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Background/Aims
Gastrointestinal (GI) symptoms may develop when we fail to adapt to various stressors of our daily life. Central oxytocin (OXT) can 
counteract the biological actions of corticotropin-releasing factor (CRF), and in turn attenuates stress responses. Administration 
(intracerebroventricular) of OXT significantly antagonized the inhibitory effects of chronic complicated stress (CCS) on GI dysmotility 
in rats. However, intracerebroventricular administration is an invasive pathway. Intranasal administration can rapidly deliver peptides 
to the brain avoiding stress response. The effects of intranasal OXT on hypothalamus-pituitary-adrenal axis and GI motility in CCS 
conditions have not been investigated.

Methods
A CCS rat model was set up, OXT 5, 10, or 20 μg were intranasal administered, 30 minutes prior to stress loading. Central CRF and 
OXT expression levels were analyzed, serum corticosterone and OXT concentrations were measured, and gastric and colonic motor 
functions were evaluated by gastric emptying, fecal pellet output, and motility recording system.

Results
Rats in CCS condition showed significantly increased CRF expression and corticosterone concentration, which resulted in delayed 
gastric emptying and increased fecal pellet output, attenuated gastric motility and enhanced colonic motility were also recorded. OXT 
10 μg or 20 μg significantly reduced CRF mRNA expression and the corticosterone concentration, OXT 20 μg also helped to restore GI 
motor dysfunction induced by CCS. 

Conclusion 
Intranasal administration of OXT has an anxiolytic effect and attenuates the hypothalamus-pituitary-adrenal axis in response to CCS, 
and gave effects which helped to restore GI dysmotility, and might be a new approach for the treatment of stress-induced GI motility 
disorders.
(J Neurogastroenterol Motil 2019;25:611-622)
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Introduction  

Functional gastrointestinal (GI) disorders, such as functional 
dyspepsia (FD) and irritable bowel syndrome (IBS), are common 
pathologies of the gut. The pathogeneses of FD and IBS are highly 
associated with stress in humans. GI dysmotility might develop 
when we fail to adapt to the accumulation of continuous or repeated 
stress in some individuals.1,2

Corticotropin-releasing factor (CRF) in the brain plays a 
significant role in the central nervous system mediation of stress-in-
duced GI dysmotility.3-5 Acute restraint stress (ARS) delays gastric 
emptying (GE) via central CRF type 2 (CRF2) receptors and sym-
pathetic pathways.6 In contrast, accelerated colonic transit induced 
by ARS is mediated via central CRF type 1 (CRF1) receptors and 
parasympathetic pathways in rats.7 Delayed GE and accelerated 
colonic transit were also observed in a chronic complicated stress 
(CCS) rat model, when rats received different types of stressors for 
7-9 days, with elevated CRF mRNA expression in the paraven-
tricular nucleus (PVN) of the hypothalamus, resulting in activation 
of the hypothalamus-pituitary-adrenal (HPA) axis.8,9 

Until now, many peripheral selective CRF receptor antagonists 
have been developed, and could block the enhanced colonic motor 
function induced by stress, however, the efficiency of the antagonists 
is still controversial, the effects need to be further investigated.10-12 

Further, a method of selective CRF deletion in the colon could 
prevent stress-related stimulation of colonic motor function in rats 
was also reported recently.13 However, the knockdown procedure 
is an invasive pathway, and its side-effects should require detailed 
investigation.

Oxytocin (OXT) is a cyclic nonapeptide hormone synthesized 
in the PVN and supraoptic nucleus of the hypothalamus. Besides 
its well-known physiological functions such as lactation and induc-
tion of labor, studies also suggest that central OXT has an anxiolytic 
effect and attenuates the HPA axis in response to stress.14,15 And 
recently, OXT application via the intranasal administration route 
has been shown to exert reduction of anxiety and can enhance 
social affiliation in rats,16 intranasal OXT is also a likely candi-
date for treatment of patients with post-traumatic stress disorder 
(PTSD).17,18 Intranasal administration method allows peptides to 
rapidly penetrate into the brain, bypassing the blood brain barrier 
to effectively interact with their receptors in multiple brain regions, 
without resorting to invasive administration procedures.19 Our pre-
vious study also showed that central administration of OXT (intra-
cerebroventricular [ICV]) significantly antagonized the inhibitory 

effects of acute stress and CCS on GI dysmotility, and there was a 
significant negative correlation observed between CRF and OXT 
expression in the PVN of the hypothalamus in rodents.8,20 How-
ever, ICV administration is an invasive pathway, which will produce 
stress response, and may affect the results.

Intranasal infusion represents a non-invasive approach for the 
rapid delivery of OXT to the brain that can avoid stress response. 
However, the effect of intranasal administration of OXT on HPA 
axis and GI motility have not been investigated.

