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Abstract 
Background: Atherosclerosis remains one of the leading causes of death all over the world. Flax, pumpkin and purslane 

seeds are rich sources of unsaturated fatty acids, antioxidants and fibers, known to have antiatherogenic activities. Aims: 

This study was to examine the efficiency of using either flax/pumpkin or purslane/pumpkin seed mixture (components of 

ω-3 and ω-6) on hyperlipidemia, kidney function  and  as immunomodulators in rats fed high cholesterol diets. 

Materials and Methods: 40 male albino rats were divided into four groups: control group, hypercholesterolemic rats, fed 

the balanced diet supplemented with cholesterol at a dose level of 2 g/100 g diet; the other two groups of animals fed the 

same previous hypercholesterolemic diet supplemented with either flax/pumpkin seed mixture or pumpkin/purslane seed 

mixture at ratio of (5/1) (ω-3 and ω-6). Results The present study showed that 2% cholesterol administration caused a 

significant increase in total cholesterol, total lipids, and triacylglycerol in both serum and liver. Serum phospholipids, 

LDL-C, and atherogenic index AI also significantly increased compared to control group. Cholesterol-enriched diet 

significantly increased serum urea, creatinine, sodium and potassium levels as well as significantly increased serum IgG 

and IgM compared to healthy control. Consumption of flax/pumpkin or purslane/pumpkin seed mixtures by 

hypercholesterolemic rats resulted in a significantly decrement in lipid parameters and significant improvement in IgG and 

IgM levels as compared with hypercholesterolemic rats. Conclusion: Our results suggests that both flax/pumpkin and 

purslane/pumpkin seed mixtures had anti-atherogenic hypolipidemic and immunmodulator effects which were probably 

mediated by unsaturated fatty acids (including alpha linolenic acid) present in seed mixture. 
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Introduction  
Abnormal lipid metabolism is a main cause of 

dyslipidemia, which is a major risk factor for 

cardiovascular disease, obesity, cholesthiasis and overall 

mortality [1]. The concentration of plasma cholesterol can 

be regulated by cholesterol biosynthesis, removal of 

cholesterol from the circulation, absorption of dietary 

cholesterol and excretion of cholesterol via bile and feces 

[2]. In liver, such lipid accumulation initially results in 

fatty liver that develops fatty infiltration and in chronic 

stages results in damage of hepatocytes, that causes gross 

fatty infiltration in parenchyma cells of liver. It is well 

known that diet plays an important role in the control of 

cholesterol homeostasis. In this context, it has been 

reported that herbs have been used as food and for 

medicinal purpose for hyperlipidemia that may be useful 

in reducing the risk of cardiovascular disease and 

alterations in liver metabolism [3] . 

               

It is important to have a balance of omega-3 and omega-6 in 

the diet. The typical American diet tends to contain 14-25 

times more omega-6 fatty acids than omega-3 fatty acids. 

The Mediterranean diet, on the other hand, has a healthier 

balance between omega-3 and omega-6 fatty acids. Recent 

studies have demonstrated that ingestion of polyunsaturated 

fatty acids (ω-3 and ω-6) including alpha linolenic acid  
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(ALA), present in vegetable oils, is inversely related to the 

incidence of heart disease by decreasing cholesterol and 

triacylglycerol plasmatic levels [4]. Flaxseed (Linum 

usitatissimum), also known as linseed, contains 32–45% of 

its mass as oil of which 51–55% is alpha-linolenic acid 

(ALA) (18:3 n-3 Omega-3 fatty acid), a precursor to 

eicosapentanoic acid EPA, as well as being a good source 

of dietary fibers and lignans. Flaxseed oil (FO) is readily 

available in the diet as flaxseed is incorporated into many 

commonly consumed foods such as breads, muffins and 

cereals. FO is one of the vegetable sources of ALA and its 

content ranges from approximately 40% to 60% of the total 

fatty acids. Clinical conditions such as cardiovascular 

disease, blood pressure, cancer, skin diseases and immune 

disorders such as renal failure, rheumatoid arthritis and 

multiple sclerosis may be prevented by ALA in flaxseed oil  

[5] .  

