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Abstract
AIM: To investigate whether palatable sweet foods 
have a beneficial effect on chronic stress-induced co-
lonic motility and inflammatory cytokines. 

METHODS: Adult male rats were divided into 3 
groups: control (CON, n  = 5), chronic variable stress 
with chow (CVS-A, n  = 6), and chronic variable stress 

with chow and sweet food (CVS-B, n  = 6). The rats 
were fed standard rodent chow as the chow food and/
or AIN-76A as the sweet food. A food preference test 
for AIN-76A was performed in another group of normal 
rats (n  = 10) for twelve days. Fecal pellet output (FPO) 
was measured for 6 wk during water bedding stress in 
the CVS groups. The weight of the adrenal glands, ad-
renocorticotropic hormone (ACTH) and corticosterone 
levels in plasma were measured. The expression levels 
of transforming growth factor-β, interleukin (IL)-2, and 
interferon-gamma (IFN-γ) were measured in the distal 
part of colonic tissues and plasma using Western blot 
analysis.

RESULTS: In sweet preference test, all rats initially 
preferred sweet food to chow food. However, the con-
sumption rate of sweet food gradually decreased and 
reduced to below 50% of total intake eight days after 
sweet food feeding. Accumulated FPO was higher in 
the CVS-A group compared with the CVS-B group over 
time. All stress groups showed significant increases in 
the adrenal to body weight ratio (CVS-A, 0.14 ± 0.01; 
CVS-B, 0.14 ± 0.01) compared with the control group 
(0.12 ± 0.01, P  < 0.05). The plasma corticosterone 
and ACTH levels were significantly higher in the CVS-A 
(537.42 ± 32.95, 44.44 ± 6.54 pg/mL) and CVS-B 
(655.07 ± 30.82, 65.46 ± 4.44 pg/mL) groups than in 
the control group (46.96 ± 13.29, 8.51 ± 1.35 pg/mL, 
P  < 0.05). Notably, the ratio of corticosterone to ACTH 
was significantly increased in the CVS-A group only. 
Rats exposed to CVS displayed significantly increased 
expression of IL-2 and IFN-γ in the plasma and distal 
colon compared to the control group, whereas this ef-
fect was significantly attenuated in the CVS-B group.

CONCLUSION: These results suggest that concurrent 
sweet food ingestion during CVS might have an effect 
on the reduction of stress-induced colonic hyper-motil-
ity and pro-inflammatory cytokine production in rats.

© 2014 Baishideng Publishing Group Co., Limited. All rights 

reserved.

2365 March 7, 2014|Volume 20|Issue 9|WJG|www.wjgnet.com

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i9.2365

World J Gastroenterol  2014 March 7; 20(9): 2365-2373
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.



Rho SG et al . Sweet food improves IBS-like symptoms

Key words: Irritable bowel syndrome; Colon; Stress; 
Adrenal hormones; Cytokines; Rat

Core tip: Stress has an important role in the pathogen-
esis of irritable bowel syndrome (IBS), and palatable 
foods have been used as an ameliorator for psycho-
logical stress. Several reports have supported the hy-
pothesis that palatable foods are used for consolation 
from psychological stress. Thus we hypothesized that 
hypothalamic-pituitary-adrenal axis function and im-
mune status in the plasma and colon could be altered 
by chronic stress, and these changes could be attenu-
ated by concurrent ingestion of sweet food. These re-
sults imply that reducing the effect of stress appropri-
ately by any means is important for preventing induces 
gastrointestinal symptoms in a patient with IBS.
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INTRODUCTION
It is generally accepted that psychological stress induces 
gastrointestinal (GI) symptoms, including dyspepsia, ab-
dominal pain and increased colonic motility[1]. Stress has 
an important role in the pathogenesis of  irritable bowel 
syndrome (IBS) as a risk, trigger and perpetuating fac-
tor[2]. Although the underlying pathogenesis of  IBS still 
remains unclear, dysregulation of  the brain-gut-axis[3] 
and low grade GI inflammation have recently received 
attention as potential causes[4].

