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Abstract
Project Code: RSA4780010

Project Title: Roles of stress-related opioid receptors on the modulation of intestinal host

defense mechanism regulated by intrinsic primary afferent neurons
Investigator:  Associate Professor Sutthasinee Poonyachoti,

Department of Physiology, Faculty of Veterinary Science,

Chulalongkorn University
E-mail Address: sutthasinee@gmail.com
Project Period: 31 August 2004 — 30 August 2007

Opioidergic system located on sensory neurons plays role on the regulation
of enteric neurotransmitter released. Chronic stress is involved in the pathogenesis of
gastrointestinal disorders. The phenotype and function of neurons in submucosal neurons
may be subjects for this evidence. This study aimed to investigate the gradually effects of
stress on submucosal neural circuitry especially mucosal reflex in regulating mucosal
defense mechanism using Ussing-voltage clamp technique to measure short circuit current
(Isc), potential difference (PD) and tissue resistance (R) of rat colonic epithelium. The Ussing
parameters will indicate the intestinal mechanical defense. We also examined changes in the
immunoglobulin A (IgA) secretion in rat colonic content in vivo or in vitro using ELISA to
indicate the secretory property involved in mucosal immunity function. The significance of
sensory neural pathway on the host defense was pre-revealed by stimulating with opioids
and calcitonin gene-related peptides(CGRP), substance P(SP), acetylcholine (CCh) or
norepinephrine (NE), respectively in in vitro. SP and NE decreased tissue resistance and IgA
secretion. For the stress experiment, male Wistar rats were immobilized using the rodent
restrainer for a 60-min period, 3 (3d; acute), 7 (7d; subchronic), and 14 days (14d; chronic)
consecutive days. This study suggested that tissue resistance was lowest whereas caecal
IgA was highest in chronic stress rat suggesting the leakage of the intestinal mucosa.
Secretory effect of CAP mediated by VR-1 on sensory neurons was decreased by 70% in
14d-rat colon. Basolaterally addition of DAMGO, DSLET or U-50,488 (1 uM), u-, é- or p-
opioid receptor (OR) agonists respectively, diminished the basal Isc of control rat colon by
20-30%. SP produced the same magnitude of Isc response in control and stress rat colon.
Pretreatment with DAMGO potentiated instead of inhibited the SP response by 2-fold in
stress rats. These findings suggested that the submucosal neuronal reflex mediated through
VR-1 and opioid receptors was modified in distal colon of chronic stress rat. Therefore,
sensory neuronal plasticity could result in an inability to maintain mucosal integrity and

causes stress-related intestinal disorders.

Keywords : resistant, opioid receptor, mucosal reflex, sensory neurons, immunoglobulin A
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Executive Summary

Stress has been known to induce chronic health problem and cause low production in
domestic animals. The body response to chronic stress involves in defections of organ systems
including gastrointestinal system. The purpose of the present study was to investigate the
physiological changes which may indicate the tendency of stress-time-related abnormalities of
intestinal defense mechanism. After acclimatization for five days upon the arrival, twenty four male
Wistar rats were randomly divided into six groups. Three groups of animals were stressed by
immobilization during 10-11 am for 3 (acute stress), 7 (subchronic stress), and 14 days (chronic
stress). The other three groups (control groups) were kept in the same environment and time as
stress group. At the end of session, the physiological parameters including of hematology and
intestinal defense mechanism, i.e. caecal immunoglobulin A and potential different of intestinal
mucosa, were measured. Chronic stress rats significantly revealed much change from control groups
and other stress groups. Especially, their body weight and feed intake were significantly decreases
but the change of adrenal gland size was not observed. Even though, high level of plasma
corticosterone which indicates the stress condition were commonly found in all stress rats, only
chronic stress rat revealed the neutrophilia and lymphocytopenia. Moreover, the colonic epithelial
potential different was lowest (-0.90+0.40 mV/em®, n=4, p<0.05) and caecal immunoglobulin A was
highest in chronic group (225+26.6 ng/ml/mg feces, n=4, p<0.01) suggesting the leakage of the
intestinal mucosa in chronic stress rats. Therefore, the present study concludes that chronic stress
induced intestinal mucosal leakage and may be associated with intestinal abnormality which could

be indicated by increasing of plasma corticosterone and caecal immunoglobulin A levels.
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Part |. Significance of mucosal reflex and its neurotransmitters in regulating the
electrolyte transport on immunoglobulin A secretion from colonic epithelium of the

Wistar rat

Gastrointestinal host defense is locally controlled by enteric nervous system. The
neurotransmitters of enteric nervous system play important roles to modulate the intestinal defense
mechanism especially mechanical defenses such as tightening of epithelium, motility and secretion.
This study aimed to investigate the regulation of these mechanical defense mechanisms by the
involved enteric neural circuitry which is stimulated and mediated by capsaicin (CAP) and calcitonin
gene related-peptides (CGRP), substance P (SP), acetylcholine (CCh) or norepinephrine (NE),
respectively. In this study, we used isolated colonic epithelial tissues of Wistar rat to measure
mucosal short circuit current (Isc), potential difference (PD) and tissue resistance (R) using Ussing-
voltage clamp technique to identify the intestinal mechanical defense. Additionally, we examined
changes in the immunoglobulin A (IgA) secretion using ELISA to indicate the secretory property
involved in mucosal immunity function. The results revealed that at the concentration of 1 yM, CGRP,
SP and CCh increased Isc by >50% (P<0.05) while NE decreased Isc by 40%. In addition, all drugs
tested in the present study except CGRP decreased the mucosal IgA. Even though, most of drug
effects did increase the Isc. Interestingly, SP also decreased tissue resistance by 25% (P<0.05).
Therefore the results of this study suggest that stimulation of neural secretory reflex or applying its
neurotransmitters especially CAP, SP CCh or NE to regulate the electrolyte transport may alter
intestinal host defense mechanism especially tissue resistance and IgA secretion. And the changes
of IgA secretion may have specific pathway which could not be predicted by the change of

electrolyte and water transport.

Materials and methods

Chemicals. Calcitonin gene related peptides (human 8-37), Capsaicin (8-methyl-N-
vanillyl-6-nonenamide), Carbachol, Norepinephrine, Substance P and protease inhibitor
cocktail were obtained from Sigma Chemical Co. (St. Louis, MO, USA). All chemicals
were made in aliquots and kept at -20 C before use. Some chemicals were dissolved in

methanol, the final methanol concentration of which was less than 0.1% (vol/vol).

Animals. Male Wistar rats (250-300 g) were obtained from National Animal Center,
Mahidol University, Thailand. They were housed in stainless-steel cages in a room with
a 12-12 hour light:dark cycle and allowed free access to food and water. All animals
experimental protocol were approved by the Experimentation Animal Ethic Committees,
the Faculty of Veterinary Science, Chulalongkorn University.

For experiment, rats were sacrificed with small animal decapitator (Harward,
Kent, UK). After a laparotomy incision, the whole colon was removed, rinsed and

placed in an ice-cold oxygenated Ringer solution (composition in mM: 118 NaCl, 4.7



fryryniaail RSA478001

KCl, 2.5 CaCl,, 0.5 MgCl,, 25 NaHCO,, 1.0 NaH,PO,, 11 D-Glucose; pH 7.4). The colon
was longitudinally cut close to the mesentary and the serosal muscle layers were
carefully stripped away by blunt dissection to obtain a mucosa-submucosal preparation.
The appearance of palm-like foldings was used to distinguish between the distal and

proximal colon.

Figure 1 Photograph represents (Left) Ussing chamber and (Right) voltage clamp

Measurement of electrical parameters. The mucosa-submucosal preparation was
mounted in Ussing chambers (0.62 cmz)(Fig. 1) bathed on the apical and basolateral
sides with identical Ringer’s solutions at 37° C and gassed with 95% O» and 5% CO».
Transepithelial potential difference (PD) and short circuit current (Isc) were measured
with the use of voltage-clamp amplifier (EVC-4000, World Precision Instrument) using
Ag/AgCl, electrodes connected to the bathing solution via agar bridges. Tissue
conductance (G) was calculated using Ohm’s law (G = Isc/PD). The tissues were
continuously short-circuited, except for a brief interval of open-circuited readings before
and after adding any chemicals. The data from the voltage clamp was connected to
MaclLab 4S A/D converter and recorded with a 400 MHz PowerPc Macintosh. After
mounting, the tissues were equilibrated for at least 30 min to achieve a stable Isc before
the addition of chemicals. Positive Isc corresponded to the movement of anions from the
serosal to mucosal compartments or movement of cations from the mucosal to serosal
compartments or a combination of both.