        

Pumpkins belong to the family of Cucurbitaceae. Pumpkin 

seeds are a popular snack food in several countries among 

of which is Greece. They are consumed either raw or 

roasted (salted or not) and used in cooking and baking as 

an ingredient of bread, cereals, salads and cakes. Moreover, 

pumpkin seed oil nowadays gains wide acceptance not 

only as edible oil but as a nutraceutical, too [6]. Pumpkin 

seed and seed oil have been implicated in providing many 

health benefits, which are attributed to their macro- and 

micro-constituent composition. They are a rich natural 

source of proteins, phytosterols, polyunsaturated fatty 

acids, antioxidant vitamins  such as carotenoids and 

tocopherol [7] and trace elements, such as zinc [8]. It is 

also contains 40.4-55.6% of linolenic acid: LA; 18:2 n-6, 

ω-6 fatty acid [9] . 

         

Portulaca oleracea (Portulacaceae family), also referred to 

the common purslane, is listed in the World Health 

Organization as one of the most used medicinal plants and 

it has been given the term ‘Global Panacea’. The purslane 

contains many compounds, including alkaloids, omega-3 

fatty acids, vitamins (mainly vitamin A, vitamin C, and 

some vitamin B and carotenoids), as well as dietary 

minerals, such as magnesium, calcium, potassium and iron. 

It is also rich in coumarins, flavonoids, polysaccharide, 

cardiacglycosides, and anthraquinone glycosides [10]. 

Many studies have demonstrated various pharmacological 

effects of this plant including hypoglycaemic, 

hypocholesterolemic and antioxidant effects [11] . 

 

In this study, pumpkin seed were used as a source of  ω-6 

fatty acids, while purslane or  flax seeds were used as 

sources of ω-3 fatty acids. The objective of the current 

study was to examine the efficiency of using either flax/ 

pumpkin or purslane/pumpkin seed mixture (components 

of ω-3 and ω-6) on hyperlipidemia , kidney function  and  

as immunomodulators in rats fed high cholesterol diets . 

 

Materials and Methods 
Animals 

This study was carried out on healthy adult male albino 

rats (Sprague-Dawley) strain weighing 120  5 g, supplied 

from the breeding unit of the Egyptian Organization for 

Biological Products and Vaccines (Helwan, Egypt). 

Animals were maintained on a natural light/dark cycle and 

given food and tap water ad libitum. 

 

Experimental Design 

Flax, pumpkin and purslane seeds were purchased from 

local market, crushed at ambient temperature and stored at 

4 ºC prior to use. It is well known that, flax seeds and 

purslane seeds were used as ω-3 fatty acids rich sources, 

while pumpkin seeds used as ω-6 fatty acids rich sources. 

Seed mixtures of flax, pumpkin and purslane rich in ω-3 

and ω-6 in was prepared in a ratio of 5/1 as recommended 

by the WHO and according to Makni et al. [9]. 

 

Animals randomly enrolled into four groups of ten animals 

each and treated as following: Group (1) G1: control rats; 

fed basal diet according to Reeves et al. [12]; Group (2) 

G2: hypercholesterolemic rats (HC), fed the balanced diet 

supplemented with cholesterol at a dose level of 2 g/100 g 

diet; Group (3) G3: hypercholesterolemic diet 

supplemented with flax/pumpkin seed mixture (F/P); and 

Group (4) G4: hypercholesterolemic diet supplemented 

with puslane/pumpkin seed mixture (P/P). 

 

At the end of experimental period (6 weeks), the final 

body weight for each rat was recorded. Animals were 

fasted overnight then scarified under ether anesthesia and 

blood samples were collected from hepatic portal vein in 

centrifuge tubes. The serum was separated by allowing 

blood samples left for 15 minutes at temperature of 25C 

then centrifuged at 4000 r.p.m for 20 minutes, then kept in 

plastic vials at 20C until analysis. Rat organs (liver, 

kidney, hearts) were immediately removed, rinsed with ice 

cold saline, and blotted dry, weighed separately and the 

relative weight were calculated. 

