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ABSTRACT 
 
         The effect of grape seed proanthocyanidins (GSPEs) on Ehrlich ascites carcinoma (EAC) induced 
physiological and immunological alterations in mice were investigated. Mice received daily, orally 
100mg/ 100g of GSPE for consecutive 3 weeks in group that get GSEP  (P) and that get GSEP  pre 
cancer induction (P+C) only  injected s.c. with 0.2 ml 4x106 EAC cells in the thigh, but the naive group 
(N) and cancer bearing (C) group received saline for consecutive 3 weeks. 24 h after the last injection, 
both cancer bearing (C) group and that get GSEP  pre cancer induction (P+C)  injected s.c. with 0.2 ml 
4x106 EAC cells in the thigh. The results showed that the GSPE could prevent the increased size of 
solid Ehrlich tumor in the thigh region, decreased serum PC level but, increased serum SOD and GSPx 
activities in Ehrlich tumor-bearing mice. The results showed also that GSEP cause decrease in serum 
total cholesterol, TG, LDLc contents but, an increase in HDLc in Ehrlich tumor-bearing mice. In 
addition to  a significant increase in IFN-γ, the percentage of IFN-γ/IL-4 in concomitant with significant 
decrease in IL-4 and sera IgA, IgG, and IgM contents. In conclusion, GSPE has an important role in 
block oxidative stress and activate the antioxidant and immunomodulatory effects and this may be 
related to its flavonoids and the production of Th1- and Th2-derived cytokines. 
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Introduction 
 

Cancer is considered as one of the leading causes of death worldwide. Success of cancer 
chemotherapy is limited by drug induced adverse effects and multidrug resistance (Moorthi et al., 
2011). Therefore, there is a growing interest in identifying antitumor agents of natural sources, such as 
marine organisms and plants extract which are effective and produce less side effects (Cragg and 
Newman, 2005). Ehrlich ascites carcinoma (EAC) is an undifferentiated carcinoma, which is 
characterized by rapid proliferation, high transplantable capability, and short life span, Ozaslan et al., 
(2011). The solid and ascetic forms of this tumor are mostly used to evaluate the antitumor activity of 
different products, Kabel et al., (2013). Proanthocyanidins are class of polyphenolic compounds that 
are one of the most existing groups of plant secondary metabolites. They are considered to be biological 
compounds because they affect physiological and immunological processes and, can keep body healthy. 
They have been also described as antioxidants, anti-tumor and anti-inflammatory agents (Terra et al., 
2009). As most drugs used for cancer therapy are not specific on cancer cells only, but also affect the 
normal cells. Therefore, the present study aimed to study the role of a natural extract, (grape seeds 
proanthocyanidin) as safe protective agent against EAC induced physiological and immunological 
alterations. 

 
Materials and Methods 
 
Chemicals and Ehrlich tumor cell line preparation 
 

Proanthocyanidins 95% purity were purchased from agent of Sigma pharmaceutical industries 
Quesna – Egypt. A line of EAC was purchased from National Cancer Institute, Cairo, Egypt. The tumor 
line was inoculated in female Swiss albino mice by serial intraperitoneal transplantation of viable 2x106 
tumor cells/animal.  
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Experimental animals 
 

Fourty female Balb/c mice aged 4 weeks obtained from Serology Research Institute, 
Abbasseya, Cairo, Egypt. Mice were acclimized for 10 days.  Mice were maintained in a quiet room at 
25 ± 2 oC, with a light period of 12 hours alternating with a dark period of 12 hours. Mice received 
laboratory chow diet and water ad libitum. Then, mice were divided into 4 groups (10 mouse each).  
Normal group (N), mice received daily, orally 0.2 ml saline (0.9% Nacl) for consecutive 3 weeks. 
Cancer-bearing group (C), mice received daily, orally 0.2 ml saline for consecutive 3 weeks, then, 24 h 
after the last injection, they injected s.c. in the thigh with 0.2 ml 4x106 EAC cells. GSPE treated 
group(P), mice received daily, orally 0.2 ml GSPE for consecutive 3 weeks. Proanthocyanidin treated 
group then injected with EAC (P+C), mice received daily, orally 0.2 ml GSPE for consecutive 3 weeks, 
then, 24 h after the last injection, they injected s.c. in thigh region with 0.2 ml 4x106 EAC cells. Tumor 
size were recorded weekly. 
 
