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A b s t r a c t

Introduction: This study examines the effects of palm vitamin E (PVE) or α-toco-
pherol (α-TF) supplementation on adrenocorticotropin hormone (ACTH), corti-
costerone and gastric lesions in rats exposed to water-immersion restraint stress
(WIRS).
Material and methods: Sixty male Sprague-Dawley rats (200-250 g) were divid-
ed into three groups. Group I: 20 rats as a control group were given a normal
diet. Group II: 20 rats received oral supplementation of PVE at 60 mg/kg body
weight. Group III: 20 rats received oral supplementation of α-TF at 60 mg/kg
body weight. After the treatment period of 28 days, each group was further sub-
divided into two groups: 10 rats not exposed to stress, and the other 10 rats
subjected to WIRS for 3.5 h. Blood samples were taken to measure the ACTH
and corticosterone levels. The rats were then sacrificed and the stomach excised
and opened along the greater curvature and examined for lesions.
Results: Rats exposed to WIRS had lesions in their stomach mucosa. Our find-
ings showed that dietary supplementation of PVE or α-TF was able to reduce
gastric lesions significantly in comparison to the stressed controls. The WIRS
increased plasma ACTH and corticosterone significantly. Palm vitamin E and 
α-TF treatments reduced these parameters significantly compared to the
stressed controls.
Conclusions: Supplementation with either PVE or α-TF reduces the formation
of gastric lesions, probably by inhibiting the elevation of ACTH and corticos-
terone levels induced by stress.

Key words: palm vitamin E, α-tocopherol, water-immersion restraint stress, adreno-
corticotropic hormone, corticosterone, gastric lesions.

Introduction

Pathological changes caused by stress may affect organism psycho-
logical and physiological balances. Rats have been widely used in stress
studies. There is an established model for producing gastric lesions by var-
ious methods of stress, such as restraint [1, 2], water-immersion restraint
[3] and cold-restraint stress [4].

The pathological basis for the development of gastric lesions is multi-
factorial. It includes factors which disrupt gastric mucosal integrity, such
as changes in gastric acid, mucus and bicarbonate secretions, inhibition
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of gastric mucosal prostaglandin synthesis, reduc-
tion of gastric mucosal blood flow [5, 6] as well as
changes in stress hormones [1, 3, 7, 8] and gastric
motility [9, 10]. 

The plasma corticosterone level is the most strik-
ing hormonal change found in stress and is used
as a sensitive index of stress [1]. On the other hand,
the increase in corticosterone levels is a well-known
physiological response to stress and is mediated by
increased secretion of corticotrophin releasing hor-
mone (CRH) by the hypothalamus, and adrenocor-
ticotropic hormone (ACTH) as well as endorphins 
by the pituitary [11]. Nur Azlina and Nafeeza con-
firmed that an increase in the corticosterone level
was correlated with the increased incidence of gas-
tric lesions as seen in the stressed control rats. Thus,
the corticosterone rise during stress was considered
as an ulcerogenic factor. They also showed that
tocotrienol and tocopherol were able to maintain
the corticosterone level at the pre-stress values [8].

Vitamin E is a popular and powerful antioxidant
which is effective in preventing oxidation of polyun-
saturated fatty acids [12]. It is a fat-soluble vitamin,
divided into two subgroups: tocopherols and
tocotrienols. Tocopherol is known to be the most
abundant and active form of vitamin E homologues
in vivo, but recently the role of other forms of vita-
min E has received renewed attention [13].

Based on findings from previous studies, it is of
interest to investigate the effect of vitamin E on
ACTH, in order to establish whether the effect of
vitamin E on stress is directly through reduction of
corticosterone or if vitamin E acts at a higher level
by inhibiting ACTH. 

Thus, the present study was designed to com-
plete the previous study done by members of our
research team Nur Azlina and Nafeeza, using the
water-immersion restraint stress (WIRS) model
because it induced acute gastric injury with a reli-
able reproducibility of gastric lesions. Additionally,
we tried to establish the effects of palm vitamin E
(PVE) and α-tocopherol (α-TF) supplements on gas-
tric lesions, ACTH and corticosterone levels in rats
exposed to WIRS.

