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Olanzapine May Inhibit Colonic Motility Associated
with the 5-HT Receptor and Myosin Light Chain Kinase
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Objective To study whether the effects of olanzapine on gastrointestinal motility is related to the serotonin antagonism and myosin
light chain kinase.

Methods Male Sprague-Dawley rats were randomly divided into four groups. Olanzapine gavage was performed for each treatment
group during the course of 30 continuous days, while the same volume of saline was given to the rats in the control group. Defecation of
the rats was observed on days 7 and 30 after olanzapine gavage. The effects of olanzapine on contraction of colonic smooth muscles were
observed in ex vivo experiments. A Western blot was used to evaluate expression levels of the serotonin transporter (SERT) and MLCK
in colon segments of the rats.

Results Compared to the control group, 5-160 uM of olanzapine could inhibit dose-dependently the contraction of colonic smooth
muscle ex vivo experiments. The maximum smooth muscle contraction effects of 5-HT and acetylcholine significantly decreased after
treatment with 40—-160 puM of olanzapine. Constipation was found in the olanzapine-treated rats on day 7 and have sustained day 30 after
gavage. Expression of MLCK in olanzapine-treated rats was significantly decreased, whereas the expression of SERT significantly in-

creased on the day 7, then significantly decreased on the day 30 after olanzapine gavage.

Conclusion SERT and MLCK may involve in the inhibition of colonic contraction induced by olanzapine.
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INTRODUCTION

Olanzapine is an atypical antipsychotic agent that is used
to effectively treat symptomatic and asymptomatic schizo-
phrenia. However, several adverse effects including tiredness,
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weight increase, and constipation have been reported in clin-
ical practice. Compared to other antipsychotic agents, the in-
cidence rate of constipation is 9-11% higher in patients treat-
ed with olanzapine.' Additionally, a dose-dependent increase
in constipation instances has also been reported.** Constipa-
tion induced by olanzapine could aggravate to the point of life-
threatening complications including: intestinal obstruction,
ischemia, and even perforation if no effective treatment has
been administered.* Previous studies suggested that antago-
nism of the peripheral cholinergic M receptor could be in-
volved in constipation induced by olanzapine. In vivo and in
vitro experiments have shown that although olanzapine has a
high affinity to the M receptor, the antagonistic effects of olan-
zapine on M receptor are relatively low.>® Therefore, it is hy-
pothesized that there are other mechanisms involved in the
high incidence of constipation induced by olanzapine.
Olanzapine may antagonize multiple receptors. Previous
studies have shown that olanzapine has affinities for dopamine
receptors (D,—Ds), 5-HT receptors (5-HT,, 5-HT,, 5-HT5, and



5-HTs), a-adrenergic receptor, histamine H, receptor, and
muscarinic receptors (M;—Ms)."*” As an important neurotrans-
mitter, 5-HT could participate in regulating the sensory, mo-
tility, and secretion of the digestive system and has been con-
sidered as a mediator for gut-brain connection.® About 95%
of the 5-HT in the human body is located in the gastrointes-
tinal tract. For most of people, 5-HT is synthesized and se-
creted by enterochromathin cells into gastrointestinal lumens
and the blood.” Released 5-HT could then combine into dif-
ferent kinds of receptors (SHT,~5HT; receptors) and exert dif-
ferent effects. 5-HT is then transferred back to cells by sero-
tonin transporter (SERT) and made inactive. Previous studies
have demonstrated that 5-HT receptor subtypes that could
potentially affect the intestinal motilities include 5-HTs;,
5-HT,, and 5HT; receptors,'® while olanzapine can distinctly
antagonize 5-HT; receptor."' 5-HT; receptor are expressed
mainly in gastrointestinal smooth muscle tissue, which could
regulate the contraction of the smooth muscles and the se-
cretion of gastric fluid."”” Guinea pig experiments showed that
olanzapine could block the contraction of ex vivo ileum in-
duced by 5-HTj; receptor agonists, suggesting that the antag-
onistic effects of olanzapine on the serotonin system should
not be neglected." SERT plays an important role in terminat-
ing the effects of 5-HT as a neurotransmitter and maintain-
ing the homeostasis of neurotransmitters.'® Previous studies
have shown that SERT is involved in the development and
progression of irritable bowel syndrome (IBS)."*!* This evi-
dence shows that the antagonism effect of olanzapine on se-
rotonin as well as SERT both play important roles in intesti-
nal motility dysfunctions as well as visceral paraesthesia.'*"®

