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Abstract 5-HT3 receptor antagonists are widely used as

antiemetic agents in clinical setting, of which palonosetron,

with a long elimination half life (t1/2), has recently become

available. It is important to evaluate the concentration of

serotonin when investigating the antiemetic effects of

5-HT3 receptor antagonists, as those effects are not based

solely on the t1/2 value. We theoretically evaluated the

antiemetic effects of three 5-HT3 receptor antagonists

(granisetron, azasetron, palonosetron) on cisplatin-induced

nausea and vomiting by estimating the time course of the

5-HT3 receptor occupancy of serotonin. We estimated the

5-HT3 receptor occupancy of serotonin in the small intes-

tine, based on the time course of plasma concentration of

each 5-HT3 receptor antagonist and the time course of

concentration of serotonin near the 5-HT3 receptor in the

small intestine after administration of cisplatin. The anti-

emetic effect of each 5-HT3 receptor antagonist was eval-

uated based on the normal level of 5-HT3 receptor

occupancy of serotonin. Our results suggest that an ade-

quate antiemetic effect will be provided when a dose of

75 mg/m2 of cisplatin is given to patients along with any

single administration of granisetron, azasetron, or palo-

nosetron at a usual dose. On the other hand, the 5-HT3

receptor occupancy of serotonin was found to be signifi-

cantly lower than normal for several days after adminis-

tration of palonosetron, as compared to granisetron and

azasetron, indicating that constipation may be induced. Our

results show that granisetron, azasetron, and palonosetron

each have an adequate antiemetic effect after administra-

tion of 75 mg/m2 of cisplatin.
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1 Introduction

Chemotherapy-induced nausea and vomiting (CINV) can

lead to discontinuation of treatment, decrease the quality of

life of patients, and is an important complication in clinical

settings. One of the main mechanisms of acute CINV is the

activation of 5-HT3 receptors by serotonin, which exists on

vagus nerve afferent fibers in the small intestine mucous

membrane. Following administration of an antineoplastic

agent, serotonin is released from enterochromaffin cells,

which bind to and stimulate 5-HT3 receptors on adjacent

vagal afferent nerves. Depolarization of the vagal afferent

nerves stimulates the vomiting center in the brainstem and

eventually induces a vomiting reflex (Andrews et al. 1988).

Therefore, 5-HT3 receptor antagonists are widely used as

antiemetic agents in clinical settings. Recently, palonose-

tron, which has a long elimination half life (t1/2), became

available for prevention of CINV. Thus, its antiemetic

effects are expected to persist for a long period. Cisplatin is
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ranked in highly emetogenic antineoplastic agent and must

be used concomitant with antiemetic drugs. It is recom-

mended in all guidelines that the 5-HT3 receptor antagonist

should be administered for the patient receiving a single

injection of cisplatin on day 1 only (Basch et al. 2011),

since the vomiting induced by cisplatin is high in day 1

only. Therefore, it is important to evaluate the antiemetic

effects of the various 5-HT3 receptor antagonists, which

have different t1/2, on the nausea and vomiting induced by a

single injection of cisplatin.

We consider that the concentration of serotonin near

the 5-HT3 receptor in the small intestine is an indicator of

the degree of emetic action induced by antineoplastic

agent. Therefore, it is important to determine concentra-

tion of both serotonin and the 5-HT3 receptor antagonist

for evaluation of the antiemetic effect associated with the

5-HT3 receptor antagonist. In addition, we already

reported that the 5-HT3 receptor occupancy of serotonin

after concomitant administration of antineoplastic agent

and the 5-HT3 receptor antagonist became a useful index

for prediction of the antiemetic effect of the 5-HT3

receptor antagonist (Nakamura et al. 2013; Yamada et al.

2004).

In the present study, we evaluated the antiemetic effects

of granisetron, azasetron, and palonosetron after adminis-

tration of cisplatin by estimating the time course of 5-HT3

receptor occupancy of serotonin based on the time courses

of urinary 5-HIAA/Creatinine (Cre) ratio and plasma

concentration of each of those 5-HT3 receptor antagonists.