Material and methods

Sixty male Sprague-Dawley rats (200-250 g) were
divided into three equal-sized groups. Groups 1 (20
rats) and 2 (20 rats) were given PVE or α-TF at the
dose of 60 mg/kg body weight orally for 28 days,
while the control group was given olive oil, which
is the edible oil with the lowest content of vitamin
E, by using a 5-inch, 21G needle, as vehicle [14]. At
the end of the treatment period, blood was with-
drawn from the orbital sinus using a capillary tube
and each group was subdivided into another two
groups; one group (10 rats) was subjected to water-
immersion restraint stress (WIRS) for 3.5 h and the

other group (10 rats) was not subjected to any
stress (non-stress group). All rats were kept on
a regular night/day cycle, with natural light for
a period of 10 h (700 to 1700 h). Throughout the
feeding period all rats were habituated to handling
to reduce their stress-related disturbances. The rats
were housed in large cages with wide wire-mesh
bottoms to prevent coprophagy. Food and water
were given ad libitum throughout the experiment.
The rats were deprived of food overnight before
they were exposed to stress.

Water-immersion restraint stress was conducted
by placing each rat in a plastic restrainer individual-
ly, after which they were immersed neck-deep in
a water bath at room temperature (23°C) for 3.5 h.
This procedure was done according to the method
previously described by Nishida et al. [15]. After
exposure to stress, the rats were anaesthetized by
injecting both ketamine (5 mg/100 g body weight)
and xylazine (1 mg/100 g body weight) before blood
sampling for biochemical determinations. The rats
were then killed, after which the stomach was
removed and examined for gastric lesions. The use
of animals in this study was approved by Universi-
ti Kebangsaan Malaysia Animal Ethics Committee
(UKMAEC).

Assessment of gastric lesions

The gastric lesion area was measured under the
microscope at the magnification of 3×. Lesion size
in mm was determined by measuring each lesion
along its greatest diameter. Each five petechiae
lesion was set as equivalent to 1 mm lesion. The
total lengths in each group of rats were averaged
and expressed as the lesion index. This method was
previously described by Wong et al. [16].

Plasma corticosterone level

Extraction of plasma corticosterone

Plasma corticosterone was extracted according
to a method described by Hofreiter et al. [17].
A sample of 100 μl was thawed and added to 1 ml
dichloromethane in a 5-ml plastic tube and was
shaken for 10 min. The mixture was then cen-
trifuged at 1000 g for 5 min at 28°C. The super-
natant was removed and NaOH (0.05 M) was added
later to wash the lower organic layer. The organic
layer was re-centrifuged at 1000 g in order to sep-
arate any remaining aqueous component from the
organic component. This process was repeated
twice. A volume of 600 μl from the lower layer
(dichloromethane containing corticosterone) was
pipetted into a new 10-ml tube and dried. The dry-
ing extraction was carried out with concentrated
vacuum for 30 min at a temperature of –100°C. The
dried samples were kept at a temperature of –20°C
until analysed. 
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Preparation of standard solution 
of corticosterone

Stock solution was prepared by mixing 1 mg
standard into 1 ml methanol 60% (without gas and
HPLC grade) which contains 25 ng cortexolone as
an internal standard. A series of liquefactions was
carried out to obtain 10, 5, 2.5, 1.25, 0.5, 0.25 and
0.125 μg/ml. The solution series was injected into
a chromatography system for the purpose of cali-
bration before sample analysis was performed.

Determination of plasma corticosterone level 

The plasma corticosterone level was determined
using a high performance liquid chromatography
system (HPLC) (Waters Corp., Milford MA, USA) with
ultraviolet detector (Waters Corp., Milford MA, USA)
at wavelength of 240 nm. The mobile phase solu-
tion was prepared through mixture of methanol and
distilled water with a ratio of 60 : 40. The type of
column was from C18, which was suitable for sepa-
rating an organic substance like corticosterone. 

A series of standard solutions was injected earli-
er into the system in order from the lowest to the
highest concentration. The sample was analysed
when the standard curve obtained a regression line
close to one (r > 0.999). The plastic tube containing
the dried sample extract was reconstituted with
1000 ml of degassed methanol 60% which contained
25 ng cortexolone (internal standard), after which
the reconstituted sample was filtered through
a micro filter (0.45 μm) (Nylon, Whatman). Filtered
samples (20-μm) were injected into the HPLC 
system. The flow rate of the mobile phase solution
was 1.0 ml/min.

