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Abstract

AIM: To investigate whether 5-hydroxytryptamine (se-
rotonin; 5-HT) is involved in mediating abnormal motor
activity in dogs after cisplatin administration.

METHODS: After the dogs had been given a 2-wk re-
covery period, all of them were administered cisplatin,
and the motor activity was recorded using strain gauge
force transducers. Blood and intestinal fluid samples
were collected to measure 5-HT for 24 h. To determine
whether 5-HT in plasma or that in intestinal fluids is
more closely related to abnormal motor activity we
injected 5-HT into the bloodstream and the intestinal
tract of the dogs.
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RESULTS: Cisplatin given intravenously produced ab-
normal motor activity that lasted up to 5 h. From 3 to
4 h after cisplatin administration, normal intact dogs
exhibited retropropagation of motor activity accompa-
nied by emesis. The concentration of 5-HT in plasma
reached the peak at 4 h, and that in intestinal fluids
reached the peak at 3 h. In normal intact dogs with
resection of the vagus nerve that were administered
kytril, cisplatin given intravenously did not produce
abnormal motor activity. Intestinal serotonin admin-
istration did not produce abnormal motor activity, but
intravenous serotonin administration did.

CONCLUSION: After the intravenous administration of
cisplatin, abnormal motor activity was produced in the
involved vagus nerve and in the involved serotonergic
neurons via another pathway. This study was the first
to determine the relationship between 5-HT and eme-
sis-induced motor activity.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Previous studies have investigated the motility
change unique to cisplatin-induced emesis. This study
is the first to investigate whether 5-hydroxytryptamine
(serotonin; 5-HT) is involved in mediating abnormal
motor activity in dogs after cisplatin administration.
Cisplatin given intravenously produced abnormal mo-
tor activity that lasted up to 5 h. In normal dogs with
resection of the vagus nerve that were administered
5-HT 3 receptor antagonist (kytril), cisplatin given in-
travenously did not produce abnormal motor activity.
Abnormal motor activity was produced in the involved
vagus nerve and in the involved serotonergic neurons
via another pathway.
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INTRODUCTION

Cisplatin is a widely used chemotherapeutic drug in can-
cer treatment; however, it produces many side effects,
including nephrotoxicity, emesis, and diarrhea. Emesis
is an especially common and severe side effect after cis-
platin administration. The main mechanism of cancer
chemotherapeutic induced acute emesis is thought to be
the stimulation of the vomiting center of the medulla
oblongata by 5-hydroxytryptamine (serotonin; 5-HT),
which is released from intestinal enterochromaffin (EC)
cells following cisplatin administration iz afferent vagal
nerve fibers”. Suppression of nausea appears to be due
to an antagonistic action on the 5-HT3 receptorsm. After
the 5-HT receptors were classified by Bradley ez al” se-
lective antagonists of 5-HT3 receptors were developed.
Many studies have confirmed the pharmacological role
of 5-HT, and particularly 5-HT3 receptors, in the con-
trol of anticancer drug-induced emesis”. However, the

mechanism of emesis-induced abnormal gastrointestinal
motility remains unclear.

The gastrointestinal (GI) tract is the largest single
store of 5-HT within the mammalian body due to the

' and se-

presence of EC cells in the intestinal mucosa
rotonergic neurons in the enteric nervous system, such
as the myenteric plexus'”. Most of the experiments have
been carried out in vitrd™'". One study has shown that
5-HT can be released from EC cells into the intestinal

11
lumen!

and portal circulation »ia mechanisms associ-
ated with cholinergic and adrenergic actions, intraluminal
pressure, hypertonic glucose, or luminal acidification""?.
However, the precise role of 5-HT in the occurrence of
vomiting has not been fully elucidated.

Since emesis is known to be accompanied by abnor-
mal gastrointestinal motility™"”, in the present study, we
focused on both gastrointestinal motor activity and the
concentrations of 5-HT in plasma and intestinal fluids
of conscious dogs after intravenous administration of
cisplatin. We investigated whether 5-HT is involved in
mediating abnormal gastrointestinal motor activity in
conscious dogs. We also studied the relationship between
plasma and luminal concentrations of 5-HT in conscious
dogs after intravenous administration of cisplatin. This
study is the first to determine the relationship between
5-HT and emesis-induced gastrointestinal motor activity.
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MATERIALS AND METHODS

