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Abstract: We investigated the role of dietary linseed oil in the modulation of biochemical parameters and 

oxidant/antioxidant markers in cafeteria-induced obese rats and their offspring. Female wistar rats were fed on control 
or cafeteria diet, supplemented or not with linseed oil (5%) for one month before and during the gestation. At 
parturition, the mothers and their offspring were killed. Weight gain, food intake, serum biochemical and 
oxidant/antioxidant markers were determined. Cafeteria diet induced a significant increase in body weight, food intake 
and adverse alterations in biochemical parameters such as an increase in serum glucose, triglyceride, cholesterol 
and oxidant markers. Linseed oil supplementation induced a reduction in weight gain, serum lipids and a modulation 
of oxidative stress, improving metabolic status. In conclusions, linseed oil displayed remarkable health benefits by 
decreasing plasma and oxidant/antioxidant markers in both obese mothers and their newborns.  
Keywords: cafeteria; linseed oil; maternal obesity; lipid metabolism; newborn; Oxidant/antioxidant markers. 

 

I. Introduction 
 
During pregnancy, the availability of nutrients to the fetus depends on placental supply and maternal 
nutrition. Adverse nutritional environments during early life have long-lasting consequences and may 
change some physiological parameters at adulthood. Obesity is one of the most common health 
problems for pregnant women. Animal studies also indicate that maternal obesity programs offspring 
predisposition to a wide variety of chronic, later-life diseases [1]. Maternal obesity program changes in 
adiposity, hepatic metabolism, glucose homeostasis, and lipid profile, and are important in promoting 
obesity in offspring [2,3]. 
Obesity is an important metabolic disorder characterized by reduced insulin sensitivity and lipid 
metabolism abnormalities, in both animal models and humans [4].Obesity is characterized by insulin 
resistance, alterations in carbohydrate and fat metabolism and by increased adipose tissue mass as 
well as plasma and tissue cholesterol and triglyceride accumulation [4,5]. 
As the prevalence of obesity is reaching epidemic proportions, understanding the effect of maternal 
overnutrition on fetal growth and its long-term consequences on health are of particular importance. A 
cafeteria diet is known to induce obesity in animals [6]. Cafeteria-diet in pregnant rats induced 
maternal obesity with long-term metabolic consequences in the offspring, including an increase in 
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lipogenic capacity in adipose tissue, impaired glucose homoeostasis, and altered body composition 
and metabolism [7,8]. Indeed, maternal cafeteria feeding affected liver and adipose tissue metabolism 
leading to permanent changes in hepatic and adipose enzyme activities and fatty acid composition in 
the offspring [9]. 
Obesity is one of the most common health problems for pregnant women. Maternal obesity is 
associated to several complications, such as high blood pressure, eclampsia, gestational diabetes 
and macrosomia [10,11]. Obesity is associated with glucose and lipid metabolism abnormalities, 
increased cardiovascular risk and oxidative stress [12,13].  
Oxidative stress is highly correlated with a wide variety of inflammatory and metabolic disease states, 
including obesity [14] and with cumulative damage in the body done by free radicals inadequately 
neutralized by antioxidants [15].  
In obese patients, the increase in oxidative damage may be a consequence of hyperglycaemia, 
hyperlipidaemia, increased tissue lipid levels, inadequate antioxidant defenses, increased rates of 
free radical formation and chronic inflammation [16].  
Previous findings have documented that not only quantity, but also fat type used in the diets will affect 
the rate of weight gain. Saturated fatty acids (SFAs) have been shown to produce weight gain and 
obesity compared with other types of fatty acids [17]. In contrast, n-3 polyunsaturated fatty acids (n-3 
PUFA) generally reduce the rate of weight gain compared with other fatty acids, and play an important 
role in the prevention of metabolic diseases [18,19]. In fact, n-3 PUFA lower both plasma cholesterol 
and triglycerides and are useful in improving insulin sensitivity and treating dyslipidemia and 
metabolic syndrome [20,21].Therefore, both the amount of fats used in the diet and the fatty acid 
profile of these fats affect body-weight and metabolism regulation. Modification of dietary fat 
composition may influence metabolic disorders associated with obesity. However, although it is well 
documented that the consumption of diets high in n-3 PUFA can improve metabolic alterations, their 
beneficial effects on maternal and neonate obesity have not been elucidated. 
Flaxseed or linseed (Linum usitatissimum L.) has been a focus of interest in the field of functional food 
because of its potential health benefits, such as the improvement of lipid profile, glycemia, and 
cardiovascular function [22-24]. Indeed, linseed oil is an important source of dietary n-3 PUFA as α-
linolenic acid (ALA, 18:3 n-3). Previous studies have shown that linseed oil supplementation during 
pregnancy has beneficial effects on neonate metabolic parameters and health [25,26]. In addition, 
linseed oil induces epigenetic changes in maternal and offspring livers [27]. To the best of our 
knowledge there are no reports in the literature on the effect of linseed oil supplementation on 
metabolic status during maternal obesity and their repercussions on the offspring. 
Because linseed oil may influence maternal and fetal metabolisms and because maternal obesity has 
profound effects on neonate metabolism in humans and also in animals, our aim was to evaluate the 
consequences of linseed oil supplementation in the diet before and during gestation on maternal and 
neonate disturbances induced by cafeteria diet.  