A patient with IBS exhibits over-activation of  the hy-
pothalamic-pituitary-adrenal (HPA) axis to corticotropin-
releasing factor (CRF) stimulation or visceral stimulation 
and exhibits increased pro-inflammatory cytokines in the 
blood[5,6]. There has been growing evidence regarding 
the association between IBS and low grade inflamma-
tion, such as increased expression of  immune and mast 
cells[7,8] cytokine imbalance in the mucosa[9], and elevated 
circulating levels of  the pro-inflammatory cytokine in 
IBS patients[10]. Concerning the function of  cortisol, 
such as its role in reducing the number of  leukocytes[11] 
and suppressing the release of  interferon-gamma 
(IFN-γ)[12] and interleukin (IL)-2[13], it can be assumed 
that stress and the associated HPA axis dysfunction act 
in concert to contribute to the alteration of  GI immune 
function in the pathogenesis of  IBS.

Eating behavior is closely related to stress, and some 
people preferentially consume palatable food such as 
chocolate or ice cream during stressful situations[14]. Sev-
eral reports have supported the hypothesis that palatable 
foods are used for consolation from psychological stress 
through the stabilization of  CRF in the hypothalamus[15-17]. 
Therefore, it appears that the consumption of  sweet food 

has beneficial effects on stress-induced physiologic dys-
function. However, it has never been reported whether 
eating sweet food has an effect on the disordered GI mo-
tility and immune status in chronically stressed rats.

In the present study, we hypothesized that the HPA 
axis function and the immune status in the plasma and 
colon could be altered by chronic stress, and these 
changes could be attenuated by concurrent ingestion 
of  sweet food. Therefore, the aim of  this study was to 
investigate the effect of  the concurrent eating of  sweet 
food on colonic motility, HPA axis status, and the levels 
of  inflammatory cytokines in the plasma and colon in 
chronic variable stress (CVS) rats.

MATERIALS AND METHODS
Animals and study design
Animal use protocols (No. WKU09-112) were approved 
by the Institutional Guidelines of  the Committee on Ani-
mal Research at the Wonkwang University, and all efforts 
were taken to minimize animal suffering and to reduce 
the number of  animals necessary according to the guide-
line recommendations. Seventeen male Sprague-Dawley 
rats purchased from Samtaco Co., Ltd. (Pyeongtaek, 
South Korea), weighing approximately 270 g each, were 
housed in individual cages for ten days for acclimatiza-
tion. Rats were provided ad libitum access to food and 
water in 12 h/12 h light-dark cycles at 24 ℃.

The animals were randomly divided into 3 groups: 
no stress with chow food (CON, n = 5), CVS with chow 
food (CVS-A, n = 6), and CVS with chow + sweet food 
(CVS-B, n = 6).

Supplied food and preference test
We used commercial standard rodent chow (60% car-
bohydrate, 20% protein, 4.5% fat, Purina Mills Inc., St. 
Louis, MO, United States) as the chow food and AIN-
76A (66% carbohydrate, 20% protein, 5% fat, Research 
Diets Inc., New Brunswick, United States) as the sweet 
food. Not only does AIN-76A contain a higher carbo-
hydrate percentage, but the source of  carbohydrate is 
also sucrose, which is sweeter than glucose, dextrose and 
lactose. AIN-76A contains more sucrose than any other 
purified food (AIN-93G, AIN-93M) or cereal-based 
chow food. Before the stress experiment, a food prefer-
ence test for AIN-76A was performed in another group 
of  normal rats (n = 10) for twelve days. To diminish 
neophobia to the novel foods, CVS-B rats were exposed 
to AIN-76A in advance for 3 d before the experiment.

CVS protocol
The CVS protocol used in this study was modified from 
the previous study[18]. This protocol was demonstrated 
to induce visceral hypersensitivity and is suggested as an 
IBS animal model[18]. The weekly protocol consisted of  
placement in a small cage (confinement), water bedding, 
exposure to white noise, a stroboscope, light at night (il-
lumination), and irregular vibration (each rat cage was 
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Table 1  Experimental schedule for chronic variable stress

placed on a wooden panel and a vibration device was 
contacting the panel). Each period of  exposure to the 
stressors lasted 2 to 16 h each week (Table 1). Fecal pel-
let output (FPO) was measured 3 times per week during 
the water bedding stress session of  the CVS protocol to 
investigate stress-induced colonic motility changes. For 
the water bedding stress, rats in the CVS group were 
placed in the empty cage with only room temperature 
water for 1 h in the morning of  Monday, Wednesday, 
and Friday each week. The height of  the water was ap-
proximately 1-2 cm, enough to cover their feet. Fecal 
pellets found in the cage were counted at the end of  
each water bedding stress session.

