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Abstract The administration of platinum-based chemo-
therapy induces serotonin release from the enteroch-
romaffin cells, causing nausea and vomiting. This study
was conducted to evaluate parameters of serotonin
metabolism following platinum-based chemotherapy
given in combination with the serotonin type-3 anta-
gonist tropisetron as an antiemetic agent. In nine
chemotherapy-naive patients with disseminated germ-
cell tumors, parameters of serotonin metabolism in
both blood and urine were evaluated during two con-
secutive courses of platinum-based chemotherapy.
Serotonin concentrations in platelet-rich plasma and
platelet-poor plasma as well as urinary 5-hydroxyin-
doleacetic acid (5-HIAA) and serotonin levels were
measured during the full length of the courses. By
means of comparison with the antiemetic agent chlor-
promazine, used on day 1 of the first course only, the
effect of the serotonin type-3 antagonist tropisetron,
the antiemetic agent used during the rest of the courses,
on these parameters was studied. Clinical effects were
also recorded. No change in the parameters of
serotonin metabolism could be demonstrated during
cither course by the serotonin type-3 antagonist
tropisetron. Also in vitro, no effect of tropisetron on the
active serotonin uptake by platelets was found.
Serotonin levels in platelets showed no correlation with
emetic response. However, the platelet serotonin con-
tent decreased significantly between the first and the
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second course (P < 0.01). The significant reduction in
platelet serotonin content observed between the first
and the second course indicates a depletion of total
body serotonin. The role of a serotonin type-3 antago-
nist might be affected by the altered serotonin equili-
brium during later courses of chemotherapy.
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Introduction

Nausea and vomiting are frequent and distressing side
effects of chemotherapy, especially of treatment with
platinum compounds [11,12,157]. The administration of
platinum-based chemotherapy is thought to induce
serotonin release from the enterochromaffin cells of the
gastrointestinal tract. Platinum compounds induce an
increased serotonin metabolism in cancer patients
[6.24] and an increased release of serotonin from ani-
mal ileal tissue [17]. If released, high concentrations of
serotonin within the gut wall could activate serotonin
type-3 receptors on vagal afferents and, subsequently,
the vomiting center. It could be speculated that also by
entering the portal circulation and thus activating the
vomiting center, serotonin might induce nausea and
vomiting [7,23]. The observation that selective
serotonin type-3 antagonists considerably reduce
chemotherapy-induced acute nausea and vomiting as
compared with other antiemetic agents [5,167] supports
a key role of serotonin in chemotherapy-induced
nausea and vomiting.

Serotonin has a physiological role in controlling
gastrointestinal motility. Approximately 80% of the
total-body serotonin content is stored in the enteroch-
romaffin cells [2,7]. A number of mechanisms have
evolved to clear released serotonin rapidly from the
circulation. Serotonin is metabolized in the endothelial
cells of the lungs and liver to 5-hydroxyindoleacetic



478

acid (5-HIAA), which is subsequently excreted in the
urine [10]. Furthermore, serotonin is actively taken up
by platelets; this may be referred to as the “scavenger”
role of platelets [20]. As compared with the aforemen-
tioned inactivation in the liver and lung, serotonin
uptake by platelets is a relatively slow process. How-
ever, increased plasma levels of free circulating
serotonin may result in increased platelet serotonin
levels [13]. In the circulation, serotonin is almost en-
tirely confined to platelets.

This study was conducted to evaluate parameters of
serotonin metabolism following platinum-based
chemotherapy given in combination with the serotonin
type-3 antagonist tropisetron. During the full length of
two consecutive courses of chemotherapy, serotonin
concentrations in platelet-rich plasma and platelet-
poor plasma as well as urinary 5-HIAA and serotonin
levels were measured. The effect of tropisetron on these
parameters was studied as well as its clinical effect. The
effect of tropisetron on serotonin uptake by platelets
was established in vitro. Serotonin metabolism follow-
ing platinum-based chemotherapy has not been studied
in this setting before.