Blood sampling  
 

Whole blood were collected weekly from eye ball vein of the mice in clean tubes. The blood are 
centrifuged at 1500 xg for 10 min and the sera were extracted. Samples were kept at -80 ̊C for further 
analysis. Tumor in the thigh of each mouse was removed, and tumor size (mm3) was calculated by using 
the formula of, Noaman et al. (2008). 
Serum protein carbonyl level (PC) was determined by using the method of, Reznick and Packer, (1994). 
Serum Superoxide Dismutase (SOD) Activity was determined according to the method of, Minami and 
Yoshikawa, (1979). 

The activity of serum GSPx was determined by using the method of Necheles et al. (1968). 
Serum total cholesterol level was determined according to the method of, Meiattini et al. (1978) by 
using cholesterol kit from spinreact company. 

Serum Triacylglycerols (TG) Level was determined according to the method of, Bucolo and 
David, (1973) by using TGS kit from BIOCON diagnostics. 

Serum High Density Lipoproteins Cholesterol (HDLc) was determined according to the method 
of, Young, (1995) by using cholesterol HDL kit from SPINREACT, S.A. Ctra, Santa Coloma, Espain. 
Serum Low Density Lipoproteins Cholesterol (LDLc) was calculated by using the formula of, 
Friedewald et al. (1972). 

The serum IgA, IgM, IgG, IL-4 and INF-γ levels were determined according to the method of Li 
et al. (2014), using an ELISA kit (R&D Systems Inc., Minneapolis, MN, USA).  
 
Statistical analysis  
 

All data were analyzed using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) except for the tumor 
size experiment when T test was used, all experiments were checked with Anova for levels of 
significance and the data are presented as the mean ± SD. The values of P ≤ 0.05 were considered 
significant. Statistical Pearson's correlation coefficient test (r) was used to rank different variables 
against each other either positively or inversely.  

 
Results 
 
Effect of GSPE on Tumor size 
 

The changes in tumor size for all mice showed in (Fig. 1), which a significant decrease in tumor 
size in (P+C group) compared to (C) group obtained. 
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Fig. 1: Weekly change tumor size, (Mean ± SD) in cancer bearing mice (C) and mice that get GSPE pre cancer 
induction (P+C), (n=10). 

 

Effect of GSPE on serum PC Contents and serum SOD and GSPx activities 
 

Antioxidant  and oxidative stress parameters of mice treated with GSPE are concluded in Table 1. 
Activities of superoxide dismutase (SOD) and glutathione peroxidase (GSPx) all decreased but PC 
increased in tumor bearing (C) group compared with the naive group. Although, GSPE improved SOD 
and GSPx activities but decreased PC level.  
 

Table 1: Effect of proanthocyanidin on antioxidant parameters, (Mean ± SD).  

a; comparison  between N and other groups, b; comparison  between P and P+C group, c , comparison  between C and P and 
P+C groups, (n=10).  

 
Effect of GSPE on sera cholesterol, TG, HDLc and  LDLc contents  
 

Compared with the control (N) group, serum cholesterol, TG and LDL cholesterol content 
significantly increased but significantly decreased in HDL cholesterol content in the C group. However, 
GSPE treatment significantly decreased the contents of sera cholesterol, TG and LDL cholesterol  but 
significantly increased in HDL cholesterol content (Table 2).  
 
Effect of GSPE on serum inflammatory cytokines IFN-γ and IL-4 and IFN-γ/IL-4 percentage 
 

Effect of GSPE on the sera of IL-4 and IFN-γ levels and (IFN-γ)/IL-4 percentage is showed in 
Figure 3. There was an increase in IL-4 but a decrease in IFN-γ and the percentage of IFN-γ/IL-4 in the 
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Parameter 
Group 

Time (week) 

PC (nmol/ml) 

