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ABSTRACT

This study investigated the effects of high-fat diet on metabolic factors in the presence of
acute foot-shock and psychological stresses in male Wistar rats.

The animals were divided into high-fat (45 % cow intra-abdominal fat) and normal (standard
pellets) diet groups; then, each group was allocated into stressed and control groups. Stress
was induced by a communication box. Blood samples were collected by retro-orbital-puncture
method under isoflurane anesthesia. Plasma levels of glucose, insulin, triglyceride, choles-
terol, free fatty acid and corticosterone were measured.

Water and food intake significantly decreased in high-fat diet group; however, their weight
did not change compared with the normal diet group. The level of fasting plasma glucose in
the high-fat diet group decreased whereas, the fasting plasma insulin level did not signifi-
cantly change. Stress increased the plasma glucose level 15 minutes after oral glucose
tolerance test (OGTT) in both diet subgroups. The concentration of plasma insulin increased
after stress induction in fasting and 15 minutes after performing OGTT. The increase in the
plasma level of corticosterone was significant in both diet subgroups of only the foot-shock
stress group. Plasma level of cholesterol and triglyceride in the high-fat diet group signifi-
cantly increased; however, foot-shock stress decreased only triglyceride concentration.
Plasma level of the fatty acids did not change in any of the groups. Statistical analysis showed
no significant interaction between high-fat diet and stress.

As a whole, the results showed that the high-fat diet used in the present study did not noticea-
bly affect metabolic parameters even in the presence of acute stress.
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INTRODUCTION

High-fat diets accompanied by different
degrees of stress, which are prevalent in the
modern societies, are common predisposing
factors for many metabolic disorders and
chronic diseases. High levels of fat in diets
and stress, as well, cause insulin resistance
which is considered as a public issue in
modern societies (Sandu et al., 2005;
Schrauwen, 2007). In regard to the negative
impact of the high-fat diet and stress on
human health, investigators have developed
several animal models for studying the ef-
fects of each of the two factors separately
or in combination on glucose and lipid me-
tabolism. Their results showed that using
high-fat, derived from animal or plant
sources, diets in rats led to different meta-
bolic results (for revieew see: Buettner et
al., 2007). For instance, after applying high-
fat diet in rodents, plasma glucose did not
change or moderately increased or even
highly increased at the level of type 2 dia-
betes (Buettner et al., 2007; Ohtsubo et al.,
2005). The increase in plasma glucose level
(Fu et al., 2009; Blazquez and Quijada,
1968) also accompanied with a decrease
(Blazquez and Quijada, 1968) or an in-
crease (Fu et al., 2009) in the plasma insu-
lin level. On the other hand, stress usually
impairs glucose metabolism. Previous stud-
ies showed that applying acute (Armario et
al., 1985) and/or chronic (Farias-Silva et
al., 2002; Thiagarajan et al., 1988) stresses
increase plasma glucose level which is ac-
companied with a decrease (Armario et al.,
1985) or an increase (Farias-Silva et al.,
2002) or even no change (Thiagarajan et al.,
1988) in plasma insulin level. The combina-
tion of stress and high-fat diet may cause
more pronounced changes of the metabolic
factors than when each of them alone is ap-
plied (Fu et al., 2009). A high-fat diet also
can reduce the number of insulin receptors
in target tissues leading to decreased insulin
function (Iwashita et al., 2002).

High-fat diet can affect the organism re-
sponse to stress. Most of the studies indi-
cate that high-fat diet increases the response
of HPA axis to stress (Tannenbaum et al.,

1997; Legendre and Harris, 2006). How-
ever, some studies have demonstrated a de-
crease in HPA response to stress in the
presence of high-fat diet (La Fleur et al.,
2005).