2 Methods

We estimated the time course of 5-HT3 receptor occupancy

of serotonin in the small intestine with or without admin-

istration of three different 5-HT3 receptor antagonists,

based on the time courses of plasma concentration of each

antagonist and concentration of serotonin near the 5-HT3

receptor in the small intestine after administration of cis-

platin. We hypothesized that emesis will be induced when

the estimated 5-HT3 receptor occupancy of serotonin in the

small intestine is higher than normal. Thus, the antiemetic

effect of each 5-HT3 receptor antagonist was evaluated

based on the normal level of 5-HT3 receptor occupancy of

serotonin.

2.1 Analysis of time courses of plasma concentration

of 5-HT3 receptor antagonists

The data of plasma concentration after an intravenous

infusion for 30 min of granisetron were used. To estimate

the pharmacokinetic parameters of a, V1, k10, k21, and b,

the time courses of the plasma concentration of granisetron

(40 lg/kg) (Kumakura et al. 1990) during and after intra-

venous infusion were simultaneously fitted to Eqs. 1 and 2

using the nonlinear least-squares methods. Equations 1 and

2 show the time course of plasma concentration during and

after administration, respectively, using the following 2-

compartment pharmacokinetic model.

Cp tð Þ ¼ k0

W � V1 � k10

n
1þ b� k10ð Þ

a� bð Þ : � exp �a � tð Þ

þ k10 � að Þ
a� bð Þ � exp �b � tð Þ

o
ð1Þ

CpðtÞ ¼
k0 � k21 � að Þ � exp �a � Tð Þ � 1gf

W � V1 � a � ða� bÞ � exp �a � t0ð Þ

þ k0 � b� k21ð Þ � exp �b � Tð Þ � 1gf
W � V1 � b � a� bð Þ � exp �b � t0ð Þ

ð2Þ

where, a (h-1), b (h-1), Cp (ng/mL), V1 (L/kg), k10

(h-1), k12 (h-1), k21 (h-1), and t0 (h, t = t0?T) represent

the elimination rate constant of the distribution phase,

elimination rate constant of the elimination phase,

plasma concentration of granisetron, central distribution

volume per weight, elimination rate constant of gra-

nisetron, rate constant to the peripheral compartment

from the central compartment, rate constant to the cen-

tral compartment from the peripheral compartment, and

time after finishing administration, respectively. Here,

the relationship among a, b, and k10, k12, k21 was

expressed as a ? b = k10 ? k12 ? k21, a � b = k10 � k21.

Furthermore, the values used for infusion rate (k0) (ng/

h), weight (W) (kg), total infusion time (T) (h), and

dosage of granisetron (D) (lg) were 4,780,000 ng/h,

59.75 kg, 0.5 h, and 2390 lg, respectively, in a phase I

clinical trial (Kumakura et al. 1990). We used the usual

dose (3 mg/body) to estimate the 5-HT3 receptor occu-

pancy of serotonin, since a linear relationship can be

observed between the dose administered and plasma

concentration of granisetron.

The data of plasma concentration after an intravenous

bolus administration of azasetron or palonosetron were

used. To estimate the pharmacokinetic parameters of a, V1,

k21, and b, the time course of the plasma concentrations

(Igarashi et al. 1992; Shah et al. 2006) of azasetron (10 mg/

body) and palonosetron (10 lg/kg) after intravenous

administration, we used Eq. 3 with the nonlinear least-

squares method.

CpðtÞ ¼
D � k21 � að Þ

W � V1 � b� að Þ � exp �a � tð Þ þ D � k21 � bð Þ
W � V1 � a� bð Þ

� exp �b � tð Þ ð3Þ

We used the usual dose values (azasetron 10 mg/body,

palonosetron 0.75 mg/body) for estimating the 5-HT3

receptor occupancy of serotonin, since a linear
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relationship can be observed between the dose

administered and their plasma concentrations.

2.2 Analysis of 5-HT3 receptor occupancy of serotonin

in small intestine

Serotonin is rapidly metabolized to 5-hydroxyindoleacetic

acid (5-HIAA) by monoamine oxidase and aldehyde

dehydrogenase, and then subsequently excreted in urine.