Measurement of adrenal weight and radioimmunoassay 
of adrenocorticotropic hormone and corticosterone
All rats were killed by decapitation and blood samples 
were obtained. The wet weight of  adrenal glands was mea-
sured. Plasma adrenocorticotropic hormone (ACTH) and 
corticosterone levels were measured with a commercially 
available kit (ELSA-ACTH, CIS Bio international, Gif-sur-
Yvette Cedex, France; Coat-a-Count rat corticosterone, Di-
agnostic Product Cooperation, LA, CA, United States) by 
radioimmunoassay (RIA). The sensitivity of  the assay was 2.0 
pg/mL for ACTH and 5.7 ng/mL for corticosterone. The 
intra-/interassay coefficient of  variation was 5.3%/6.1% 
for ACTH and 12.2%/14.9% for corticosterone.

Western blot analysis
The expression levels of  transforming growth factor-β 
(TGF-β), IL-2, and IFN-γ were measured in the distal 
part of  colonic tissues and plasma using western blot 
analysis. The distal parts of  the colonic tissues were 
washed with Tris buffered saline (TBS), and approxi-
mately 5 g of  tissue was added to lysis buffer [25 mmol/
L Tris-Cl, 1 mmol/L ethylene glycol bis (β-aminoethyl 
ether)-N,N,N′,N′-tetraacetic acid, 1 mmol/L dithioth-
reitol, 0.1% Triton X-100, protease inhibitor cocktail, 
and phosphatase inhibitor cocktail; pH 7.4] and homog-
enized. The samples were then centrifuged at 12000 g for 
30 min, and the cytosolic fractions were obtained. Whole 
blood samples were centrifuged at 3000 r/min for 15 
min, and the plasma was obtained and diluted with TBS. 
The protein concentration of  both samples from the 
plasma and colonic tissues was estimated using bovine 
serum albumin as a standard and adjusted to examine 
identical amounts of  total protein. The sample buffer was 
added to the samples, the mixture was boiled at 100 ℃ 
for 5 min, and electrophoresis was performed at 100 V 

for 2 h using a minigel electrophoresis apparatus (mini-
PROTEIN Tetra cell; Bio-Rad Laboratories, Inc., Her-
cules, CA, United States). After electrophoresis, the gels 
were stained with Coomassie brilliant blue R-250 for 1 h. 
Following staining, the samples were destained with 10% 
acetic acid and 10% methanol, and the protein bands 
were observed. The proteins were transferred to 0.45 μm 
polyvinylidenedifluoride membranes (Roche Diagnostics 
GmbH, Mannheim, Germany) using a protein transfer 
apparatus (mini Transblot cell; Bio-Rad Laboratories) at 
100 V for 90 min. To prevent non-specific binding of  
the primary antibody, the polyvinylidenedifluoride mem-
branes were incubated with blocking buffer (5% skim 
milk in Tris buffer saline with 0.05% tween 20 (TBST, 
pH 7.6) for 1 h. The membranes were washed 3 times 
with TBST and incubated overnight at 4 ℃ with primary 
antibodies (TGF-β, IL-2, and IFN-γ) diluted to 1:1000 
with TBS containing 3% bovine serum albumin. The 
membranes were then washed 4 times with TBST. Next, 
the membranes were incubated for 1 h with a horserad-
ish peroxidase-conjugated goat anti-rabbit IgG secondary 
antibody (Enzo Life Science International Inc., Plymouth 
Meeting, PA) (1:5000). The membranes were washed 4 
times with TBST, incubated with Immobilon Western 
chemiluminescent horseradish peroxidase substrate (Mil-
lipore., MA, United States), and exposed to a chemilumi-
nescence film in a dark room. The expression levels of  
TGF-β, IL-2, and IFN-γ were compared. In addition, as 
a control experiment, double staining for glyceraldehyde-
3-phosphate dehydrogenase was performed with TGF-β, 
IL-2, and IFN-γ under identical conditions.

Statistical analysis
All values are represented as the mean ± SE. Statistical 
analyses were performed out with SPSS software (V.18.0 
SPSS Inc., Chicago, IL, United States). One-way analy-
sis of  variance (ANOVA) was performed, followed by 
Bonferroni post-hoc tests to analyze changes in all pa-
rameters between all groups. For comparing fecal pellet 
output between the CVS-A and CVS-B groups, the data 
were analyzed using repeated measures ANOVA and 
unpaired Student’s t tests. Null hypotheses of  no differ-
ences were rejected if  P values were less than 0.05.