 
II. Experimental Section  
II.1. Animals and experimental protocol 
 
Healthy adult wistar rats (aged 2 months) were obtained from Pasteur institute (Algiers, Algeria). The 
use of the animals according to our experimental design was approved by the Regional Ethical 
Committee. The study was conducted in accordance with the national guidelines for the care and use 
of laboratory animals. Forty female rats were randomly assigned into four feeding groups for 30 days 
prior to gestation. The feeding control group 1 (n = 10 females) received a control (C) diet (ONAB, 
Algeria). The feeding group 2, control linseed oil 5% (CL 5%) fed a control commercial diet enriched 
with linseed oil at 5%. The feeding group 3, cafeteria group (OB) fed a fat-rich hypercaloric diet.The 
feeding group 4, cafeteria linseed oil 5% (OB L 5%) fed a fat-rich hypercaloric diet enriched with 
linseed oil at 5%. Pure linseed oil was obtained from INRA (INRA, Algeria).The composition of the 
four diets was given in Table 1. After 30 days, females were mated, and each female was placed in 
an individual cage with free access to water and its specific diet until the birth of the offspring. Food 
intake and body weights were recorded. Female rats and their offspring were killed at birth. 
At the end of the experimental period, the female rats were anaesthetized with intraperitoneal 
injection of sodium pentobarbital. The blood was drawn into heparinized tubes from the abdominal 
aorta. Newborn rats in each group were killed by decapitation, and blood was collected. Plasma was 
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used for glucose, lipid and vitamin C determinations. The remaining erythrocytes were washed and 
hemolyzed. Aflter centrifugation (2000 g for 15 min), the hemolysates were assayed for oxidative 
markers. 
 
 
 

Table 1. Composition of experimental Diets 
 

 Control Diet (C) Control Linseed     
oil (CL) 5% 

Cafeteria Diet (OB) Cafeteria Linseed 
oil (OBL) 5% 

Energy sources (% energy) 

Protein 20 20 16 16 
Carbohydrate 60 60 24 24 
Fat 10 10 50 50 
Sunfloweroil 10 5 10 5 
Linseedoil - 5 - 5 
Vitamin E (mg/100g) 5 5 5.5 5.5 
Energy (Kcal/100g) 386 386 523 523 

(% fatty acids) 
SFA 29 23 44 37 
C18:1 n-9 21 22 28 29 
C18:2 n-6 46 38 27 23 
C18:3 n-3 3 16 1 11 
C20:4 n-6 1 1 0 0 
SFA: saturated fatty acids. Fatty acid composition was analyzed by gas liquid chromatography. 