Moreover, it has been reported that there is a relationship

between the cumulative frequency of vomiting and cumu-

lative amount of urinary excretion of 5-HIAA after

administration of cisplatin (50 mg/m2) (Cubeddu et al.

1990). Therefore, the urinary concentration of 5-HIAA is

considered to be suitable as an indicator of the degree of

emetic action (Yamada et al. 2007), but not the plasma

concentration of serotonin.

Accordingly, we searched other reports regarding

5-HIAA/Cre ratios in urine before and after administration

of high-dose cisplatin ([75 mg/m2), and used those values

in our analysis.

To estimate the parameters of H, ke, and kr, the time

course of the urinary 5-HIAA/Cre ratio after intravenous

administration of cisplatin was fitted to Eq. 4 using the

nonlinear least-squares method. The concentration of

serotonin near the 5-HT3 receptor in the small intestine was

calculated using the estimated parameters and Eq. 5

(Yamada et al. 2007).

CuðtÞ ¼ H � exp �ke � tð Þf � exp �kr � tð Þg þ C0
u ð4Þ

CsðtÞ ¼
Cis � fs � CuðtÞ

C0
u

ð5Þ

where, Cu(t) (lg/mg Cre), H (lg/mg Cre), ke (h-1), kr

(h-1), Cu
0 (lg/mg Cre), and Cs(t) (nM) represent the urinary

5-HIAA/Cre ratio, constant of proportion, elimination rate

constant of serotonin, free rate constant of serotonin, nor-

mal urinary concentration of 5-HIAA/Cre, and concentra-

tion of serotonin near the 5-HT3 receptor in the small

intestine, respectively. Furthermore, the values used for

normal concentration of serotonin in the small intestine

(Cis) (nM) and ratio of normal concentration of free sero-

tonin to all serotonin in the small intestine (fs) were

850 nM (Resnick and Gray 1961) and 0.01 (Cubeddu et al.

1992), respectively.

To estimate the 5-HT3 receptor occupancy of serotonin

in the small intestine without administration of a 5-HT3

receptor antagonist (Us), the concentration of serotonin

near the 5-HT3 receptor in the small intestine was substi-

tuted in Eq. 6. Moreover, the plasma concentration of the

5-HT3 receptor antagonist and concentration of serotonin

near the 5-HT3 receptor in the small intestine were

substituted in Eq. 7, to estimate the 5-HT3 receptor

occupancy of serotonin in the small intestine with a 5-HT3

receptor antagonist (Us
D).

UsðtÞ ¼
CsðtÞ

Ks
I þ CsðtÞ

� 100 ð6Þ

UD
s ðtÞ ¼

CsðtÞ
Ks

I � 1þ Cp tð Þ�fu
KA

I

� �
þ CsðtÞ

� 100 ð7Þ

where, Us (%), Us
D (%), fu, and KI

A represent the 5-HT3

receptor occupancy of serotonin in the small intestine

without a 5-HT3 receptor antagonist, that with a 5-HT3

receptor antagonist, the value for the plasma unbound

fraction for a 5-HT3 receptor antagonist, and the 5-HT3

receptor dissociation constant of a 5-HT3 receptor antag-

onist, respectively. Furthermore, the value used for the

5-HT3 receptor dissociation constant of serotonin (KI
S)

(nM) was 150 nM (Sakamori et al. 1992).

2.3 Analysis

We used the MLAB nonlinear least-squares program

(Civilized Software Inc., Maryland, USA) for analysis. In

addition, the dose of the 5-HT3 receptor antagonist was

changed to dose per body weight when body weight was

60 kg.

3 Results

3.1 Analysis of time courses of plasma concentration

of 5-HT3 receptor antagonists

The time course of the plasma concentration of granisetron

(40 lg/kg) after administration in the phase I clinical trial

is shown in Fig. 1a. The symbol shows the observed value

and the line shows the fitted curve, and they were well

matched. The estimated pharmacokinetic parameters of a,

b, V1, k21, and k10 for granisetron were 4.26 ± 0.71 (h-1),

0.22 ± 0.02 (h-1), 63.28 ± 6.77 (L), 1.52 ± 0.25 (h-1),

and 0.96 ± 0.33 (h-1), respectively.

