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SUMMARY : Many investigators have shown that stress suppresses food intake and reduces body weight in
rats.  The effect of vitamin E on body weight and food intake in rats exposed to stress were studied.  Male
Sprague Dawley rats (n = 80) were fed with either  normal chow, vitamin E deficient diet or vitamin E with or
without oral supplementation of either tocopherol, tocotrienol or Tocomin at 60mg/kg body weight.  The rats
were treated with these different diet regimes for 28 days prior to exposure to stress. Repetitive stress was
applied, whereby  the rats were restrained 2 hours daily for 4 consecutive days. The body weight and food intake
was measured, weekly and after exposure to stress.  The findings showed that vitamin E deficiency induced by
feeding rats with vitamin E deficient diet for 28 days resulted in significantly lower body weight and food intake
compared to the control animals given (normal chow). Supplementation with vitamin E in different forms, toco-
pherol, tocotrienol or Tocomin to the deficient diet was unable to increase the body weight or food intake, where
both parameters were comparable with rats fed with deficient diet alone. It is possible that the dose of the vita-
min E given was inadequate to  maintain the food consumption and prevent the drop in body weight. Exposure to
stress caused a further reduction in both the food intake and body weight in all groups and this suggests that the
normal level of vitamin E in normal chow nor the supplementation with tocopherol and tocotrienol at the dose
60mg/kg was able to protect against changes in the body weight and food intake due to stress.  We therefore con-
clude that vitamin E deficiency and stress can reduce food intake and cause a reduction in body weight. Stress
can worsen the status of the two parameters and in vitamin E supplementation at 60 mg/kg body weight is not
sufficient to prevent the changes in the body weight or food intake due to vitamin E deficiency or stress.
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INTRODUCTION 

Shress has variable effects on body physiology, neu-

rochemical responses and behavior of both human and

animal. Food intake and body weight are some of the

variables sensitive to stress (1,2). These particular vari-

ables are interesting titles of stress research not only

because of the impact of food on growth and health but

also because it can be measured with minimal distur-

bances to the animal (2). Restraint stress had been pro-

posed as an animal model for psychological stress such

as depression and anorexia nervosa, generally due to its

ability to cause behavioral and physiological changes in

rats (3,4).  

Stress is known to stimulate corticotropin-releasing

factor (CRF), which activates the hypothalamic-pituitary-

adrenal (HPA) axis, seratonergic, catecholaminergic, sym-
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pathetic nervous and immune systems (5-7). These sys-

tems are known to have the potential to inhibit food intake

and reduce body weight (8-9).  It is also established that

CRF influence feeding behavior and mediate behavioral

and physiological responses to stress (3,4,10).

The activity of the HPA axis and the resulting changes

in corticosterone metabolism may regulate energy bal-

ance, mainly food intake and nutrient utilization which can

be disrupted by stress-related activation of the HPA axis

(11).  Ainsah et al. (12) reported that rats given supplemen-

tation of vitamin E had a significant reduction of plasma

corticosterone levels when exposed to repeated stress

compared to the unsupplemented controls.  These findings

suggest that vitamin E supplementation may block

changes in the corticosterone level in stress, which in turn

may render protection against changes in the food intake

and nutrient utilization that is known to occur during stress.

The current study investigates the effects of vitamin E defi-

ciency and supplementation with vitamin E either toco-

pherol or tocotrienol on stress-induced changes in

food-intake and body weight in rats.

MATERIALS AND METHODS  
Male Sprague-Dawley rats (n = 50) weighing initially approx-

imately 200 - 220g were purchased from the University Breeding

Center (UKM, Kuala Lumpur). The rats were divided into five

equally sized groups. The control group was fed with normal rat

chow (RC) while the treatment group was either given a vitamin E

deficient (VED) diet or a vitamin E deficient diet plus one of the

oral supplements α-tocopherol (TF), tocotrienol (TT) or Tocomin

(TC) 60mg/kg body weight for 28 days.  At the end of this treat-

ment period, rats from each group were exposed to restraint-

stress.  All rats were kept on a regular night/day cycle, with natural

light for a period of 10 hours (0700 to 1700 h).  Throughout the

feeding period all rats were habituated to handling to reduce their

stress-related disturbances. The rats were housed two per cages

in large cages with wide wire-mash bottoms to prevent

coprophagy and was given free access to water throughout the

experiment.  All the experiment protocols were approved by the

Animal Care and Use Committee of the Faculty of Medicine,

National University of Malaysia (approval number: FAR/2000/

NAFEEZA/30-NOVEMBER/031). 