 
II.2. Chemical analysis 
 
Plasma glucose was measured using the Trinder glucose kit (Sigma, St. Louis, MO). Plasma 
triglyceride, cholesterol, LDL and HDL- cholesterol were measured using colorimetric enzymatic kits 
(Sigma, St. Louis, MO).  
 
II.3. Determination of oxidant / antioxidant status  
 
The malondialdehyde (MDA) levels, a marker of lipid peroxidation, were determined in erythrocyte 
lysates by the method of Draper and Hadley [28] based on the reaction of MDA with thiobarbituric 
acid (TBA) at 95 °C. 
Vitamin C levels were determined in plasma using dinitrophenylhydrazine, thiourea and copper sulfate 
according to the method of Roe and Kuether [29]. 
Erythrocyte carbonyl proteins (markers of protein oxidation) were assayed by 2,4-
dinitrophenylhydrazine reaction as described previously [30]. 
Erythrocyte Catalase (EC 1.11.1.6) activity was measured by spectrophotometric analysis of the rate 
of H2O2 decomposition at 240 nm [31]. 
Erythrocyte reduced glutathione (GSH) levels were assayed by a colorimetric method based on the 
reduction of 5,5-dithiobis- (2-nitrobenzoic) acid by GSH to generate 2-nitro-5-thiobenzoic acid, 
according a Sigma Aldrich kit.  
 
II.4. Statistical analysis 
 
Results are expressed as means ± standard deviation (SD). The results were tested for normal 
distribution using the Shapiro–Wilk test. Data not normally distributed were logarithmically 
transformed. Significant differences among the groups were analyzed statistically by a one-way 
analysis of variance (ANOVA). The individual effects of cafeteria diet and oil supplementation were 
distinguished by two-way ANOVA. When significant changes were observed in ANOVA tests, Fisher 
least significant difference tests were applied to locate the source of significant difference. The 
significance level was set at P < 0.05. These calculations were performed using STATISTICA version 
4.1 (STATSOFT, Tulsa, OK) 
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III. Results 
III.1. Body weight, food and energy intakes in the rats 
 
The cafeteria diet was associated with increased body weight, weight gain, food and energy intakes in 
mothers compared to standard chow fed ones (Table 2). Supplementation with linseed oil at 5% 
induced a reduction in body weight, in weight gain, in Food and energy intakes in both control and 
obese female rats. Newborn weight was significantly increased in offspring of cafeteria-fed dams 
compared to control values. Oil supplementation significantly reduced newborn weight in OB group to 
reach control weights.  
 

Table 2. Characteristics of the Study Rats 
 

 
 

Body weight  
(g) 

Food intake 
 (g/day/rat) 

Weight gain (g) Energy intake 
(Kcal/day/rat) 

Newborn weight 
(g) 

 
C 

 
244.33±13.93

b
 

 
42.10 ±1.55

b
 

 
110.01±14.60

b
 

 
160±14.65

c
 

 
5.17±0.35

b
 

OB 376.16±12.04
a
 48.50±2.01

a
 230.33±15.45

a
 253.57±13.17

a
 7.24±0.57

a
 

CL 216.66±15.50
c
 35.01±1.10

d
 82.16±10.45

c
 130.51±8.02

d
 5.10±0.46

b
 

OBL 240.50±8.01
b
 38.31±1.50

c
 111.83±12.48

b
 197.21±13.55

b
 5.78±0.55

b
 

P 
(ANOVA) 

0.006 0.008 0.006 0.007 0.010 

 
Values are presented as means ± SD. C: control diet; CL: control diet enriched with linseed oil at 5%; OB: cafeteria diet; 
OBL: cafeteria diet enriched with linseed oil at 5%. Values with different superscript letters (a, b, c, d) are significantly 
different (P < 0.05). 
 