1st 2nd 3rd 4th 5th 
N 1.7 ± 0.15 1.6 ± 0.26 1.5 ± 0.15 1.7 ± 0.3 1.4 ± 0.15 
C 5.6 ± 0.26 6.9 ± 0.2a 7.7 ± 0.3a 8.4 ± 0.22a 11.2 ± 0.4a 
P 1.9 ± 0.15 1.5 ± 0.3c 1.3 ± 0.2c 1.5 ± 0.25c 1.2 ± 0.15c 

P+C 4.8 ± 0.5a,c,b 3.7 ± 0.25a,c,b  3.2 ± 0.15 a,c,b 2.9 ± 0.35 a,c,b 2.4 ± 0.4 a,c,b 

SOD activity 
(U/ml) 

N 4.4 ± 0.7 4.9 ± 0.36 5.1 ± 0.3 4.7 ± 0.58 5.3 ± 0.15 
C 2.8 ± 0.3a 2.5 ± 0.1a 2.1 ± 0.25a 1.5 ± 0.6a 0.6 ± 0.15a 
P 5.5 ± 0.2c 4.9 ± 0.33c 5.8 ± 0.25 5.1 ± 0.3c 5.6 ± 0.3a,c 

P+C 1.7 ± 0.2a,c,b 2.6 ± 0.2 a,c,b 3.2 ± 0.25 a,c,b 3.5 ± 0.76 a,c,b 3.7 ± 0.2 a,c,b 

GSPx activity 
(nmol//min ml) 

N 33.5 ± 3.7 38.5 ± 2.3 39.5 ± 1.57 41.7 ± 2.8 43.7 ± 1.3 
C 14.7 ± 1.5a 11.4 ± 1.5a  10.4 ± 1.1a 9.4 ± 1.55a 5.6 ± 0.8a 
P 38.2 ± 3.1c 41.8 ± 3.4c 44.5 ± 2.2 46.6 ± 1.2c 47.7 ± 3.6 

P+C 18.2 ± 
2.4a,c,b 

27.5 ± 3.6 a,c,b 29.8 ± 1.9 a,c,b 30.1 ± 4.2 a,c,b 34.5 ± 1.7 a,c,b 

c  

c  
c  

c  
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C group as compared to the control group.  However, GSPE decreased IL-4 but increased IFN-γ and 
the percentage of IFN -γ/IL-4 levels in the sera. 

 
Table 2: Effect of proanthocyanidin on sera mice cholesterol,TG, HDLc and LDLc, (Mean ± SD).  

parameter 
Group 

Time (week) 

 1st 2nd 3rd 4th 5th 

Cholesterol 
(mg/dl) 

N 182.1 ± 4.3 174.7 ± 3.9 169.4 ± 3.7 150.3 ± 2.5 158.3 ± 3.8 
C 199.4 ± 5.1a 203.2 ± 5.9a 218.5 ± 8.3a 223.6 ± 7.2a 224.1 ± 6.9a 
P 180.7 ± 4.9c 172.3 ± 4.2c 165.2 ± 5.3c 148.4 ± 6.8c 157.6 ± 8.5c 

P +C 181.5 ± 3.1c 173.8 ± 4.5c 166.7 ± 7.6c 149.5 ± 6.7c 155.1 ± 4.8c 

TG 
(mg/dl) 

N 87.2 ± 6.1 85.8 ± 7.9 83.6 ± 4.5 82.5 ± 8.6 77.3 ± 5.1 
C 163.2 ± 4.1a 174.5 ± 5.2a 188.2 ± 9.4a 198.5 ± 10.7a 209.1 ± 6.3a 
P 86.7 ± 6.8c 82.4 ± 6.4c 80.6 ± 5.7c 79.0 ± 4.3c 74.7 ± 7.1c 

P+C 153.2 ± 11.2a,b 145.8 ± 9.7a,b 132.6 ± 8.3a,b 127.5 ± 7.4a,b 121.3 ± 4.5a,b 

HDLc (mg/dl) 

N 64.3 ± 3.1 61.8 ± 4.1 66.3 ± 3.2 65.3 ± 2.9 63.2 ± 6.4 
C 35.2 ± 3.3a 23.1 ± 4.2a 19.7 ± 3.6a 18 ± 3.7a 11.2 ± 2.4a 
P 67.1 ± 5.3c 65.1 ± 3.5c 64.1 ± 6.2c 62.6 ± 4.7c 61.6 ± 3.2c 