Therefore, the present study sought to evaluate in CCS rats 
model, whether intranasal OXT have effects to attenuate the HPA 
axis activity in response to stress, also effects to help restore GI 
dysmotility. Our work will contribute to further studies on stress-
induced abnormal GI motility and will help to seek a new approach 
(intranasal administration) for treatment of functional GI disorders.

Materials and Methods  

Animals
Adult male Sprague-Dawley rats (laboratory animal center of 

China Medical University, Shenyang, China), weighing 260-300 
g, were housed in individual cages under conditions of controlled 
temperature (22-24℃) and illumination (12-hour:12-hour light-
dark cycle starting at 6 ante meridiem [AM]) for at least 7 days 
before the experiment. Rats were fed with commercial pelleted feed 
from Xietong Organism Institute (Nanjing, China) and water ad 
libitum. 

All experiments were started at 9 AM each day. Animal pro-
cedures were reviewed and approved by the Animal Care and Use 
Committee of China Medical University and conducted according 
to the guidelines of the laboratory animal ethical standards of China 
Medical University. The approval reference number is SCXK 
(Liao) 2016-0009.

Chronic Complicated Stress Loading
For CCS loading, the rats (n = 6-8) received different types of 

stressors for 7 consecutive days, as previously reported.8 The stress 
paradigms used were fasten restraint stress (FRS), force swimming 
stress (FSS), cold restraint stress (CRS), and water avoidance stress 
(WAS). 

The specific conditions for each type of stress are as follows: 
 (1) FRS: rats were placed on a wooden plate with their trunks 
wrapped in a confining harness for 90 minutes. For the control 
group (n = 6-8), the rats were housed in original individual 
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cages for 90 minutes, but limited access to food and water. 
 (2) FSS: rats were placed individually in a plastic tank (52 × 
37 × 20 cm) filled with room temperature (RT) water to the 
depth of 15 cm for 20 minutes. The depth of the water forced 
the animal to swim or float without hindlimbs touching the 
bottom of the tank. Control rats were placed individually in a 
waterless container tank for 20 minutes. 
 (3) CRS: rats were kept restrained at 4℃ for 45 minutes. Con-
trol rats were kept at RT for 45 minutes. 
 (4) WAS: rats were placed on a platform (3 × 6 cm) in the 
middle of a plastic container (50 × 30 × 20 cm) filled with RT 
water to 1 cm below the height of the platform for 60 minutes. 
Control rats were placed on the same platform in a waterless 
container for 60 minutes. 
Rats were exposed to different stressors each day for 7 days: 
Day 1: FRS (90 minutes, AM), FSS (20 minutes, post meri-

diem [PM]); Day 2: CRS (45 minutes, AM); Day 3: FRS (90 
minutes, AM), WAS (60 minutes); Day 4: CRS (45 minutes, 
AM); Day 5: FRS (90 minutes, AM), FSS (20 minutes, PM); 
Day 6: CRS (45 minutes, AM); and Day 7: FRS (90 minutes, 
AM). 

Intranasal Administration of Oxytocin
Rats received intranasal administration once a day, 30 minutes 

before everyday stress loading. CCS rats were divided into 4 groups 
(n = 6-8), infused with saline as control, synthetic 5, 10, or 20 μg 
OXT (Sigma-Aldrich, St. Louis, MO, USA) freshly dissolved in 
20 μL water, and 10 μL was infused into each nare with pipette-
man and disposable plastic tip under light isoflurane anesthesia as 
previously described.21-23 Care was taken to avoid contact with the 
intranasal mucosa. Following intranasal administration, the head 
of the animal was held in a tilted back position for approximately 
15 seconds to prevent loss of solution from the nares. For the non-
stressed (NS) rats, they were also divided into 4 groups (n = 6-8), 
the rats were intranasal administrated with saline (as control), syn-
thetic OXT 5, 10, and 20 μg, as mentioned above.

Blood Collection and Hormone Assays
The experimental rats were euthanized immediately by pen-

tobarbital sodium (200 mg/kg intraperitoneal injection; Sigma-
Aldrich,), after stress loading. At the time of rats’ death, trunk 
blood was collected immediately via a cardiac puncture, and then 
the samples were allowed to clot in tubes and centrifuged at 4℃ for 
10 minutes at 3000 rpm to separate out the serum. The serum frac-
tion was stored at –80℃ for further analysis. Corticosterone con-

centrations were measured by enzyme-linked immunosorbent assay 
(ELISA) using a corticosterone ELISA kit (Enzo Life Sciences, 
Plumoth meeting, PA, USA). OXT concentrations were measured 
by OXT ELISA kit (R&D Systems Inc, Minneapolis, MN, 
USA). All procedures were carried out according to the manufac-
turer’s instructions, as previously reported.24,25 