RESULTS
Sweet food preference test
All rats initially preferred sweet food to chow food at 
first and some rats even consumed 100% sweet food. 
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Schedule Monday Tuesday Wednesday Thursday Friday Saturday

09:00-12:00 Water bedding Vibration Water bedding Confinement Water bedding Vibration
(1 h) (3 h) (1 h) (2 h) (1 h) (3 h)

12:00-18:00 Confinement
(2 h)

18:00-06:00 Stroboscope Illumination White noise Stroboscope Illumination
(1 h) (12 h) (15 h) (15 h) (12 h)
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However, the consumption rate of  sweet food was 
gradually decreased and reduced to below 50% of  total 
intake eight days after sweet food feeding (Figure 1).

Changes in body weight and food intake
At the beginning of  the stress experiment, no significant 
differences were observed in body weight between all 
groups (CON, 292.50 ± 5.16 g; CVS-A, 291.08 ± 4.73 g; 
CVS-B, 292.07 ± 2.06 g). However, one week after be-
ginning the stress protocol, there was a significant differ-
ence in body weight and food intake between the CON 
and other groups (Figure 2A, B).

The body weight (BW) of  the stress groups (CVS-A, 
361.08 ± 4.77 g; CVS-B, 354.13 ± 7.76 g) were signifi-
cantly lower than that of  the control group (399.22 ± 
11.12 g) throughout the remainder of  the experimental 
period (Figure 2A, P < 0.05). However, there was no dif-
ference in BW between the CVS-A and CVS-B groups 
(Figure 2A). From the second week onward, the amount 
of  consumed food and total calorie intake became sig-
nificantly lower in the CVS-B group compared with the 
other groups (Figure 2B, C).

In contrast to the result of  the preferential test in 
normal rats, the total consumption rate of  sweet food 
was maintained between 60% and 80% in the CVS-B 
group until the end of  the experimental period (Figure 
2D).

Accumulated FPO
The CVS-B group barely defecated except during the 
first week, whereas the CVS-A group continuously ex-
pelled fecal pellets during water bedding throughout 
the entire experimental period. As a result, there was a 
significant difference in the accumulated FPO between 
the CVS-A and CVS-B groups from the second week 
onward (Figure 3). Data were analyzed with repeated-
measures ANOVA. Mauchly’s test of  sphericity was sig-
nificant, and therefore, the Greenhouse-Geisser correc-
tion was used. The repeated measures ANOVA revealed 
highly significant differences in FPO between groups [F 

(1, 10) = 6.989, P = 0.025] and time [F (1, 10) = 10.657, 
P = 0.003)] on water bedding stress. The results also 
demonstrated a significant interaction between group 
and time [F (1, 10) = 5.154, P = 0.028], thus indicating 
that the CVS-A rats increased FPO differently than the 
CVS-B rats (Figure 3).

Adrenal gland weight and plasma corticosterone and 
ACTH levels
The adrenal weight-to-BW ratio was significantly higher 
in the stress groups (CVS-A, 0.14 ± 0.01; CVS-B, 0.14 ± 
0.01) than in the control group (0.12 ± 0.01) (Figure 4A, 
P < 0.05).

The plasma corticosterone and ACTH levels were 
significantly higher in the CVS-A (537.42 ± 32.95, 44.44 
± 6.54 pg/mL) and CVS-B (655.07 ± 30.82, 65.46 ± 
4.44 pg/mL) groups than in the control group (46.96 
± 13.29, 8.51 ± 1.35 pg/mL) (Figure 4B, C, P < 0.05). 
Notably, the ratio of  corticosterone to ACTH was sig-
nificantly increased in the CVS-A group only (Figure 4D, 
P < 0.05).

Western blot analysis of anti- and pro-inflammatory 
cytokines in the plasma and the distal colon
There was no difference in TGF-β expression in the 
plasma and colon between all groups. Rats exposed to 
CVS displayed significantly increased expression of  IL-2 
and IFN-γ in the plasma and distal colon compared to 
the control group, whereas this effect was significantly 
attenuated in the CVS-B group (Figure 5, P < 0.05). 

DISCUSSION
In humans, chronic stress can induce increased com-
fort food intake[14]. In addition, chronically stressed 
animals increase their ingestion of  palatable food when 
given a choice of  highly palatable food, such as lard or 
sugar[15,17,19] possibly decreasing the stress response in the 
HPA axis[17].