Animal preparation

Healthy mongtel dogs of both sexes weighing 10-15 kg
were used. All dogs were fasted overnight and then anes-
thetized by a single intravenous injection of thiopental
sodium (Ravonal; Tanabe Pharmaceutical, Osaka, Japan;
20 mg/kg body weight). General anesthesia was main-
tained by intratracheal inhalation of halothane (Fluo-
thane; Takeda Chemical Industries, Osaka, Japan) and
oxygen. A silastic tube (Silastic 602-205; Dow Corning,
Midland, MI) was inserted into the superior vena cava
through a branch of the right external jugular vein (jugu-
lar tube) and used for the withdrawal of blood samples
and injections. The jugular tube was brought out through
a skin incision on the neck, and its outer end was fixed
to the adjacent skin with silk sutures. The abdominal
cavity was opened by a middle incision.

Force transducers were implanted on the serosal sur-
faces of the gastric body, antrum, pylorus, mid-duodenum,
and jejunum 1 and 2 (20 and 40 cm distal to Treitz’s liga-
ment, respectively). Another silastic tube (Silicone tube
SR1554; Tigers Polymer, Osaka, Japan) was inserted into
the duodenum through the duodenal wall (duodenal
tube) and used for the injection of agents and the with-
drawal of intestinal fluid samples. The lead wires of the
force transducers and the duodenal tube were taken out
of the abdominal cavity through a subcutaneous tunnel
and brought out through a skin incision made between
the right and left scapula. After closure of the abdominal
cavity, a jacket-type protector was placed on each dog to
protect the lead wires and tubes from being damaged if
the dogs scratched themselves. The dogs were housed in
individual experiment cages, maintained with intravenous
drip infusions of Lactec G (Otsuka Pharmaceutical,
Tokyo, Japan) for 6 d postoperatively, and gradually re-
turned to normal dog food (Funabashi Farm, Funabashi,
Japan; 15 g/kg body weight per day). This study was
approved by the Review Committee on Animal Use at
Gunma University, Maebashi, Japan (07-139).

Monitoring of gastrointestinal contractions

The wires from the transducer were connected to a tele-
meter, and the data were transmitted to a recording sys-
tem (Eight Star system, Star Medical, Tokyo, Japan). Re-
corded signals were used to determine the motility index
(MI) values. The MI was the integrated area between the
baseline (zero level) and the contractile wave expressed
as motor units measured with the Eight Star system. In
addition, the data were used to identify the phases of
contractile activity. Each phase was visually determined
according to the following criteria: the quiescent period
was defined as phase I ; phase Il consisted of clusters
of irregular contractions that followed phase I and pre-

ceded phase III; phase Il was the period during which a
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group of strong contractions lasting more than 15 min
occurred; and phase IV was a short period of subsiding
contractions immediately following the phase Il con-
tractions.

Test substances

Cisplatin and 5-HT (serotonin hydrochloride: Sigma-
Aldrich Japan K.K., Tokyo, Japan) were dissolved in an
injection solvent (Hikari Pharmaceutical, Tokyo, Japan)
immediately before use. Cisplatin was donated by Nip-
pon Kayaku (Tokyo, Japan). The dexamethasone sodium
phosphate (decadron phosphate injection; Banyu Phar-
maceutical, Tokyo, Japan), a-receptor antagonist phen-
tolamine (regitin) (Novartis Pharma K.K., Tokyo, Japan),
[-receptor antagonist propranolol (inderal) (AstraZeneca
K.K., Osaka, Japan), 5-HT3 receptor antagonist (ky-
tril) (Chugai Pharmaceutical, Tokyo, Japan), muscarinic
receptor antagonist atropine (Tanabe Pharmaceutical,
Osaka, Japan), and dopamine D2 receptor antagonist
(prinperan) (Astellas Pharmaceutical, Tokyo, Japan) were
purchased. The antagonist doses were determined ac-
cording to previous studies™"* . Emesis did not oc-
cur in dogs receiving 1.0 mg/kg cisplatin; however, it
did occur in dogs receiving 1.2 mg/kg cisplatin, which
was the dose selected for the present study. In previous
studies "%, dogs were usually given cisplatin at a dose
of 3.0 mg/kg, about three times higher than the dose
administered in the present low-dose study. Before each
intravenous administration of cisplatin, we confirmed
that there was no abnormal motor activity.