As mentioned above, although the effect
of high-fat diet and stress on metabolic fac-
tors has been investigated extensively, dis-
crepancies still exist in the results. In this
regard, this study was performed to further
evaluate the possible existence of inter-
actions between the high-fat diet and stress
as two important factors which can be the
basis of metabolic disorders. In the present
study an animal model of high-fat diet was
created for rats using a diet containing 45 %
cow intra-abdominal fat (which has not
specifically investigated as fat component
of the high-fat diet). Then, the animals were
exposed to acute foot-shock and psycho-
logical stresses and changes in plasma lev-
els of glucose, insulin, cholesterol, trigly-
ceride, free fatty acids and also corticoster-
one as important metabolic indicators of
stress were evaluated.

MATERIALS AND METHODS

Animals

Male Wistar rats were used in this study
with a mean weight of 170+5 grams at the
initiation of the experiment. Each pair of
the animals was kept in a cage at 22+2 °C
with a constant light-dark cycle (light from
7:00 AM to 7:00 PM). Sufficient water and
food was always provided for the animals
except during the experiment. The animals
were randomly allocated into two groups
considering the type of diet and were simul-
taneously fed by high-fat diet (containing
45 % cow intra-abdominal fat mixed with
standard pellets) (Kitraki et al., 2004; Ghi-
baudi et al., 2002) and normal diet (stan-
dard pellets, Pars production and distribu-
tion of animal feed company, Iran) for 30
days. The animals in both groups were
weighted (1 g Digital balance, FWE Japan)
and their water and food intake were meas-
ured.

Then the animals of each of the diet
groups were randomly recruited into control
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and stressed groups. In the normal/high-fat
diet group, one group was transported to
communication box apparatus (Borje Sanat,
Iran) without receiving any stress (non-
stress group). The other group received
electric shock through the foot from stress
apparatus (foot-shock stress group), while
the third group was placed in the apparatus
receiving psychological stress (psychologi-
cal stress group). All experimental proce-
dures were approved by the animal care and
use committee of the Shahid Beheshti Uni-
versity of Medical Sciences, Neuroscience
Research Center.

Blood sampling

In all groups, blood sampling was per-
formed before initiating the experiment (i.e.
before starting the diet) and used as the
standard basis of initiation condition. Thirty
days after initiating the diets, blood samp-
ling was performed for the stressed group at
the day before stress induction, i.e. morning
of the stress induction day (8-8:30 AM),
immediately after stress induction (12-14
PM) and the day after stress induction (8-
8:30 AM); in the group which received no
stress and was just placed in the communi-
cation box, blood samples were collected in
the same sequence. Retro-orbital puncture
method was used for blood sampling with
isoflurane (Nicholas Primal, UK) as anes-
thetic agent (Zardooz et al.,, 2010). The
blood samples were collected in Eppendorf
tubes containing 5 pl heparin (5000 1U/ml)
per one ml blood. Then the tubes were cen-
trifuged at 3000 round per minute for 5
minutes; the separated plasma was pre-
served at -80 °C.

Oral glucose tolerance test (OGTT)

After 16 hours of fasting, the animals
were fed by 2 g/kg glucose using 45 % glu-
cose solution through an esophageal tube
(Gasa et al., 2002). Blood sampling was
performed after 15 minutes (this was the
peak time for plasma glucose concentration
after performing OGTT which obtained
from a pilot study). In all groups, before
starting the experiment (i.e. before starting
the diet) OGTT was performed as the stan-

dard basis for the initiation condition.
Thirty days after starting the diets, OGTT
was performed one day before and one day
after stress induction in the stressed groups;
in the control groups, it was performed one
day before and one day after being placed
in the communication box.

Stress inducing apparatus

A communication box consisting of 9
chambers (16x16) was used to induce
stress. The device is designed so that the
animals in the chambers can have visual,
auditory and olfactory communication with
each other. The floor of 5 chambers is from
metal wire made of stainless steel which is
connected to electricity to put the animals
of the chambers under electrical shock. The
floor of the other 4 chambers is made of
plexiglas that does not conduct electricity,
so the animals do not receive any electrical
shock but they see the movements and hear
the sounds of the other animals under elec-
trical shock (i.e. psychological stress)
(Endo et al., 2001).