Therefore, we hypothesized that eating sweet food 
might affect the HPA axis and reduce chronic stress 
effects through CRF stabilization in the hypothalamus, 
with beneficial effects on abnormal changes of  colon-
ic motility and colonic inflammatory cytokine profiles 
in rats. The main findings of  this study on concurrent 
sweet food ingestion under chronic stress are that (1) 
the stress-induced FPO increment reflecting increased 
colonic motility was reduced; (2) the corticosterone/
ACTH ratio was reduced to control levels; and (3) the 
pro-inflammatory cytokines increased by CVS were 
attenuated.

Preference for sweet food
The consumption rate of  sweet food in the normal rats 
gradually decreased and reduced below 50% of  total 
intake eight days after sweet food feeding. In contrast 
to normal rats, the consumption rate of  sweet food 
ranged from 60% to 80% of  total intake in stressed rats 

2368 March 7, 2014|Volume 20|Issue 9|WJG|www.wjgnet.com

100

80

60

40

0

Sw
ee

t 
fo

od
 c

on
su

m
pt

io
n 

(%
)

2          4          6         8         10       12

t /d

Figure 1  Time-dependent changes of sweet food consumption in normal 
rats for 12 d. The percentage of sweet food consumption decreased to below 
50% 8 d after sweet food feeding.
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through the entire experimental period without decre-
ment. The decrement of  sucrose intake observed in 
normal rats in this study may be related to the concomi-
tant increment of  insulin and leptin levels with increas-
ing adiposity[20].

A plausible explanation for the increased ingestion 
of  sweet food in the CVS rats may be related to the re-
duction of  anxiety through the activation of  the reward 
system. It has also been suggested that this preference 

is likely because of  a higher level of  anxiety in stressed 
rats because the preference for sweet food in rats under 
restraint stress could be reversed by diazepam[17]. In ad-
dition, eating palatable food, as with drug abuse, can 
activate the brain reward system, comprised of  opioid, 
dopamine, and endocannabinoid[21].

Accumulated FPO
The monitoring of  FPO is used to measure stress response 
in animal experiments[22,23]. We quantified FPO during 
water bedding stress in the present study to demonstrate 
the effect of  sweet food on stress-induced colonic motil-
ity. Cumulative FPO was significantly higher in the CVS-A 
group compared with the CVS-B group throughout the 
entire experimental period except for the first week.

Psychological stress activates some areas in the CNS 
including the paraventricular nucleus (PVN) and induces 
rapid transcription of  the gene encoding CRF in the 
PVN, resulting in the stimulation of  the sacral para-
sympathetic nucleus, which innervates the descending 
colon[1]. Foster et al[24] recently demonstrated that chronic 
access to sucrose or lard prior to the stress period sig-
nificantly decreased CRF mRNA expression in the PVN 
after restraint stress in rats. Based on their report, we can 
speculate that sweet food might decrease CRF produc-
tion in the PVN during stress periods and consequently 
prevent stress-induced colonic hyper-motility. The evi-
dence across these studies leads to the interpretation 
that the FPO difference between the CVS-A and CVS-B 
groups in this study may result from a decreased level of  
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Figure 2  Time-dependent changes of body weight (A), food consumption (B), caloric efficiency (C), and consumption rate of sweet food (D) in each group for 6 
wk. There were significant differences in body weight between control and treated groups. Total food consumption and caloric intake were significantly reduced in the chronic 
variable stress-B (CVS-B) group only. Denotes significant differences among groups based on one-way analysis of variance and the Bonferroni test (aP < 0.05 vs other groups).

Figure 3  Accumulated fecal pellet output in the chronic variable stress-A 
and chronic variable stress-B groups. There was no significant difference 
in the first week, but accumulated fecal output difference gradually increased 
with time. Statistical analysis was performed using repeated measures ANOVA 
and unpaired t test in each week between groups (aP < 0.05 vs chronic variable 
stress (CVS)-B group).

t /wk t /wk

50

40

30

20

10

0

Ac
cu

m
ul

at
ed

 fe
ca

l o
ut

pu
t

t /wk

1         2          3          4          5          6

CVS-A
CVS-B

a
a

a
a

a

Rho SG et al . Sweet food improves IBS-like symptoms

t /wk



CRF in the PVN through the effect of  sweet food.