III.2. Biochemical parameters in the rats 
 
The cafeteria diet significantly increased plasma glucose, cholesterol and triglyceride levels in both 
obese mothers and their newborns compared to control values (Table 3). Linseed oil supplementation 
significantly reduced plasma glucose, cholesterol and triglyceride concentrations in OB group, but had 
no effects in control group. However, after linseed oil supplementation, plasma cholesterol and 
triglyceride amounts remained higher in OBL group than in control group.  
LDL-C was enhanced in mothers fed the cafeteria diet and in their newborns compared to control 
mothers and their newborns (Table 3). Oil supplementation significantly reduced these lipoprotein 
concentrations in OB group. HDL-C levels were lower in obese mothers. Linseed oil induced a 
significant rise in HDL-C in OBL mothers.   
 
III.3. Oxidant / antioxidant markers 
 
Erythrocyte MDA levels were increased in obese mothers and their newborns compared to control 
values (Table 3). Linseed oil supplementation significantly reduced MDA levels in mothers and 
newborns. Carbonyl proteins were increased in obese mothers, and were reduced by linseed oil 
supplementation. 
Erythrocyte GSH levels were low in obese groups and were increased by oil supplementation (Figure 
1). Erythrocyte catalase activity was decreased in obese rats and their newborns compared to 
controls (Figure 1). Linseed oils supplementation induced an increase in catalase activity in obese 
group. Plasma vitamin C levels in obese rats and in their newborns were similar to that in controls. 
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Table 3: Biochemical parameters and oxidant markers of the Study Rats 

 

 C OB CL OBL P (ANOVA) 

Mothers       
Glucose (g/L) 1.42±0.49

c
 3.49±0.41

a
 1.42±0.35

c
 1.50±0.32

c
 0.010 

TC (g/L) 0.76±0.06
d
 1.27±0.06

a
 0.75±0.04

d
 0.85±0.03

c
 0.004 

TG (g/L)  1.15±0.04
d
 1.85±0.12

a
 0.96±0.06

d
 1.29±0.06

c
 0.006 

LDL-C (g/L) 0.20±0.03
b
 0.55±0.05

a
 0.23±0.04

b
 0.24±0.03

b
 0.009 

HDL-C (g/L) 0.42±0.03
a
 0.33±0.02

b
 0.39±0.03

a
 0.38±0.03

a
 0.010 

MDA (µmol/l) 1.53±0.32
c
 3.68±0.24

a
 1.45±0.36

c
 1.62±0.24

c
 0.010 

PC (µmol/l) 0.51±0.06
c
 1.82±0.19

a
 0.65±0.12

c
 0.86±0.11

b
 0.020 

Newborns      
Glucose (g/L) 1.08±0.21

b
 1.70±0.20

a
 0.81±0.14

b
 0.77±0.12

b
 0.010 

TC (g/L) 0.58±0.04
b
 0.82±0.02

a
 0.57±0.02

b
 0.60±0.02

b
 0.007 

TG (g/L) 0.83±0.04
c
 1.29±0.02

a
 0.85±0.03

c
 0.98±0.02

b
 0.005 

LDL-C (g/L) 0.25±0.04
b
 0.34±0.02

a
 0.26±0.02

b
 0.24±0.04

b
 0.020 

HDL-C (g/L) 0.21±0.04 0.21±0.03 0.18±0.05 0.22±0.03 0.184 
MDA (%µmol/l) 1.41±0.13

c
 2.30±0.13

a
 0.76±0.15

d
 1.78±0.27

b
 0.008 

 
Values are presented as means ± SD. TC: total cholesterol; TG: triglycerides; LDL-C: cholesterol of low density lipoproteins; 
HDL-C: cholesterol of high density lipoproteins; Values with different superscript letters (a, b, c, d) are significantly different 
(P<0.05). 

 
 
 
 
 

 
 

Figure 1. Antioxidant markers in the study rats. Values are presented as means ± SD. C: control diet; CL: 
control diet enriched with linseed oil at 5%; OB: cafeteria diet; OBL: cafeteria diet enriched with linseed oil at 

5%. Values with different superscript letters (a, b, c, d) are significantly different (P < 0.05). 
 