Restraint-Stress
Rats were restrained by placing them in individual plastic

restrainer measuring approximately 12 x 5 cm for two hours daily

for 4 consecutive days following model previously explained by

Ainsah et al. (12).  

Diets/ Vitamin E Supplementation
Normal rat chow diet was purchased from Gold Coin,

Malaysia and contained 15.63 mg/kg α-tocopherol, 4.54 mg/kg γ-

tocotrienol, 2.69 mg/kg α-tocotrienol, 1.38 δ-tocotrienol and 0.87

mg/kg  γ-tocopherol (13).  Vitamin E deficient diet was purchased

from ICN Biomedicals, USA. Alpha-tocopherol was purchased

from Sigma, USA and palm oil extracted tocotrienol and Tocomin

were supplied by Carotech Sdn. Bhd., Malaysia.  Tocomin, is an

extract from palm oil which have a mixture of phytonutrient com-

plex and antioxidants such as vitamin E (tocotrienols: 78% and

tocopherol: 22%) and other nutrients such as phytosterol, phyto-

carotenoid complex and co-enzyme Q10.

Measurement of body weight
Body weight of the rats was measured using an electronic

balance (Denver Instrument Company). Baseline of body weight

was taken before treatment with different diet begins. At the end of

the treatment period the body weight was measured again and

another measurement was taken immediately after the last expo-

sure to stress.

Measurement of food intake
Each cage was supplied 100 g of the specific diets. After

three days, the remaining diet were weighed. The difference

obtained between the two values was the amount of diet con-

sumed by the rats for three days.  Fresh supply of diets were then

added to the cages to maintain the total amount of 100 g. The

above processes were followed throughout the treatment period

and continued during the experimental stress period. The average

amount of diet consumed by each rat per day were then calcu-

lated.

Analyses of data
Results are expressed as means ± SEM.  Statistical signifi-

cance (P<0.05) was determined by ANOVA or student's t-test for

parametric analysis and Kruskal Wallis or Wilcoxon Signed Test

for non-parametric analysis where appropriate.

RESULTS

Body weights of different treatment groups
Body weights of the group given normal rat chow

showed a steady devation while the rats given vitamin E

deficient diet (VED) revealed a significant reduction of the

body weight throughout the treatment period. These

weight changes became obvious starting the second

week. Body weight of the three vitamin E supplemented

groups, i.e. tocopherol (TF), tocotrienol (TT) and Tocomin

(TC) at 60 mg/kg did not increase the weight significantly

and remained unchanged throughout the treatment period.

By the end of the experiment the body weight of the VED
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group was 37% lower compared to rats given the normal

rat chow although the mean weight at the start of the treat-

ment was approximately similar.  The supplementation

with these different vitamin preparation did not improve the

body weight  it remained as low as the rats given the vita-

min E deficient diet. 

Body weights of different treatment groups after
exposure to stress

Body weight of the rats exposed to stress fed with

normal rat chow diet was significantly higher compared to

the rats given vitamin E deficient diets. Stress causes a

significant reduction in body weights which was approxi-

mately 14% (P=0.042) in the group given normal rat diet

and 11% reduction in rats given vitamin E deficient diet

compared to their mean weight at week 4 of treatment (just

before exposure to stress). Supplementation with either

TF, TT or TC at 60 mg/kg body weight was unable to block

the reduction of body weight due to stress, where their

body weights was significantly different to their body

weight prior to exposure to stress. 

Food Intake of the rats before and after exposure
to stress

Prior to exposure to stress, the rats given normal rat

chow had a significantly greater food intake compared to

all the other groups. There were no other differences in

food intake among the other diet groups, (Figure 2). Food

intake in rats exposed to stress was significantly less

before exposure to stress compared to their food intake.

The food intake in the group given rat chow diet after expo-

sure to stress was similar to the food intake in rats receiv-

ing vitamin E deficient diets but not exposed to stress.

Supplementation with different vitamin E did not improve

food intake in the rats given vitamin E deficient diet, where

the food intake was comparable with rats given vitamin E

deficient diet alone.