 

Biochemical Analysis 

Serum was analyzed for the following biochemical 

parameter: total cholesterol by the method of Allian et al. 

[13], HDL-cholesterol by Burstein et al. [14], 

triacylglycerol by Fossati and Prencipe [15], total lipids by 

Zollner and Kirsch [16] and phospholipids by Takayama et 

al.[17]. Calculation of LDL-Cholesterol fraction and 

atherogenic index (AI) and HTR ration involves an 

equations developed by Friedewald et al. [18]. Kidney 

functions tests: Urea, creatinine were determined 

according to Patton and Crouch [19], Bonsens and 

Taussky [20], respectively, sodium, potassium and 

phosphorous according to Trinder [21] Sunderman [22], 

El-Merzabani et al. [23], respectively.  

 

Measurement of Serum Antibodies by ELISA 

Serum immunoglobulin's IgG and IgM were determined 

by enzyme linked immunosorbent assay (ELISA), 

according to Erhardt et al. [24]. 

 

Extraction and Determination of Liver Lipids 

Liver tissue lipids were extracted with chloroform/ 
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methanol mixture (2v/1v) according to the method of 

Folch et al. [25]. The dried total lipids residues were 

dissolved in 1 ml absolute ethanol for determination of 

hepatic total lipids, total cholesterol and triacylglycerol.  

 

Statistical Analysis 

The data were statistically analyzed by SPSS version 15.0 

statistical packages. The results were expressed as means 

±S.D, statistical differences between groups were 

performed using t-test. Differences considered 

significantly when p˂0.05. 

 

Results 
Effect of seed mixture on body weight and relative organs 

weight 

As shown in Table 1 induced hypercholesterolemia caused 

a significant increase in body weight gain and a significant 

increase in the relative organs weight as compared with 

healthy control G1. Administration of seed mixtures to 

hypercholesterolemic rats caused a significant decrease in 

body weight gain and in the relative organs weight to 

reach the level of healthy rats. 

 
Effect of seed mixtures on serum and liver lipid contents 

As shown in tables (2) (3) and (4), feeding rats with  2% 

cholesterol-enriched diet for 6-weeks resulted in a 

significant elevation of serum and liver total cholesterol 

(111.65%; 43.32%), total lipids (16.89% and 39.18%) and 

triacylglycerol (4.12%; 43.56%). Serum phospholipids, 

LDL/HDL ratio and AI were also significantly increased in 

G2. Seed mixtures supplementation resulted in a 

significant decrease in the levels of serum and liver total 

lipids, total cholesterol and triacylglycerol. The HTR 

increased by 155.13% and 165.32 while AI was 

significantly decreased in flax/pumpkin and Purslane/ 

Pumpkin seed mixtures hypercholesterolemic rats 

respectively as compared to those of hypercholesterolemic 

control group. It was noticed that the lowering effect of 

seed mixture of G4 (P/P) on serum and hepatic total lipids 

was more observable than that of G3 (F/P). However, no 

significant difference between HDL-C levels in either G4 

or G3. 
 
Effect of seed mixtures on serum urea, creatinine, sodium, 

potassium and phosphorous 

Table (5) summarizes the effect of tested seeds on serum 

urea, creatinine, sodium, potassium and inorganic 

phosphorous in rats fed high cholesterol diets. The results 

revealed that feeding rats with cholesterol-enriched diet 

caused a significant increase (P<0.05) in serum urea, 

creatinine, sodium and potassium by about 56.76%, 

74.26%, 1.77% and 32.66% as compared with healthy 

control group. By contrast, administration of flax/pumpkin 

or purslane/pumpkin seed mixtures showed announced 

significant decrease (P< 0.05) in the levels of serum urea, 

creatinine, sodium and potassium as compared with 

hypercholesterolemic control group. The lowering action 

on urea and creatinine was more apparent in G4 fed (P/P) 

mixture seeds. There was no significant difference 

between all groups in serum phosphorous levels. 