The time course of the plasma concentration of azase-

tron (10 mg/body) after administration in the phase I

clinical trial is shown in Fig. 1b. The symbol shows the

observed value and the line shows the fitted curve, and they

were well matched. The estimated pharmacokinetic

parameters a, b, V1, and k21 for azasetron were

10.62 ± 0.70 (h-1), 0.21 ± 0.02 (h-1), 33.77 ± 1.07 (L),

and 1.61 ± 0.12 (h-1), respectively.

The time course of the plasma concentration of palo-

nosetron (10 lg/kg) after administration in the phase I

clinical trial is shown in Fig. 1c. The symbol shows the

observed value and the line shows the fitted curve, and they
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were well matched. The estimated pharmacokinetic

parameters a, b, V1, and k21 for palonosetron were

7.89 ± 0.93 (h-1), 0.03 ± 0.01 (h-1), 72.36 ± 2.21 (L),

and 1.22 ± 0.20 (h-1), respectively.

3.2 Analysis of 5-HT3 receptor occupancy of serotonin

in small intestine

We performed a literature search regarding the 5-HIAA/

Cre ratio in urine before and after a single administration of

high-dose cisplatin ([75 mg/m2), and found results in three

different studies, which reported cisplatin doses of 75 mg/

m2 (Cubeddu et al. 1992), 78 ± 7 mg/m2 (du Bois et al.

1996), and 75 ± 5 mg/m2 (Cubeddu 1996). The time

courses of urinary 5-HIAA/Cre ratio after intravenous

administration of cisplatin in each study and the fitted

curve are shown in Fig. 2. The fitted curve was well mat-

ched to the observed data. The estimated parameters H, ke,

kr and Cu
0 were 202.27 ± 387.25 (lg/mg Cre), 0.22 ± 0.04

(h-1), 0.26 ± 0.05 (h-1) and 4.77 ± 0.03 (lg/mg Cre).

The time course of the estimated 5-HT3 receptor occu-

pancy of serotonin in the small intestine without adminis-

tration of a 5-HT3 receptor antagonist (Us) is shown in

Fig. 3. Our findings indicated induction of emesis, since

the 5-HT3 receptor occupancy of serotonin without a 5-HT3

receptor antagonist was higher than normal (gray area in

Fig. 3).

The time courses of the estimated 5-HT3 receptor occu-

pancy of serotonin in the small intestine with each 5-HT3

receptor antagonist (Us
D) are shown in Fig. 4. Our findings

suggest that an adequate antiemetic effect was provided by

each, because the 5-HT3 receptor occupancies of serotonin

were lower than normal (gray area in Fig. 4) even when a

5-HT3 receptor antagonist was administered. Moreover, the

5-HT3 receptor occupancy of serotonin in the small intestine

with granisetron or azasetron returned to a normal level for

30–40 h after administration, whereas that with palonosetron

continued at below normal for several days after adminis-

tration. The 5-HT3 receptor occupancy of serotonin in the

small intestine with palonosetron was lower than normal

(28.5 % of normal) at 72 h after administration.

4 Discussion

In clinical settings, 5-HT3 receptor antagonists are widely

used as antiemetic agents. In the present study, we
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evaluated the antiemetic effects of granisetron, azasetron,

and palonosetron for cisplatin-induced nausea and vomit-

ing based on the time course of the 5-HT3 receptor occu-

pancy of serotonin.

A literature search regarding the ratio of 5-HIAA/Cre in

urine before and after a single administration of high-dose

cisplatin ([75 mg/m2) found three different studies that

reported those values. The time courses of the urinary

5-HIAA/Cre ratio after intravenous administration of cis-

platin showed similar profiles and the parameters for

serotonin were estimated. Another report noted that the

ratio of 5-HIAA/Cre in urine at 2–10 h after administration

in patients given high-dose cisplatin was significantly

higher than that in patients administered a low dose

(Cubeddu et al. 1992). Thus, it was considered that the

releasing behavior of serotonin differs based on the dosage

of cisplatin and we concluded that it was appropriate to

estimate the 5-HT3 receptor occupancy of serotonin using

these values of estimated parameters in those three studies,

which presented similar doses.