Experimental protocol

Effects of cisplatin and drugs on cisplatin-induced
emesis: The experiments were started after all the dogs
had been given a 2-wk recovery period. Before cisplatin
administration, the interdigestive state of each dog was
recorded for at least 6 h as a control study. After con-
trol data were obtained from each dog, the study with
cisplatin and various other drugs commenced. After
the interdigestive migrating motor contractions (IMCs)
were confirmed to have occurred and 20 min after the
spontaneous phase Il contractions of the jejunum 2
(40 cm distal to Treitz’s ligament) had terminated, all
the dogs were administered cisplatin (1.2 mg/kg). Blood
and intestinal fluid samples were withdrawn from the
jugular tube and duodenal tube 0, 1, 3, 4, 5, 7, 9, and 24
h later, and 5-HT was measured. For the 5-HT measure-
ments, whole blood and intestinal fluids were collected
in vacuum plastic tubes containing ethylenediaminetet-
raacetic acid (EDTA) 2Na. The fluids were then frozen
and stored at -30 ‘C until assaying. The samples were
subjected to high-performance liquid chromatography
(HPLC) (BML, Kawagoe, Japan).

Dexamethasone (1 mg/kg), phentolamine (regitin; 0.5
mg/kg), propranolol (inderal; 0.5 mg/kg), ot granisetron
(kytril; 0.05 mg/kg) was given as a single-bolus injection
20 min after the spontaneous phase Il contractions of
the jejunum 2 had terminated. Granisetron (kytril; 0.05
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mg/kg) was also given as a single-bolus injection in the
dogs. Cisplatin (1.2 mg/kg) was given 1 h after the ad-
ministration of each inhibitor.

Atropine (0.05 mg/kg + 0.05 mg/kg per hour) was
given as a single-bolus injection. The injection was fol-
lowed by a 30-min continuous intravenous infusion
starting 20 min after the spontaneous phase Il contrac-
tions of the jejunum 2 had terminated. Metoclopramide
(0.5 mg/kg + 0.5 mg/kg per hout) was given as a single-
bolus injection. This injection was followed by a 5-h
continuous intravenous infusion starting 20 min after the
spontaneous phase Il contractions of the jejunum 2 had
terminated. Cisplatin (1.2 mg/kg) was given 1 h after the
start of the administration of each inhibitor.

Then, the dogs were divided into two groups: a
normal intact dog group (ND) and a normal intact dog
group with resection of the vagus nerve (NDRVN). The
NDRVN (7 = 4) underwent a truncal vagotomy, with the
ventral and dorsal vagi cut immediately below the dia-
phragm. The dogs in the ND (» = 10) did not undergo

surgery and served as the control group.

Effect of 5-HT

After the IMCs were confirmed to have occurred and 20
min after the spontaneous phase Il contractions of the
jejunum 2 had terminated, the ND and NDRVN were
administered 5-HT intravenously through the jugular tube
(600 pg/kg) and into the duodenum through the duodenal
tube (600 and 5400 pg/kg) according to the procedures
described in previous studies™ ™", Zhu et al'” reported
that intraluminal infusion of 10° M 5-HT elicited in-
creases in vagal afferent discharge by activating the 5-HT3
receptors in rats. Following the procedures described pre-
viously"”, we administered 5-HT (200 ug/kg) according
to the conversion of the mol concentration. In the dogs,
such doses of an intraluminal infusion of 5-HT did not
elicit abnormal motor activity, but three-fold doses (600
ug/kg) did. The subsequent gastrointestinal motility was
recorded for at least 4 h. The MI values during the 60
min following 5-HT administration (600 pg/kg) were
calculated for the ND and NDRVN.

Analysis of data

Gastrointestinal motility was quantified by calculating the
MI, which was equivalent to the area under the curve.
The MI was calculated using a computer-assisted system
(Eight Star system, version 6.0, Star Medical, Tokyo, Ja-
pan). Gastrointestinal motility after 5-HT administration
(600 pg/kg) was analyzed for 60 min.

Statistical analysis

Results are expressed as mean + SE. The data were sub-
jected to detailed statistical analyses using repeated mea-
sures of analysis of variance (ANOVA). When significant
differences were detected, differences between means
were checked using the Fisher’s protected least significant
difference test. The Mann-Whitney U test was used to
test the significance of differences among groups. P-val-
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Figure 1 Interdigestive motor activity observed after intravenous administration of cisplatin (1.2 mg/kg). A: Interdigestive motor activity was observed in the
ND (n = 10); B: From approximately 3 to 4 h after the intravenous administration of cisplatin, the ND exhibited retropropagation of gastrointestinal motor activity from
jejunum 2 to the gastric body, accompanied by emesis. ND: Normal intact dog group; i.v.: Intravenous administration.

ues < 0.05 were considered significant. Statistical calcula-
tions were performed with the use of StatView" software
(version 5.0; Abacus Concepts, Inc., Berkeley, CA).