DISCUSSION

Vitamin E deficiency induced a decline or a mainte-

nance in the body weights of normal rats, whereas vitamin

E supplementation either tocopherol, tocotrienol or

Tocomin did not cause any significant changes in improv-
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Figure 1: Effects of vitamin deficiency and supplementation of various vitamin E preparations and restraint stress on body weight in rats. Values

are mean ± SEM (n=10/group). Different letters indicate significant difference (p<0.05).
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ing the body weight. Other studies had reported that vitamin

E deficiency inhibits normal body growth in rats (14,15). A

study by Pillai et al. (16) found that rats with vitamin E defi-

ciency can experience muscle necrosis which can lead to a

reduction in body weight. Thus it is possible that tocopherol,

tocotrienol or Tocomin supplementation at 60 mg/kg body

weight used in this study was insufficient.  A larger dose or

a dose-dependent study is warranted to see the possible

effects of vitamin E supplementation in maintaining normal

body weights in rats given a vitamin E deficient diet.

Another possible explanation on the lower body

weight in rats given vitamin E deficient diet would be the

lower food intake in this group of rats compared to the

normal rat chow group. This suggests that vitamin E defi-

ciency may cause a reduction in appetite which leads a

reduced food consumption. Supplementation with vitamin

E to these rats does not improve the food intake towards

normal, which is possibly because the dose given was

insufficient to block the altered appetite.

Exposure to restraint stress for 2 hours a day for 4

consecutives days resulted in a significant reduction of

body weight in all groups studied. A recent study (17)

showed a similar finding where rats exposed to stress had

a lower body weight as compared to their initial body

weight. Studies had also shown that exposing rats to a

repetitive restraint stress causes a more conspicuous

reduction in body weight compared to a single exposure to

stress (9). Acute release of CRF during repetitive stress

exposure causes a temporary hypophagia with continuous

suppression of body weight in rats (17). Likewise our study

revealed that exposure to stress causes a significant

reduction in food consumption in rats of all groups. We also

observed that rats exposed to stress did not make an

attempt to overeat or increase food intake after every expo-

sure to stress, and this suggests that hyperphagia does not

occur in response to a reduced body weight in stress.

Smagin et al. (1) found that these reductions of body-

weight can be blocked by infusion of CRF antagonist to the
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Figure 2: Effects of vitamin deficiency and supplementation of various vitamin E preparations and restraint stress on daily food intake in rats.
Values are mean ± SEM (n=10/group). Different letters between bars indicate significant difference (p<0.05).

Fo
od

 In
ta

ke
 (g

)

After Stress
Before Stress

25

20

15

10

5

0
TC               TT                 TF              VED              RC

c
c

c

c

b

a

b
b

b
b



third ventricle prior to exposure to stress. While other stud-

ies had shown that body weight response towards stress is

similar to the observation in rats receiving lesions on the

lateral hypothalamus (17) or with presence of inflammation

in this area (18). Corticotropin-Releasing-Factor increased

as a responce toward stress is regulated by various loca-

tions in the brain including those involved in the regulation

of food intake (6,19).These findings from the referred stud-

ies suggest that physiological responses to stress involv-

ing body weight and food intake depend on central

mechanisms. 

Supplementing the rats with either tocopherol,

tocotrienol or Tocomin was unable to block the effect of

stress on the changes in both the body weight of the rats

as well as the amount of food consumed. A study by

Ainsah et al. (12) showed that supplementation of toco-

pherol blocks the increasing corticosterone level due to

stress. Thus it is possible that the inability of either toco-

pherol or tocotrienol to maintain the food intake and the

body weight of the rats may be because of their inability to

block the effect of stress causing an acute release of CRF

acting centrally.

In conclusion, vitamin E deficiency decreased body

weight and food intake in normal rats. Exposure to repeti-

tive stress for 2 hours a day for 4 consecutive days cause

a reduction in both food intake and body weight in all

groups studied. Supplementation with 60 mg/kg BW of

tocopherol, tocotrienol or Tocomin did not affect the body

weight or food intake in normal or stressed rats. Further

studies are warranted to elucidate the doses of vitamin E

with probable effect on body weight and food intake in both

vitamin E deficiency and stress.
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