One the other hand, Myosin light chain kinase (MLCK) is
an important protein involved in the inositol triphosphate
and calmodulin (CaM) signal transduction pathway. Previ-
ous studies have shown that MLCK could promote the phos-
phorylation of myosin light chains (20 KD), which interact
with actin to induce the contraction of intestinal smooth mus-
cles. This suggests a close association between MLCK and
gastrointestinal motility.'*'” Several animal experiments also
show that MLCK expression is decreased within the gastroin-
testinal mucosa of diabetic rats with gastrointestinal dysfunc-
tions." Therefore, the aim of this study was to investigate the
potential role of serotonin antagonist and MLCK in olanzap-
ine-induced constipation. The present study examined the
effect of olanzapine on intestinal motility induced by 5-HT
and MLCK in vivo.

METHODS

Animals
Forty male Sprague-Dawley (SD) rats (body weight of 180
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220 g, Vital River Laboratory Animal Technology Co. Ltd.,
Beijing, China) were randomly divided into 4 groups of 10
and named: control group, low dose (olanzapine) group (0.5
mg/kg/day), moderate dose group (2 mg/kg/day), and high
dose group (8 mg/kg/day). Procedures for the animals were
performed according to the “Guide for the Care and Use of
Laboratory Animals” (NIH Publication No.80-23) issued by
National Institute of Health (NIH). Gavage of olanzapine was
performed at 7 oclock every morning for the treatment groups,
while gavage of normal saline was performed for the control
group at the same time. The overall volume of gavage was 2 mL
every day. All the animals were treated for 30 continuous days.

Reagents

Olanzapine crude ingredient (light yellow powder, purity
of 98%) was purchased from Yibang Biomedical Technology
Co., Ltd (Guangzhou, China). The crude ingredient was dis-
solved in an appropriate volume of 5% glacial acetic acid (V/
V), and then pH adjusted to 5.5 with NaOH. Klein’s solution
(mmol/L) was prepared by mixing NaCl (114.0), KCl (4.7),
MgCl, (1.2), CaCl, (2.5), H,PO4" (1.8), glucose (11.5), and
NaHCO; (18.0) before being pH adjusted to 7.4£0.5.

Experimental design

Preparation of ex vivo colonic smooth muscle and
measurement of the tension"

The rats were sacrificed and their colons were collected. A
segment of colon about 1-2 cm of length was quickly obtained
and preserved in an ice-bath for 5-8 hours with ventilation.
One end of the colon segment was fixed on the hook of an L-
shaped tube, while the other end of the colon segment was
hung on the hook. The tension of the colon segment was ad-
justed to ensure the preload of the smooth muscle was 1.0 g
before contraction. Then a recorder was connected through a
tension sensor and the muscle tension curve was recorded for
50 minutes.

Dose-response curve of olanzapine

After the contraction of the colonic smooth muscles stabi-
lized, different doses (5, 10, 20, 40, 80, and 160 uM) of olan-
zapine were added, and then changes in smooth muscle con-
traction were examined. For each dose of olanzapine, the
tension curve was recorded for at least one minute. All the
drug administration were completed within 20 minutes.

Influences of olanzapine on the colonic motility-promoting
effects of Ach and 5-HT

After the contraction of the colonic smooth muscles stabi-
lized, 40 uM of olanzapine was added and incubated for 5
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minutes. Then different doses (5, 10, 20, 40, 80, and 160 uM)
of acetylcholine (ACh) were added and changes in the smooth
muscle contraction were examined. For each dose of olanzap-
ine, the tension curve was recorded for at least one minute. All
of the drug administration were completed within 20 minutes,
and the dose-response curve of ACh was obtained. The co-
lon segment was changed, and then a dose-response curve of
5-HT was obtained using the same method.