Quantitative Real-time Polymerase Chain Reaction
The rat brain tissue micropunching technique was applied for 

acquiring hypothalamus tissue samples from specific regions with 
micro-punchers. Briefly, after stress loading, the experimental rats 
were euthanized and the brains were removed immediately and cut 
into 450 μm coronal sections. Punches were collected from the left 
and right PVN (1.8 mm caudal to bregma; 0.4 mm lateral to mid-
line; 7.6 mm ventral to the brain surface), as previously reported.8,24 
All coordinates were based on the rat brain atlas and hypothalamic 
images of previously reported.26 

Samples were stored at –80℃ until use. Total RNA was ex-
tracted from the brain tissues using Trizol (Invitrogen, Carlsbad, 
CA, USA), and trace DNA contamination was removed by DNase 
digestion (Promega, Madison, WI, USA). Complementary DNA 
was synthesized from 3 μg total RNA by use of Superscript III 
reverse transcriptase (Invitrogen). 

The following primers were designed to amplify rat CRF: 
sense primer 5’-CCAGGGCAGAGCAGTTAGCT-3’, antisense 
primer 5’-CAAGCGCAACATTTCATTTCC-3’. The following 
were designed to amplify rat OXT: sense primer 5’-GAACAC-
CAACGCCATGGCCTGCCC-3’, antisense primer 5’-TCG-
GTGCGGCAGCCATCCGGGCTA-3’. For an internal control, 
the following were designed to amplify rat β-actin: sense primer 
5’-TGGCACCACACCTTCTACAATGAG-3’, antisense primer 
5’-GGGTCATCTTTTCACGGTTGG-3’, as previously report-
ed.8,24

Quantitative polymerase chain reaction (PCR) was performed 
by using SYBR Premix Ex Taq (TaKaRa Biotech, Dalian, China). 
Amplification reactions were performed using ABI 7500 Real-time 
PCR instrument (Applied Biosystems, San Mateo, CA, USA). 
Initial template denaturation was performed for 30 seconds at 95℃. 
The cycle profiles were programmed as follows: 5 seconds at 95℃ 
(denaturation), 20 seconds at 60℃ (annealing), and 15 seconds at 
72℃ (extension). Forty-five cycles of the profile were run, and the 
final cooling step was continued for 30 seconds at 40℃. Quantita-
tive measurement of each messenger RNA (mRNA) sample was 
achieved by establishing a linear amplification curve from serial 
dilutions of each plasmid containing the amplicon sequence. Am-
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plicon size and specificity were confirmed by melting curve analysis. 
The relative amount of each mRNA was normalized by the amount 
of β-actin mRNA, as previously reported.8,24

Measurement of Solid Gastric Emptying 
Rats were fasted for 24 hours prior to the measurement of GE. 

Preweighed standard rodent pellets (1.6 g) were given, the rats that 
did not consume 1.6 g of food within 10 minutes were excluded 
from the study. For the control group, rats after finishing the feed-
ing were put back into their original cages for 90 minutes, but with 
limited access to food and water, then the rats were euthanized by 
pentobarbital sodium. For the stress group, immediately after fin-
ishing the feeding, the rats were subjected to restraint stress for 90 
minutes. Then the experimental rats were euthanized as mentioned 
above. The stomach was surgically isolated and removed. The gas-
tric contents were recovered from the stomach, dried, and weighed. 
Solid GE was calculated according to the following formula, as 
previously described:8,24

GE (%) = [1 – (dried weight of food recovered from stom-
ach/weight of food intake)] ×100

Measurement of Fecal Pellet Output
Rats were exposed to restraint stress treatment for 90 minutes 

as mentioned above, and the FPO numbers were counted after 
stress loading as measure of colonic transit function. For the control 
group, the rats after finishing the feeding were back into their origi-
nal cages for 90 minutes, and the expelled fecal pellets were also 
counted, as previously reported.24

Monitoring of Gastric and Colonic Motility
Rats were anesthetized with isoflurane (2%). Strain gauge 

transducers were implanted on the antrum for recording gastric 
contractions, and distal colon for colonic contractions. All wires 
were tunneled subcutaneously to exit at the back of the rat’s neck 
and protected by a protective jacket (Star Medical, Tokyo, Japan). 
The abdominal wall was closed and rats were housed individually 
with access to a standard diet and tap water. After 7 days, the rats 
completely recovered from the surgery, including body weight and 
daily food intake. 

Rats on a fixed-feeding schedule (food administered 2-6 PM 
daily) were monitored from 8 AM to 4 PM for gastric and colonic 
motility, as previously reported.24,27 The wires from the transducers 
were connected to a recording system (Power Lab 8SP; AD In-
struments, Colorado Springs, CO, USA). Gastric and colonic con-
tractions were monitored before, during, and after restraint stress. 