RESULTS

Effects of cisplatin on gastrointestinal contractions

and cyclic 5-HT concentrations in plasma and intestinal
fluids

In all dogs in the fasted state, cyclic changes of con-
tractions were detected, including a quiescence period
followed by a group of strong contractions (phase III).
Abnormal motor activity in the dogs developed from the
duodenum, followed by jejunum 1 and 2 and the antrum
and pylorus about 2.5 h after intravenous administration
of cisplatin (Figure 1A). Cisplatin given intravenously
resulted in the complete interruption of IMCs and pre-
dominantly produced abnormal motor activity which
lasted up to 5 h (Figure 1A). From about 3 to 4 h after
the intravenous administration of cisplatin, the dogs
exhibited retropropagation of gastrointestinal motor
contractions from jejunum 2 to the gastric body, accom-
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panied by emesis (Figure 1B). The most frequent emetic
episodes were observed from 3 to 4 h after cisplatin ad-
ministration. Emesis developed in all the dogs.

The concentrations of 5-HT in plasma and intesti-
nal fluids determined in these experiments are shown
in Figure 2. The plasma 5-HT concentration increased,
reached the peak at 4 h after the intravenous administra-
tion of cisplatin, and then exhibited small fluctuations
and declined (Figure 2A). The plasma 5-HT concentra-
tion at 0 h was significantly higher than those obtained
at 4 and 7 h (P < 0.05). The 5-HT concentrations in
intestinal fluids increased, reached the peak at 3 h after
the intravenous administration of cisplatin, and then de-
clined (Figure 2B). The 5-HT concentration in intestinal
fluids at O h was significantly higher than those obtained
at3,4,and 5 h (P < 0.05).

Effects of drugs and vagotomy on cisplatin-induced
abnormal motor activity

After dexamethasone (1 mg/kg), phentolamine (regitin;
0.5 mg/kg), propranolol (inderal; 0.5 mg/kg), atropine
(0.05 mg/kg + 0.05 mg/kg per hout), or metoclo-
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Figure 2 Changes in concentrations of 5-hydroxytryptamine in plasma and intestinal fluids. A: Changes in the plasma 5-HT concentrations in ND (n = 10).
Each symbol represents mean + SE. The plasma 5-HT concentration obtained at 0 h was significantly higher than those obtained at 4 and 7 h (°P < 0.05); B: Changes
in the 5-HT concentrations in intestinal fluids in ND (n = 10). Each symbol represents mean + SE. The 5-HT concentration in intestinal fluids at 0 h was significantly
higher than those obtained at 3, 4, and 5 h (*P < 0.05). 5-HT: 5-hydroxytryptamine; ND: Normal intact dog group.
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Figure 3 In normal intact dog group, cisplatin (1.2 mg/kg) was given 1 h after dexamethasone administration (1.0 mg/kg), and interdigestive motor activity

was observed.

pramide (0.5 mg/kg + 0.5 mg/kg per hour) administra-
tion, cisplatin given intravenously also resulted in the
complete interruption of IMCs and predominantly pro-
duced abnormal motor activity that lasted up to about 5
h (Figures 3 and 4). However, in dogs that had received
intravenous metoclopramide, emesis did not occur. In
the NDRVN (# = 4) (Figure 5A), cisplatin given intrave-
nously also produced abnormal motor activity that, how-
evet, lasted for a shorter duration. After the NDRVN (»
= 4) was administered granisetron (kytril; 0.05 mg/kg),
cisplatin given intravenously did not produce abnormal
motor activity (Figure 5B). In the ND (#» = 6) adminis-
tered granisetron (kytril; 0.05 mg/kg) (Figute 6), cisplatin
given intravenously also produced abnormal motor activ-
ity that, however, lasted for a shorter duration. In three
of the four NDRVN dogs and three of the six ND dogs
that received granisetron (kytril; 0.05 mg/kg), emesis did
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not occur. The emetic episodes in the dogs receiving
cisplatin alone (control, » = 10), granisetron (kytril; 0.05
mg/kg, i.v., # = 6), and NDRVN dogs (7 = 4) are shown
in Figure 7. The emetic episodes were, respectively,
5.80 £ 0.66, 0.66 = 0.33, and 0.25 * 0.25 in the control
group, granisetron (kytril) group, and NDRVN. Signifi-
cant differences were detected among the control group,

kytril group, and NDRVN (P < 0.05).