Measurements of IgA levels. The amount of total rat IgA was estimated in the mucosal
(apical) and basolateral (serosal) solutions bathing the tissue preparations. To obtain the
neurotransmitter effect on secretion of IgA in vitro, the solutions collected to 1.5
microfuge tube coated with protease inhibitor cocktail during a 5 min period prior to
addition of drug were used as control. The amount of total IgA was determined by a rat

IgA quantitation kit (Bethyl Laboratories, Texas, USA). Briefly, microtitre plates were
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coated with 100 pl of affinity purified goat anti-rat IgA antibody coupled to horseradish
peroxidase diluted 1:100 in carbonate buffer pH 9.6 at 4°C overnight. After washing and
blocking steps following the standard protocol of enzyme linked immunoabsorbent
assay (ELISA), 100 ul of 1:50 diluted sample were added to each well and incubated for
1 hr at room temperature. After a third washing step, each well received 100 ul of
peroxidase labelled antiserum diluted 1:20,000 in PBS buffer pH 7.2 for 1 hr at room
temperature. Color were then developed by 3,3'.5,5' tetramethylbenzidine (TMB)
substrate for 5 min and stopped by 2N sulfuric acid. Absorbance was read at 450 nm
and 550 nm by Thermomax. The amount of IgA was determined from standard curve
using a rat IgA.

Data analyses. All values were expressed as means and standard error of mean (SEM),
n was the number of different tissue preparations and N was the number of animals in
each experiment. The increase in Isc was quantified by subtracting the peak of an Isc
response from its respective baseline value before drug administration. The statistical
differences between control and treatment means were analyzed using Student’s paired
or unpaired t-test when appropriate. The differences among groups were analyzed
using a one way analysis of variance followed by Dunnett's multiple comparison. A p-

value less than 0.05 was considered statistically significant.

Results
To study the significance of mucosal reflex to regulate gastrointestinal host
defenses, we measured epithelial transport and immunoglobulin A secretion response

immediately to capsaicin, CGRP, SP, carbachol and norepinephrine stimulation.

Effects of mucosal reflex and its neurotransmitters on the modulation of colonic

epithelial transport

Mucosal short circuit current; mucosal Isc)

The measurement of mucosal short circuit current (Isc) were performed by using
Ussing chamber and voltage clamp technique. The Isc is therefore the net of ion
occurred at the mucosa. In the present study, the average of Isc at the equilibrium of 38
colonic epithelial tissues from 10 rats was 75.90+10.28 ;LA/cm2 with the potential
difference and tissue epithelial resistance of -3.35+1.34 mV and 68.99+7.03 mQ.cm2,
respectively. The viability of tissues when their electrical parameter was not equal to
zero was determined before drugs test.

In the present study, stimulation of mucosal reflex by serosally but not mucosally
added of 8-methyl-N-vanillyl-6-nonenamide or capsaicin (CAP) 30 uM produced
transiently increased of Isc from 98.25+15.28 pA/cm2 to 123.80£16.25 pA pA/Cm2 (Table

1). However, the Isc changes of control colonic epithelium which recorded at the same



Frycyniaail RSA478001

period of time (yolk control) excepting drug added revealed spontaneously increased.
Therefore, the effects of Isc changed in response to capsaicin were not statistically
differenced from yolk control (Table 1-2 and Fig. 2).

To identify the neurotransmitters of mucosal reflex circuitry mediating the effects,
the sensory neuropeptides, calcitonin gene-related peptide (CGRP; 1uM) and
substance P (SP; 1 uM), secretory motor neurotransmitters carbachol (CCh; 1uM) or
sympathetic neurotransmitters norepinephrine (NE; 1uM) were examined. Stimulation
the colonic epithelium at the serosa with CGRP, SP or CCh increased Isc more than 60%
(Table 2 and Fig. 2). In contrast, NE decreased mucosal Isc by -39.06+2.55 % (P<0.07)
(Table 1-2 and Fig. 2). However, all substances administrated to mucosal bathed
solution did not reveal any changed even though the higher concentration and prolong

duration of recording (>30 min) were attempted.

200
1501 * *%
100+

504

-501

% Change of Isc from initial

-100
CON CAP CGRP SP CCh NE

Figure 2 Histogram represents the mean+SEM of percent changes of Isc response to
serosally administration of no substance/vehicle (CON), capsaicin (CAP; 30 uM),
calcitonin gene-related peptide (CGRP; 1 uM), substance P (SP; 1 uM), synthetic

acetylcholine (carbachol; CCh 1 uM) or norepinephrine (NE; 1 uM).
* or ** indicates the statistically significance at P<0.05 or 0.01, respectively when compared

between neurotransmitters vs. CON with student unpaired t-test from n=3-5 tissues of N=8-10 rats.

Potential difference; PD)
For the change of potential difference of mucosal compared to the serosal side,
CGRP and SP significantly induced more negative charge immediately after adding

drugs. The CON tissues without drugs showed no alteration of PD (P<0.05, student
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paired t-test). However, SP and NE statistically induced decrease of PD by 20.75+6.29
or 52.24+12.83%, respectively (Fig.3 and Table 2).

In addition, NE or capsaicin tended to decrease PD by -14.09+1.19% or -
73.34+29.46%, respectively but not showed significantly differences from CON (p>0.05,
student unpaired t-test) (Fig.3 and Table 2).
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CON CAP CGRP SP CCh NE

Figure 3 Histogram represents the mean+SEM of percent changes of potential
differences (PD) response to serosally administration of no substance/vehicle (CON),
capsaicin (CAP; 30 uM), calcitonin gene-related peptide (CGRP; 1 uM), substance P
(SP; 1 uM), synthetic acetylcholine (carbachol; CCh 1 uM) or norepinephrine (NE; 1 uM).

* or ** indicates the statistically significance at P<0.05 or 0.01, respectively when compared

between neurotransmitters vs. CON with student unpaired t-test from n=3-5 tissues of N=8-10 rats.

Tissue Epithelial Resistance; TER

To study the tissue epithelial resistance which could be calculated using Ohm’s
law, the current study showed that serosally addition of SP produced the decrease TER
comparing to before drug added. In the CON which is the yoke control was also
revealed a little decrease of TER by 4.13+5.32% over the same period of time (15-20
min). However, the percent decrease of TER response to SP from initial was -
25.02+1.70% which showed significantly difference from CON (P<0.05). In addition, NE
seemed to decrease TER by -25.69+8.69% (P=0.050, student unpaired t-test) (Fig. 4
and Table 2).
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In contrast, other nurotransmitters tested in this study, CAP, CGRP or CCh did

not reveal any affect to TER numbers.
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Figure 3 Histogram represents the mean+SEM of percent changes of tissue epithelial
resistance (TER) response to serosally administration of no substance/vehicle (CON),
capsaicin (CAP; 30 uM), calcitonin gene-related peptide (CGRP; 1 uM), substance P
(SP; 1 uM), synthetic acetylcholine (carbachol; CCh 1 uM) or norepinephrine (NE; 1 uM).

indicates the statistically significance at P<0.05 or 0.01, respectively when compared

between neurotransmitters vs. CON with student unpaired t-test from n=3-5 tissues of N=8-10 rats.

Effects of mucosal reflex and its neurotransmitters on the modulation of colonic
immunoglobulin A secretion

To measure the effect of mucosal reflex and its neurotransmitter in modulating
the secretory function of mucosal immunity, we measured the concentration of IgA in
solution bathed at both mucosa and serosa site before and after drugs add.

The concentration of immunoglobulin A isolated from solution bathed mucosal
site of distal colonic epithelia was gradually high depended on time by 105.60+47.49%
(Fig 5A and Table 2). Similarly, increase IgA concentration revealed at the serosal after
15 min. was 279.10 + 171.80%, however the variation in numbers of IgA concentration
was high among 5-8 tissues (N=8 rats) (Fig 5A and Table 2).

In contrast to CON tissue, decrease IgA response to serosally addition of CAP,
CGRP, CCh or NE was significantly showed in the percent changes at -7.4246.03%, -
34.56+£19.37%, -24.96+18.24% or -20.69+11.30%, respectively (P<0.05, student
unpaired t-test compared to CON) (Fig 5A and Table 2). In stead, CGRP increased

10
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secretion of mucosal IgA by 49.53+51.06% which nearly to the change of IgA secretion
in CON tissues (P>0.05)(Fig 5A and Table 2).

In the present study, IgA concentration isolated from the solution bathed at the
serosal side were not revealed differences after drug tested for 15 min. (P>0.05, student
paired t-test) (Table 1).

200
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Figure 5 Histogram represents the meantSEM of percent changes of mucosal
immunoglobulin A (IgA) secretion response to serosally administration of no
substance/vehicle (CON), capsaicin (CAP; 30 uM), calcitonin gene-related peptide
(CGRP; 1 uM), substance P (SP; 1 uM), synthetic acetylcholine (carbachol; CCh 1 uM)
or norepinephrine (NE; 1 uM).

* or ** indicates the statistically significance at P<0.05 or 0.017, respectively when compared

between neurotransmitters vs. CON with student unpaired t-test from n=3-5 tissues of N=8-10 rats.