The 5-HT3 receptor occupancy of serotonin without

administration of a 5-HT3 receptor antagonist was esti-

mated from the concentration of serotonin near the 5-HT3

receptor after a single administration of cisplatin, which

was higher than the normal level. Thus, emesis induction

was suggested, even though the value at 24 h after

administration had returned to the level before adminis-

tration in every study. du Bois et al. reported that the uri-

nary 5-HIAA/Cre ratio returned to a normal level within

24 h after administration of cisplatin, which did not

increase from 24 to 72 h after administration (du Bois et al.

1996). Consequently, it was speculated that emesis was not

induced by serotonin 24 h after administration. On the

other hand, it has been reported that the risk of induced

emesis was increased until 24 h and later after adminis-

tration of cisplatin (Martin 1996). The early increasing risk

of induced emesis (\24 h) is mainly by the action of

serotonin, because the urinary 5-HIAA/Cre ratio was

increased until 24 h after administration of cisplatin. On

the other hand, the later increasing risk of induced emesis

([24 h) is mainly the action of substance P, as its con-

centration was increased 24 h after administration of

cisplatin.

The 5-HT3 receptor occupancy of serotonin (Us
D) in the

small intestine with a 5-HT3 receptor antagonist was esti-

mated based on the time course of plasma concentration of

each 5-HT3 receptor antagonist and time course of
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concentration of serotonin near the 5-HT3 receptor in the

small intestine after administration of cisplatin; that value

was lower than normal, regardless of the 5-HT3 receptor

antagonist administered. Although the t1/2 value for each

5-HT3 receptor antagonist was different, an adequate

antiemetic effect was obtained for emesis induced by cis-

platin (75 mg/m2) with a single administration of the

5-HT3 receptor antagonist at a usual dose. In contrast, the

releasing behavior of serotonin differs by type and dosage

of the antineoplastic agents (Cubeddu et al. 1992; Cubeddu

1996). Thus, it is necessary to investigate each regimen

used for chemotherapy. Our results indicate that an ade-

quate antiemetic effect was provided when a dose of

75 mg/m2 of cisplatin was administered, when granisetron,

azasetron, or palonosetron was given at a usual dose.

The 5-HT3 receptor occupancy of serotonin in the small

intestine with granisetron or azasetron returned to normal

for 30–40 h after administration, while that with palo-

nosetron was lower than normal (28.5 % of normal) at 72 h

after administration. Side effects caused by low 5-HT3

receptor occupancy of serotonin should be considered,

because serotonin is an endogenous and physiologically

active substance. One of those side effects is constipation.

The percentage of cases of constipation induced by gra-

nisetron, azasetron, and palonosetron in clinical trials is

reported to be 0.17 % (1/584), 0.19 % (1/516), and 16.5 %

(222/1343), respectively. Furthermore, Zhou et al. reported

that constipation was increased in 39 % of patients treated

with palonosetron (Likun et al. 2011). Also, the appearance

of constipation in the palonosetron group was significantly

higher than that in the first-generation 5-HT3 receptor

antagonist group (e.g., granisetron) (Likun et al. 2011). In

the present study, the 5-HT3 receptor occupancy of sero-

tonin at 72 h after administration of cisplatin (75 mg/m2)

with palonosetron (0.75 mg/body) was only 28.5 % of

normal. These results suggest that a continuous low level of

5-HT3 receptor occupancy of serotonin is associated with

incidence of constipation.

5 Conclusion

We found that an adequate antiemetic effect would be

provided when a dose of 75 mg/m2 of cisplatin was given

and the patient received a single administration of gra-

nisetron, azasetron, or palonosetron at a normal dose.

Furthermore, the 5-HT3 receptor occupancy of serotonin

was found to be significantly lower than the normal level

for several days after administration of palonosetron, as

compared to granisetron and azasetron, which may induce

constipation. In the future, it will be important to examine

the antiemetic effects of 5-HT3 receptor antagonists with

other antineoplastic agents.
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