Determination of plasma adrenocorticotropic
hormone 

Plasma adrenocorticotropic hormone  level was
determined in duplicate by a solid-phase, two-site
sequential chemiluminescent immunometric assay
(Immulite 1000®, Siemens Medical Solutions Diag-
nostics, Los Angeles, USA) method using an
IMMULITE automatic analyser (DPC, Los Angeles,
CA). The principle of the assay was based on 
a chemiluminescent assay wherein alkaline phos-
phatase (bovine calf intestine) conjugated to poly-
clonal rabbit anti-ACTH antibody in buffer with sodi-
um azide as preservative was used against 75 μl of
EDTA plasma samples containing ACTH. The plas-
ma samples were pre-treated with the chemilumi-
nescent substrate. The chemiluminescent substrate,
a phosphate ester of adamantyl dioxetane, under-
went hydrolysis in the presence of alkaline phos-
phatase to yield an unstable intermediate. The con-
tinuous production of these intermediates resulted
in the sustained emission of light.

Statistical analysis 

Statistical analysis was carried out using the
SPSS statistical package version 12 (SPSS Inc. USA).
Normal distribution of all variables was examined
by the Kolmogorov-Smirnov test. The results are
expressed as mean ± SEM. Statistical significance
(p < 0.05) was determined by ANOVA and Tukey’s
post-hoc test. 

Results

Effect of palm vitamin E and α-tocopherol on
plasma adrenocorticotropic hormone

The plasma adrenocorticotropic hormone (ACTH)
levels between the non-stressed groups were com-
parable (Figure 1). The exposure to water-immer-
sion restraint stress (WIRS) for 3.5 h increased plas-
ma ACTH level significantly (about 84.2%, p = 0.001)
compared to the non-stressed control group. The
WIRS also increased plasma ACTH level significantly
in both PVE (p = 0.004) and α-TF stressed groups
(p = 0.001) compared to the non-stressed groups.
The ACTH levels of stressed PVE (about 35.3%, 
p = 0.007) and α-TF groups (about 30.9%, p = 0.015)
were significantly lower compared to the stressed
control group. However, no significant difference in
the ACTH level between the stressed PVE and α-TF
groups was seen. 

Effect of palm vitamin E and α-tocopherol on
plasma corticosterone

Figure 2 shows that the WIRS for 3.5 h increased
the plasma corticosterone level significantly (about
32%, p = 0.007) compared to the non-stressed con-
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Figure 1. Effects of palm vitamin E (PVE) and α-toco-
pherol (α-TF) on plasma adrenocorticotropic hor-
mone (ACTH) level in rats exposed to water-immer-
sion restraint stress (WIRS). Each bar represents
mean ± SEM (n = 10): A vs. non-stressed group 
(CN + NS) (p < 0.05), B vs. stressed control (CN +
WIRS) (p < 0.05), C vs. non-stressed group respec-
tively (p < 0.05)
CN – control
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trol group. The WIRS also increased the plasma cor-
ticosterone level significantly in the PVE stressed
group (p = 0.003) compared to the non-stressed
group. However, no significant increase was seen
in the α-TF stressed group compared to the non-
stressed group. The corticosterone levels of PVE- 
(p = 0.008) and α-TF- (p = 0.001) stressed groups
were reduced significantly compared to the stressed
control. There was no significant difference in the
corticosterone level between the PVE and α-TF non-
stressed groups, and between the PVE and α-TF
stressed groups.

Effect of palm vitamin E and α-tocopherol on
gastric lesions

Non-stressed rats showed no focal lesions in the
gastric mucosa. However, gastric mucosal lesions
developed in rats subjected to WIRS for 3.5 h.
Macroscopic observation showed lesions, most
often 1-2 mm in size, or petechial bleeding. The area
of involvement was confined to the glandular part
of the stomach. Pre-treatments with PVE reduced
gastric lesions significantly by 52% (p = 0.001) and
α-TF by 40% (p = 0.001) in rats exposed to stress.
In addition, the gastric lining illustrates the marked-
ly reduced formation of gastric haemorrhagic
lesions by supplements of 60 mg/kg of PVE and 
α-TF for 28 days. The gastric lesion index was sim-
ilar in the PVE and the α-TF stressed groups, as
shown in Figure 3.