P+C 60.8 ± 4.1c 67.2 ± 3.1c 76.3 ± 5.4a,c,b 78.9 ± 3.8a,c,b 82.4 ± 6.7a,c,b 

LDLc (mg/dl) 

N 60.1 ± 3.3 66.2 ± 3.6 70.1 ± 6.4 75.3 ± 4.2 77.4 ± 2.9 
C 103.2 ± 5.1a 115.7 ± 7.8a 129.5 ± 8.2a 133.8 ± 6.9a 135.9 ± 7.3a 
P 62.3 ± 4.5c 63.4 ± 5.2c 66.4 ± 3.2c 70.2 ± 4.4c 71.3 ± 6.3c 

P+C 61.3±3.2c 64.5 ± 3.7c 67.2 ± 5.6c 71.3 ± 4.7c 73.5 ± 3.8c 

a; comparison  between N and other groups, c; comparison  between P and P+C group, b , comparison  between C and P and 
P+C groups, (n=10).  
 

Table 3: Effect of proanthocyanidin on sera mice IFN-γ and IL-4 contents and (IFN-γ)/IL-4 percentage, (Mean ± 
SD) 

Parameter 
Group 

Time (week) 

IFN-γ (pg/ml) 

1st 2nd 3rd 4th 5th 
N 0.5 ± 0.1 0.4 ± 0.1 0.6 ± 0.2 0.8 ± 0.3 0.7 ± 0.1 
C 1.9 ± 0.1a 1.5 ± 0.15a 1.3 ± 0.1a 1.1 ± 0.15 0.9 ± 0.1 
P 2.3 ± 0.1a,c 2.7 ± 0.4a,c 2.9 ± 0.5a,c 3.4 ± 0.3a,c 4.0 ± 0.45a,c 

P+C 2.1 ± 0.1a,c,b 2.4 ± 0.1a,c 2.5 ± 0.3a,c 3.3 ± 0.2a,c 3.9 ± 0.6a,c 

IL-4 (pg/ml) 

N 1.1 ± 0.15 1.3 ± 0.1 1.2 ± 0.2 1.5 ± 0. 3 1.4 ± 0.1 
C 2.5 ± 0.58a 3.2 ± 0.15a 3.3 ± 0.15a 4.2 ± 0.26a 5.3 ± 0.4a 
P 1.4 ± 0.4c 1.2 ± 0.2c 1.3 ± 0.1c 1.1 ± 0.1c 1.0 ± 0.1c 

P+C 2.7 ± 0.7 a,c 2.1 ± 0.4a,c,b 2.0 ± 0.3 a,c,b 1.9 ± 0.2c,b 1.6 ± 0.3c,b 

(IFN-γ)/IL-4% 

N 45.45 ± 7.8 30.77 ± 5.4 50 ± 3.9 53.33 ± 4.2 50 ± 2.7 
C 76 ± 8.1 46.88 ± 6.2 39.39 ± 4.3a 26.19 ± 5.9a 16.98 ± 3.2a 
P 164.29 ± 20.7c 225 ± 22.4c 223.08 ± 23.5c 309.09 ± 18.9c 400 ± 25.6c 

P+C 77.78 ± 4.2 a,b 114.29 ± 14.3a,c,b 125 ± 12.4 a,c,b 173.68 ± 0.2c,b 243.75 ± 18.5c,b 

a; comparison  between N and other groups, c; comparison  between P and P+C group, b , comparison  between C and P and 
P+C groups, (n=10). 

 
Effect of GSPE on sera immunoglobulins contents 
 

The contents of IgA, IgG, and IgM in the sera of the tumor bearing (C) group significantly 
increased, compared with the naive group. However, GSPE treatment significantly decreased the 
contents of sera immunoglobulins (Table 4). 
 