 
Effect of seed mixtures on serum immunoglobulins 

The current study clearly showed that the levels of IgG 

and IgM were significantly increased (P<0.05) in 

hypercholesterolemic rats as compared with healthy 

control. It is clear that consuming seed mixtures either F/P 

or P/P had positive impacts to the immunity status of 

hypercholesterolemic rats by significant reduction in rat 

serum immunoglobulines to bring them near the normal 

levels (Table 6). 

 

Discussion 
The objective of the current study was to examine the 

efficiency of using either flax/pumpkin or 

purslane/pumpkin seed mixture (components of ω-3 and 

ω-6) on hyperlipidemia, kidney function and as 

immunomodulators in rats fed high cholesterol diets. 

Previous study by Lecumberri et al. [26] reported that rats 

fed high cholesterol diet showed significant increase in 

body weight and other organ weights, thus leads to 

secondary complications clinically. In our study, body and 

relative organs weight gain of hypercholesterolemic rats 

were decreased significantly upon treatment with 

flax/pumpkin or purslane/pumpkin seed mixture. The 

hypolipidemic and antiatherogenic effects of flax/pumpkin 

or purslane/pumpkin seed may be responsible for the 

beneficial action of these seeds on body weight gain and 

liver weights. Purslane/pumpkin seed mixture seems to 

exert a protective effect against overweight. However the 

pumpkin alone in each mixture may be responsible for 

reduction in body weight. A study by Hyounjeong et al. 

[27] screened various plant sources for their antiobesity 

activity and demonstrated that pumpkin has strong 

antiobesity effects in a high fat diet-induced obesity 

animal model. This mainly due to its effect on synthesis 

and degradation of lipid products in the body , also it was 

considered as metabolic regulator of lipogenic and 

lipolytic pathways and altimately as antiobesity agent. 
 

Cholesterol- enriched diet resulted in a significant increase 

in total cholesterol, total lipids, phospholipids and 

triacylglycerol in plasma and liver this accompanied by 

increased serum LDL-C level, with decreased circulating 

HDL-C, thus providing a model for dietary hyperlipidemia 

[28]. The increase of lipid parameters has been shown to 

be a strong risk factor for coronary heart diseases in many 

populations .The high cholesterol level in liver and plasma 

may be due to increased uptake of exogenous cholesterol 

and subsequent deposition and decreased cholesterol 

catabolism as evidenced by a reduction in bile acid 

production and turnover of bile acids.  The metabolism of 

free and ester cholesterol are impaired in liver, spleen and 

thymus tissue and the rate of turnover was specifically 

decreased in all tissues of hyperlipidemic rats. Lipid 

deposition is a major clinical complication of 

hyperlipidemia [29] which is consistent with the present 

study. 
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Table 1 Effect of supplementing seed mixtures on body weight gain and relative organs weight in hypercholesterolemic rats 

Groups Body weight gain (g) Relative weight of liver  Relative weight of Heart Relative weight of Kidney  

G1 (control) 110.13±5.9c 3.54±0.47b 0.406±0.05a 0.48±0.05b 

G2 (HC) 152.75±10.7a 3.86±0.22a 0.412±0.067a 0.57±0.06a 

G3 (F/P) 127.75±6.2b 3.49±0.16b 0.384±0.065a 0.47±0.06b 

G4 (P/P) 118.3±10.2c 3.49±0.16b 0.41±0.056a 0.49±0.08b 

L.S.D 8.67 0.29 0.060 0.0651 

 

Table 2 Effect of supplementing seed mixtures on lipid parameters and atherogenic index in hypercholesterolemic rats 

Groups Total Cholesterol 

(mg/dL) 

Total lipids 

(mg/dL) 

Triacylglycerol 

(mg/dL) 