Stress induction

The animals of the foot-shock stress
group received electrical shocks (1 mA,
1Hz) for a 10 second duration every
60 second (Endo et al., 2001). These stress
exposures were carried out for 60 min be-
tween 11.00 and 13.00 h while the animals
of the psychological stress were watching
them under electrical shock from the other
chambers of the box; however, the controls
were kept in the box for one hour without
receiving any stress.

Assays

Plasma glucose concentration was de-
termined using the glucose oxidase method
(Pars Azmoon, lIran). Cholesterol and tri-
glyceride concentrations were measured by
enzymatic calorimetric method (Pars Az-
moon, Iran). Plasma free fatty acid was de-
termined by rat free fatty acid calorimetric
kit (Nanjing Jiancheng Bioengineering In-
stitute, China). Rat insulin ELIZA kit (Mer-
codia, Sweden) and corticosterone ELIZA
kit (DRG, Germany) were used to measure
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plasma insulin and corticosterone concen-
trations.

Statistical analysis

All data are expressed as the mean
SEM. Three-way analyses of variance
(ANOVA) were performed and followed by
Bonferroni test by considering diet, stress
and basal condition as factors. To compare
diets in different days repeated measure-
ment two-way analyses of variance
(ANOVA) were used. A P-value below
0.05 was considered to be statistically sig-
nificant.

+

RESULTS

The impact of high-fat diet on the weight
changes of the male rats

During the 30 days the animals’ weight
in both high-fat and normal diet groups
have significantly increased compared with
the weight of the first day (P<0.001) but it
was not significantly different between the
high-fat and the normal diet groups (Table
1). However, there was not a significant
interaction between the weight changes dur-
ing the time and the diet type.

The impact of high-fat diet on the food
and water intake in the male rats

A significant reduction in the food and
water intake of the high-fat diet group was
observed compared with the normal diet
group (P<0.001) (Table 1).

Table 1: Food and water intake and weight variations in the high-fat and normal diet groups

Normal diet
1 4 7 11 15 18 21 24 27 30

Day

Food 19.07 17.47 20.2 18.07 16.5 20.37 17.87 17.67 19.1 20.7
intake +1.01 +0.21 +1.59 +0.55 +0.37 +1.47 +0.37 +0.56 +0.61 +1.37
(g/day)

Water 32.33 34.33 41 36 34.33 40 38 37 41 40.33
intake +0.92 +0.92 +3.11 +1.59 +0.76 +2.56 +1.46 +1.59 +2.63 +1.65
(ml/day)
Weight 176.17 186.17 191.71 198.5 210.33 218.83 220.94 225.33 234.33 244

(9) +3.56 +3.61 +3.68 #3967 416"  £3.89""  #42"  +4.36"" 453" 462"

High-fat diet

Food 12.27 12.87 12.93 12.67 13.47 12.93 13.23 12.93 131 13.3
intake +0.09 +0.58 +0.62 +0.38 +0.5 +0.62 +0.61 +0.4 +0.29 +0.6
(g/day)

Water 22 2367 2133 24 22 = 2267 2317 2333 2233 2167,
intake +0.73 +0.92 +0.56 +1.67 +0.63 +0.84 +0.82 +0.92 +1.12 +0.56
(ml/day)
Weight 17217 182.5 187.2 190.5 198.28 206.5 210.11 214.42 223.42 234.25

(9) +1.83 +4.77 +4.66 +4.65" +4.59™" #5817 485" +3.73"" 3777  13.88"

Each value represents the mean £ SEM of 6 rats.
*** P<0.001 significant difference related to the normal diet group.
+P<0.01, +++P<0.001 significant difference related to the first day of the same diet group.
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Plasma glucose concentration in the basal
condition and after OGTT before and after
stress induction

The results of three-way ANOVA
showed that high-fat diet decreased fasting
plasma glucose concentration in the basal
condition (time zero) (P<0.05) (Figure 1a);
however, a significant increase in plasma
glucose concentration was observed in the
high-fat diet animals after inducing foot-
shock stress (P<0.01) (Figure 1a).