The correlations between different variables against each other:  
 

A significant correlation between sera immunoglobulins (IgA, IgG, and IgM) and tumor size, 
oxidative stress marker (PC) and antioxidant markers (GSPx and SOD), cholesterol and (GSPx and 
SOD), PC and anti-inflammatory cytokines (IL-4 and IFN-γ) and between  IL-4 and IFN-γ in mice.   
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Table 4: Effect of proanthocyanidin on sera mice immunoglobulin levels, (Mean ± SD)   
Parameter 

Group 
Time (week) 

IgA (mg/dl) 1st 2nd 3rd 4th 5th 
 N 430.2 ± 17.6 452.2 ± 19.1 410.3 ± 18.5 404.2 ± 16.7 424.1 ± 20.6 
 C 477.2 ± 22.3a 431.4 ± 21.6 442.6 ± 23.7 499.3 ± 25.2a 462.4 ± 27.7 
 P 443.8 ± 14.7 409.3 ± 15.4a 462.3 ± 24.9a 411.3 ± 13.1c 431.6 ± 26.4 

 P+C 501.3 ± 29. 5a,b 433.7 ± 13.8c,b 420.6 ± 28.1c,b 441.7 ± 19.3a,c 449.3 ± 23.4 

IgG (mg/dl) N 995.8 ± 41.5 990.4 ± 40.1 990.4 ± 42.9 920.6 ± 43.2 854.9 ± 44.3 
 C 2250.4 ± 63.4a 2217.2 ± 59.3a 2660.5 ± 52.9a 2857.9 ± 50.2a 2496.4 ± 49.4a 
 P 898.9 ± 39.2c 912.8 ± 37.5c 982.3 ± 35.9c 713.3 ± 36.5c 641.6 ± 34.6 
 P+C 1890.6 ± 48.5a,c,b 1591.3 ± 47.2 a,c,b 1450.2 ± 45.3 a,c,b 1110.7 ± 46.2 a,c,b 1010.7 ± 43.6 

IgM (mg/dl) N 117.2 ± 18.3 99.4 ± 13.5 115.4 ± 17.7 110.2 ± 18.6 110.8 ± 20.8 
 C 510.6 ± 24.1a 531.2 ± 22.7a 653.6 ± 26.3a 716.4 ± 23.5a  856.3 ± 26.9a 
 P 70.1 ± 9.9a,c 88.4 ± 10.8c 92.2 ± 11.8c 101.2 ± 13.4c 88.1 ± 12.9c 

 P+C 230.5 ± 18.7a,c,b 221.3 ± 15.9 a,c,b 213.8 ± 16.4 a,c,b 212.3 ± 15.6 a,c,b 159.2 ± 14.5 a,c,b 

a; comparison  between N and other groups, c; comparison  between P and P+C group, b , comparison  between C and P and 
P+C groups, (n=10). 
 
Table 5: Correlation coefficients between the different variables in the sera, (Mean ± SD). 

Variables Tumor size PC Cholesterol IL-4 
IgA r = 0.939 r = 0.949 r = 0.999 r = 0.972 
IgM r = 0.991** r = 1.000** r = 0.960** r = 0.995** 
IgG r = 0.982** r = 0.990** r = 0.990** r = 0.999** 

GSPx r = 0.865** r = 0.881** r = 0.976* r = 0.918** 
SOD r = 0.861* r = 0.879 r = 0.975 r = 0.916 
PC r = 0.992** --- r = 0.963** --- 

IL-4 r = 0.987** r = 0.996** r = 0.982** --- 
IFN-γ r = 0.890* r = 0.889 r = 0.968 r = 0.919 

A pearson correlation analysis was used to investigate the relationship between variables. Data are found as correlation 
coefficients (r), * P < 0.05; ** P < 0.01. 

 

Discussion 
 

Cancer is a major health problem causing mortality despite the discovery of several novel 
anticancer drugs (Jemal et al., 2011). GSPE have been demonstrated to exert its antiproliferative effects 
on cancer (Dinicola et al., 2010). The current results showed significant decrease in tumor size in (P+C) 
group compared with tumor bearing (C) group, which were agree with Salman et al., (2014). Exceed 
tumor size in Ehrlich tumor bearing group, may be due to morphological and metabolic changes which 
increased in the rates of EAC dialysate and ascites fluid tumor cell progression (Donenko et al., 1992).  
Obtained decline in tumor size in GSEP treated mice may be due to that, GSEP may induce significant 
inhibition of cell proliferation and to enhance apoptosis in Ehrlich tumor cell lines (Dinicola et al., 
2013). The decline in tumor size may be due to inhibition the growth of tumor cells in nude mice by 
GSEPs leads to decrease in its wet weight (Prasad et al., 2012).  