Discussion

Stress has been shown to have deleterious
effects on health. Many of these adverse effects are
mediated through hormones that are released dur-
ing stress. We found that the WIRS model used in
this study caused a remarkable increase in plasma
ACTH and corticosterone levels. These findings are
in agreement with previous studies. Klenerová et
al. and Lou et al. found that the plasma ACTH and
corticosterone levels were elevated in rats exposed
to WIRS [18, 19]. Other studies using different mod-
els of stress, such as restraint or cold restraint
stress, also demonstrated a similar finding, i.e. a rise
in these stress hormones [1, 3, 7, 8].

It has been demonstrated that stress induces
activation of the hypothalamus-pituitary-adrenal
(HPA) axis [20]. When exposed to stress, the first
system to respond is the autonomic nervous sys-
tem, which sends a message to the hypothalamus.
The hypothalamus, in turn, releases corticotropin-
releasing factor (CRF), which is picked up by the
nearby pituitary. This neuropeptide stimulates the
pituitary to release ACTH into the bloodstream. The
ACTH stimulates the production and release of glu-
cocorticoids (corticosterone in rats, cortisol in
humans) from the adrenal glands. Corticosterone

stimulates the release of glucose from body stores,
which provides energy to the body to fight off the
danger or to run away from it. Once the threat is
over, the mediators return to baseline levels due to
negative feedback on the HPA axis [21, 22]. 

Corticosteroids are known to be a sensitive
marker of the degree of stress experienced by an
animal [23]. The elevation of plasma corticosterone
in stressed rats noted in the present study is in
agreement with the results of al-Shabanah et al.,
Ainsah et al., Klenerová et al., Lou et al. and Nur Azli-
na and Nafeeza [1, 8, 18, 19, 24]. This elevation could
be explained on the basis that stress induces the
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Figure 2. Effects of palm vitamin E (PVE) and α-toco-
pherol (α-TF) on plasma corticosterone level in rats
exposed to water-immersion restraint stress (WIRS).
Each bar represents mean ± SEM (n = 10): A vs. non-
stressed group (CN + NS) (p < 0.05), B vs. stressed
control (CN + WIRS) (p < 0.05), C vs. non-stressed
group (PVE + NS) (p < 0.05)
CN – control
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Figure 3. Effects of palm vitamin E (PVE) and α-toco-
pherol (α-TF) pre-treatments for 28 days on gastric
lesions in  rats exposed to water-immersion restraint
stress (WIRS). Each bar represents mean ± SEM 
(n = 10): A vs. non-stressed group (NS) respectively
(p < 0.05), B vs. stressed control (CN + WIRS) (p < 0.05)
CN – control
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activation of the HPA axis causing increased secre-
tion of pituitary endorphins, ACTH and adrenal cor-
ticosteroids such as corticosterone. 

Hellhammer et al. reported that plasma levels of
corticosterone were greatly increased by stress in
both the lesion and the non-lesion groups com-
pared to the home cage controls [25]. Further sup-
port for this idea came from the observation that
animals with hippocampal lesions exhibit increased
plasma corticosterone levels and develop more gas-
tric erosions during stress [26].

Nur Azlina and Nafeeza confirmed that the
increased corticosterone level correlated with
increased incidence of gastric lesions as seen in the
untreated stressed rats [8]. Thus, the corticosterone
rise during stress was considered as an ulcerogenic
factor. However, Murison et al. observed that
metyrapone treatment reduced corticosterone lev-
els under stress, but had no effect on lesion devel-
opment [27]. Bakker and Murison studied the
administration of corticotropin-releasing factor (CRF)
to rats aged 100-220 days and then exposed to
WIRS. The age of the animals itself was not a sig-
nificant factor for either basal levels of plasma cor-
ticosterone or for the extent of restraint-induced
gastric lesions. However, after CRF administration,
only the young animals had a significant increase
in plasma corticosterone levels, and post-restraint
gastric ulcerations were more severe in older rats.
The increased corticosterone secretion during stress
is related to the increased occurrence of gastric
lesions but it is not the sole causative agent for the
pathogenesis of gastric lesions [28]. However, this
suggests a new role of corticosterone produced dur-
ing stress in gastric ulceration. Filaretova demon-
strated that an acute rise of corticosterone during
stress increased the resistance of the stomach to
stress injury [29]. However, it is difficult to relate
the increased corticosteroid secretion to stress-
induced lesion formation because adrenalectomy
has been reported to either increase [30] or inhib-
it [31] the production of stress-induced lesions. 