11



fryryniaail RSA478001 12

Table 1 Data represents mean + SEM of electrical parameters from Ussing chamber-voltage clamp technique and concentration of mucosal

immunoglobulin A of colonic epithelium before and after serosally addition of drugs (n = 5-8 tissues from N=8 rats)

Experiments Isc PD R Mucosal IgA Serosal IgA
(pA/cmz) (mV) (mQ.cm?) (ng/ml) (ng/ml)

CON(before) 17.50 + 13.36 0.33+1.06 55.24 +7.57 141.50 £ 24.64 56.48 £ 21.70
CON(after) 19.50 + 13.44 0.28 + 1.06 63.76 £ 13.77 247.90 £ 66.60 127.80 £ 62.74
P value P =0.0581 P=0.1955 P =0.2389 P =0.0444 P =0.1596
CAP(before) 98.25 +15.28 -7.30+2.84 68.46 + 19.75 252.90 £+ 162.60 28.99 + 26.15
CAP(after) 123.80 + 16.25 -7.58 +1.89 59.95 + 13.21 225.10 £ 157.00 35.03 +21.17
P value P=0.0417 P =0.4141 P=0.1432 P=0.1103 P =0.2246
CGRP(before) 52.67 £ 8.41 -3.70 £ 0.62 7017 £1.75 262.90 + 98.21 52.48 £ 51.40
CGRP(after) 93.00 +9.85 -6.13 £ 0.58 66.13 + 0.89 293.10 £ 53.58 90.89 + 46.08
P value P =0.0303 P =0.0317 P =0.1266 P=0.3315 P =0.2864
SP(before) 72.50 £ 13.74 -6.25 +1.64 80.25 + 12.41 53.18 £ 18.75 6.88 £ 6.88
SP(after) 113.30 £ 21.29 -7.35+1.89 61.19 £ 9.91 27.62 +14.48 25.88+17.74
P value P =0.0129 P =0.0442 P =0.0035 P=0.1014 P =0.1009
CCh(before) 45.20 + 15.02 -4.77 +£1.36 71.24 +7.39 399.00 + 189.80 80.07 + 72.51
CCh(after) 90.10 + 23.53 -7.67 £2.12 63.47 £ 4.53 333.00 + 83.38 77.25+27.27
P value P =0.0070 P =0.0524 P =0.0567 P =0.3534 P =0.4831
NE(before) 136.30 £ 79.79 3.87 +7.64 60.49 + 4.25 386.30 £ 98.66 115.70 £ 62.39
NE(after) 80.53 £ 73.35 -5.57 £5.22 39.48 +20.78 296.60 £ 81.16 73.62 + 37.08
P value P=0.0738 P =0.2693 P=0.2195 P=0.1113 P=0.1756

P value is the number from comparison study between before vs. after drug added using Student paired t-test.
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Table Data represents mean + SEM of percent changes of each value of parameters from Ussing chamber-voltage clamp technique and

concentration of mucosal immunoglobulin A of colonic epithelium response to drug (n = 5-8 tissues from N=8 rats)

Experiments Alsc APD AR A Mucosal IgA A Serosal IgA
(pA/cmZ) (mV) (Q-cm?) (ng/ml) (ng/ml)

control (CON) 9.49+2.10 -2.22 +2.22 -4.13+5.32 105.60 + 46.38 279.10 +171.80
capsaicin (CAP) 77.18 £ 54.48 -39.92 £ 47.83 -30.93 £ 23.07 -7.42 £6.03 64.80 + 68.55
P value 0.1709 0.5334 0.1884 0.0096 0.1095
calcitonin gene-related peptide (CGRP) 84.58 + 33.54 -73.34 £ 29.46 -5.59 + 3.57 49.53 + 51.06 8.00 + 64.06
P value 0.0446 0.0628 0.1830 0.2529 0.0867
substance P (SP) 59.91 + 11.65 -20.75 £ 6.29 -25.02+£1.70 -34.56 £ 19.37 50.44 + 41.54
P value 0.0075 0.0302 0.0018 0.0130 0.0674
carbachol (CCh) 96.39 + 15.49 -14.09 £ 1.19 -42.12 + 28.96 -24.96 £ 18.24 -38.82 £ 18.92
P value 0.0026 0.3982 0.1332 0.0263 0.2806
norepinephrine (NE) -39.06 £ 2.55 -52.24 £ 12.83 -25.69 £ 8.69 -20.69 + 11.30 -21.06 £ 15.80
P value 0.0003 0.0013 0.0502 0.0436 0.0518

P value is the number from comparison study between drugs vs. CON tissue using Student unpaired t-test.



Discussion

The present study emphasized on the acute response of Gl host defense
mechanism especially the mechanical defense mechanism such as tightening of epithelial
tissues and mucosal immune-related secretion. This mechanism has been known to
locally regulate by the mucosal reflex which consists of enteric nervous system and its
effecter target. The present study applied the Ussing chamber and voltage clamp
technique to measure mucosal short circuit current (mucosal Isc), potential difference
(PD) or tissue resistance (R) response to the stimulation of mucosal reflex acutely. Since
the acute response of Gl defense could be detected, the acute response of mucosal
immunity-related secretion of IgA could be investigated in the present study model. Even
though, this response was unable to approach in the in vivo study, because the route of
drug administration could be applied directly to the serosal site. Therefore, the results of
mucosal reflex stimulation or neurotransmtiter tested were masked by the many systemic
effects especially blood circulation and bioactive metabolites.

In the present study, we examined the response of Gl defense mechanism to
mucosal reflex by applying 8-methyl-N-vanillyl-6-nonenamide (capsaicin 3 uM) to either
mucosa or serosa. Mucosally addition of capsaicin did not produce any changes in the
electrical parameters of colonic epithelium even though it seems to imitate the natural
defense pathway which is stimulated by luminal foreign substances. In contrast, serosally
administration seemed to increase Isc but the evidence was similar to the CON tissues.
This result is consistent to the study of Yarrow and co-workers (1991) which indicated that
stimulation colonic epithelial tissue with 0.1-3 uM increased Isc but repeated with high
dose capsaicin inverted the secretory effects. In addition, single administration of
capsaicin could not produce change in Isc similar to the result of this study. The possibly
explanation of the unresponsive effects of capsaicin may be that the mucosal reflex was
unintentionally induced by the stretching during the tissue preparation. Thereby, the
exogenous added of capsaicin in the bath solution was similar to the capsaicin repeated
dose which produces the unresponsive secretory effects or even the anti-secretory
effects.

Focusing on the stimulation effects of Isc, the increase Isc was suggested to
mediate by increasing of chloride secretion via the Cl- channel at the apical membrane of
colonic epithelium in rat. The mechanism of mucosal reflex stimulating by the capsaicin
have been expalained that the capsaicin binds to the vanilloid receptor at the sensory
nerve and the sensory nerve was then activated and released the containing
neurotransmitters, calcitonin gene related peptides and substance P to stimulate the
secretory-motor neurons in the submucosal plexus which further released acetylcholine or
5-HT to stimulate chloride secretion. In addtion, capsaicin directly stimulated intestinal
epithelial secretion have been possible (Holzer et al., 1990). However, in the previous

study and the other research group revealed that pretreatment the tissues with



tetrodotoxin inhibited capsaicin-induced Isc suggesting the secretory motor neurons is
the predominant pathway in rat distal colon (Vanner and MacNaughton,1995;
Deachapunya et al., 2006). In addition to the secretory effects, capsaicin stimulates many
gastrointestinal effectors such as motility (Takaki and Nakayama, 1989), mucin secretion
(Moore et al., 1996) or intestinal blood flow (Akiba et al.,1999; Holzer et al.,1989;
Vanner.,1993, Vanner and Surprenant,1996) which may associate with ion secretion to
protect gastrointestinal mucosa. Even though, CAP tended to increase Isc involving the
stimulatory effects on chloride secretion, CAP decreased mucosal immunoglobulin® A
secretion. On the other hand, the inhibitory effect of CAP on IgA secretion was less than
effect of SP or CCh whereas CGRP increased mucosal IgA secretion. According to the
mechanism of CAP which is mediated by these three neurotransmitters, so the CAP
effects would be sum of inhibitory effects of SP and CCh encountered with stimulatory
effect of CGRP. The conclude effects of mucosal reflex stimulation by capsaicin is
decrease secretion related to mucosal immunity, however the inhibitory effects of mucosal
stimulation is less harmful than SP and CCh alone. There are many reports of the
significance of mucosal reflex on the Gl host defense mechanism. For an example, the
chemical denervation of sensory nerve with chronic injection of low dose capsaicin for one
week can decrease the severity of enteritis. However, the wound repair and growth of
epithelium was loss because of the decrease of CGRP. Therefore, the GI mechanical
defense stimulated mucosal reflex would be in balance because of the effects of CGRP.
Okajima and Harada (2006) suggested the advantage of CGRP released by the mucosal
reflex stimulation induced by high-fiber diets and acidic food is helping in protection,
growth and development of intestinal epithelium.

In our study, CGRP was not only maintained IgA secretion whereas the
other neurotransmitter of mucosal reflex decreased mucosal IgA secretion, CGRP also
kept the tissue epithelial resistance. This evidence supported roles of CGRP in protection
of host Gl defense mechanism which consistent to in vivo study (Cox et al., 1989).
However, substance P which co-released with CGRP during the stimulation of mucosal
reflex suppressed most of the host defense especially decreasing of tissue resistant and
mucosal IgA secretion. Even though, SP produced the increase of Isc which has been
known to involve chloride secretion mediated by the acetycholine action on intestinal
epithelium (McFadden et al.,1986). Therefore, SP effects seemed to impair rather than
facilitate the protective function of mucosal intestinal tract. In addition, SP has been known
as the potent mast cell degranulator leading to release of many inflammatory mediators
(mast cell mediators) such as histamine and prostaglandins (Cooke 1989). One of the
possible mechanisms of SP in stimulating ion secretion was mediated by this MMC.
Moreover, SP-induced mast cell degranulation was suggested to involve in many chronic
diseases including inflammatory bowel disease. This is the reason why denervation of

sensory nerve using the long-term capsaicin help to alleviate chronic inflammation.