Effect of 5-HT

To determine whether 5-HT in plasma or in intestinal
fluids causes abnormal motor activity, we administered
5-HT intravenously through the jugular tube (600 pg/kg)
(Figures 8A and 9A) and into the duodenum through the
duodenal tube (600 and 5400 ug/kg) (Figures 8B, 9B,
and C), respectively, in the ND and NDRVN.

In the ND, after the intravenous administration of
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Figure 4 Blocker study chart. In the ND, dexamethasone (1 mg/kg), phentolamine (regitin; 0.5 mg/kg), propranolol (inderal; 0.5 mg/kg), or granisetron (kytril; 0.05
mg/kg) was given as a single-bolus injection starting 20 min after the spontaneous phase I contractions of the jejunum 2 had terminated. Kytril (0.05 mg/kg) was
also given as a single-bolus injection in the ND and NDRVN (n = 4). Cisplatin (1.2 mg/kg) was given 1 h after the administration of each inhibitor. In ND, atropine (0.05
mglkg + 0.05 mg/kg per hour) was given as a single-bolus injection, followed by a 30-min continuous intravenous infusion starting 20 min after the spontaneous phase
I contractions of the jejunum 2 had terminated. In the ND, metoclopramide (0.5 mg/kg + 0.5 mg/kg per hour) was given as a single-bolus injection, followed by a 5-h
continuous intravenous infusion starting 20 min after the spontaneous phase III contractions of the jejunum 2 had terminated. Cisplatin (1.2 mg/kg) was given 1 h
after the start of the administration of each inhibitor. ND: Normal intact dog group; NDRVN: Normal intact dog group with resection of the vagus nerve; i.v.: Intravenous
administration.
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Figure 5 In normal intact dog group with resection of the vagus nerve, interdigestive motor activity was observed after the intravenous administration of
cisplatin (1.2 mg/kg). A: Normal intact dog group with resection of the vagus nerve (NDRVN) (n = 4) was given cisplatin (1.2 mg/kg), and interdigestive motor activity
was observed; B: In the NDRVN (n = 4), cisplatin (1.2 mg/kg) was given 1 h after granisetron (kytril) administration (0.05 mg/kg), and interdigestive motor activity was
observed. i.v.: Intravenous administration.
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Figure 6 In the normal intact dog group (n = 6), cisplatin (1.2 mg/kg) was given 1 h after granisetron (kytril) administration (0.05 mg/kg), and interdigestive

motor activity was observed.
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Figure 7 Numbers of emetic episodes in dogs receiving cisplatin alone
(control, n = 10), kytril (0.05 mg/kg, intravenous administration, n = 6) alone,
and vagotomy (the normal intact dog group with resection of the vagus
nerve; n = 4). Each bar represents mean + SE. Significant differences were de-
tected among the control group, granisetron (kytril) group, and normal intact dog
group with resection of the vagus nerve (NDRVN). Control, open bar; i.v., hatched
line; RNG, filled bar. °P < 0.05 vs control. i.v.: Intravenous administration.

5-HT (600 ug/kg), phasic contractions, such as ab-
normal motor activity lasting for about 30 min, were
induced immediately in the antrum, pylorus, duodenum,
and jejunum 1 and 2. The duration and amplitude of the
motor activity in the antrum and pylorus were longer
and stronger than those in the duodenum and jejunum
(Figure 8A). In the NDRVN, after the intravenous ad-
ministration of 5-HT (600 pg/kg), phasic contractions,
such as abnormal motor activity lasting for 10 to 20 min,
were immediately induced in the pylorus, duodenum,
and jejunum 1 and 2. The duration and amplitude of
motor activity were not longer or stronger than those
in the ND (Figure 9A). In the ND and NDRVN, after
the intraduodenal administration of 5-HT (600 pg/kg),
phasic contractions, such as abnormal motor activity
lasting for about 10 min, were immediately induced in
the duodenum and jejunum 1 and 2 (Figures 8B and 9B).
In the ND and NDRVN, contractions induced by the
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intraduodenal administration of 5-HT were obviously
shorter and weaker than those resulting from intrave-
nous administration. In the NDRVN, the duration and
amplitude tended to increase as the dose of 5-HT was
increased, and after the intraduodenal administration of
5-HT (5400 ug/kg), phasic contractions, such as phase
II-like activity lasting for about 1 h, were immediately
induced in the pylorus, duodenum, and jejunum 1 and 2
(Figure 9C). The pattern of these contractions induced
by the intravenous administration of 5-HT was different
from that of spontaneously occurring IMCs.

