عذد 5% والولىخٍت 11% والسببًخ 5بث الطوبغن ًب

اللٍوفبوٌبث .هزٍ الٌخبئح خوٍعهب حشٍش إلً أى هزٍ الٌببحبث حعخبش هعبداث خٍذة للالخهبببث 

  .                                                                        هخوثلافً ًوىرج الأود ٌوب الوخلبٍت

                                              

 

 

 

 
 