In a study by Shaheen et al., intraperitoneal
injection of 5 mg/kg body weight vitamin E for 
6 days in rats prior to a single swimming test dimin-
ished the stress-induced elevation of corticosterone
[32]. Ainsah et al. reported that compared to con-
trols rats, rats treated with 90 or 150 mg vitamin
E/kg rat chow for 8 weeks had significantly reduced
plasma corticosterone, which accompanied an
improvement in rats’ locomotor activity. This reflect-
ed that vitamin E was able to inhibit stress-induced
release of corticosterone and stress-induced psy-
chomotor retardation, which may or may not be
interdependent [1]. 

The synthesis of corticosterone in the adrenal
gland requires free cholesterol. Taniguchi et al.
showed that vitamin E reduced the conversion of

cholesterol ester to free cholesterol. The reduced
availability of free cholesterol subsequently caused
a reduction in corticosterone synthesis [33].

Nur Azlina and Nafeeza reported that tocotrienol
(TT) and tocopherol (TF) were capable of reducing
the plasma corticosterone level in the condition of
restraint stress [8]. Nevertheless, in the present
study, the exposure to WIRS for 3.5 h increased the
plasma corticosterone level significantly in the PVE
stressed group but not in the α-TF stressed group
in comparison to the PVE non-stressed and α-TF
non-stressed groups respectively. This indicates that
α-TF has the ability to maintain the corticosterone
level towards the normal non-stress level in stress
conditions while PVE does not. However, the expo-
sure to WIRS for 3.5 h increased the plasma ACTH
level significantly in both PVE and α-TF stressed
groups compared to the non-stressed group. The
reason for this discrepancy is unclear. It is possible
that the high tocotrienol component in PVE is not
as potent as tocopherol in inhibiting the conversion
of cholesterol ester to free cholesterol; this hypoth-
esis needs to be further investigated. The other rea-
son could be related to the duration of stress and
the different models of stress used in the Nur Azli-
na and Nafeeza study. It is well known that restraint
stress alone is a milder stress model, which was
shown by an increase of corticosterone by only
18.6% [8], but in this study it was found that the
effect of WIRS induced a critical increase in corti-
costerone of 32%, and this demonstrates the dif-
ference between the two stress models.

The ability to reduce the stress-induced increase
in corticosterone level by PVE in acute and more
extensive stress may be lower. Thus, it is possible
that a higher dose of PVE is needed to achieve an
effect similar to treatment with α-TF alone. In the
study by Nur Azlina and Nafeeza,  there was no sig-
nificant difference in plasma corticosterone levels
between TT and α-TF treated groups, pre- and post-
stressed [8]. Thus, treatment with both TT and 
α-TF can block the increase in corticosterone lev-
els due to stress. In their study, however, a pure
dose of TT was used.

In other words, TT and TF (60 mg/kg) were able
to reduce the corticosterone level [8]; however, the
present study found that α-TF (60 mg/kg) was able
to reduce corticosterone but not PVE (60 mg/kg),
which is a mixture of TT (i.e. < 60 mg/kg) and TF
(i.e. < 60 mg/kg). Therefore, TT and TF in combina-
tion are not effective in reducing corticosterone lev-
els because sub-therapeutic doses of TT and TF
were present in PVE and obviously combination
does not have an additive effect. Alternatively, there
is an apparent antagonism. This antagonism is
more likely to occur beyond the pituitary because
PVE is able to suppress the release of ACTH. It is
possible that PVE or TT and TF in sub-therapeutic
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doses are not able to reduce the conversion of cho-
lesterol ester to free cholesterol. Hence it is seen
that the sub-therapeutic levels do not show sig-
nificant reduction in the availability of free choles-
terol. 

Previous studies have demonstrated that gastric
lesions can develop in experimental animals fol-
lowing psychological or physical stress [34, 35]. Gas-
tric lesions caused by stress, alcohol, Helicobacter
pylori infection and non-steroidal anti-inflamma-
tory drugs have been shown to be mediated large-
ly through the generation of reactive oxygen species
(ROS) that seem to play an important role in pro-
ducing lipid peroxides [35-38]. 