MI data were recorded for 60 min after the intrave-
nous and intraduodenal administration of 5-HT (600
ug/kg) in the ND (» = 4) (Figute 10A) and the NDRVN
(n = 4) (Figure 10B). The MI for the intravenous ad-
ministration was higher than that for the intraduodenal
administration in the antrum, duodenum, jejunum 1, and
jejunum 2. In the MI of the antrum, duodenum, jejunum
1, and jejunum 2 in the ND showed significant differ-
ences between the intravenous and intraduodenal groups
(P < 0.05) (Figure 10A).

DISCUSSION

In this study, when cisplatin was given intravenously,
IMCs disappeared and were replaced predominantly by
abnormal phase Il -like motor activity. Thus, in all dogs,
phase I, II, and IV activities either disappeared or mark-
edly decreased in duration, and abnormal motor activity
developed for about 5 h, starting at 2.5 h after cisplatin
administration. Retropropagation of gastrointestinal
motor activity originating from jejunum 2 occurred in all
dogs in which emesis developed. This motility change,
unique to emesis, was similar to that reported in other
studies"*"". The present study is the first to characterize
and quantify gastrointestinal motor responses during cis-
platin administration.

When the concentrations of 5-HT in plasma and
intestinal fluids increased, IMCs disappeared and were
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replaced predominantly by abnormal motor activity. To
determine whether 5-HT in plasma or in intestinal fluids
is more closely related to abnormal motor activity, we
administered 5-HT into the vein and the intestinal tract
of the dogs. Motor activity similar to cisplatin-induced
abnormal motor activity was produced by intravenous
serotonin administration. We administered the same
amount of serotonin into the duodenum, but the reac-
tion was negligible. The dose of intravenously adminis-
tered serotonin was different from the maximal value of
5-HT, which we measured after cisplatin administration.
We did not measure the 5-HT concentration in whole
blood but in plasma because the platelets, which are in
whole blood, include the most 5-HT. We assumed that
the doses of intravenously administrated serotonin were
different from the maximal value of 5-HT measured af-
ter cisplatin administration.

Most of the 5-HT from EC cells is secreted via the
basolateral membrane into the portal circulation; a small-
er portion is released from the apical membrane into the
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intestinal lumen™. The basal vascular release of sero-

tonin was 10 times higher than the luminal release™. Se-
rotonin released from the basolateral site of the EC cells
may reach the connective tissue space of the lamina pro-
pria and exert paracrine effects on either endocrine cells
ot intrinsic and extrinsic nerve terminals”’. It has been
reported that exogenously applied serotonin inhibits
acid secretion and that this effect is exerted by serotonin
injected into blood vessels but not by serotonin injected
into the gastric lumen™. Judging from the previous re-
sults, serotonin released from the basolateral site of the
EC cells seems to be more important than serotonin
released from the apical site of the EC cells. Our results
are in good agreement with those of previous studies,
confirming that abnormal motor activity is produced by
intravenous serotonin administration.

We investigated the effects of various antagonists on
abnormal activity induced by cisplatin administration.
Cisplatin-induced responses, which are abnormal activi-
ties, were not inhibited by dexamethasone, phentolamine,
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propranolol, atropine, or metoclopramide but were partly
inhibited by granisetron (kytril). Fukunaka ez a/” reported
that dexamethasone is effective in cisplatin-induced
emesis in the delayed phase. In the present study, dexa-
methasone did not inhibit cisplatin-induced responses,
which are abnormal in acute emesis. Phentolamine and
propranolol did not affect abnormal activity induced by
cisplatin administration, which suggests that cisplatin
administration exerts its effects independently of the
sympathetic nervous system. Lang e/ al"” reported that
sympathetic splanchnic nerve denervation did not block
vomiting in dogs. Supradiaphragmatic vagotomy elimi-
nated the digestive tract responses associated with mo-
tion sickness-induced vomiting, but phasic contractions
were not blocked by atropinelZGJ. These results coincided
with our result showing no emesis in dogs receiving intra-
venous metoclopramide. It has been shown that metoclo-
pramide blocks dopamine D2 receptors at conventional
doses (0.1-0.4 mg/kg, i.v)*"; however, the drug also
blocks 5-HT3 receptors at higher doses™ . In fact, the
results of the present study demonstrate that cisplatin-
induced emesis was suppressed by the injection of a high
dose of metoclopramide.