Quantification of gastric motility and colonic motility were studied 
by the calculating motility index (MI). MI was equivalent with the 
area under the curve of the motility recording. MI was calculated 
using a computer-assisted system (Power Lab; AD Instruments), 
as previously reported.24,27

Statistical Methods
Analysis was performed using the SPSS version 20.0 statistical 

software (IBM Corp, Armonk, NY, USA). Results were shown as 
mean ± standard error. Statistical analyses were performed using a 
two-way classification ANOVA to determine the significant interac-
tion between different stress groups and drug treatment. Statistical 
significance was considered with a Bonferroni-adjusted alpha level 
of P < 0.05. 

Results  

Effects of Intranasal Administration of Oxytocin 
on Central CRF and oxytocin mRNA Expression in 
Response to Chronic Complicated Stress

In the NS groups, CRF mRNA expression in the PVN 
showed low level, intranasal administration of OXT (5, 10, or 20 
μg, respectively, daily, before stress loading) did not change the 
CRF mRNA expression significantly, compared to that of saline 
intranasal administrated NS rats (saline 10 μL as a control, n = 6). 
In the CCS groups, CRF mRNA expression increased significantly 
compared to that of saline intranasal administrated NS rats (n = 6). 
Intranasal administration of OXT 5 μg did not change the CRF 
mRNA expression significantly, however, intranasal administration 
of OXT 10 μg and 20 μg significantly decreased the CRF mRNA 
expression compared to that of saline intranasal administrated CCS 
rats (n = 6, P < 0.05, saline 10 μL intranasal administrated as a 
control; Fig. 1A).

In the NS groups, oxytocin mRNA expression in the PVN 
showed very low level, intranasal administration of OXT (5, 10, or 
20 μg, respectively, daily, before stress loading) did not change the 
oxytocin mRNA expression significantly, compared to that of saline 
intranasal administrated NS rats (saline 10 μL as a control, n = 
6). In the CCS groups, oxytocin mRNA expression did not change 
significantly compared to that of saline intranasal administrated NS 
rats (n = 6). Intranasal administration of OXT 5 μg and 10 μg did 
not change the oxytocin mRNA expression significantly, however, 
intranasal administration of OXT 20 μg significantly increased the 
oxytocin mRNA expression compared to that of saline intranasal 
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administrated CCS rats (n = 6, P < 0.05, saline10 μL intranasal 
administrated as a control; Fig. 1B).

Effects of Intranasal Administration of Oxytocin 
on Serum Corticosterone and Oxytocin Levels in 
Response to Chronic Complicated Stress

In the NS groups, serum corticosterone concentration showed 
low level. Intranasal administration of OXT (5, 10, or 20 μg, daily, 
before stress loading) did not change the serum corticosterone lev-
els significantly (65.9 ± 7.4 ng/mL, 63.1 ± 7.5 ng/mL, and 61.2 
± 8.5 ng/mL, respectively) compared to that of saline intranasal 
administrated rats (65.5 ± 6.9 ng/mL, saline 10 μL intranasal 
administrated as a control, n = 6). In the CCS groups, serum corti-
costerone concentration significantly increased to 145.6 ± 12.2 ng/
mL compared to that of saline intranasal administrated NS rats (n 
= 6, P < 0.025). Intranasal administration of OXT 5 μg did not 
change the serum corticosterone level significantly (139.9 ± 13.2 
ng/mL, n = 6), however, intranasal administration of OXT 10 μg 
and 20 μg significantly decreased the corticosterone level to 97.1 ± 
8.2 ng/mL and 94.2 ± 8.8 ng/mL, respectively, compared to that 
of saline intranasal administrated CCS rats (n = 6, P < 0.05, saline 
10 μL intranasal administrated as a control; Fig. 2A).

In the NS groups, serum OXT concentration showed very 
low level. Intranasal administration of OXT (5, 10, and 20 μg, 
daily, before stress loading) did not change the serum OXT levels 
significantly (198 ± 22 pg/mL, 213 ± 17 pg/mL, and 214 ± 21 

pg/mL, respectively), compared to that of saline intranasal adminis-
trated rats (200 ± 18 ng/mL, saline 10 μL intranasal administrated 
as a control, n = 6). In the CCS groups, serum OXT concentra-
tion did not change significantly (259 ± 20 pg/mL) compared to 
that of saline intranasal administrated NS rats (n = 6, P < 0.025). 
Intranasal administration of OXT 5 μg and 10 μg did not change 
the serum OXT level significantly (275 ± 22 pg/mL and 308 ± 
27 pg/mL, respectively, n = 6), however, intranasal administration 
of OXT 20 μg significantly increased the OXT level to 351 ± 24 
pg/mL, compared to that of saline intranasal administrated CCS 
rats (n = 6, P < 0.05, saline 10 μL intranasal administrated as a 
control; Fig. 2B).