Patients and methods

Patients

Nine patients with a histologically confirmed germ-cell tumor,
scheduled to be treated with platinum-containing chemotherapy
according to European Organization for Research and Treatment of
Cancer (EORTC) protocol 30896 and 18 years of age or older, were
entered in the study. Patients were excluded if they had a current or
relevant history of a medical condition that could either interfere
with the evaluation of the study medication or put the patient at risk,
e.g., insufficiently controlled hypertension; severe hepatic, renal, or
cardiac insufficiency; uncontrolled infection; drug or alcohol abuse;
or hypersensitivity reactions or drug allergy. Informed consent was
obtained from all patients, and the study was approved by the
Medical Ethics Committee of the University Hospital, Groningen,
The Netherlands.

Medication

Cisplatin dissolved in 110.9% NaCl was given i.v. at 20 mg/m” per
day for 5 consecutive days to seven patients. Further treatment
consisted of infusions of bleomycin given at 30 mg in 110.9% NaCl
on day 2 and of etoposide given at 120 mg/m? per day in 0.9% NaCl
on days 1-3. Patients received prophylactic antiemetic treatment
before cisplatin administration on days 1-6. Chlorpromazine was
infused iv. at 15mg over 15 min before and after the cisplatin
infusion on day 1 of the first course. On days 2—6, a 5-mg tropisetron
capsule was given orally each day. On day 21 (day 1 of the second
course), 5 mg tropisetron was infused i.v. over 15 min. On days 2-6
of the second course, a 5-mg tropisetron capsule was given orally
each day. In both courses, tropisetron was given 30 min before the
cisplatin infusion.

Carboplatin at > 400 mg/m? per day (the dose depended on re-
nal function) was given i.v. in 500 ml 5% glucose to two patients on
day 1. Further treatment consisted of infusions of bleomycin given at
30 mg in 500 ml 0.9% NaCl on day 2 and of etoposide given at

120 mg/m? per day in 0.9% NaCl on days 1-3. Patients received
prophylactic antiemetic treatment before chemotherapy on days
1-3. Chlorpromazine at 15 mg was infused i.v. over 15 min before
and after the carboplatin infusion on day 1 of the first course. On
days 2 and 3, a 5-mg tropisetron capsule was given once daily. On
day 21 (day 1 of the second course), 5 mg tropisetron was infused i.v.
over 15 min. On days 2 and 3 of the second course, a 5-mg tropiset-
ron capsule was given daily. In both courses, tropisetron was given
30 min before the carboplatin infusion. Tropisetron for this study
was kindly supplied by Sandoz (Basel, Switzerland).

Antiemetic response

At each blood and urine sampling time, nausea and vomiting were
scored. The number of emetic episodes were recorded. Patients were
asked to categorize the effect of nausea on their daily activities either
as not disturbing or as (very) disturbing. The overall response
criteria for nausea and vomiting were: complete response - no
emetic episodes, no disturbing nausea; major response — 0-2 emetic
episodes, nausea not disturbing; minor response — 2-5 emetic
episodes, nausea disturbing; failure — more than 5 emetic episodes,
nausea very disturbing.

Samples

Blood samples were obtained from cisplatin-treated patients on
day 1 at 30 min prior to the cisplatin infusion (before administration
of the antiemetic agent), at 1 h after the start of the cisplatin infusion,
and after 4 h (at the end of the infusion) and 16 h (on day 2). Blood
samples were also obtained on day 5 (after the last cisplatin adminis-
tration) and on day 8. Blood samples were obtained from carbo-
platin-treated patients on day 1 at 30 min prior to the carboplatin
infusion (before administration of the antiemetic agent), at 1 h after
the start of the carboplatin infusion, and after 1.5 h (at the end of the
infusion) and 4 h. Blood samples were also obtained after 16 h (on
day 2) and on day 3. Each time, a sample of 10 mi blood was drawn
by venipuncture or through an i.v. line separate from the chemother-
apy-administration system into a chilled tube containing 0.12 m]
ethylenediaminetetraacetate (EDTA). Blood samples were centri-
fuged for 30 min at 120 g and 4°C. Platelet-rich plasma was separ-
ated into platelet-poor plasma and a pellet by centrifugation for
30 min at 800 g and 4°C. Na,S,0, and EDTA were added as
preservatives to a final concentration of about 10 g/l each.

Urine samples were collected (at the same time as the blood
samples) into 125-ml plastic cups. Na,S,0, and EDTA were added
as preservatives to a final concentration of about 10 g/l each.
Samples were acidified to a pH of 4 with acetic acid prior to freezing.