Phospholipids 

(mg/dL) 

Atherogenic 

index 

G1(control) 104.11c±3.86 618.75d±8.68  65.49c±1.87 124.25c±5.06 1.79c±0.15 

G2 (HC) 220.35a±5.25 723.25a±15.52 100.93a±2.45 245.71a±17.29 6.79a±0.37 

G3 (F/P) 120.48b±3.20 652.5b±15.87 77.99b±1.7 200.1b±8.32 2.06b±0.19 

G4 (P/P) 115.44b±7.30 635.5c±9.89 66.32c±3.13 195.45b±5.20 1.95bc±0.26 

L.S.D 5.3 13.21 2.41 10.50 0.26 

 

Table 3 Effect of supplementing seed mixtures on VLDL-C, HDL-C, LDL-C, and HTR ratio in hypercholesterolemic rats 

Groups VLDL-C 

(mg/dL) 

HDL-C 

(mg/dL) 

LDL-C 

(mg/dL) 

HTR ratio 

G1(control) 13.09c ±0.37 37.25b  ±1.52 53.77c ± 4.11 35.82a±1.83 

G2 (HC) 20.19a ±0.49 28.33c ±1.45 171.83a ± 5.0 12.86c±0.61 

G3 (F/P) 15.59b ±0.34 39.51a ±2.66 65.37b ± 3.86 32.81b±2.17 

G4 (P/P) 13.26c ±0.63 39.25ab ±2.57 62.92b  ±7.69 34.12ab±3.07 

L.S.D 0.482 2.178 5.51 2.16 

 

Table 4 Effect of supplementing seed mixtures on hepatic total cholesterol, total lipids and triacylglycerols in hypercholesterolemic rats 

Groups Total Cholesterol 

Mg/g 

Total lipids 

Mg/g 

Triacylglycerol 

Mg/g 

G1 (control) 3.37c±0.25 53.60d±1.59 6.29c±0.52 

G2 (HC) 4.83a±0.186 74.60a±2.29 9.03a±0.50 

G3 (F/P) 3.70b±0.168 64.81b±2.13 6.47c±0.50 

G4 (P/P) 3.67b±0.15 60.00c±1.41 7.12b±0.25 

L.S.D 0.196 1.94 0.467 

 

Table 5 Effect of supplementing seed mixtures on kidney functions (urea, creatinine, Na+, K+ and Inorganic phosphorus) in  

hypercholesterolemic rats 

Groups Urea 

(mg/dL) 

Creatinine 

(mg/dL) 

Sodium 

mmol/L 

Potassium 

mmol/L 

Inorganic phosphorus 

(mg/dL) 

G1(control) 24.05c±1.05 1.01c±0.026 143.08b±0.46 4.94b±0.1 4.44a±0.18 

G2 (HC) 37.7a±1.86 1.76a±0.078 145.61a±1.92 6.54a±0.33 4.43a±0.19 

G3 (F/P) 29.97b±1.2 1.19b±0.066 141.83bc±0.24 4.57c±0.24 4.48a±0.08 

G4 (P/P) 28.98b±1.25 1.15b±0.053 141.35c±0.51 4.20d±0.1 4.45a±0.15 

L.S.D 1.42 0.06 1.58 0.35 0.24 

 

Table 6 Effect of supplementing seed mixtures on serum immunoglobulins in hypercholesterolemic rats 

Groups Serum IgG (mg/L) Serum IgM (mg/L) 

G1 (control) 187.0±4.64 91.75±2.63 

G2 (HC) 217.2±5.19 102.0±2.94 

G3 (F/P) 210.0 ±4.42 98.20 ±1.83 

G4 (P/P) 212.5 ±4.26 97.5 ±2.08 

 