Effects of Intranasal Administration of Oxytocin 
on Gastric Emptying and Fecal Pellet Output in 
Response to Chronic Complicated Stress

In the NS groups, GE showed normal level. Intranasal ad-
ministration of OXT (5, 10, and 20 μg, daily, before stress load-
ing) did not change the GE significantly (51.5 ± 3.8%, 50.9 ± 
3.0%, and 53.2 ± 3.2%, respectively) compared to that of saline 
intranasal administrated rats (49.2 ± 3.2%, saline 10 μL intranasal 
administrated as a control, n = 6). In the CCS groups, GE was 
significantly decreased to 23.1 ± 2.8 ng/mL compared to that of 
saline intranasal administrated NS rats (n = 6, P < 0.025). Intra-
nasal administration of OXT 5 μg and 10 μg did not change the 
GE significantly (25.1 ± 2.3% and 29.1 ± 2.9%, respectively, n = 
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6), however, intranasal administration of OXT 20 μg significantly 
increased the GE to 43.1 ± 3.2%, compared to that of saline in-
tranasal administrated CCS rats (n = 6, P < 0.025, saline 10 μL 
intranasal administrated as a control; Fig. 3A).

In the NS groups, FPO were 3.0 ± 0.41 (number/90 min-
utes). Intranasal administration of OXT (5, 10, and 20 μg, daily, 
before stress loading) did not change the FPO significantly (3.5 ± 
0.6, 3.3 ± 0.5, and 3.6 ± 0.6 (number/90 minutes), respectively, 

n = 6) compared to that of saline intranasal administrated rats (3.1 
± 0.7, saline 10 μL intranasal administrated as a control, n = 6). 
In the CCS groups, FPO was significantly increased to 9.5 ± 0.8 
(number/90 minutes, n = 6) compared to that of saline intranasal 
administrated NS rats (n = 6, P < 0.025). Intranasal administra-
tion of OXT 5 μg and 10 μg did not change the FPO significantly 
(9.6 ± 0.9 and 7.3 ± 0.6, respectively, n = 6), however, intranasal 
administration of OXT 20 μg significantly decreased the FPO to 
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cated stress (CCS). (A) In the non-stressed (NS) groups, OXT had no effect on the serum corticosterone levels. In the CCS groups, corticoste-
rone levels increased significantly (nasal saline). OXT 5 μg did not change the corticosterone levels significantly, however, OXT 10 μg and 20 μg 
significantly decreased the corticosterone levels. (B) In the NS groups, OXT had no effect on the OXT level. In the CCS groups, OXT level did 
not significantly change in nasal saline as well as OXT 5 μg and 10 μg. However, OXT 20 μg significantly increased the OXT level (n = 6, *P < 
0.05 compared with NS nasal saline, #P < 0.05 compared with CCS nasal saline).

Figure 3. Effects of intranasal administration of oxytocin (OXT) on gastric emptying (GE; A) and fecal pellet output (FPO; B) in response to 
chronic complicated stress (CCS). (A) In the non-stressed (NS) groups, OXT had no effect on GE. In the CCS groups, GE was significantly 
delayed (nasal saline). OXT 5 μg and 10 μg did not change GE significantly, however, OXT 20 μg significantly increased GE. (B) In the NS 
groups, OXT had no effect on the number of FPO. In the CCS groups, FPO significantly increased (nasal saline). OXT 5 μg and 10 μg did not 
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5 ± 0.5 (number/90 minutes, n = 6), compared to that of saline 
intranasal administrated CCS rats (n = 6, P < 0.05, saline 10 μL 
intranasal administrated as a control; Fig. 3B).

Effects of Intranasal Administration of Oxytocin on 
Gastric and Colonic Motility in Response to Chronic 
Complicated Stress

Motility recording

In the NS groups, intranasal administration of OXT (5, 10, 
and 20 μg, daily, before stress loading) had no effects on the ampli-
tude and frequency of gastric phase III-like contractions (data not 
shown), saline 10 μL intranasal administrated as a control. In the 
CCS groups, restraint stress abolished gastric phase III-like con-
tractions in the saline group (saline 10 μL intranasal administered 
as a control). Intranasal administration of OXT (5 μg, daily, before 
stress loading) had no effects on the amplitude and frequency of 
gastric phase III-like contractions. However, gastric phase III-like 
contractions were restored partially at intranasal administration of 
OXT (10 μg and 20 μg, daily, before stress loading) groups (Fig. 
4A). 