Analytical methods

Serotonin contents of platelet-rich plasma, platelet-poor plasma,
and urine were determined using high-performance liquid
chromatography with fluorometric detection as described by
Kwarts et al. [14]. Platelet concentrations in whole blood and
platelet-rich plasma were measured with a Coulter counter model
S plus 4 (Coulter Electronics, Hialeah, Fla. USA). The platelet
serotonin content, expressed in nanomoles of serotonin per 10°
platelets, was calculated by dividing the concentration of serotonin
in platelet-rich plasma by its platelet concentration. The total load of
serotonin in platelets in blood (nanomoles of serotonin in platelets
per liter of blood) was then calculated by multiplying the platelet
serotonin content with the number of platelets per liter of whole
blood. The analytical detection limit for plasma serotonin concen-
tration was 0.5 mol/l. Urinary 5-HIAA concentrations were deter-



mined in ether extracts of 1 ml urine using high-performance liquid
chromatography with fluorometric detection essentially as described
by Rosano et al. {217. Urinary creatinine levels were measured by
a picric acid method on an SMA-2 analyzer (Technicon Instruments,
Tarrytown, N.Y., USA}. The analytical detection limit for urinary
5-HIAA concentration was approximately 0.05 mmol/mol cre-
atinine (0.1 pmol on the column), depending on the urinary cre-
atinine content. Urinary 5-HIAA concentrations, expressed in mil-
limoles per mole of creatinine, were calculated by dividing the
concentration of 5-HIAA by its creatinine concentration.

In vitro experiment

From healthy volunteers, blood was drawn by venipuncture into
a 10-ml tube containing .12 ml EDTA. After a whole-blood platelet
count had been performed, platelet-rich plasma was prepared and
a platelet count, again performed. Plastic tubes with 1 ml platelet-
rich plasma were incubated with 500 ng serotonin plus or minus
15-150 ng tropisetron. Tropisetron and serotonin were dissolved in
50 pl 0.9% NaCl each. Serotonin at this concentration would not
surpass the active uptake capacity of platelets [11], and tropisetron
at 15 ng would equate with the blood plasma level observed after
a 5-mg dose. conforming to the in vivo situation in this study
(investigators’ brochure). Samples were preincubated with tropiset-
ron for 10 min at 37°C, after which serotonin was added and samples
were incubated for 60 min at 37°C. From each tube, 500 pl platelet-
rich plasma was used for serotonin determination. The rest of the
tube content was used for preparing platelet-poor plasma, in which
serotonin was also measured, as described above. This experiment
was repeated three times with different volunteers.

Statistical analysis

The Wilcoxon matched-pairs signed-rank test was used to compare
serotonin and 5-HIAA levels in samples from course one with those
in course-two samples. The same test was used to relate serotonin
levels to the baseline. The rank-sum test was used to compare
platelet numbers in samples of the first and the second course.
A P value below 0.05 was considered to indicate statistical signifi-
cance.

Resuits
Antiemetic response

On the 1st day of the first course the acute type of
nausea and vomiting (within 24 h after the administra-
tion of the cytostatic agent) was controlled completely
by chlorpromazine in only one patient of nine. Two
patients showed a major response, two patients showed
a minor response, and in four patients the treatment
failed. During the second course, acute nausea and
vomiting was completely controlled by tropisetron in
eight patients; one patient showed a major response.
Delayed vomiting (after 24 h and within 5 days after the
administration of the cytostatic agent) was recorded for
cisplatin-treated patients (n = 7). In the first course it
was completely controlled by tropisetron in three pa-
tients; two patients showed a major response and two
patients showed a minor response. During the second
course (also with tropisetron), no complete response

479

T

o)

92 1000
GO

.|

>~

¢}

= 750
£

9]

©

o 500
Jrud

©

o}

c 250 -
<

j

Q

6 O L i
=

0] course 1 course 2
(0]

Fig. 1 Serotonin levels in platelets (nmol/l blood; Y-axis) as meas-
ured in blood samples obtained before courses 1 and 2

was achieved; five patients showed a major response
and two patients showed a minor response.