250 -

200 - normal

Fifteen minutes after OGTT, foot-shock
stress in the normal diet group and psycho-
logical stress in the high-fat diet group sig-
nificantly increased glucose concentration
(P<0.05) (Figure 1b). The increase in glu-
cose concentration was significantly more
in the high-fat diet animals receiving psy-
chological stress than the control animals
(non-stress) of the same diet group (P<0.05)
(Figure 1b). The results of the present study
did not demonstrate a significant interaction
between the diet type and the response to
stress in relation with glucose tolerance.
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Plasma insulin concentration in the basal
condition and after OGTT before and after

stress induction

Three-way ANOVA showed that after
stress induction, plasma insulin concentra-
tion in basal condition (time zero) increased
which was significant in the foot-shock
stress group of the animals with the normal
diet (P<0.01) (Figure 2a); however, the in-

The results demonstrated that 15 min-
utes after OGTT, plasma insulin concentra-

tion increased after stress induction; how-

crease in plasma concentration was signifi-
cant in the animals of the high-fat diet
group which were under psychological

stress (P<0.05) (Figure 2a).
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ever, significant increase in plasma insulin
concentration was observed only in the
psychological stress group of the normal
diet animals (P<0.01) (Figure 2b). There
was no significant interaction between the
diet type and the response to the stress.

Figure 2: Plasma insulin con-
centrations in normal and
high-fat diet groups before
and after stress induction in
fasting state (a) and after per-
forming OGTT (b). Each col-
umn represents the mean %
SEM of 6 rats.

**P<0.01, *P<0.05 significant
difference versus (Before) of
each group.

Before: Before exposure to
stress or being placed in the
communication box

After: After exposure to stress
or removing from the commu-
nication box.
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Changes in plasma corticosterone concen-
tration in response to the high-fat diet in-
take and stress induction

The type of the diet had no effect on
changes of plasma corticosterone concen-
tration. Foot-shock stress in the normal diet
animals significantly increased plasma cor-
ticosterone concentration compared with
before stress induction in the same group
(P<0.001) (Figure 3), after stress induction
in the psychological stress group (P<0.05)
and the control group (P<0.001). Acute
foot-shock stress, significantly increased
plasma corticosterone concentration in the
high-fat diet animals compared with before
stress induction in the same group, after
stress induction in the psychological stress
group and the control group, as well
(P<0.001) (Figure 3). Also, three-way
ANOVA did not show any significant in-
teraction between the diet type and the re-
sponse to stress.

The impact of high-fat diet and stress on
plasma cholesterol concentration

The high-fat diet compared with the
normal diet significantly increased plasma
cholesterol concentration [non-stress group
(P<0.05), foot-shock and psychological
stress groups (P<0.01)] (Table 2); however,

stress induction did not have any significant
effect on plasma cholesterol concentration
in any of the groups. There was no interac-
tion between the diet type and the response
to stress, as well.

The impact of the high-fat diet and stress
induction on plasma triglyceride concen-
tration

Compared with the normal diet, the
high-fat diet significantly increased plasma
triglyceride concentration [foot-shock stress
and non-stress groups (P<0.05), psycho-
logical stress group (P<0.01)] (Table 2).
Induction of foot-shock stress resulted in a
significant reduction in triglyceride concen-
tration of the high-fat diet group compared
with before stress induction in the same
group (P<0.001), after stress induction in
the psychological stress group and the con-
trol non-stress group (P<0.05) (Table 2).
The reduction was also observed in the
normal diet group after foot-shock stress as
compared to before stress induction
(P<0.05) (Table 2). However, there was no
significant interaction between the diet type
and the response to stress in this part of the
study, as well.
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Table 2: The effect of high-fat diet and stress on the plasma cholesterol, triglyceride and free fatty acid

concentrations in male rats

Normal diet
Non-stress Foot-shock Psychological
stress stress

Before*  After® Before After Before After
115.84 112.16 120.35 119.04 117.5 120.89
4.2 +4.74 +5.02 5.2 +5.62 +9.06
154.18 146.05 146.39 136.67 151.71 145.08
+4.42 +5.54 +4.11 +3.37 +4.8 +3.61
653.17 584 514.83 467.17 578.33 587.17
+63.86 +80.46 12422 +46.76 +77.65 187.08

Values are the mean+SEM of 6 rats.