However, there was no reports about the mechanism of SP on the suppression of IgA
secretion and tissue epithelial resistant. Perhaps, MMC released from the mast cell may
play roles in this evidence. It was interesting that when studied the effects of CGRP or SP
in vivo, perfusion to lumen of jejunum or intravenous injection with the same concentration
of CGRP and SP increased IgA secretion. The results of the previous studies was
difference from our study since stimulatory effects of CGRP and SP was a systemic action
on the vasodilatation leading to increase visceral blood flow (Schmidt et al., 1999).
Indeed, the mucosal reflex and neurotransmitters action is local rather than systemic.
Therefore, the results of the present study are similar to the natural mucosal flex induced
host defense.

Addition to the neurotransmitters released from enteric nervous system,
sympathetic nervous system plays very important roles on the regulation of Gl function
including Gl defense mechanism. Norepinephrine is the major neurotransmitter of
sympathetic nerve. It affects the Gl function by regulating the activity of neurons resided
in submucosal plexus and myenteric plexus where the neural bodies of mucosal reflex
circuitry are located on. The effects of NE on the Gl function are usually suppression
because the inhibitory action on the motor neurons especially cholinergic motor neurons
via specific receptor protein a- or B-adrenergic neurons. However, NE directly
stimulates visceral blood flow to increase the Gl function. Therefore, stimulation of
sympathetic activity or administration of norepinephrine systemically sometimes
produced increase gastrointestinal function particular in the secretory effects (Carpenter
et al., 1998; Carpenter et al., 2004). In isolated colonic mucosal epithelium of rats, NE
decreased Isc associated with suppression of IgA secretion. The decrease Isc induced
Isc have been indicated as an increase of K (Schultheiss and Diener, 2000). However,
there were no relationships between potassium secretion and IgA secretion.
Furthermore, NE was indicated to regulate non-adrenergic-non cholinernergic neural
system (NANC), i.e vasoactive intestinal peptides (VIP) which could be the other
possible pathway in suppression IgA secretion since VIP can stimulate proinflammatory
cytokines which may affect the tightening of epithelium. Therefore, when the sympathetic
is stimulated especially during stress condition, it may be possible that NE will cause
suppression of Gl defense mechanism leading to the susceptibility of host to be infected
by pathogenic microorganisms.

In conclusion, the results of this study suggest that stimulation of neura
secretory reflex or applying its neurotransmitters especially CAP, SP CCh or NE to
regulate the electrolyte transport may alter intestinal host defense mechanism especially
tissue resistance and IgA secretion. And the changes of IgA secretion may have
specific pathway which could not be predicted by the change of electrolyte and water

transport
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Part 1l: Decreased Colonic Epithelial Tissue Resistance Occurred in Restraint Stress

and Related to Colonic Immunoglobulin A Level in Rats
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(9.57+0.5 wafidus) ddnsnisiinsnnindaninndnguaNATanszziTai (3.6241.0 asidus)

(p<0.05)



P = i = ] ! = Y o P A ] =
LLW@ﬂqﬁiiﬂquLN@L'LG‘FJUL‘V]El']_lﬁ‘z‘ﬂqqﬂﬂ@qllﬂQqNLﬂ?ﬂﬂﬂqﬂﬂu WLINHNRWIZNQNAINNLATE A

oy
KX A o o A

srezNeFaRINAUNERIINRN TN MINAININIINgNANLATEAT Iz T TN TUN R A UANG 19U

o

A S = =< X o Qi K o o !
ALINNULIRANATY (p<005) Iﬂﬂmﬂ@qﬂﬁqfllﬂ,ﬁ?ﬁlﬁ?zﬂzﬂ\iL?@?QN@m?qﬂq?LﬂﬂﬂuLLﬂ@Quqﬁuﬂﬁlqmqﬂﬂqq

o

NANANNIATEATTEZITRTY (3.62+1.00 Llafifus)

D
2l

_és Pao)
9 1 Control
"‘5? 204 I Stress
o'c A
=
_CCU g 15'
[& T A
m —
3%1(} R
o= a,*
z0
XX

0

3d 7d 14 d

gUN 1 unugiuansdnsnislasuulasinmindawman (% Average change of body weight +

standard error of mean) WEHUMLITLNINNGNAILAN (control) WATNENAINIATUATTEYAL (3 d)
- 44, . - X .

AANHLATEIATLEIZNNLIAN (7 d) LATNQNANNIATEATLEZLTATN (14 d)

A, THHANNWANENIMNATE (0>0.05) WHOLAAIFIENEIMNBUIY AOIN1INARDUTEUI NG
AILIANTIFTEZANNANEAE ANOVA  AINAReNIaTa L ELIENINE8INgNAILANTNTEE L1 HaeRD
Newman-Keuls multiple comparison test; a, HNANMNWANANNIEDRA (p>0.05) LHBLAASAIENEST
wiHauil el TN LIEHd NN NANIATEATIITEEANA0EAE ANOVA  ANsaenIsifaau e
FTNINABINGUN1INARBIN IATUAINIATEAT ST 8597 A9835 Newman-Keuls multiple  comparison
test

= . aa A a \ ' o | AN ve a

*, AAHUANFNNNATE (p<0.01) WalFauiaussndenguaruAniungui laFuauLATn

Yo o A a o ¥ aa .
IHFUANNLATEANITEIZIIALAENAUARERE Student unpaired t-test

NAYBITEEZIIRIIANNITIATLAINIATEARDWANTTNNITIUBIVIG

annsBaueulIununisave s ineninensn1snuevns luuAaz e (average daily

° o

feed intake) WUdNHAMNLANANNELNHTEANATY (p<0.05) (U7 2 uazA919Rl 1) sxudangNAILAN

T
=® A

asgNsrezsineiu nafinguasuAnszasiameasd  (30.43£1.35x10° niwn) HfFumunisfiuenung

]

NINNIINGNALANTERTAN (29.37£0.03 N3N) wazngNAILANITETAURLFNIINNIAUE M THINNG

NANAILANIZEZT05Y (18.55+0.00 NFN) ANATAL UazieL FaLTELTEUIaNguANIATEARLNGN

' a o o

ARLAN WULNNNgNHUTNN sAua s luLAarFuLANsI9aInnguAuANTuat 9l T d ATy

(p<0.05)  IaafinguacnutAsanaziiiununisiuemsluudaciudeandinguacuny uaziile

]

wWisunauszndnenguildfuaanuesaadoaiunuINNguANIATEAT R AU (27.35¢0.73 W)
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a o o o

WANFINNAINNENANNLATEATEELT5 (17.01:0.51 N3W) et edlildATy (p<0.05) WiwReaiuALNgy

EQ

ANNLAZEIATEIZNNER3(27.35+1.35x10° NFN) MuANFaINNgNAMNATaAs aziTaiiatnedllndn

1y
A o

WANLAINGNAMNLATEATTEr AUl BN AUNNIAUMNIULANFANIAINNGNANLATE AT TN St

) e

o

WadAty (p>0.05)

40
° 1 Control
= A A N Stress
s 30 ax ax*
=]
[N
Qs
>
=0 *
e
[¢b]
D
©
S 10
<

0
3d 7d 14 d

519 2 unupiuanslFunoedadnanisiue s uusaziu (Average daily feed intake) WeeLife

C . - Y - . .
LUINNGNALAN (control) UWATNENANNNIATEATEEYAL (3 d) ANINATEATYEEANERRN (7 d) wazngy
ANNNLATEIATEIZITR (14 d)

A, THANNWANENIMNATR (0>0.05) HOUAAIFIENEIUMNBUAY AOIN1INARDLTEUT NN
AILIANTITTETFNNFEAE ANOVA  mnAnen1sifTaLilausendneaednguAILANNIza 19 daeds
Newman-Keuls multiple comparison test; a, MTANMNWANANNNEDRA (p>0.05) LHaLAAIFTIENET
wilewiy e FeumausendenguanuAseafisTazaine)daeds ANOVA  mudaenisFaudiay
FTNINABINGUNINARDIN LA TUANIATEATIIZ A9 #9835 Newman-Keuls multiple  comparison
test

= ) aa p a | ! o | AN v

*, HANWANENNaTA (p<0.05) IanaaeuFaLEUIEIaNgNAANAUNgHA AT

= Vo = = = o ¥ ad .
ANNLATEA L TLANLATE AN I UL AAEN A WAEAE Student unpaired t-test