The action of cytotoxic drugs initiates within the GI
tract, resulting in activation of the biosynthesis of 5-HT
and an increase in the concentration of 5-HT?. 5-HT
may stimulate the 5-HT3 receptors on the adjacent vagal
afferent nerves”™ . Fukunaka ¢z /" demonstrated that
electrical stimulation of the abdominal vagal afferents
induced an increase in the concentration of 5-HT in the
ferret area postrema. Pretreatment with 5-HT3 recep-
tor antagonists diminished the increase in area postrema
5-HT but did not alter the increase in ileal 5-HT levels®™.
Thus, the increased 5-HT levels induced by anticancer
drugs in the vomiting center were inhibited by 5-HT3
receptor antagonists. Taken together, these results sug-
gest that cytotoxic drugs induce acute emesis mainly
through actions on the gastrointestinal tract. In ferrets,
the area postrema contains a high concentration of
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5-HT3 receptors and receives visceral afferent innerva-
tion from the gastrointestinal tract”. With regard to our
results, in the NDRVN dogs receiving granisetron (kytril)
intravenously, cisplatin given intravenously also pro-
duced abnormal motor activity that, however, lasted for
a shorter duration. In three of the four NDRVN dogs
and three of six ND dogs receiving granisetron (kytril),
emesis did not occur. In the NDRVN dogs receiving
intravenous granisetron (kytril) administration, cisplatin
did not induce abnormal activity. Our results, which are
in good agreement with those of previous studies™,
demonstrate that 5-HT3 receptors act dominantly on
the visceral neuron, which projects from the gut to the
central nervous system. Fukui e# al™ reported that cis-
platin evokes emesis mainly by acting on the vagal af-
ferent terminals through the release of 5-HT and that
peripheral 5-HT3 receptors are involved in this action.
The abnormal motor activity was produced in part in the
involved vagus nerve and in the involved serotonergic
neuronsm’3 I

In conclusion, cisplatin-induced abnormal motor
activity was produced by 5-HT in blood or in intestinal
fluids. After the intravenous administration of cisplatin,
abnormal motor activity was produced in part in the
involved vagus nerve and in the involved serotonergic
neurons. This study was the first to determine the rela-
tionship between 5-HT and emesis-induced abnormal
motor activity, which is going on now.

COMMENTS

Background

5-hydroxytryptamine (5-HT; serotonin) is known to affect the control of antican-
cer drug-induced emesis. The mechanism of emesis-induced abnormal gastro-
intestinal motility remains unclear. Analyzing the relationship between 5-HT and
emesis-induced gastrointestinal motor activity is important.

Research frontiers

Previous studies have demonstrated that 5-HT3 blockers have an effect on
acute emesis, but no effect on delayed emesis. Recently, palonosetron hydro-
chloride (a 5-HT3 blocker) has been demonstrated to have an effect on acute
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and delayed emesis.

Innovations and breakthrough

Most of the experiments have been carried out in vitro. This study is the first to
investigate the relationship between plasma and luminal concentrations of 5-HT
in conscious dogs after intravenous administration of cisplatin.
Applications

In the normal intact dog group with resection of the vagus nerve (NDRVN) that
was administered kytril, cisplatin given intravenously did not produce abnormal
motor activity and emesis. For example, patients with gastric cancer receiving
chemotherapy may undergo resection of the vagus nerve.

Terminology

Motility index (MI) was defined as the integrated area between baseline (zero
level) and the contractile wave expressed in motor units. The data were used to
identify the phases of contractile activity. 5-HT is found within enterochromaffin
cells, and it is released from intestinal enterochromaffin cells following cisplatin
administration.

Peer review

This is a good valuable study in which the authors analyze the relationship be-
tween 5-HT and emesis-induced gastrointestinal motor activity. They concluded
that abnormal motor activity was produced in part in the involved vagus nerve
and in the involved serotonergic neurons.
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