The effects of proanthocyanidin on oxidative/nitrative protein damages, determined by the level of 
carbonyl groups (Morel et al., 2014). The present study showed significant increase in PC in tumor 
bearing mice (C group) compared with all other groups. These results are consistent with the results of, 
Abdan, (2012), and may be attributed to the higher oxidative stress caused by EAC than control animals, 
exceeding lipid and protein oxidation (Sun et al., 1989). The oxidative modifications caused by reactive 
lipid peroxidation products and the disturbance of the cellular redox balance which results in increased 
protein oxidative insults muast be taken into consideration, Chung et al., (2009). The present study 
showed a significant decrease in PC in (P) and (P+C) groups compared with (C) group. These results 
run parallel with that of, Morel et al., (2014), and may be related to the role of phytochemicals in 
increase the antioxidative capacity that may drive cancer cells ultimately into apoptosis (McEligot et 
al., 2005). The remarkable decrease of lipid peroxidation in cancer cells when compared to normal cells 
may be explained by low levels of the NADPH cytochrome-P450 electron transport chain (Faber et al., 
1995).  

The present study showed a gradually decrease in the activity of SOD and GSPX in the EAC mice 
as compared with all the other groups. These results agree with Abou Zaid et al., (2015). The decline 
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in SOD activity in EAC-bearing mice might be due to the loss of MnSOD activity in EAC cells and the 
loss of mitochondria, Sun et al., (1989), leading to a decrease in total SOD activity, Abou-Bedair et al., 
(2002). Glutathione peroxidase converts H2O2 and lipid hydroperoxides to water and lipid alcohols, 
respectively and this exhausting as during condition of oxidative stress might lead to the decrease in 
GSPx activity in EAC-bearing mice (Doroshow et al., 1990). The tumor promotion and progression 
and systemic dysfunction in cancer bearing group may be due to formation of ROS and other free 
radicals (Trush and Kensler, 1991). Both lipid peroxidation and oxidation of proteins can cause 
reduction in the activities of enzymes and alterations in the structure and function of membranes due to 
thiols blockage (Rajeswari et al., 1991). The use of GSPE with its antioxidant activity may protect 
against liver oxidative injury and ROS production as reported by (Abdan, 2012). Cancer cells can 
generate large amounts of hydrogen peroxide, which may contribute to their ability to mutate, damage 
normal tissues and invade other tissues. So, there is a direct correlation between changes in the rate of 
cancer cell proliferation and changes in the antioxidant machinery, an explanation which in accordance 
with Gupta, (2004).  

The present study showed that GSPE effectively caused significant increase in the activities of 
SOD and GSPX in all groups compared with cancer bearing group. These results are consistent with the 
results of, Salman et al., (2014) and Guler et al., (2011). This alteration may be attributed to 
participation of GSPE in controlling intracellular peroxide production, Halliwell, (2006) through 
prevention of ROS formation (Long et al., 2016). 

The protective effect of GSPE may be as a result of its induced apoptosis in tumor cells and 
increased expression of the tumor suppressor protein, p53 (Finlay et al., 1989). In addition, the 
antiapoptotic protein, Bcl-2 was down regulated by GSPE (Roy et al., 2005). GSPE induces apoptosis 
in cancer cells via inhibition of Bcl2, cell survival protein expression (Tyagi et al., 2013).  