In the NS groups, intranasal administration of OXT (5, 10, 
and 20 μg, daily, before stress loading) had no effects on the am-
plitude of distal colonic contraction (data not shown), saline 10 μL 
intranasal administrated as a control. In the CCS groups, restraint 
stress enhanced the amplitude of distal colonic contraction in the 
saline group (saline 10 μL intranasal administered as a control). 
Intranasal administration of OXT (5 μg, daily, before stress load-

ing) had no effects on the amplitude of distal colonic contraction. 
However, distal colonic contraction was restored partially at intra-
nasal administration of OXT (10 μg and 20 μg, daily, before stress 
loading) groups (Fig. 4B). 

Each recording experiment was individually repeated at least 
three times and similar results were obtained (saline 10 μL intrana-
sal administered as a control, n = 4; Fig. 4).

Motility index changes

In the NS groups, intranasal administration of OXT (5, 10, 
and 20 μg, daily, before stress loading) did not significantly alter 
the gastric MI change (102 ± 10%, 104 ± 9%, and 105 ± 6%, 
respectively) compared to that of saline intranasal administrated rats 
(103 ± 8%, saline 10 μL intranasal administrated as a control, n = 
6; Fig. 5A). In the CCS groups, the attenuated gastric MI change 
in the saline group (48 ± 5%, saline 10 μL intranasal administered 
as a control), was significantly enhanced by Intranasal administra-
tion of OXT (10 μg and 20 μg, daily, before stress loading, to 75 
± 4% and 83 ± 7%), however, intranasal administration of OXT (5 
μg, daily, before stress loading ) had no effects on the MI change (51 
± 5%), compared to that of saline intranasal administrated CCS 
rats (n = 6, P < 0.05, saline 10 μL intranasal administrated as a 
control; Fig. 5A).

In the NS groups, intranasal administration of OXT (5, 10, 
and 20 μg, daily, before stress loading) did not significantly alter 
the colonic MI change (100 ± 10%, 102 ± 8%, and 97 ± 11%, 
respectively) compared to that of saline intranasal administrated 
rats (99 ± 10%, saline 10 μL intranasal administrated as a control, 

NS

Saline

OXT 5 g�

OXT 10 g�

OXT 20 g� 5 g

20 min

NS

Saline

OXT 5 g�

OXT 10 g�

OXT 20 g� 5 g

20 min

Restraint stress Restraint stress

A B

Figure 4. Effects of intranasal administration of oxytocin (OXT) on gastric (A) and colonic (B) motility in response to chronic complicated stress 
(CCS). (A) The gastric phase III-like contractions in the non-stressed (NS) groups. CCS abolished gastric phase III-like contractions in the nasal 
saline group (Saline). OXT (5 μg) had no effect on gastric contractions. OXT (10 μg) partially restored gastric contractions. OXT (20 μg) fur-
ther restored gastric phase III-like contractions. (B) The distal colonic contractions in the NS groups. CCS strongly enhanced the amplitude of co-
lonic contractions in the nasal saline group (Saline). OXT (5 μg) had no obvious effect on colonic contractions. OXT (10 μg) partially attenuated 
colonic contractions. OXT (20 μg) further attenuated colonic contractions. 
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n = 6; Fig. 5B). In the CCS groups, the enhanced colonic MI 
change in the saline group (193 ± 14%, saline 10 μL intranasal 
administered as a control), was significantly attenuated by intranasal 
administration of OXT (10 μg and 20 μg, daily, before stress load-
ing, to 138 ± 12% and 133 ± 10%), however, intranasal adminis-
tration of OXT (5 μg, daily, before stress loading ) had no effects 
on the colonic MI change (197 ± 14%), compared to that of saline 
intranasal administrated CCS rats (n = 6, P < 0.05, saline 10 μL 
intranasal administrated as a control; Fig. 5B).

Discussion  

Restraint stress has been used frequently as a physical and 
psychogenic stress model in rodents. In contrast to ARS, chronic 
repeated restraint stress produce habituation or diminution of be-
havioral responses. Our previous studies shown that in repeated 
restraint stress conditions, the elevated central CRF expression and 
serum corticosterone level, caused by ARS, was attenuated on day 
5 and 7 of consecutive stress loading. ARS-induced GI dysmotility, 
such as delayed GE, impaired gastric phase III-like contractions 
and accelerated FPO, gradually returned to normal levels.24,27 

In the present study, we set up a CCS model, and found that 
attenuated gastric motility (including delayed GE and impaired 
gastric phase III-like contractions) and enhanced colonic motility 
(including increased FPO and accelerated colonic transit) were 

also observed when rats received different types of stressors for 7-9 
days, with highly elevated CRF mRNA expression in the PVN of 
the hypothalamus, resulting in activation of the HPA axis. These 
results are consistent with previous studies,8,9 and may support the 
conclusion that CRF is one of the major mediators involved in 
inducing changes in the body in response to stress, CRF in lower 
amounts may be critical in focusing the attention to counter the po-
tential damage, however, its massive release during persistent stress 
contributes to producing deleterious changes.12