High-fat diet

Psychological

stress

Non-stress Foot-shock stress

Before After Before After Before
137.29 127.2 133.55 131.75 135.99
+6.42%  £3.63 +3% +9.94 +3.01%
170.22 161.02 158.39  139.93 173.14
+6.53°  +7.65 +4.25°  +2417° +6.86%
487 519.17 559.5 592.17 478.5
+106.27 +95.23 +62.88 +81.39 +53.21

* P<0.05, *** P<0.001 significant difference versus Before of the same group.
§ P<0.05, §§ P<0.01 significant difference versus normal diet.
@ P<0.05 significant difference versus (After) of the control (non-stress) and psychological stress

groups in the same diet group.

“Before: Before exposure to stress or being placed in the communication box
®After: After exposure to stress or removing from the communication box.

Plasma free fatty acids concentration fol-
lowing the use of the different diets and
stress

Results showed that the high-fat diet did
not make any significant changes in plasma
free fatty acids concentration. Also, concen-
tration of free fatty acids did not show any
significant changes compared with before
stress induction (Table 2). There was no
significant interaction between the diet type
and response to stress in this part.

DISCUSSION

In the present study, high-fat diet did
not significantly change plasma concentra-
tions of glucose, insulin and corticosterone
in the animals receiving acute stress com-
pared with the controls. Consistently, in re-
sponse to stress, high-fat diet did not make

any significant changes in plasma concen-
tration of free fatty acids, triglyceride and
cholesterol as the factors that can reflect
inappropriate lipid metabolism.

The results of this study showed no sig-
nificant difference between the weights of
high-fat and normal diet groups whereas,
the food and water intake significantly de-
creased in high-fat fed rats. In agreement
with our results , in a study on male rats no
significant changes were observed in the
animals' weight during high-fat diet (40 %
fat) (Banas et al., 2009); however, increase
(Ghibaudi et al., 2002) or decrease (Soulis
et al., 2005) of the weight was observed in
high-fat fed rats in the previous studies. The
differences between the results of the men-
tioned studies might be due to the type of
fat and the duration of use (Grundy, 1999).
Healthy rats are sensitive to caloric proper-

212

After

136.31
+6.79

164.4
+7.12

505.83
+50.18



EXCLI Journal 2011;10:205-217 — ISSN 1611-2156

Received: September 10, 2011, accepted: October 17, 2011, published: October 20, 2011

ties of their diet and set their food intake by
receiving fixed daily calories (Kamara et
al., 1998). Moreover, Plasma level of leptin
increased following one week use of high-
fat food (Soulis et al., 2005). Therefore, re-
duction in the food intake which was ob-
served in our experiment might be due to
increased plasma leptin level beside setting
the received calorie by the rats. Besides,
reduced water intake in the high-fat diet
group of our study, might result in weight
reduction. In an experiment reduced protein
intake decreased water intake by the rats
(Kaunitz et al., 1956). Consistently, in our
study the percentage of protein intake de-
creased compared with the control condi-
tion which could result in reduced water
intake.

The diet of the present study was not
able to change glucose tolerance but sig-
nificantly decreased fasting glucose con-
centration without any significant change in
plasma insulin level. Consistent with our
study, Soulis et al. (2005) showed that
seven days of high-fat diet (20 % corn oil)
significantly decreased fasting plasma glu-
cose in female Wistar rats while a study on
male Wistar rats demonstrated an increase
in fasting plasma glucose (Kitraki et al.,
2004); however, both of the studies indi-
cated no changes in fasting insulin concen-
tration and an increase in plasma leptin
concentration. Since leptin alone or in com-
bination with insulin can reduce hepatic
glucose production by decreasing phos-
phoenolpyruvate-carboxykinase  synthesis
(Anderwald et al., 2002) reduced plasma
glucose concentration following use of
high-fat diet in our study might be due to
increased plasma concentration of leptin;
however, plasma leptin level was not meas-
ured in the present study. Significant reduc-
tion in the consumption of fatty food in this
study, augment the probability of an in-
crease in plasma leptin concentration.