Our results indicated that both flax/pumpkin and 

purslane/pumpkin seed mixture rich in polyunsaturated 

fatty acids had a strong hypolipidemic, 

hypotriglyceridemic and hypocholesterolemic effects in 

plasma and liver of rats with a reduction of plasma LDL-C 

levels and an increase in HDL-C levels. Furthermore, the 

atherogenic index markedly decreased due to significant 

reduction in LDL/HDL ratio in both groups fed 

hypercholesterolemic diet supplemented with either 

flax/pumpkin or purslane/pumpkin seed mixture. Results 

are agreed with Feoli et al. [30] who stated that the 

increase in HDL-C or HTR ratio is one of the most 

important criteria of anti-hypercholesterolemic agent. The 

decrease of plasma cholesterol by administration of 

flaxseed was ascribed to the decrease of both free and 

esterified cholesterol.  

 

Lignans, fibre and vegetable proteins present in the 

flaxseed could play major roles in reducing serum 

cholesterol in animal models and/or in humans [31]. 

Therefore, the effect of flaxseed in decreasing serum 

cholesterol does not seem to be due only to its C18:3 
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content, but rather to the synergistic action of its 

constituents. This was reported by Cintra et al. [32] who 

found lower serum lipid levels in normocholesterolemic 

and hypercholesterolemic subjects who were fed flaxseed 

oil. Fibers are reported to decrease plasma LDL-C levels 

by interrupting the cholesterol and bile acid absorption and 

increasing LDL receptor activity. The decline in hepatic 

cholesterol levels in flax/pumpkin hypercholesterolemic 

group indicated the possible influence of relatively higher 

fiber content of seed mixture. In fact, dietary fiber are 

known to interfere with cholesterol absorption and 

enterohepatic bile circulation and resulted in depletion of 

hepatic cholesterol pools [33]. In addition, diets rich in 

fibers are known to reduce triacylglycerol levels by 

inhibition of hepatic lipogenesis [34]. Moreover,  

numerous studies have demonstrated that high levels of 

HDL-C are associated with a lower incidence of 

cardiovascular diseases. The increase in HDL-C observed 

in our study, might be due to stimulation of pre-β HDL-C 

and reverse cholesterol transport as demonstrated by 

previous study [35]. High HDL-C levels could potential 

contribute to its anti-atherogenic properties, including its 

capacity to inhibit LDL oxidation and protect endothelial 

cells from the cytotoxic effects of oxidized LDL [36]. The 

anti-atherogenic effect of flax and pumpkin seed mixture 

found in our study might be due to the presence of 

polyunsaturated fatty acids, phytosterols, tocopherols and 

β-carotene [37]. The major total fatty acids present in seed 

mixture are unsaturated fatty acids such as oleic 

acid,linolenic acid and linolenic acid , which play a crucial 

role in reducing blood cholesterol in human and rats  

Movahedian et al. [38] showed that addition of purslane 

leaf extract to the cholesterol-enriched diet improved the 

hypercholesterolemia induced by a high-cholesterol diet in 

rabbits. The results showed that upon administration of 

hydroalcoholic extract of purslane for 12 weeks 

significantly decreased the serum total cholesterol, LDL-C 

and VLDL-C at doses of 200, 400 and 800 mg kg
-1

 bw in 

comparison with the hypercholesterolemic group. But 

serum HDL-C was elevated insignificantly in 

hypercholesterolemic rabbits treated with the above doses 

of purslane extract. Purslane treated animals also showed a 

decrease in the atherogenic index with respect of 

hypercholesterolemic groups, which is generally believed 

to be beneficial since the HDL level inversely correlated 

with coronary heart disease and reduction in this ratio is 

considered as an anti atherosclerotic factor.  

 

The kidney functioning capacity was assessed in this study 

by measuring the levels of electrolytes, creatinine and urea 

in the serum of the animals. The presence of significant 

effect of the cholesterol-enriched diet on the serum 

concentrations of sodium, potassium and phosphorus of 

the animals suggest that, the abnormal functioning of the 

organ in relation to these electrolytes were affected. 