NAYBITEELIIRNVRINITIATUAMNLATEARaNTIUAE UL AU IRTRIsaNYNIN A
TunnsAnEaaTeIANNLATE ARENN TR NI ATe9I U ARaNvNan Indaduna indanuTassiall
PRINTHAAIAN1ITATE A JUN1TANHIATIHNLI1 IR ATR9Aa NNn RS9l s na Nt wine AL 1
\ . V= L e | Ao o o A = =
Aanvaanla (adrenal gland mass index) lifiaanuuansneiuaenafivadAydenFauinaunssazinan
3, 7 uaz14 Ju Tuszudanguanuan vzasaumaulusendnangunaaeeildiuacnuiasan (p>0.05)
o o L v e “ vy, S R
(3U7 3 wazmn3ed 1) uietnslafinnlunisAnmaielinudinguasuAnszazNaiEe i 7 dulniminges
axnuanlaefeiniy 0.079+0.004 nfusanFNTEIMING, Faninndnningessannan ey
lFfuATeATTaLNaTafaNsravnaAef 0.060£0.004 nFuAanFuLNMING (p<0.05) (3U7 3 wax

al

A13799 1)
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0.125
1 Control

x

§ 0.100- B Stress

w

LN

€= 0.075 *

-8 [a1]

s

2~ 0.050-

®

c

Q

£ 0.025

0.000
3d 7d 14d

gﬂﬁ3 LLmuqﬁmeﬂ"}LLfaﬁwmﬁmmmummﬁmﬂﬂﬁiawuqnvl,mLﬁﬂuﬁuﬁwﬂfﬂﬁq (Adrenal gland
mass index) LWeELMELSENINNGNAILAN (control) LATNENANLATEATY LAY (3 d) ANNLATEIATLEY
<4 X o | = X o
naisads (7 d) warngumNATaATEezi3e (14 d)
~ | aa A P ' | o | A ve
* {ANUANGNNNEADR (p<0.05) IHenAaaUBEUEUIEUINNgNAIANALNANA AT

= Vo = A = v Y ad .
ﬂ’J’WNLﬂ‘j‘EIm1ﬁTUﬂQWNLﬂ?ﬂ®W?$E$L’J@’1Lmﬂﬂﬂuﬁ%ﬂﬂﬁ Student unpaired t-test

o - . = P - . : o
WawFauinausriugesluunefilramalsuiunguinldfuaainezaanudmnngs (n1319d 1)

o a

HAuuansNiLNguAtLANateiliiidAty (p<0.05) TnanguArupnaslsyivaefiuuneflaamal

a

tasndnguinlauannueraaianTauiauiuseazinatneaiuie 50-100 W uazidauSauifiay

=

sendnanguinlffupnuATaaisaINngunudnnguisrduaesiuunashlaamae lsuunnsneiuaengd
Wad1ATY (p<0.05) ﬂﬂﬁuﬂ@jmmmm?mmzmﬁu (707.9+40.89 W lunfuFedadanT) LATNEH
AYNLATEATEIZNNERTY (672.1£63.63 WlunFusaNadans) NHsEALGUYINTUW (0>0.05) usetnelef
| Al v = 4 o o ra ! | a
pINNguNLATUAMIATE AN ABINgNHszAuaafluuAasATadIAalIugININNIINgNANNLATEATE L

X o= :
LTRINEON 2 1NN

msiasusasAmlainang 118y 19 IATUANNIATEATNSSEEIN

ANUULIALAAALAY (Total red blood cell count) BWATATUIULIAABATINYIIUNA (total white
blood cell count) AMNANIANHINAUBIANNLATEAABNITLAL UL AR UIULTALAD ALAY AT
- \ ' A = & A ‘ ‘ |
1AAATNINLIAINGHAILANINAL T HUT LT AIAeAWAS (red blood cell) Wudnnngulafiagn

L e A - C " C oy A o A .
wAnG 9Tl FELAELITHINNGNAILAN WIBTEUdNNguT LATLAYINATEATISERIZANN (p>0.05)

nﬂl o = ' 1 o 1 d‘ Var = nﬂl = v @ 1 oA
LL@Z?LN@VI’]H’]?L‘]J?‘EULVI‘FJ‘U?%MQ’NT]Z}N@'J‘LIﬂNﬂUﬂ@NV}VLWJ‘HﬂQ’WNLﬂﬁ‘ﬂﬂ‘l’lLQ@’]L@EQHHHiNWUQ’]NﬂQ’]N

'
=

WANGNNTIUIBIAN U ALABAWAY (p>0.05) iU (U7 4A, 4B uazpN399 1)



AL ALARATI1ILENTHA (Diffential white blood cells)

#alnsWad  (Segmented neutrophil) TunguatuaNidanBauWauTunundanaTinil

nsflad (U7 4C uazmnaed 1) wudmnnguliiiaouunneneiu (p>0.05) willasauiausyudig

a

Yo

oA = > ] ) ] = < X o X o ~ a A &
ﬂ@iNV]DL ?UﬂqqﬂLﬂ?ﬁlmmﬂ@qﬂﬂ@ﬂwuqqﬂ@mﬂqqmLﬂ?ﬂm?:ﬁﬁlxﬂ\u?@ﬁ\i LASTTESLTRIN Nﬂ?m"lmuQIV]?W@@

Winfiu 12.33+3.37 wefidusiuay 17.00+1.87 wafidusiannndinguannuipstnszazdu (6.00+2.03

° o

wWaefidus) atneliadAty (p<0.05) WalFaLELIENINgNALANTLNANN IHFUANIATUAURAL

o

%
o ' a =4

ngN WUdAsTEzINan 14 FunguAnueTanssazEaRadawutin msaguanssaINngNALANE LN

Had1Any (p<0.05) TaefinguANIATEAIYEL3R3Y (17.00¢1.87 wlafidus) azldsunnfinlnslad

NINNIINGNALIANTEEL A (7.20+1.93 1lafidus)

D

anlwlay (Lymphocyte) WawsauiiauiBuiaudnaentasiaaninlesf (U7 4D wazmnsei

a

a

1) WUINNANITNINNGUAILAN WiaseudnenguitldFumanuasan liiiaauuans1eiue el
oo o o o o s o A o
HRAATY (p>0.05) whleaFauWsusEndenguasLANiuNgNlFfuANAsATisvaznaRaaiY

o

WUIINENANIATEATYEZIT05Y (82.40+1.57  ilafifus) HAouunnseiunguatuAnszezisads

(92.80+1.93 wlafifius) aeinaltiudAny (p<0.05) TnaninguANATEATEaziTa Iz FN AN W T

HaenguAILANTEEL TRl

Tululasl (Monocyte) Te@Tuilad (Eosinophil) waziulaiagd (Basophil) WellFauiieuiunns

Wadanaardatululesd (19199 1) 8l0AWag (31N 4E wazensed 1) uazulalad (139N 1)

Do

o o

wudnnguliianuuansneiueteiitdAny (p>0.05) WenFaUWEUITHINNNgRATLANTLNGNT

Tiuanusaanssazhafiuale FaumauiussninanguildfuanueIen  NENNAABITAN

nax
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1001 [IControl . 751 [IcControl
= Il Stress e Il Stress
©  7.51 ©
3 3 5.0
© o™
i 5.0 \%/

Q Q 25
2 25 <
0.0 0.0
3d 7d 14 d 3d 7d 14 d
- |:|C0nt|f0| _ |:|C0ntr0|
= %0 Il Stress 120 Il Stress
e _
X *k
= < 904
8 20 a,*x ©
ce a >
< 2 60
IS S
g2 101 %
g 30
»
0 0
3d 7d 14 d 3d 7d 14 d
1.00-
[IControl
. Il Stress
S 0.757
E
o
S 0.50
D
o
L
0.25-1
0.00
3d 7d 14 d

51 4 unugRuand (A) Suaudniaenuad (red blood cell) (B) HARBAT3719MNA (total white blood
cell) (C) #Aalnsad (segmented neutrophil) (D) AnTwlasf (lymphocyte)  waz (E) aledluiad
(eosinophil)
a | aa PR o o o o P P ) ]
a, VLNNWJ’]NLLMHWNV]’N@DG] (p>0.05) LHALAANAIDNETLUNDUNU LN'E]LLG??;IULV]EI‘LI??JMQ’NHQN
= d' 1 2 aa 2 = = | | dl Yar
mwmwmmzmmmmmm ANOVA ﬁlﬁNﬂQF;lﬂ’]i‘L‘ﬂﬁ‘El‘LlLV]?;IU?::MQN‘&@\‘mQNﬂ’W?VIm@@\‘ﬁ/lvl,m“i_l
mmm?ﬂmﬁiwwhﬂﬁmﬁ% Newman-Keuls multiple comparison test

= ] aa = = ' ! o oAy oy
> HAMMHNLANFAINNINENR (p<0.01) LN@L'LG‘El']_ILVI?.I'LI?X‘VTQ’W\?H@QNV’]’JLI@NH‘LIT]@‘NVILM U

= vao o A N o v ad )
ANNLATEA LATUANLATEATIIE LA A EARWAEAT Student unpaired t-test