Expression of SERT and MLCK

Five rats from each group were sacrificed on day 7 and day
30, respectively. Colons of the rats were obtained and the ex-
pression of SERT was measured. In addition, MLCK expres-
sion was also measured on the day 30 by Western blot. The
total proteins were extracted using kits (Qiagen), and then
separated by electrophoresis (JM-250, Dalian, China) with a
protein loading quantity of 50 pg. After electrophoresis, a
semi-dry transfer (ST-I, Dalian, China) was used to transfer
proteins for 1.5 hours. Then the PVDF membrane (contain-
ing protein bands) was incubated with MLCK antibody
(1:1000) (Abcam, Hong Kong) overnight. A multispectral
imaging system (UVP, Cambridge, UK) was used for the de-
termination and quantification of the bands. Quantification
of SERT protein in the colonic tissues was performed using a
similar method as in the quantification of MLCK protein, ex-
cept that the antibody used was SERT antibody (1:1000) (Ab-
cam, Hong Kong). The mean value of each band was calculat-
ed as follows: value of the target protein=gray-scale value of the
target protein/gray scale value of the internal reference protein.

Defecation of the rats®

The amount of the feces from the rats were recorded before
gavage every day. The number was recorded as the number of
feces after the last gavage but before the present gavage. For
the rats with diarrhea, a smudge was considered to be one fe-
ces. The number of feces within 8 hours after the gavage at 7
oclock was then recorded, and the frequency of defection was
calculated as follows: number of feces/8 (hours)/rat number.
Fresh feces from the rats were weighed as the wet weight, and
the weight after the feces were dried was recorded as the dry
weight. Water content in the feces was calculated as follows:
(wet weight-dry weight)/wet weight.

Statistical analysis

SPSS 17.0 software was used for the statistical analysis. All
the quantitative data were described as means*standard di-
visions (X£s). One-way analysis of variance was used for the
comparison of the means among different groups, while LSD
test was used for the pairwise comparisons. p<0.05 was con-
sidered statistically significant.

RESULTS

Effects of olanzapine on the contraction of the
smooth muscles in ex vivo colon

Compared with the control group, the contraction of smooth
muscles in the ex vivo colon tissues was significantly inhibit-
ed by 5-160 pM of olanzapine, and the effect was dose depen-
dent (Figure 1A). The ECs, of olanzapine was 40 pM (Figure
1B). After incubation with 160 uM of olanzapine, the con-
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Figure 1. Effects of olanzapine on the contraction of smooth muscles in the ex vivo colons. A: Meant the contraction of smooth muscles
weaken accompanying with olanzapine effect on the ex vivo colons. B: Meant different doses of olanzapine added to the smooth muscle
was indicated by the arrows above. The x-axis means the time of olanzapine injection. The stable recorder for smooth muscle without olan-
zapine was as comparison. Data were expressed as meantstandard division, N=6. The value in the control group was considered as

100%. **p<0.01.
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traction amplitude of the colonic smooth muscles decreased
from 100.0% (+13.4) to 15.4% (£2.6) (p<0.01; n=6 tissues),
and the contractile tension decreased from 100.0% (+5.6) to
70.1% (£4.8) (p<0.01; n=6 tissues) (Figure 1B).

Influences of olanzapine on the colonic motility-
promoting effects of ACh and 5-HT

As shown in Figure 2, after incubation with 40 uM of olan-
zapine, the maximal effects of 5-HT and ACh in improving
the contraction of the smooth muscles of the colon decreased
significantly (p<0.01). In detail, the contraction of the smooth
muscles in the colon treated with 5-HT decreased from
371.2% (+22.8) to 237.1% (£17.9) (Figure 2A), while the
contraction of the smooth muscles in the colon treated with
Ach decreased from 263.2% (£17.6) to 155.1% (+11.4) (Fig-
ure 2B). Both the dose-response curves of 5-HT and ACh
shifted significantly upward.
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Effects of olanzapine on defecation of the rats

In contrast to the control group, constipation was found in
the rats from each treatment group one week after the gavage
of olanzapine. The presentations included a significant de-
crease in the number of feces, defecation frequency, and wa-
ter content (p<0.01). The rats in each treatment group were
found to have constipation by day 30 (Table 1).