A previous study reported that peripheral injection of CRF 
induces accelerated colonic motor activity in rats,10 and it seems that 
peripheral administration of CRF elicits similar alterations of gut 
motor function than central administration.28 However, our recent 
study also found that intracisternal injection of CRF still had an 
inhibitory effect on GE in chronically stressed rats, even though 
chronic stress showed no further inhibitory effects on GE. This 
suggested that the inhibitory pathway in response to central CRF 
is not altered following chronic stress.27 CRF delays GE via central 
CRF2 receptors and sympathetic pathways.6 However, accelerated 
colon transit induced by ARS is mediated via central CRF1 recep-
tors and parasympathetic pathways in rats.7 Until now there are no 
data on how central CRF signaling interacts with peripheral CRF. 
However, there is evidence that peripheral CRF acts on myenteric 
neurons that determine the activity of gastric and colonic functions 
during stress,29-31 and further studies are needed to elucidate these 
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issues.
Gastric motility consists of 2 motor patterns: postprandial 

contractions and interdigestive contractions. Postprandial contrac-
tions mediate GE, whereas in the interdigestive state, showing a 
remarkable motor pattern, known as the migrating motor complex 
(MMC). MMC consists of phase I (period of motor quiescence), 
phase II (period of irregular low-amplitude), and phase III (period 
of regular high amplitude) contractions. MMC plays an important 
role in mediating mechanical and chemical cleansing of the empty 
stomach in preparation for the next meal. When gastric phase III is 
impaired, the gastric content may stay for a longer period. Impaired 
gastric phase III may cause retention of the gastric contents, bacte-
rial overgrowth, and delayed GE, resulting in various symptoms.32 
The characteristic feature of gastric MMC is different among spe-
cies. In humans and dogs, MMC is usually observed every 90-120 
minutes in the interdigestive state. In contrast, in rats, the MMC 
cycle is short (less than 20 minutes) and not as regular as that of 
humans and dogs.32 It is rather difficult to distinguish the 3 phases, 
especially phase III-like contractions. Furthermore, sometimes 
phase III-like contractions are not clearly observed even after 24-
hour fasting in rats.32,33 

Previous studies have shown that a fixed-feeding schedule (food 
administered 2-6 PM daily) could facilitate the occurrence of regu-
lar and potent phase III-like contractions in conscious rats. Fixed-
fed rats could gain their body weight and daily growth of their body 
weight is almost the same as that of free-fed rats.33 Our previous 
and present study also did not find that fixed-feeding schedule 
could affect the results in the chronic stress rat model.8,24,27 

OXT plays an important role in regulating social behavior and 
positive social interactions in nonhuman mammals.34 In humans, 
intranasal administration of OXT was shown to have a substantial 
increase in trusting behavior,35 even enhance social processing in 
people with schizophrenia,36 and has the potential to enhance social 
reinforcement learning in autism spectrum disorders.37 It has been 
shown that OXT attenuates stress-induced responses and that re-
leased OXT may buffer an organism from the effects of stress via 
attenuating activity of HPA axis.14,15 The stress induced patterns of 
local release of OXT are dependent on various factors, such as sex, 
type of stressor, and the genetically determined stress susceptibil-
ity.38,39 Our previous study showed that restraint stress, a moderate 
degree of stimulus, significantly increased oxytocin mRNA expres-
sion in the PVN of the hypothalamus. In CRS loading for 5-7 
days, oxytocin mRNA expression was significantly highly elevated, 
central OXT plays an important role in mediating the adaptation 
mechanism against chronic stress.8,40 However, in CCS conditions, 

no adaptation developed, oxytocin mRNA expression in the PVN 
of the hypothalamus has no significant elevation.8 As mentioned 
above, hypothalamic OXT might only react to moderate or slight 
degrees of chronic stress, while for the higher intensity stress condi-
tion, OXT system is exhausted, and central OXT failed to play an 
important role to produce an adaptation. Thus, external administra-
tion of OXT was expected in the termination of the stress response 
of CCS condition.