As mentioned earlier the results of the
present study demonstrated that the high-fat
diet could not change glucose tolerance
significantly. However, Kamara et al.
(1998) showed that in male Sprague-
Dawley rats, using high-fat diet containing

25 % corn oil for five weeks impaired glu-
cose tolerance. They observed that in the
second and the third hours after OGTT
plasma glucose level increased in high-fat
fed rats as compared to the controls. Be-
sides, using fatty food containing 40 % but-
ter for twelve weeks in male Wistar rats
impaired glucose tolerance without any sig-
nificant change in plasma levels of fasting
glucose and insulin (Yamaguchi and Ma-
tsuoka, 1979). It seems that the variety be-
tween the results of the experiments can be
resulted from the type and the amount of
the fat used, the duration of use, and strain
of the study animals.

Stress alone can change plasma level of
glucose and insulin as well as glucose toler-
ance. In the present study, stress increased
fasting plasma glucose and insulin concen-
trations in both of the diet groups which are
accompanied by decreased glucose toler-
ance. Soulis et al. (2005) found that acute
swimming stress in female Wistar rats de-
creased plasma insulin level without any
changes in the basal glucose concentration
while in the male rats plasma glucose con-
centration increased and plasma insulin
concentration decreased (Kitraki et al.,
2004). On the other hand, induction of
chronic restraint stress increased fasting
plasma glucose concentration while de-
creasing fasting plasma insulin concentra-
tion and glucose tolerance (Zardooz et al.,
2006).

Consistent with our results, two previ-
ous studies showed no significant interac-
tion between high-fat diet (20 % corn oil)
and acute swimming stress in the response
of plasma glucose and insulin in male and
female Wistar rats (Soulis et al., 2005;
Kitraki et al., 2004). However, high-fat diet
(containing 18 % pig fat and cholesterol) in
comparison with control condition (normal
diet + stress) significantly increased fasting
glucose concentration in response to chro-
nic stress of electric shock accompanied
with noise in male Wistar rats (Fu et al.,
2009). In the present study, although acute
stress increased plasma insulin concentra-
tion, high-fat diet did not make any signifi-
cant change in insulin response to acute
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stress. Compared with the control condi-
tion, 4 days of high-fat diet (40 % coconut
oil and corn oil) following 3 hours of re-
straint stress did not significantly change
plasma insulin concentration of male Spra-
gue-dawley rats (Legendre and Harris,
2006). The differences might also be related
to the type of fat in the diet and the duration
of use.

Although high-fat diet had no effect on
basal concentration of plasma corticoster-
one in the present study, stress increased
plasma concentration of corticosterone;
however, no significant interaction was ob-
served between high-fat diet and stress.
Contrarily, using high-fat diet (20 % corn
oil) in Long-Evans rats for one or three
weeks significantly increased basal concen-
tration of corticosterone. Also, in the rats
which used high-fat diet for one, 9 and 12
weeks, plasma corticosterone and ACTH
after restraint stress (for 20 minutes in a
plastic tube) and 20, 60 and 120 minutes
after the end of stress was significantly
higher than those receiving stress under
normal diet (Tannenbaum et al., 1997).
Kamara et al. (1998) did not observe any
changes in plasma corticosterone concen-
tration after using 2 weeks of high-fat diet
(25 % corn oil or olive oil or fish oil or
soybean oil) in male Sprague-Dawley rat;
however, a significant increase in plasma
corticosterone concentration was observed
in response to chronic restraint stress com-
pared with the control animals (receiving
stress under normal diet).