Alteration of the HPA axis
Previous reports regarding alterations of  the HPA axis 
in IBS patients are not consistent because of  differing 
methodologies, patient populations, sexes, and comorbid 
psychiatric conditions[6]. Additionally, the alteration of  
ACTH and corticosterone depends on the mode and du-
ration of  stress[25]. In our study, both of  the CVS groups 
displayed increased ACTH and corticosterone levels. 
Because FPO, the well-known stress response, was de-
creased by sweet food intake in the CVS-B group, we 
expected a relatively normal function of  the HPA axis 
in the CVS-B group compared with the CVS-A group. 
Contrary to our expectations, the levels of  ACTH and 
corticosterone were higher in the CVS-B group com-
pared with the CVS-A group. However, the ratio of  cor-
ticosterone/ACTH increased in the CVS-A group, but 
was not significantly different between the CVS-B and 
control groups. Chang et al[6] recently reported that basal 
levels of  plasma ACTH significantly decreased while the 
level of  cortisol tended to increase in IBS patients using 
24 h blood sampling. This finding might be interpreted 
as enhanced adrenocortical sensitivity to ACTH and is 
similar to the corticosterone/ACTH ratio of  the CVS-A 
group in our experiment. In depressive patients, plasma 
ACTH responses to stress and CRF administration are 
blunted, whereas plasma cortisol responses are normal 
or augmented[26,27], suggesting down-regulation or desen-

sitization of  CRF receptors in the pituitary glands and 
adrenal hyper-responsiveness to ACTH[28,29]. Thus, the 
higher corticosterone/ACTH ratio in the CVS-A group 
could be explained by enhanced adrenocortical sensitiv-
ity to ACTH or down-regulation of  the CRF receptor at 
the hypothalamus by the high CRF milieu in the CNS, 
resulting in relatively low ACTH levels[30,31]. The last 
assumption is supported by the stabilization of  FPO 
during water bedding stress in the CVS-B group in our 
study and the important role of  CRF in the increased 
colonic motility induced by stress.

Inflammatory cytokines
Corticosterone (or glucocorticoids), the end products 
of  HPA axis activity, inhibits lymphocyte proliferation 
and cytotoxicity and the secretion of  TNFα, IL-2, and 
IFN-γ[13,14]. Corticosterone also enhances the synthesis 
of  TGF-β, another cytokine with potent anti-inflamma-
tory activities in human T cells[32] and increases the secre-
tion of  IL-10 and IL-4 that aid in the anti-inflammatory 
reaction[33-35].

In this study, to investigate the difference of  cyto-
kine expression in each group, Western blot of  plasma 
IL-2, IFN-γ and TGF-β were performed in the plasma 
and distal segment of  the colon. Although there was 
no difference in TGF-β among all groups, there was an 
observable increase of  IL-2 and INF-γ levels in both the 
plasma and distal colon in the CVS-A group only. The 
CVS-A group, exposed to CVS regarded as unpredict-
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Figure 4  Relative weight of the adrenal gland (A), plasma corticosterone levels (B), ACTH levels (C), and the ratio of corticosterone/ACTH following the 
6-wk stress experiment. Denotes significant difference between control and other groups (aP < 0.05 vs control groups). There was a significant difference in plasma 
corticosterone and adrenocorticotropic hormone (ACTH) concentrations between CON and the other groups. Denotes significant difference between chronic variable 
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and CVS-B groups. CVS: Chronic variable stress.

Rho SG et al . Sweet food improves IBS-like symptoms

a, c



able and non-adaptable stress with chow food, displayed 
an increase in pro-inflammatory cytokines that mediate 
inflammation, implying that corticosterone did not work 
properly in the CVS-A group.

Corticosterone is responsible for many quantitative 
and qualitative changes in immune function. The great-
est effect of  stress on the immune system is related to 
the suppression of  immune functions and the exacerba-
tion of  diseases such as asthma, allergic, autoimmune 
and inflammatory diseases[36-38]. IBS is characterized as 
increasing HPA activity and the production of  pro-in-
flammatory cytokines in human[5] and animal models[39]. 