Our previous study showed that ICV-injection of OXT sig-
nificantly attenuated the increase of CRF mRNA expression at the 
PVN induced by ARS in rats.8 However, ICV-administration of 
OXT, which was ineffective on GE in normal conditions, signifi-
cantly improved delayed GE induced by ARS in rats,8 suggesting 
that central OXT may play a predominant role in regulating stress-
induced GI dysmotility, but not in NS conditions. Our present 
study also showed that intranasal administration of OXT signifi-
cantly improved delayed GE and impaired gastric motility, and also 
significantly attenuated the accelerated FPO and enhanced distal 
colonic motility induced by CCS in rats. Furthermore, intranasal 
administration of OXT was ineffective on CRF expression and cor-
ticosterone levels in NS conditions, as well as GI motor functions. 
These results support the previous study that central OXT is only 
effective under the stressful conditions.8,41

However, the majority of neuronal responses to OXT are ex-
citatory, the inhibitory effect of OXT may not directly act on CRF 
neurons.42 Recent studies showed that central OXT inhibits stress-
induced CRF mRNA expression may be via gamma-aminobutyric 
acid (GABA)-A receptors in the PVN.43 GABA is the major in-
hibitory amino acid transmitter of the mammalian central nervous 
system. GABA exerts its effects through GABA-A and GABA-B 
receptors. GABA-projecting neurons into the PVN are known to 
inhibit CRF expression via GABA-A receptors.44 Released corti-
costerone in response to acute stress inhibits CRF release via a feed-
back mechanism, which is mediated via GABA-A receptors in the 
PVN.45 OXT enhances GABAergic transmission through a rapid 
and reversible increase of the frequency of the inhibitory postsynap-
tic currents.46 Thus, whether the inhibitory mechanism of intranasal 
administration of OXT on CRF mRNA expression is mediated 
via GABA-A receptors in the PVN in chronic stress conditions, is 
needed in a future study.

Besides the role in the central system, OXT may exert its effect 
on GI system also through the peripheral system.40,47 OXT recep-
tors are also expressed on the smooth muscle cells, enteric neurons, 
and intestinal epithelium of the GI tract in rats.48.49 Our present 
study found that in CCS conditions, intranasal administration of 
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OXT 10 μg or 20 μg significantly increased the serum OXT con-
centration, which is not controversial with a previous study.22 High-
ly elevated serum OXT concentration may benefit for the recovery 
of GI motor function.40,41 However, the peripheral mechanism of 
OXT exerting its effect on GI system in chronic stress conditions 
remains to be determined, and further investigation is needed in 
future studies.

The methodology of intranasal administration OXT has been 
developed, and OXT application has been shown to exert reduction 
of anxiety and can enhancing social affiliation in rats by recent stud-
ies.22,23 However, the conscious rat was restrained to the holding 
position when OXT was administrated, and needed 1 week of ha-
bituation in the holding position, which is in a mild chronic restraint 
stress condition, will activate HPA axis, and may produce adapta-
tion, which may affect the results of our current study. To avoid this, 
when giving OXT administration, rats were under light isoflurane 
anesthesia as the methodology previously described.21 Further, the 
dose of OXT 20 μg for intranasal administration in rats is a relative 
higher dose, compared to humans, usually up to 48 μg as previ-
ously reported.22,50 In the current study, we also used 5, 10, or 20 μg 
dose of OXT to find the optimal dose for intranasal administration 
in CCS condition, and we found that intranasal administration of 
OXT 10 μg or 20 μg significantly decreased the CRF mRNA ex-
pression and the corticosterone level, but not with 5 μg. However, 
intranasal administration of OXT 20 μg significantly increased 
the oxytocin mRNA expression and the serum OXT level, but not 
with 5 μg and 10 μg. A previous study also showed that intranasal 
administration of OXT 20 μg significantly increased both central 
and peripheral OXT concentration.22 

Our present study found that high dose of OXT (20 μg) 
significantly antagonized the inhibitory effects of CCS on GE 
and FPO. However, gastric phase III-like contractions and distal 
colonic contraction were partially restored at intranasal administra-
tion of OXT 10 μg and 20 μg. Our current results provide a good 
supplement to the doses of using OXT in the intranasal administra-
tion approach.

As mentioned above, it seems that only high-concentration 
OXT works in the CCS rat model, which indicated that in the 
higher intensity stress conditions, when OXT system is exhausted, 
external administration of high-concentration OXT was expected in 
the termination of the stress response of CCS condition. Further, we 
cannot completely exclude that a certain amount of OXT was ab-
sorbed into the systemic circulation via blood capillaries of the nasal 
cavity and that, as a consequence, some peripheral effects of OXT 
might be the reason for some of the observed experimental results, 

and further investigation is needed to illustrate this issue.
In summary, our present study found that in CCS conditions, 

an increased CRF mRNA expression and attenuated oxytocin 
mRNA expression at the PVN was observed. The increased CRF 
mRNA expression in response to CCS was significantly antago-
nized by intranasal administration of OXT. These results suggest 
that the effective pathway of intranasal administration of OXT in 
suppressing CRF expression is preserved following CCS loading. 
OXT is only effective under stressful conditions. Our study may 
contribute to the better understanding of the mechanism of stress-
induced changes in GI dysmotility. Intranasal administration of 
OXT may be a new approach for treatment of stress-induced GI 
motility disorders.
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