Blood samples

Figure 1 shows the serotonin values obtained in plate-
lets for the individual patients (n = 9) before course one
and course 2. Total circulating serotonin levels meas-
ured in platelets were higher before the first course
(median, 542 nmol/l blood; range, 599 nmol/l blood)
than before course 2 (median, 266 nmol/l blood; range,
293 nmol/l blood; P < 0.01 for matched pairs).

Figure 2 shows the serotonin values measured dur-
ing courses 1 and 2 in the platelets of cisplatin-treated
patients (n = 7) . The sampling times and correspond-
ing serotonin levels determined in platelets are present-
ed. The values obtained at the separate sampling times
showed no significant difference from the baseline
values, either after the administration of cisplatin or
during the use of chlorpromazine. This was also the
case for the samples obtained on day 5 (tropisetron)
and day 8 (no antiemetic agent). In all samples taken
from cisplatin-treated patients the serotonin levels
measured in platelets during the second course were
significantly lower than those measured during the first
course (P =0.02) . As found for the first course, the
values obtained at the separate sampling times showed
no significant difference from the baseline values.

Figure 3 shows the serotonin values measured dur-
ing courses 1 and 2 in platelet-poor plasma of cisplatin-
treated patients (n =7) . The sampling times and
corresponding platelet-poor plasma serotonin values
are presented. No particular trend in time could be
discerned. The serotonin levels measured in platelet-
poor plasma during course 1 did not differ significantly
from those determined during course 2.

Measurements in carboplatin-treated patients
(n = 2) are not shown in Figs. 2 and 3 because of the
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Fig.2 Sampling times (X-axis) and corresponding serotonin con-
centrations measured in platelets (nmol/l blood; Y-axis) during
courses 1 and 2 in cisplatin-treated patients (n = 7; median and half
range)
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Fig. 3 Sampling times (X-axis} and corresponding plasma serotonin
levels (nmol/l platelet-poor plasma; Y-axis) measured during courses
1 and 2 in cisplatin-treated patients (n = 7; median and half range)

different sampling times. However, in carboplatin-
treated patients, trends other than those observed in
cisplatin-treated patients were not observed. Platelet
counts obtained before the first and the second course
were not significantly different. We observed an aver-
age decrease of 46% in the platelet count at 15 days
after the start of the first course.

Urine samples

Figure 4 shows urinary 5-HJAA levels measured during
courses 1 and 2 in cisplatin-treated patients (n = 7). In
Fig. 5 the urinary serotonin levels determined during
courses 1 and 2 in cisplatin-treated patients (n = 7) are
shown. The urinary 5-HIAA values as well as the
serotonin levels determined during either course did
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Fig. 4 Sampling times (X-axis) and corresponding urinary 5-HIAA
levels (mmol 5-HIAA/mol creatinine; Y-axis) measured during
courses 1 and 2 in cisplatin-treated patients (n = 7; median and half
range)
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Fig. 5 Sampling times (X-axis) and corresponding urinary serotonin
concentrations (umol serotonin/mol creatinine; Y-axis) measured
during courses 1 and 2 in cisplatin-treated patients (n = 7; median
and half range)

not differ significantly from the initial levels of their
course. For none of the separate samples could a sig-
nificant difference between course one and course
two be demonstrated. Measurements in carboplatin-
treated patients (n = 2) are not shown in Figs. 4 and
5 because of the different sampling times. However, in
carboplatin-treated patients, trends other than those
observed in cisplatin-treated patients were not ob-
served.

Relationship of antiemetic response/platelet serotonin

When the antiemetic response was compared with the
serotonin level in platelets of individual patients, no
relationship could be distinguished. This was the case
for all sampling times during both courses.



In vitro experiment

Serotonin concentrations in platelets, expressed as per-
centages of the total serotonin count, showed that after
incubation with serotonin only, 97.7% + 1.3% of the
total serotonin content was confined to platelets. The
value obtained with 15 ng tropisetron and serotonin
was 96.7% 4 2.6%, and that obtained with 150 ng
tropisetron and serotonin was 97.7% + 1.3%.

Discussion

Serotonin is thought to play an important role in
chemotherapy-induced nausea and vomiting [ 18]. This
study was conducted to evaluate parameters of
serotonin  metabolism  following platinum-based
chemotherapy given in combination with the serotonin
type-3 antagonist tropisetron as an antiemetic agent.
Chemotherapy-naive patients were selected for this
study to preclude the possible influence of previous
treatment on the parameters investigated.