Rats have been widely used in stress studies.
There are some established models for producing
gastric lesions from various methods of stress. Nur
Azlina et al. found that rats which were exposed to
restraint stress for 2 h every day for 4 days devel-
oped lesions in their gastric glandular mucosa [35].
Singh et al. also reported that cold-restraint stress
caused considerable ulceration in the form of haem-
orrhagic mucosal lesions in the stomach [39]. How-
ever, exposure to WIRS for 3.5 h resulted in the
immediate appearance of multiple gastric lesions
in the gastric mucosa [40]. 

As shown in this study, the animals exposed to
water-immersion restraint stress for 3.5 h devel-
oped gastric mucosa lesions, thus confirming the
reproducibility of this model for the study. The
pathological basis for the development of these
lesions is multifactorial [41, 42]. The formation of
the gastric lesions might be due to increased gas-
tric contractions, which resulted in temporary
restriction of blood flow to the mucosa. This restric-
tion of the blood flow might also involve vascular
contraction or the shunting of blood away from the
mucosa, thereby accentuating anoxic damage [43,
44]. Stress-induced strong vasoconstrictions of the
gastric wall and compression of the intramural ves-
sels are probably responsible for some degenera-
tive changes in the mucosal cells, leading to impair-
ment of the gastric microcirculation and, finally,
gastric lesions [45].

The data of this study showed that vitamin E
supplementations (PVE or α-TF) at the dose of 
60 mg/kg body weight for 28 days was able to
decrease stress effects (in this case gastric lesions)
by reducing the plasma ACTH and corticosterone
levels. Furthermore, supplementation of PVE and
α-TF at 60 mg/kg for 28 days prior to exposure to
stress reduced gastric mucosal injury. This finding
is similar to other studies [35, 46, 47]. Nur Azlina et
al. showed that supplementation with TT and TF
was able to reduce the formation of lesions in the
gastric mucosa after restraint stress insult [35].
However, no difference between these two agents
was observed, showing their equal effectiveness in

preventing stress-induced gastric injury. The study
by Kamsiah et al. examined the effects of various
doses of PVE and TF on the prevention of aspirin-
induced gastric lesions. The gastric lesion index was
found to be significantly lower in all the vitamin E
groups compared to the control group, but there
was no significant difference in ulcer indices
between palm vitamin E and tocopherol-treated
groups [46]. However, PVE administration in a dose
of 100 mg/kg weight and 150 mg/kg body weight
was more effective in preventing aspirin-induced
gastric lesions than TF in a dose of 30 mg/kg
weight, as the gastric mucosal thickness in these
PVE groups was significantly higher compared to
the other groups [48]. 

Similarly, exposure to WIRS has been shown to
increase the incidence of gastric mucosal lesions
and the increase was lowered by the administra-
tion of various antioxidants [49, 50]. A study by
Ohta et al. demonstrated that WIRS for 6 h reduced
gastric α-tocopherol concentration but pre-admin-
istration of ascorbic acid partially reversed this
reduction. Hence, in the present study, the preven-
tion of the harmful effects of the stress may be
mediated by the antioxidant activity possessed by
the PVE and α-TF, by either directly or indirectly
reducing the formation of free radicals which cause
gastric lesions [35]. Furthermore, Brzozowski et al.
confirmed that pre-treatment with grapefruit 
seed extract, which has antioxidative activity,
applied topically in doses ranging from 8 mg/kg 
to 64 mg/kg, caused a significant reduction in
WIRS-induced gastric lesions [50].

The vitamin E protective mechanism and its role
in human health are still not well understood. The
characteristic of vitamin E as an antioxidant, espe-
cially its effect on polyunsaturated fatty acids
(PUFA), may improve cell membrane integrity. It
may cause gastric tissue to become more resistant
to gastric aggressive factors such as acid and
pepsin. The outcome of this study and previous
studies suggests that vitamin E has a significant
protective effect against stress-induced gastric
lesions [35, 51]. Based on this, there is a possibility
that it could be used as a treatment for stress-
induced gastric lesions. 

In conclusion, our data suggest that exposure to
WIRS for 3.5 h caused gastric lesion formation and
elevated the stress hormones ACTH and corticos-
terone, and these increases were reduced by PVE
and α-TF. Supplementation with PVE or α-TF was
able to reduce the formation of gastric lesions sig-
nificantly compared to the stress control group. 
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