Usunudininaiiy (Hemoglobin) wudnszauaasdluinaiunesmynguauaunszaznadull

SunaudTualnady (13.940.89 nFuAawnTans) mnﬂdwmmﬂzjmmuamzmﬁqG‘@ﬁ*\‘i (8.16+1.91 N5
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pilaTang, p<0.05) (U7 4E warmn91ei 1) witBunnaasdininalurasnguarupusyazdunazngu

al

X o o P e \ . = a ] o
ﬁ']uﬂm?zﬂzﬁ'ﬂ?qn@uimmﬁrJ’]NLLmﬂquﬂu LL@zVLNWUﬂQ']NLLWﬂ[5]q\'i“ﬂ'ﬂ\?lﬁ‘ﬂqmaiﬂiﬂ@uu?zv]qqﬂﬂ@qﬂm

IHfuAauATaafuNguAILANTIs Bz a AT T Y

1 =3 I~ o ) o ! < A o ] A A
ANNALABALANAALLLY (Packed cell volume) AINNTIAANYATALADALAYEALUUTAENN TRA

° o

Im (Hct) (gﬂ‘ﬁl 4B UaLANs i 1) wudnnelunguauANEANNWANG 19 ueENIRTIE ATy (0<0.05) Tag
ﬁn@jumuqm:mz%u (38.88+2.89 Lo fidus) ﬁm’%ﬁmLﬁmmLLmﬁmLL‘Liumﬂnfiﬁnfojm'm@m:mﬁqEi'a:fﬂi"\i
(21.18+5.61 asidus) (p=0.02) uaﬂmnﬁmjumu@mw:ﬁ'qé@iﬁﬁﬁmﬁmLﬁamLLmﬁmﬂuﬁamdw
ﬂ@jmmuamwxé@%\i (38.24+3.79 1esidus) (p=0.03) ‘Emﬂﬁ'ﬂ@jumuamwx%mm:mjumuQm:ﬂx

X o= e A o = ] ] | Ay ve =
L?'ﬂ?QVLNNﬁquLW]ﬂWWQﬂu (p>005) LN@V]’]ﬂq?LlG“El‘ULV]ElU?zV']qQﬂ@qNﬂQU@NLL@zﬂqNﬂim?Uﬂ’]’]NLﬂ?ﬂﬂ

'
o o o

' 1= ' o 1 a o = g oAy v a oA
W‘]_I']'WVLNNﬂQ"]NLLﬁlﬂﬁ]’Nﬂu@ﬂ’NNuﬂ@’]ﬂﬂal (p>0.05) ﬂ’?ﬁ‘LLﬁ‘ﬂULV]?JU?zW]’NﬁQNV]VLﬁ] UAINIATHANLITN

[
KX A &\ o

wNENgui lFFuANNIATEAT HEN9Ee5Y (27.00£5.84 wlefidius) Aunguildfuatinsenseazizaiy

'
& o

(43.80+1.07 wlafidus) iniundaauuansaiue 1 9llud Aty (p=0.03) Inanudnnguy b3y

= é’ o a =1 A o 1 ' ' dl Vo = dl é’ o
V’]"J’mLﬂi‘ﬂ@ﬁ‘i&l&ﬁ'@ﬁ‘\iﬂﬂ’]mﬁm@mLLﬂ\‘i’ﬂmLLuuN’]ﬂﬂfJ’mﬂqNﬂimﬁ‘UﬂﬂqNLﬂ?ﬂﬁﬁ‘%ﬂZﬂ\iLi‘@N

ALFuATIAARAUANRAE (Mean Corpuscular Volume) Wanin1aiFauiieua1zunmasde

\ADALAYLRARTBINANAILAN (JUT 4E Wazm19197 1) NUIHINENNgHAILANTZEEANERT (46.08+0.86

al

a o

wnlndng) AunguAILANIzaz3e3Y (69.06+3.21 WnlnART) WintiundaNuanssTuetnedlied)

VYo

38
(p<0.01) n3ul3auRsuAIFu s AAaawARALA e lunNaNATATUANLATEANUAINA N LASY
p Q q

ANNLATEATYZNA3RTY (43.2320.82 WlAAAs) AA1daandinguildiuaouiaianszasdu

(62.54+8.76 Wlulnang) uarnguilafuaNLATunIveziTaiy (67.20+4.78 wnlnans) atneliudAny
- .,

(p<0.05) atislsfimuArFuinndafenunvadnaeng i ldfuanunssassazduiungunlasy

= dal o ] 1 o = 1 1 -ﬂl Yo = o 1
ANIATEATE TRl AN LANENAW waznIsITauEusEUd NN I FuANIATIAT LN g
pauANfA R ANLANFN BT ATy

zﬁwﬁummal;ﬂﬁwuﬂmmﬂaﬁﬁmm%ujlﬁiu 1Bu1aun@niaen (platelets), MCV %38 MCH

o

> ] V= | A o o ] A
uuWU']qVLNNﬂQ’]NLL[ﬂﬂﬁq\W]lluilmflﬂﬂéiuﬁ‘zﬁqq\?ﬂqimﬁ@ﬂ\? (M1719N 1)
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A
251
[IcControl
204 Il Stress
S 151 A
e}
T 10
5.
0
3d 7d 14 d
C
[IControl
100 Il Stress
804 a A a
- A
< 604
0
= 401
20+
0
3d 7d 14 d
E
757 [ Control
Il Stress
S 501
0
I
g
25
0
3d 7d 14 d

gﬂﬁ 5 uHuHuans (A) Bu1naTnTnaiiu (hemoglobin) (B) Usnmnsulnaanunidnuuu (packed cell

Platelet (per HPF)

Hct (%)
N
s

[ Control
M Stress

A a

MCH (pg)

251

A @
3d 7d

14d

[ Control
Il Stress

A a

]|

F

500000~
400000+
300000+
200000+

100000+

0

1 |J_i
3d 7d

14 d

[ Control
Il Stress

3d 7d

volume) (C) MCV (D) MCH (E) MCHC uaz (F) U3unaanéniaen (platelet)

A, lifipmauansinanieadia (p>0.05) Weuansfnunwilewiu WeSeuifiaussuinangs
prUANTiTz LA KatdE ANOVA  mnudasnisniauiianssudnsaeanguantauiiszaysinefaeis
Newman-Keuls multiple comparison test;
wileuiu fenfonifieussudnnguanuiataiissazsine@aeis ANOVA  audasnisifouiiey

FTNINABINGUN1INARDIN IATUANIATEATISZ e A9 f9835 Newman-Keuls multiple  comparison

test

Nﬂ‘]]@\??&’ﬂa‘ﬂ’Jﬁ’l‘llﬂ\?fl’)?llﬂyﬁ.lﬂﬂ’nJLﬂ?ﬂﬂﬂ'@ﬁ‘&’ﬂﬂﬂﬂﬁﬂ\?ﬂ@\?%’?\ﬂﬁ”@’?7/7’75

msiaguuasEuaaas Immunoglobulin A 1uldsi (caecal IgA)

14d

a, lNAMNLANFANNI9ETH (0>0.05) LHaudnIFIaNST
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TunsAnedndsunnaes immunoglobulin A Muenldaingaanszieg luldiunudn szudng

nguenge) IneannznguALANTaNNgu liiANUANE19AY (p>0.05) (U7 6 uazm19eh 1) usiiie

q
' 1
= a

= ] ' vo = > oA : o ' ! vo =
L‘]_E“El‘]_lLmﬂuizﬁ']qQﬂ@qNWiﬂ?UﬂquLﬂ?ﬁlﬁVN@']Nﬂqﬂﬂﬁ‘zﬂzm@qmq\?ﬂﬂuwuqqﬂ@qll‘ﬂvl:ﬁ?‘]_lﬁ')f]llLﬂ?ﬂlﬂ

' |
=< 1

reizisaiaifinnn caecal IgA galv 255426.6 wiluniusaiiadans daninndnEunamnulunguaes

naunlifuANATEATTE T AULAZNANANIATE AT LT Ta TRt 19l TEANATY (p<0.05) (317 6 uay
{ d -dl al A

A1919% 1) wazidefTuunaussd9ngNALANTUAILANAUNgNN I FUANNIATE AN HINESN g
¥ : - L A e ¥ .
AILANSEET R LATNgNANINIATEAsTE T TR TINTUR A NuANs i uTaingNAtLANS YT T

a

F1Fu10u caecal IgA Wi 99.5+29.0 unTuniureiadans

350

—1Control *

3007 I Stress

250+

200+

Caecal IgA
(ng/ml/mg of cecal content)

150+

100+

504
a

3d 7d 14d

519 6 unu)HuangLFNas Immunoglobulin A Tuld#u (ceacal IgA) WisuauszudanguALAN

(Control) WAZNENANNIATEATZEZAUW (3 d) AINNIATEAIYELNNEATN (7 d) WATNENANNIATUATYEY

%
=1

3959 (14 d)
. \ aa ~ o o = o A ~ ! \
a, lflAuuansnmealal (p>0.05) LauanndnEsmiewiy WanlTauiausyudengs
ANNIATEATNIZ LA A0E3E ANOVA  AINAR8NITL TR LI NI N9a8INguNNINAREIN bH 5L
mmm’?mﬁixﬂxﬁmjﬁfmﬁﬁ Newman-Keuls multiple comparison test
- . e y - C o\ dnee -
*, HAHNUANANNNATE (p<0.05) el FauiiaussndanguALANiUNgui lFuANLATYA

IFFuANIATE AT e ZINALAENRWAYEAT Student unpaired t-test
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? 150 [ = 0.2202, p = 0.1238

E

g 1004 - ]

< .

o .