The present study showed, a significant increase in serum triacylglycerol, cholesterol, LDL-
cholesterol levels, but a decrease in serum HDL-cholesterol in tumor bearing (C) group, as compared 
with all the other groups. These results were agree with, Abdel-Maksoud et al., (2014). These results 
may be related to abnormal lipid metabolism, associated with excess lipogenesis, leading to the 
pathogenesis of malignancies (Tania et al., 2010). This alteration may be also due to metabolic 
disturbance of tumor cells as confirmed by the finding of, Obeid and Emary, (1993). The decreased 
serum cholesterol and LDL-cholesterol levels and a decrease in serum TG level concomitant with 
increase in serum HDL-cholesterol in all groups, as compared with cancer bearing group, were 
consistent with Boghdady, (2013), which may be due to the antioxidant and antiapoptotic effect of 
proanthocyanidin. Polyphenols containing diet, basically with proanthocyanidins, significantly 
decrease plasma total cholesterol, TGs and LDL-cholesterol and an increase in HDL-cholesterol in 
animals subjects, Blade et al., (2010). The positive effects of proanthocyanidins on microcirculation are 
also attributed to their inhibition of LDL oxidation and oxidative stress inhibition, Natella et al., (2002) 
and decreased incidence of foam cells, markers of early stage atherosclerosis (Vinson et al., 2001). The 
delay in fat and cholesterol absorption, and a reduction in chylomicron secretion are responsible for the 
hypolipidemic effect of proanthocyanidins (Redgrave et al., 2008). The decrease in TG and cholesterol 
level in GSPE treated group may be due to the impaired lipid availability in enterocytes which reduce 
intestinal chylomicron secretion by proanthocyanidins, TGs digested by pancreatic lipase and must be 
hydrolyzed, before fat can be absorbed (Lowe, 1997). GSPE decreases the activity of pancreatic lipase, 
Birari and Bhutani, (2007), that lead to a decrease in TG absorption (Sugiyama et al., 2007). Cholesterol 
absorption may be due to, elevated excretion of neutral steroids and bile acids in GSPE supplemented 
group (Tebib et al., 1994). These results could be attributed to that, administration of GSPE keeps the 
expression of enzymes used in cholesterol biosynthesis in mice (Del Bas et al., 2009). Also, the 
chemopreventive activity of GSPE against cancer is suggested to depend on inhibition of cholesterol 
synthesis and, thereby, cell growth, Takahashi and Nishibori, (2007).  

The resolution of a pathogenic challenge depends not only on the presence or absence of an 
immune reaction, but also on the initiation of the proper type of immune reaction. The initiation of a 
non-protective type of immune reaction will not only result in a lack of protection, but may also 
exacerbate the underlying condition, where in cancer, the immune system constituents have been shown 
to augment tumor proliferation, angiogenesis, and metastases (Ichim, 2005). Cytokines as IFN-γ play a 
role in the immune response as it can assist the development of cancer and eliminate it, Alshaker and 
Matalka, (2011). The present study showed a significant decrease in IFN-γ and significant increase in 
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IL-4 in (C) group compared with all other groups, these results are in agreement with the results of, 
Agarwal et al., (2006). The suppression of Th1-type response in carcinomas is usual, due to Th2 
cytokines production by T cells such as IL-4 help neoplastic growth (Yamamura et al., 1993). The 
obtained data may be related to the activities of IFN-γ and IL-4 that involved in the complex interactions 
between host and tumor cells where this dynamic cross-talk can either regulate tumor growth or invasion 
and metastasis take place (Alshaker and Matalka, 2011). IL-4 can inhibit tumor growth, induce 
apoptosis in neoplastic cells, stimulate the activity of antigen-presenting cells in cancer, and regulate 
the expression of adhesion molecules in neoplastic cells (Gocheva et al., 2010). The obtained results 
may be due to anti-inflammatory effects of GSPE in inhibition of peroxide generation by macrophages, 
Bayeta and Lau, (2000).  

The present study showed a significant increase in IFN-γ and a significant decrease in IL-4 
production in (P) and (P+C) groups compared with (C) group. These results are consistent with the 
results of, Nair et al., (2002). These results may be related to flavonoids that exert significant 
immunomodulatory effects by activating Th1. The effect of GSPE with its oligomeric 
proanthocyanidins was assessed on Th1 (IFN-γ) - and Th2 (IL-6)-derived cytokine production by 
normal peripheral blood mononuclear cells (PBMC). These results may be attributed to IL-12 that 
regulates the growth and functions of T-cells and especially augments the developmentof Th1 type cells 
by stimulating the production of IFN-γ and inhibiting IL-4 production (Manetti et al., 1993). IFN-γ may 
inhibit tumor growth by affecting proliferation, apoptosis and angiogenesis, Kominsky et al., (2000). 