Notably, previous studies have demonstrated that INF-γ 
increases in the rat colon and blood due to repeated 
water avoidance stress[39] or maternal separation[40], com-
monly used stress protocols for IBS animal studies[41]. 
The CVS-A group in our study also displayed increased 
INF-γ levels in both the plasma and colonic tissue. It 
has been suggested that the CRF-induced secretion of  
cortisol in IBS patients could be linked to the coincident 
increase in cytokine release and an associated decrease in 
the sensitivity of  glucocorticoid receptors[5]. Thus, stress-
induced illnesses such as IBS could be characterized by 
an over-activation of  the HPA axis, an increase of  pro-
inflammatory cytokines, a change in adrenal responsive-
ness to ACTH[42] and possibly decreased sensitivity at 
the level of  the glucocorticoid receptor[36,43]. In contrast 
to the CVS-A group, there was little expression of  pro-

inflammatory cytokines in the CVS-B group, which was 
given sweet food. The CVS-B group also exhibited a 
relatively normal corticosterone/ACTH ratio and colon-
ic motility suggesting stabilization of  CRF production 
in the hypothalamus or modulation of  the HPA axis by 
palatable food ingestion[44]. Therefore, it can be assumed 
that palatable sweet food could normalize HPA dysfunc-
tion during chronic unpredictable stress periods and 
possibly maintain glucocorticoid receptor sensitivity. As 
a result, cytokine imbalance did not occur in the CVS-B 
group.

In conclusion, our results indicate that CVS may in-
crease colonic motility, blunt ACTH response with over-
activation of  the HPA axis, decrease glucocorticoid sensi-
tivity and increase pro-inflammatory cytokine production. 
These responses could be reduced by palatable sweet 
food consumption possibly through CRF stabilization at 
the central level. These results imply that reducing the ef-
fect of  stress appropriately by any means is important for 
preventing GI symptoms in a patient with IBS.

COMMENTS
Background
Eating behavior is closely related to stress and some people preferentially 
consume palatable food such as chocolate or ice cream during stressful situa-
tions. Several reports have supported the hypothesis that palatable foods have 
been used as an ameliorator for psychological stress through the stabilization 
of corticotropin-releasing factor (CRF) in the hypothalamus. It seems that the 
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Figure 5  Inflammatory cytokine expressions in the plasma and in the distal colon by western blot analysis following the 6 wk stress experiment. Note the 
prominent expressions of interleukin-2 (IL-2) and interferon-γ (IFN-γ) in the distal colon and in the plasma in the chronic variable stress (CVS)-A group only. aDenotes 
significant difference between control and other groups (aP < 0.05). There was a significant difference in the relative density of IL-2 and IFN-γ in the plasma and distal 
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difference in the relative density of IL-2 and IFN-γ in the plasma and distal colon between CVS-A and CVS-B groups.
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consumption of sweet food has beneficial effects on the stress-induced physi-
ologic dysfunction. However, it has never been reported whether eating sweet 
food has an effect on the disordered gastrointestinal (GI) motility and immune 
status in chronically stressed rats.
Research frontiers
They hypothesized that sweet food may have a beneficial effect on stress 
induced irritable bowel syndrome (IBS)-like symptoms such as hyper-motility 
in rat model under chronic stress. This is the first report showing that palatable 
sweet food supplement can reduce colonic hyper-motility and cytokine imbal-
ance during stress period.
Innovations and breakthroughs
This results showed that chronic stress increased colonic motility, blunted adre-
nocorticotropic hormone (ACTH) response with over-activation of hypothalamic-
pituitary-adrenal axis, decreased the glucocorticoid sensitivity and increased 
pro-inflammatory cytokine production. These responses could be reduced by 
palatable sweet food eating possibly through CRF stabilization at the central 
level.
Applications
The present study showed that concurrent palatable sweet food ingestion 
during chronic stress reduced the stress-induced colonic hyper-motility and 
pro-inflammatory cytokine productions in rats. These findings provided a thera-
peutic implication of reducing stress for preventing GI symptoms of functional 
gastrointestinal disorder.
Terminology
The chronic variable stress (CVS) model (also known as the chronic mild stress 
model) was originally used in psychiatric research for studying depression. 
Rats in the CVS model are subjected to a variety of stressors, and the essential 
feature of this model is the variety and unpredictability of stressors. Because 
patients with IBS experience levels of depression between groups of psychiatric 
and healthy controls, CVS protocol may be a good tool for investigating the 
relationship between chronic stress, depression and IBS.
Peer review
Nice study showing the positive influence of sweet food on stress measured by 
fecal output and corticosterone/ACTH ratio.
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