Effects of olanzapine on SERT expression

As shown in the Figure 3, the SERT level increased on day
7 after olanzapine gavage. The SERT level in the high dose
group was 210.2% (£19.3), which was significantly higher
than the level in the control group 100.0% (£11.2) (p<0.01). In
contrast, SERT level in the treatment groups was lower than
the levels in the control group on the day 30, after olanzapine
gavage. The SERT level in the high dose group was 61.2%
(£5.5), which were significantly lower than the level in the
control group 100.0% (£9.8) (p<0.01).
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Figure 2. Influences of olanzapine on the colonic motility-promoting effects of 5-HT (A) and ACh (B). All the data were expressed as
meansztstandard divisions, N=6. The value in the control group was considered as 100%. **p<0.01. 5-HT: serotonin, ACh: acetylcholine.

Table 1. Effects of olanzapine on defecation of the rats

Day 7 Day 30
Defecation Defecation
Feces number Water content Feces number Water content

frequency frequency
Control group 100£21 100£19 100£16 100£17 100£13 100£20
Low dose group 3242%* 63E£11** 33£2%* 29£3** 55£7** 30£4**
Moderate dose group 37£3%* 61£8** 31E4%* 3514** 50£4** 28+6**
High dose group 33t6** 6819** 3516** 3144** 60£1** 29£7%*

All the data were expressed as meantstandard division, N=6. The value in the control group was considered as 100% (**p<0.01)
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Figure 3. Effects of olanzapine on SERT
expression. All these data were express-
ed as meanststandard divisions, N=4.
The value in the control group was con-
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Figure 4. Effects of olanzapine on MLCK expression. All these
data were expressed as meansztstandard divisions, N=4. The val-
ue in the control group was considered as 100%. **p<0.01. B-actin
was used as the internal reference. MLCK: myosion light chain ki-
nase.

Effects of olanzapine on MLCK expression

MLCK expression decreased significantly after olanzapine
gavage (Figure 4). The MLCK level in the high dose group was
53.2% (£2.9), which was significantly lower than the level in
the control group 100.0 (£13.6)% (p<0.01).

DISCUSSION

Previous opinions suggested that olanzapine could antago-
nize peripheral M, and M; receptors to reduce gastric secre-
tions, thus inhibiting the motility of gastrointestinal smooth
muscles, and resulting in constipation.”’ However, the antag-
onistic effects of olanzapine on M receptor are relatively low,
thus there may be other mechanisms involved in the devel-
opment of olanzapine induced constipation. Amount of pre-
vious studies demonstrated that 5-HT; receptors were mainly
expressed in the intestinal and colonic smooth muscles, where
olanzapine could effectively block the 5-HTs; receptor.'*" For
this reason, olanzapine has ever been used in clinical practic-
es for the treatment of IBS.*
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In the present study, ex vivo experiments showed that olan-
zapine could inhibit dose-dependently the contraction of ex
vivo colonic smooth muscle in rats and reverse the activation
of smooth muscles induced by 5-HT and ACh. It suggested
that the inhibitory effect of olanzapine on rat colonic motility
correlated with the antagonisms of 5-HT and ACh. The in vivo
experiments in the present study showed that all rats treated
with different doses of olanzapine developed constipation on
day 30 after olanzapine gavage, which further suggested that
olanzapine could antagonize certain peripheral receptors,
probably 5-HT and ACh receptors, leading to constipation.
SERT was distributed at the mucosal layer of the intestinal
tract and the enteric nervous system. It could transport the
5-HT from the synaptic cleft to adjacent cells for further oxi-
dative metabolism and thus regulate the conductive activity
of serotonin nerves.”” However, these effects were associated
with the expression of SERT on the membrane.** The find-
ings of the present study showed that the expression of SERT
in the colonic smooth muscles increased one week after olan-
zapine gavage compared with control group, but significantly
decreased on day 30 after olanzapine gavage. Increased ex-
pression of SERT could decrease 5-HT concentration in the
synaptic clefts and thus inhibit colonic motility. The signifi-
cant decrease of SERT could theoretically increase the trans-
portation of 5-HT and thus improve the colonic motility, which
could in turn decrease the risk of constipation. Although this
theory was not directly supported by the present results, pre-
vious studies indicated that the increase of 5-HT in synaptic
clefts increased sharply instead of gradually increasing;” and
among the multiple 5-HT receptor family members, the 5-HT;
receptor is the only ligand-gated ion channel receptor and
closely related to contraction of the smooth muscles and the
secretion of gastric fluid, which makes it with high suscepti-
ble to desensitization.” The significantly decreased expres-
sion of SERT in the rats received long-term olanzapine ga-