© 50-

(&) n

Q

m L ]

$) o
0 | ]

0 250 500 750 1000
[Corticosterone], ng/ml

51N 7 naruansANdNRUTURA corticosterone (ng/ml) lunatalniusTALL2Y IgA (ng/mli/mg)

Tugaanseluan & lunjasanyananldlunimeaesanuou 14 6

nsidaguulasaauaAnsg iWwihaauidaigasld
TunsAnEsrLuUnlesedn1aiue1n1slaen1s3AAINANANETITUINNAY lumen  BWAZANY
basolateral WLIINGNALANTITEE TN WU AYAHE AN Tulunnng wiFaumenlu
C A ve - . .~ e A dnwe - PR
sendnanguinlfFumnuaTaanudnnguianuanssiulaennguinldiumnuasaauuUfeTe i
ANANFANANGTuAUNINTAA (-16.45+2.90 HARINFFAANIINTURLNAT) WATNANNIHFUANLATER
wuuEefsaziArauseAndiduautiaannign (-0.90£0.40 HaRlaNARDATTURLNAT) (119799 1)
= | Al e = A \ o o X A ' ' ~ ] o
Fenngu lauAnuATanariAANEsdndraciliaiEiaunnsnsaInnguALANTsTEzIIa AN Y

TnafinguAnnuATanszazdu (-10.94+1.6 HAALINARAAINIURLNAST) wazsrayNaTafalA1A 1161
Andifluauninndnnguasuny uazngui laiuaNeTLAsYe FasNTeE A A NFAN e teLEie Ty
Y o bod o da oA e v e
autenunudnssiulienFaufisuiunguacuanissazifaaiu Gerfananaiinusanadesiuen
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AN DNANNANAUSURINTAARITBIAIANFNUN LN A Fen TR uaase AU
caecal IgA ¥3a corticosterone WL4INTLUAEULLAUB97ZAL corticosterone Uaz 7261 caecal IgA &
poNANUSTutleanINszAY r=0.220, p=0.1238 (U# 7) TeainsiwasuutlasaasAimnusumg
4 4 Yy a v e 4 . , .
malifnreaiiafieildimuduiussanisdasuulas sy corticostrone  luwanaun
(r=0.148, p=0.174) (§U7 8B) wsilaRAINDIANNANTUSTIANNAUNIUNIS AN TeveEase
. . o ox .. X o4 A Y ¥
92AU caecal IgA WLINMTIANTULRITZA T2AU caecal IgA luilaidiaiilaAanusunielndniiade

NanaNszAUANMNANAUS r=-0.715, p<0.0001 (§1/7 8A)
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Parameter Control Stress P value
% Change body weight (%)
3d 6.53x1.4 4.88+0.8 p=0.36
7d 14.46+1.8 17.58+1.3 p=0.19
14d 9.57+0.5 3.62+1.0 p<0.01
Daily feed intake (g/day)
3d 29.37+0.03 27.04+0.73 p=0.033
7d 30.43+1.3x10° 27.35+1.3x10° p<0.0001
14d 18.55+0.00 17.01+0.51 NC
Adrenal gland weight (g)
3d 0.064+0.005 0.062+0.007 p=0.82
7d 0.079+0.004 0.060+0.004 p=0.02
14d 0.063+0.005 0.074+0.012 p=0.57
Corticosterone (ng/ml)
3d 60.20+£18.48 707.9+40.89 p<0.0001
7d 60.20+£18.48 672.1£63.63 p<0.0001
14 d 60.20+£18.48 349.9+81.87 p=0.004
Short circuit currents (mAmp/cmz)
3d 90.52+10.27 143.10£13.75 p=0.019
7d 84.79+14.69 155.60£19.20 p=0.031
14 d 69.78+10.11 37.70+£6.98 p=0.024
Potential different (mV/cmz)
3d -4.94+0.93 -10.34+1.64 p=0.0054
7d -4.11+1.31 -16.45+2.90 p=0.0093
14d -2.87+0.42 -0.90+0.40 p=0.0095
Tissue resistance (mOhm/cm2)
3d 46.94+10.15 42.084£9.02 p=0.74
7d 40.174£9.15 51.18+6.93 p=0.36
14 d 41.12+2.00 20.42+2.29 p=0.04
Ceacal IgA (ng/ml)
3d 62.4+£35.0 10.3+4 1 p=0.157
7d 59.6+26.0 41.5£17.9 p=0.568
14 d 99.5+29.0 255+26.6 p=0009
RBC (x10° cells/pl)
3d 6.88+0.66 6.88+0.69 p=0.10
7d 5.41+1.10 6.96+0.93 p=0.32
14 d 5.53+0.43 5.48+0.00 NC
Hb (g/dl)
3d 13.94+0.89 41.04+£3.47 p=0.64
7d 8.16+1.91 27.00+5.84 p=0.57
14 d 12.92+1.18 43.80+1.07 p=0.57
Hct (O/o)
3d 38.88+2.89 41.04+3.47 p=0.65
7d 21.18+5.61 27.00+£5.84 p=0.51
14d 38.24+£3.79 43.80+1.07 p=0.20
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Parameter Control Stress P value
MCV (fl)
3d 58.20+£5.99 62.54+8.76 p=0.6933
7d 46.08+0.86 43.23+£0.82 p=0.0501
14d 69.06+£3.21 67.20+4.78 p=0.7549
MCH (pg)
3d 20.70+1.54 21.98+2.44 p=0.67
7d 60.15+14.80 48.07+14.25 p=0.59
14d 23.52+0.95 22.38+£1.60 p=0.56
MCHC (%)
3d 35.98+0.81 35.80+0.81 p=0.92
7d 27.85£1.94 31.73+£1.58 p=0.33
14 d 33.82+0.38 33.24+0.05 p=0.35
Platelet (per HPF)
3d 379,800+62,690 318,200+53,850 p=0.48
7d 331,500+57,020 289,300+79,950 p=0.71
14 d 331,600+68,310 237,000£48,080 p=0.29
WBC (x10° cells/pl)
3d 4.64+0.64 3.89+0.82 p=0.49
7d 6.00£1.00 4.90+0.94 p=0.46
14d 4.47+0.70 3.29+0.39 p=0.18
Segmented neutrophil (%)
3d 13.80+3.79 6.00£2.03 p=0.11
7d 9.25+2.75 12.33+£3.37 p=0.53
14 d 7.20+1.93 17.00+£1.87 p=0.007
Band (O/o)
3d 0+0.00 0+0.00 NC
7d 25.00+8.33 16.67+1.45 p=0.49
14d 0£0.00 0£0.00 NC
Lymphocyte (%)
3d 86.00+£3.91 91.80+1.86 p=0.21
7d 90.50+2.72 87.67+3.37 p=0.57
14 d 92.80+1.93 82.40+1.57 p=0.003
Eosinophil (%)
3d 0.20+0.20 0.40+0.40 p=0.67
7d 0.25+£0.25 0£0.00 NC
14d 0£0.00 0.60+0.40 NC
Basophil (%)
3d 0+0.00 0+0.00 NC
7d 0+0.00 0+0.00 NC
14 d 0+0.00 0+0.00 NC
Monocyte (%)
3d 0£0.00 0£0.00 NC
7d 0+0.00 0+0.00 NC
14 d 0+0.00 0+0.00 NC
AN P value WAAIATNINITLFELNEUNINATIAAALAT Student unpaired t-test $ENINNGNAILANALNGNT

IFFuANNATEATTaZIANAERY, NC = not calculated tHasainlisunsnluianunaiszunanale
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N19ABLALENRIT NN UFuNtugesiuuAass iaaLaa lsuta nnsn dusddnanuATan luALLATa RS
WwWmugs  (Eriksson,  2004)  TapmonuieTaifinduaziung lnn1snsEfuaInaNeNIuIz LY
hypothalamic-pituitary-adrenal  gland axis (HPA) Ilasmanuesaaniintiuazlinsysulalniansda
(hypothalamus) luanasazyinlififian1amas corticotrophin-releasing hormone (CRH) Tinsusfusianls
aNagdauniin (anterior pituitary gland) 1¥1as adrenocorticotropin-releasing hormone (ACTH) G
ACTH aztinunszudlafinlifsenunanla (adrenal gland) 9 l#RNNsMas corticosterone @anun
(Tsiogos et al., 2004) Faifuldlunuanamaaiuaanisdne luasaiine ludiswesnnuATanssazdiu 3
§1 (acute stress) WATAINLATEATZEIZANIEETY 7 S1 (subchronic stress) WALENINNIANELAUE
ANNLATEIATEEIZITR5Y 14 (chronic stress) NAUNWLANLSHN0L corticosterone nAUAnaY Miduiduilana
Wumsznisnsyiusianunanladunaruiuatadeualiiin negative feedback naulléugisnsianls
anegliianni9a¥19 corticosterone weaulilfdansnszsunisaing corticosterone fistasmnanlanting
wiln depasefanuanls Inasanaafinn1anzanudaunsls aslianunsnadne corticosterone 16t
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aanugavinAvlunasiifiarNeTanssasiaizeds  wazlunislusrezdutiuiA1mes corticosterone
gegaiiasanunsifinA AT ATEIZILIN 1Y Hnsnszfusruuniayuiaulaiai ungesuy
dszamunsingos  Awinlfiianisnszsunisudspesaesiuueanuifusiuaunnn  usiluszazia
efsiudunnanszduriu HPA undndanAunisinmaunaniu negative feedback (Hashimoyo et
al.,1988) satilunimaaean1sWdndlasuanuATaaNIvazdl (M 3 Ju) szasnaEess (1 7 1) way
sreiTese (M 14 d1) HAMNAEAAABIILIY X 189N TABLAUEITBIANNIATEATRISI9NTE  (general
stress adaptation; GAS) fgzeiz alarm reaction 3281 resistance LazIzelz exhaustion AMNATAL
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Part 1l Chronic restraint stress modulates effects of mu-opioid agonists and vanilloid
capsaicin on ion transport in rat colon