Consistent with the present study, in a
study by Kitraki et al. (2004) no significant
change was observed in plasma corticoster-
one concentration in male Wistar rats fol-
lowing use of high-fat diet (20 % corn oil)
for one week compared with the animals
with normal diet. Also, compared with the
controls which received stress under normal
diet, high-fat diet did not significantly
change plasma corticosterone response to
acute swimming stress (Kitraki et al.,
2004). Several studies (Kitraki et al., 2004;
Brindley et al., 1981), some mentioned
above, indicate the effect of high-fat diet on
HPA axis activity which increase basal

level of adrenal corticosteroids. Therefore,
it is claimed (Fu et al., 2009; Tannenbaum
et al., 1997) that high-fat diet acts as a
stressor; if induced chronically like using a
chronic stressor it can be somehow adapted.
However, like a chronic stressor it is also
able to augment the response to a new
stressor (Harris et al., 2004). On the other
hand, some researchers believe that high-fat
diet (if used for a short time) just increases
HPA axis response to mild stress while in
severe stress, appropriate response is cre-
ated without any relationship with the type
of the diet used (Legendre and Harris,
2006). Also, it is observed that using high-
fat diet for a long time (more than 3 weeks
or 10 weeks) cannot make any changes in
HPA axis response to stress (Legendre and
Harris, 2006; Kamara et al., 1998). The dis-
crepancies which were observed in the re-
sults might reflect the various duration of
high-fat diet or stress exposure, animals’
age and strain as well as animals’ sex.
However the type of the fat also may affect
the results.

In the next part of the present experi-
ment the plasma level of free fatty acids
was determined and no significant change
of the plasma free fatty acid levels was ob-
served in the high-fat fed rats, possibly be-
cause the high-fat diet was not able to in-
crease the plasma corticosterone level. It is
important to imply that corticosterone is a
weak lipolytic hormone (Porterfield, 2001)
and also the increase of plasma glucocorti-
coids including corticosterone can stimulate
the secretion of the triglycerides from liver
(Bartlett and Gibbons, 1988; Mangiapane
and Brindley, 1985). In addition glucocorti-
coids can decrease the lipoprotein lipase
activity and induce hypertriglyceridemia
(Taylor and Agius, 1988). Thus it can be
concluded that the level of the plasma free
fatty acids may be increased after using
high-fat diet.

Stress alone can increase plasma fatty
acid concentration which is positively asso-
ciated with stress duration (Ferguson and
Shultz, 1975). Sapira et al. (1965) showed
that the concentration of circulating fatty
acids increased after at least nine hours of
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restraint stress. In the present study acute
stress was not able to change plasma free
fatty acids even in the presence of high-fat
diet. The reason may be related on one hand
to the type of fat used in our study and on
the other hand to the type, duration and in-
tensity of the stresses.

Other results of the study included the
significant increase in plasma cholesterol
and triglyceride concentrations affected by
high-fat diet and reduction in triglyceride
concentration after inducing physical stress.
Consistent with the present study, stress
decreased blood triglyceride concentration
in rats (Robertson and Smith, 1976; Tsi-
kunov et al., 2006). In the present and the
mentioned studies, reduced concentration of
triglyceride affected by stress might be due
to impact of acute stress on the immediate
decrease in endogenic triglyceride secretion
(Robertson and Smith, 1976). On the other
hand, increased levels of triglyceride and
cholesterol might be due to their high levels
in the high-fat diet used. Besides, as using
high-fat diet containing high calorie results
in saturation of liver and muscle glycogen
stores while glucose store is more than the
required for ATP production, liver initiates
endogenic triglyceride synthesis through
glucose metabolism; as a result, blood
VLDL and triglyceride levels increase
(Chait et al., 1979). However, no interac-
tion was observed between high-fat diet and
stress in relation with free fatty acid, cho-
lesterol and triglyceride.

Altogether, this study also led to some
what different results. Although 45 % intra-
abdominal cow fat reduced some behaviors
related to body metabolism like food and
water intake, it was not so effective on
metabolic and hormonal parameters and
even their responses to acute foot-shock
and psychological stresses.
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