vage could decrease the re-uptake of 5-HT. Therefore, large
amounts of 5-HT would aggregate at the target site and thus
induced desensitization of 5-HT; receptor, which in turn de-
creased the colonic motility and induced dysfunction.'*”**
Based on the above theory, we indirectly speculated that olan-
zapine probably antagonize the 5-HTj; receptor besides ACh
receptor to cause constipation in rats. Some other studies also
found that the expression of SERT in the intestinal mucosa
of patients with chronic constipation was reduced, while con-
stipation could not induce compensative changes in the 5-HT
signaling pathway within the intestinal tract through feed-
back.” These findings suggested that constipation and 5-HT;
were essential prerequisites for each other’s dysfunction, and
they cooperate with each other to induce the development and
progression of reduced colonic contraction. In addition, sev-
eral other studies also found that 5-HT; receptor antagonist
could increase the absorption of fluid in the jejunum.” which
could also be one of the mechanisms involved in the consti-
pation risk increase caused by olanzapine.

MLCK is very important for gastrointestinal motility. Pre-
vious studies showed that a knock-out of the MLCK gene
could reduce the gastrointestinal motility and the gastroin-
testinal tension in mice.'® The findings of the present study
showed that olanzapine could significantly reduce expression
of MLCK in the rat intestinal tract, suggesting that olanzap-
ine could inhibit the expression of MLCK and thus reduce
the contraction of smooth muscles. This in turn reduced the
colonic motility and the forces on chyme. Previous studies
showed that chlorpromazine, a CaM inhibitor, could widely
influence the intracellular calcium-binding proteins and thus
interfere the signal transductions mediated by Ca**.** Inhibi-
tion of CaM could induce inactivation of MCLK and thus
influence the contraction of intestinal smooth muscles.” How-
ever, more studies would be needed to investigate whether
the effects of olanzapine on the expression of MCLK are also
involved in these procedures.

There are some limitations in our present study. Firstly, our
study demonstrated that olanzapine inhibited 5-HT-induced
colonic motility and constipation ex vivo. However, the in-
volvement of ACh receptor couldn't be excluded, although
olanzapine was a weaker antagonist at muscarinic receptor.’
Secondly, the present study couldn't directly concluded which
5-HT receptor subtypes was antagonized by olanzapine to
cause abnormality of intestinal motility in rats, although pre-
vious evidence showed that the distribution of 5-HTj receptor
in humans and rodents are mainly in gastrointestinal smooth
muscle tissue, which could regulate the contraction of the
smooth muscles and the secretion of gastric fluid."* Thirdly,
the protein level of CaM or the phosphorylation level of MLCK
could well explain the possible involvement of Ca2+-CaM
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antagonistic action. Nevertheless, we only investigate the ex-
pression of MLCK with Western blot. Therefore, further study
should focus on the unresolved above questions in the future.

In conclusion, we demonstrated that peripheral 5-HT recep-
tor involved in the constipation induced by olanzapine. Fur-
thermore, the effect of promoting intestinal motility of 5-HT
was blocked by olanzapine, combined with the characteris-
tics of the 5-HT receptor subtypes distribution in the gastro-
intestinal tract of rats and the pharmacological properties of
olanzapine. Our results suggest serotonin antagonism and
MLCK, besides M receptor, probably participated in the course
of pathophysiology of constipation induced by olanzapine.
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