Testing humoral immune responses may be through determine of sera IgA, IgG, and IgM, 
Meissonnier et al., (2008). The present study showed that, the sera IgA, IgG, and IgM contents of 
Ehrlich ascites tumor bearing group gradually increased from the 1st to 4th week compared with all other 
groups. Also, the contents of immunoglobulins in sera of (P+C) group gradually increased from the 1st 
to 4th week compared with (N) and (P) groups. These results are consistent with that of, Gosh and saha, 
(1999). These results may be attributed to the capability of cancer cells in producing IgG as mentioned 
by, Niu et al., (2012). IgA, showing tumor enhancement may be blocking antibodies, Gosh and saha, 
(1999). Also, tumor escapes immune destruction by the host cause suppressing the immune reaction of 
the host against the tumor. This occurs through blocking factors which are suggested to be tumor-
specific and/or tumor- associated antigens. Tumors constantly shed such antigens into the circulation 
which form complexes with the tumor-specific antibodies and thus precipitate the anti-tumor antibodies 
in the circulation before they can reach the tumor cells and are eliminated from the circulation 
(Alexander, 1974). In addition, tumor specific IgA molecules present in the circulation of EAC-bearing 
mice, are precipitated in the circulation pre-enter the intraperitoneal cavity (Gosh and saha, 1999).  

The contents of sera immunoglobulins in (P) group decreased compared with (N) group. However, 
they significantly decreased compared with (P+C) and (C) groups. Also, they are significantly 
decreased in (P+C) group compared with (C) group. These results are consistent with the results of, 
Long et al., (2016), which may be through that, the IgA molecules adoptively transferred with HAC 
cells are directly coming in contact with the tumor cells and in combination with macrophages and/or 
lymphocytes are killing the tumor cells before they are precipitated by the antigens shed by the tumor 
cells, in addition, they showed that, tumor growth modulation by tumor plasma IgA may be mediated 
by its effect on cellular antitumor immune factors of the host (Gosh and saha, 1999).  

There is a negative correlation in the current study showed that, between tumor size and IgA, IgG 
and IgM. These results are consistent with the results of, Gosh and saha, (1999). These results may be 
through the role of IgA, IgG and IgM in enhance tumor killing ability of peripheral blood lymphocytes 
(PBL) and peritoneal macrophages of Ehrlich ascites tumor. This established importance of IgA IgG 
and IgM in tumor growth regulation. This indicated that tumor growth modulation by tumor plasma 
IgA IgG and IgM is also mediated by their effect on cellular antitumor immune factors of the host (Gosh 
and saha, 1999).  

In addition, there is a negative correlation between PC levels and the activities of GSPx and SOD. 
These results are consistent with the results of, Noeman et al., (2011). It is highly correlated with 
cumulative damage in the body done by free radicals inadequately neutralized by antioxidants 
(Valdecantos et al., 2009). Also, there is a negative correlation between PC levels and cholesterol levels, 
these results are consistent with Vincent and Taylor, (2006) and may be due to increased rates of free 
radical formation and chronic inflammation. The current study showed that, there is a positive 
correlation between (PC) and (INFγ) and a negative correlation between (PC) and (IL-4), these results 
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are consistent with the results of Moniuszko-Jakoniuk et al., (2009) and may be related to reactive 
oxygen species (ROS) that activate redox-sensitive nuclear transcription factor (NF-κB), that inturn 
causes a production of inflammatory cytokine, in addition to its effect as toxic substances (Wheeler et 
al., 2001). The current study showed a negative correlation between the levels of IL-4 and the IFNγ. 
These results are consistent with the results of Moniuszko-Jakoniuk et al., (2009). The mechanism of 
action may be due to that IL-4 is involved in the humoral response (Mosmann and Sad, 1996). The level 
of this cytokine in the mice is closely related with the production of IFNγ suggesting limited its secretion 
(Moniuszko-Jakoniuk et al., 2009).  

 
Conclusion 
 

In conclusion, GSPE may have protective effect, antitumor activity against Ehrlich solid tumor 
by enhancing antioxidant and immunological activities. 
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