Emotional and immunological stress activates hypothalamic control of
neuroendocrine and autonomic responses which are critical to adaptive changes of
body functions including mucosal immunity.  Chronic stress causing intestinal
permeability, bacterial uptake and mast cell hyperplasia exacerbates gastrointestinal
disorders such as inflammatory bowel disease and peptic ulcers (Velin et al., 2004).
Innervation of intestinal mucosa contributes to multiple immunologic functions that range
from induction, activation, effector functions and inactivation to healing including the
tonic suppression of mast cell-dependent inflammatory activity (Cooke, 2000).
Integrative actions between extrinsic and intrinsic nervous system rapidly and effectively
restore homeostasis patterns of intestinal functions that are threatened by stressors.
Dysregulation of enteric nervous system such as the activation of secretorymotor
function or down regulation of inhibitory function may mediate pathological significance
of intestinal chronic inflammation (Wood, 2004). Among the inhibitory neurotransmitters
in the enteric nervous system, endogenous opioids enkephalin and endomorphin
mediated by p-opioid receptor plays an important role in stress (degli Uberti et al., 1995;
Wigger et al., 1999). Therefore, the aim of this study was to investigate the effects of
chronic stress on submucosal neurons either secretorymotor or inhibitory neurons in

regulating ion transport across the colonic epithelium.

Materials and Methods

Animals: Experimental protocol of using thirty male Wistar rats (200-250 g) for three trials
were approved by the Experimentation Animal Ethic Committees, the Faculty of
Veterinary Science, Chulalongkorn University. After acclimatization for three days in the
animal rooms upon the arrival, ten rats for each trial were randomly devided into two
groups : CON; subject to handled daily and CRS; subject to chronically immobilized
using the rodent restrainer for one hour between 10.00-11.00 am for 14 consecutive
days. During the experiment, all rats were kept under pathogen free with a 12:12 hr
light:dark cycle and fed on regular laboratory chow and water ad libitum. Before each

experiment, rat body weight and number of food intake were recorded. On the last day
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of stress exposure, rats were immediately anesthesized by isoflurane inhalation and
blood sample were collected by cardiac puncture for analysis. Adrenal glands were
removed to weight. The whole intestine was removed and kept in ice cold oxygenated
physiological solution for ion transport measurement. Caecal contents were evacuated

and stored at -20 °C until used.

Caecal Immunoglobulin A (IgA) extraction and measurement: Frozen samples were
thawed out and diluted with 0.1% trypsin inhibitor cocktails (1 ml/mg of sample). The
mixture was solubilized and centrifuged for 15 min at 8,000 rpom. The supernatant was
then collected and determined for the total IgA by enzyme linked immunoabsorbent
assay (ELISA) using the rat IgA quantitation kit following the manufacturer’s instruction
(Bethyl Laboratories, Texas, USA). The concentration of IgA in sample was calculated
from a standard curve of rat IgA reference and expressed as ng/ml/mg of caecal

content.

lon Transport Measurement: Muscle-stripped distal colonic epithelium was mounted in

Ussing chambers bathed with Ringer's solutions at 37°C and gassed with 95% O, and
5% CO,. Transepithelial potential difference (PD) and short circuit current (/sc) were
measured with voltage-clamp amplifier using Ag/AgCl, electrodes connected to the
bathing solution via agar bridges. The short circuit current (/sc) and transepithelial

resistance (Rt) were determined for ion transport and permeability, respectively.

Statistical analyses: All data were represented as the mean + S.E.M. n was the number
of tissue preparations and N was the number of rats. Comparisons between control and
treatment means were made by student t-test using the PRISM software. A P value of

0.05 or less was chosen as statistical significance.

Results
Chronic restraint stress rats revealed significant changes in numbers of
differential white blood cells (i.e., neutrophilia and lymphopenia) (Table 1) and increase

in adrenal gland size associated with increased total caecal IgA secretion (Fig. 1).

41



42

Table1. Effect of chronic restraint stress on some physiological parameters in male Wistar

rats
Control Rat Chronic-restraint Rat P value
% Body weight change 22.45 +8.48 17.12 £6.05 0.25
Feed intake (mg/day) 40.47 £2.08 47.63 £ 23.81 0.22
% Adrenal gland weight ratio 0.018 £ 0.0009 0.026 £ 0.0022 0.01
Total caecal IgA 140.90 + 35.08 394.40 + 3.82 0.0004

(ng/ml/mg caecal content)

RBC (x10°/mm°) 5.02 +0.55 6.16 + 0.44 0.16
Hematocrit (mg%) 36.50 + 7.50 42.33 £ 0.88 0.58
WBC (x10°/mm°) 4.08 + 0.60 2.71+0.53 0.14
- Neutrophil (%) 5.00 + 1.00 17.00 + 3.22 0.02
- Lymphocyte (%) 94.50 + 1.50 82.33 +2.78 0.03
- Eosinophil (%) 0 0.67 + 0.67 0.42
- Basophil (%) 0 0 -

- Band (%) 0 0 -

Values are represented as mean + S.EEM. of 15 rats per group taken at the end of
experiment from three trials. Differences in group means were considered statistically

significant if p<0.05.

In Ussing chamber studies, muscle-stripped colonic segment from chronic
restraint stress rat decreased basal /sc and transepithelial resistance by 70% and 34%,
respectively, when compared to the control rats (n=10-20 tissues, N=10-15 rats) (Fig. 2).
In the stressed rat colon, the /sc response to serosal treatment with secretagouges,
which stimulated neurogenic secretion, vanilloid capsaicin (3 uM), but not cholinergic
agonist carbachol (1 uM) or neuropeptide substance P (1 uM), was inhibited by 68%
(n=5-8 tissues, N=10 rats) (Fig. 3). To test whether the tonic inhibition of ion secretion
regulated by opioid receptor was modulated, mu-opioid receptor agonist DAMGO (1
uM) was serosally added. DAMGO showed more inhibition in the colonic basal Isc of
control rats (8.55 + 2.02 uAmp/cmz) than that of stressed rats (1.94 + 0.66 uAmp/cmz)
(n=5 tissues, N= 5 rats, p<0.01) (Fig. 3).
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Figure 1 Effects of chronic restraint stress on total caecal immunoglobulin A
concentration of control rats (Con) and chronic restraint rats (CRS). Values represent

mean * SEM of 15 rats per group. **P<0.01 when compared to the corresponding

control value using student t-test.
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Figure 2 Effects of chronic restraint stress on basal short circuit current (/sc) and tissue
resistance (Rf). Values represent mean + SEM of 15 rats per group. **P<0.01 when

compared to the corresponding control value using student t-test.
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Figure 3 Effects of chronic restraint stress on changes of /sc in response to serosal
treatments with vanilloid capsaicin (CAP; 3 uM), carbachol (CCh; 1 uM), substance P
(SP; 1 uM) or DAMGO (1 uM) in colonic segments of control (black bar) vs. restraint-
stress rat (white bar). Values represented mean + S.E.M. **P<0.01 when compared to

the corresponding control values.

Discussion

In the present study, we have shown that rat colonic mucosa adapted to
decrease the ionic secretion and the tissue resistance in response to stress. The
homeostatic responses (i.e., increased in % adrenal gland weight ratio, total caecal IgA
secretion as well as neutrophilia and lymphopenia) were observed in chronic restraint
stress rats. This evidence suggested an activation of neuroendocrine system via the
hypothalamic-pituitary-adrenal gland axis in modulating the intestinal secretorymotor
function. In addition, the increase in the total caecal IgA could be results of activation of
IgA production by plasma cells and stimulation of secretory function in mucosa
(Soderholm et al., 2001). The activation of secretory function modulated by chronic
stress may be due to a direct stimulation on the secretorymotor neurons or on the

epithelium by inflammatory mediators. The indirect stimulation via sensory neurons or
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decrease in the inhibitory function mediated by inhibitory neurotransmitters opioids may

be possibly affected by stress (Santos and Perdue, 2000). The present study also

showed that chronic stress inhibited the vanilloid capsaicin-induced and DAMGO-

suppressed changes in Isc, suggesting the possibility of the later consideration.

However, stress induced changes in immune function in intraepithelial and lamina

propria leading to the adaptation of sensory neurons need to be addressed in the further

study.
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