Kidneys remove metabolic wastes such as urea, uric acid, 

creatinine and ions, so optimum chemical composition of 

body fluids is maintained. The concentrations of the 

metabolites increase in blood during renal diseases or 

renal damage may due to high activities of xanthine 

oxidase, lipid peroxidation, and increased triacylglycerol 

and cholesterol levels [39] . 

 

Creatinine, synthesized in the liver, passes into the 

circulation where it is taken up almost entirely by the 

skeletal muscles. Its retention in the blood is an evidence 

of kidney impairment [40]. Therefore, the reduced levels 

of creatinine in serum may imply that, the seed mixture 

had interfered with creatinine metabolism and its eventual 

excretion from the blood. Urea is the main product of 

protein catabolism. The increase in serum urea level in 

hypercholesterolemic control group indicates impairment 

in the normal kidney function of the animal, as the 

mechanism of removing it from the blood might have been 

affected. It may also be an indication of dysfunction at the 

glomerular and tubular levels of the kidney, it is well 

known that, many biochemical and histopathological 

findings confirmed renal damage in hypercholesterolemia 

conditions [41]. Flax seed is the richest natural source of 

plant lignans, which are platelet-activating factor 

(PAF)-receptor antagonists. Platelet-activating factor  

plays a key role in the mediation of inflammation,  

mitogenesis, and alteration of glomerular permselectivity. 

Thus, flaxseed could potentially inhibit various  

mechanisms associated with the progression of renal  

diseases [42]. A study by Dkhill et al. [43] showed that 

purslane administration at 1.5mg/kg purslane aqueous 

juice for 12 days caused significant decrease in urea and 

creatinine respectively. Schaefer et al. [44] have 

recommended many medicinal plants used already in 

traditional medicine, experimental and clinical, and  

nephroprotective effects among them are flax and 

pumpkin seeds mixture rich in PUFAs and antioxidant 

compounds in animals. 

 

The current study clearly showed that the levels of IgG 

and IgM were significantly increased (P<0.05) in 

hypercholesterolemic rats as compared with healthy 

control. It is clear that consuming seed mixtures either F/P 

or P/P had positive impacts to the immunity status of 

hypercholesterolemic rats by significant reduction in rat 

serum immunoglobulines to bring them near the normal 

levels. The capacity of dietary n-3 polyunsaturated fatty 

acids (PUFAs) suppress inflammation-associated 

processes, has made them attractive candidates for both 

the prevention and amelioration of a variety of 

organ-specific and systemic diseases. n-3 PUFAs suppress 

proinflammatory cytokine production, lymphocyte 

proliferation, cytotoxic T cell activity, natural killer cell 

activity, macrophage-mediated cytotoxicity, 

neutrophil/monocyte chemotaxis, and antigen presentation 

[45]. Evidence that these cellular effects indeed impact 

immune function in vivo is reflected in n-3 PUFA 

attenuation of mediator production, leukocyte homing, 

delayed-type hypersensitivity and acute inflammatory 

responses in experimental animals in which human 

inflammation and autoimmune diseases are modeled.  n-3 

PUFAs appear to mediate these effects via both 

eicosanoid-dependent and eicosanoid-independent 

pathways. Taken together, these anti-inflammatory and 
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immunomodu-lating activities have led to the evaluation 

and application of n-3 PUFAs for prevention and treatment 

of inflammatory and autoimmune diseases, of particular 

interest here are those studies that have focused on the 

kidney [46]. Results by Sun et al. [47] showed that 

increasing the supply of linolenic acid to the small 

intestine of animal models linearly modulate the immunity. 

On the other hand, it is reported that, 100 g of fresh 

Purslane leaves (about 1 cup) contain 300–400 mg of 

alpha-linolenic acid, is important in preventing heart 

attacks and strengthening the immune system.  

 

Conclusion 
The current study proved the efficiency of using either 

flax/pumpkin or purslane/pumpkin seed mixture 

(components of ω-3 and ω-6) on hyperlipidemia, kidney 

function  and  as immunomodulators in rats fed high 

cholesterol diets. 
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