During course one as well as course two, the
serotonin values measured in platelets at comparable
sampling times showed no significant difference from
the baseline level of their course. This has previously
been noted by Cubeddu et al. [6], who measured
plasma and platelet serotonin levels over 10 h following
high-dose cisplatin administration. In our study, other
serotonin-metabolism parameters showed no signifi-
cant change either. For platelet-poor plasma serotonin,
this finding is consistent with the observation of Barnes
et al. [1] that following dosing with cisplatin at
20mg/m?, this parameter rises in only a minority of
patients. A rise in urinary 5-HIAA levels following the
administration of high-dose cisplatin has been demon-
strated in a number of studies [6, 24]. As this rise was
shown to be related to the dose of cisplatin [6], an
explanation for its absence in our study may be found
in the lower dose of cisplatin used by us.

In this study, no difference in the effect of either
chlorpromazine or tropisetron on these parameters
could be demonstrated. For free circulating serotonin,
this finding is consistent with the results of our in vitro
study, which showed that the serotonin type-3 anta-
gonist tropisetron has no influence on the active uptake
of plasma serotonin by platelets. A difference between
chlorpromazine and tropisetron was observed concern-
ing the clinical response to nausea and vomiting, which
ts consistent with the finding of superior antiemetic
efficacy for serotonin type-3 antagonists in acute
chemotherapy-induced vomiting and nausea [4, 9, 19].
The difference in the antiemetic response to either
tropisetron on chlorpromazine and their lack of effect
on the parameters of serotonin metabolism suggest that

no relationship exists between antiemetic response and

measurable parameters of serotonin metabolism. This
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was confirmed in our study for the relationship
between antiemetic response and serotonin levels in
platelets per liter of blood. It has been suggested that
chemotherapy-induced emesis is caused mainly by gas-
trointestinal serotonin instead of circulating serotonin
[6]. Our results further support this contention.

The serotonin level in platelets per liter of blood was
decreased in the second course as compared with the
first course. This was due to a decrease in the platelet
serotonin content because platelet counts before the
first and the second course were not different. Consid-
ering that the bulk of the serotonin content of platelets
originates in the enterochromaffin cells of the gastroin-
testinal tract [22] and that platelets do not have the
capacity to synthesize serotonin themselves [8], the
platelet serotonin content gives an impression of the
serotonin content of the enterochromaffin cells. These
results indicate the occurrence of a decrease in body
serotonin between the first and the second course of
treatment with platinum compounds. A decrease in the
antiemetic efficacy of serotonin type-3 antagonists
other than tropisetron in consecutive courses has been
shown in a number of studies [3, 9]. It is conceivable
that the changed body serotonin level observed in the
later courses could have an effect on the efficacy of
serotonin type-3 antagonists.

The observed decrease in body serotonin content
between course one and course two of platinum-based
chemotherapy would also likely be reflected in para-
meters of serotonin metabolism other than the
serotonin level in platelets. However, this was not dem-
onstrated in the present study. The lack of a decrease in
free serotonin levels from course one to course two
might be explained by the rapid removal of circulating
serotonin from the plasma as described in the introduc-
tion. Urinary excretion of 5-HIAA is mainly derived
from serotonin turnover in enterochromaffin cells of the
gastrointestinal tract [2]. Therefore, the lack of a de-
crease in the initial urinary 5-HIAA levels from course
one to course two 1s not consistent with the finding in
serotonin levels in platelets. However, a possible ex-
planation could be that during the first course, 5-HIAA
levels might have been lowered due to prehydration and
may sometimes have fallen below the detection level of
the described method. A decrease in 5-HIAA levels in
that situation would be impossible to detect.

In conclusion, no change in the parameters of
serotonin metabolism could be demonstrated during
either course. These parameters were not affected by
the serotonin type-3 antagonist tropisetron. The total
circulating serotonin levels measured in platelets
showed no correlation with the emetic response. How-
ever, the platelet serotonin content decreased between
the first and the second course, which indicates a de-
pletion of total-body serotonin. The role of a serotonin
type-3 antagonist as an antiemetic agent might be affec-
ted by the altered serotonin equilibrium during later
courses of chemotherapy.
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