IV. Discussion and Conclusions  
 
Maternal nutrition is a major modifiable environmental factor, which can affect fetal growth and 
development with potential long-term consequences. Previous studies have shown that maternal 
overnutrition and obesity program changes in neonate adiposity, leptin, glucose homeostasis and lipid 
profile [2,3,7-9]. Disease prevention should take place throughout life, starting with the mother’s diet 
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during gestation. The search for functional foods, such as linseed oil, has been increasing because of 
their beneficial effects and their role in the prevention of diseases. 
In the present study, the pregnant rats that received the cafeteria diet had an increase in total food 
and energy intakes that may explain the higher body weight, as described previously [2,3,7-9]. 
Offspring of these dams were heavier than offspring from dams fed control standard diet, in 
agreement with previous studies [2,3,7-9]. 
In our study, the pregnant rats fed cafeteria diet presented an increase in plasma glucose, cholesterol 
and triglyceride concentrations compared to pregnant rats fed standard diet. Our present finding also 
revealed lipoprotein abnormalities in obese pregnant rats, such as high LDL- and low HDL-cholesterol 
levels. Increased glucose, cholesterol, triglyceride and reduced HDL-C levels are the key 
characteristics of dyslipidemia in obesity [32]. We showed that offspring of cafeteria-fed dams had 
significantly higher glucose and lipid concentrations than offspring of control dams fed normal diet, in 
agreement with previous studies [9,33]. Maternal overnutrition, an enhancement in glucose and free 
fatty acid transfer from the mother, fetal hyperleptinemia and fetal hyperinsulinemia could explain fetal 
hyperglycemia and hyperlipidemia with increased fetal adiposity [1,2,7,8]. 
In the present investigation, a significantly lower of GSH levels and catalase activity were observed in 
both obese mothers and their newborns, reflecting reduced antioxidant defense as shown in obesity 
[12,15]. In addition, the elevated levels of erythrocyte MDA and of carbonyl proteins suggested an 
increased lipid peroxidation and protein oxidation in both mothers and newborns, in agreement with 
previous studies [8,9,16]. These findings showed an imbalanced oxidant/antioxidant system and 
enhanced oxidative stress in obese mothers and their offspring. Oxidative stress might be generated 
by maternal overnutrition, elevated circulating lipids, inflammation and insulin resistance [9]. 
Hyperenergetic, high-fat diets and exacerbated nutrient oxidation have been reported to increase 
oxidative stress and decrease antioxidant enzyme activity [34,35].  
Linseed oil supplementation modulated metabolic parameters in obese pregnant rats, with beneficial 
effects including lower body weight, lower lipid accumulation and a reduction in oxidative stress. 
Indeed, after linseed oil supplementation, the mean weight of newborns in obese group was similar to 
that in control group, indicating a prevention of neonate obesity. It has been noted that linseed oil rich 
in linolenic acid prevented the excessive development of the adipose tissue [26], and induced an 
improvement in insulin sensitivity [23,24,26]. A diet rich in linoleic acid had a hypolipidemic effect with 
a reduction in adiposity [36].  
In this study, the reduction in MDA and carbonyl protein levels after linseed oil supplementation could 
be due to an increase in the body’s antioxidant capacity leading to reduced lipid and protein oxidation. 
It has been demonstrated that ALA-rich diets decrease the rate of peroxidation and production of free 
radicals with a concomitant increase in antioxidant enzyme activities [23-26]. Linseed oil attenuated 
maternal lipid and oxidative abnormalities which in turn had a beneficial effect on metabolic and redox 
parameters in the fetus.  
In conclusion, our results clearly demonstrated that linseed oil displayed remarkable health benefits 
for prevention of obesity and associated metabolic disorders by decreasing plasma lipids and 
oxidative stress in both mothers and newborns. 
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