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Volunteer models for predicting antiemetic activity of

5-HT;-receptor antagonists
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Selective 5-HT;-receptor antagonists are highly effective in preventing nausea and
vomiting associated with chemotherapy, radiotherapy and surgery. Their pharma-
cological activity may be determined in vitro and in animal models of emesis.
However, these methods may not give an accurate indication of the antiemetic
dose range of 5-HT;-receptor antagonists in patients. Two volunteer models have
been used to predict more accurately clinically effective antiemetic doses of
5-HT;-receptor antagonists.

The flare response to intradermal 5-HT is thought to be mediated by excitation of
5-HT;-receptors on cutaneous afferents, with release of substance P and
subsequent vasodilation. Antagonism of the flare response appears to provide an
indication of the effective antiemetic dose of 5-HT;-receptor antagonists but data
on duration of action are conflicting.

Ipecacuanha-induced emesis is thought to be mediated through both peripheral
and central 5-HTj-receptors. Antagonism of this response has demonstrated a
close correlation with clinically effective antiemetic doses of the specific 5-HTs5-
receptor antagonist, ondansetron, and has the advantage of being more conceptu-
ally relevant than the flare model.

Further work, with newer 5-HT;-receptor antagonists, will clarify the role of these
models as predictive of the use of these drugs in clinical practice.

emesis flare
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Introduction

Selective 5-HTj3-receptor antagonists are highly effec-
tive in preventing nausea and vomiting associated
with chemotherapy [1-14], radiotherapy [15-17] and
surgery [18-25]. Their preclinical pharmacological
activity may be determined in vitro by assessing their
inhibitory effects on 5-HT-mediated depolarisation of
the rat superior cervical ganglion and vagus nerve
[26-28] and in vivo on the dose-related fall in heart
rate and blood pressure to 5-HT or 2 methyl 5-HT
(Bezold-Jarisch reflex, mediated by 5-HT;-receptors
on cardiac vagal afferents) [28-31]. Animal models
(ferret and house musk shrew) of chemotherapy and
radiotherapy-induced emesis may also be used
[32-40]. However, due to species differences in phar-
macokinetics and dynamic response, these methods
may not give an accurate indication of the antiemetic
dose range of 5-HT;-receptor antagonists in patients.
The selective 5-HT;-receptor antagonists, granisetron

ipecacuanha

and tropisetron, have been shown to be ineffective
in antagonising apomorphine (dopamine D,-receptor
agonist) induced emesis in the ferret [33, 41], unlike
the dopamine receptor antagonist, fluphenazine [41],
and the p opioid-receptor agonist, fentanyl [42].
Selective 5-HT;-receptor antagonists have not been
tested in an animal model of motion sickness [36, 43].
However, ondansetron did not prevent emesis in a
volunteer model [44].

Two volunteer models have been used in an
attempt to predict more accurately clinically effective
antiemetic doses of 5-HT;-receptor antagonists. These
models are:

1) The antagonism of the flare response to intra-
dermal 5-HT
2) The antagonism of ipecacuanha-induced emesis.

The relative merits of each will be considered.
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Flare response to intradermal 5-HT
Dose-response

Intradermal injection of 5-HT produces a flare re-
sponse which is thought to be mediated by excitation
of 5-HT;-receptors on cutaneous afferent neurones
[45]. Stimulation of these receptors causes the release
of substance P, via an axon reflex, resulting in vaso-
dilatation with subsequent erythema/flare.

A typical study technique [46, 47] involves the
intradermal injection, into marked areas of the back,
of placebo and three concentrations of 5-HT (2.5, 40
and 640 puMm), before and at a specified time (e.g. 30
min) after the test 5-HT; antagonist or placebo [47].
The resulting flare areas may be measured at 5 min
after the intradermal injections by tracing over the
shapes and quantifying by digitisation [47]. Log
transformed derived responses are then subjected to
analysis of variance.

Using this technique, Fowler et al. [47] demon-
strated a reduction of flare size compared with
placebo at each concentration of 5-HT by a 10 min
intravenous infusion of the selective 5-HTj-receptor
antagonist ondansetron (as hydrochloride dihydrate)
at a dose of 8 mg (33-75%), a reduction by ondan-
setron 1 mg (14-54%), but no reduction by ondan-
setron 0.1 mg.

Another selective 5-HTj-receptor antagonist, alo-
setron (0.1-4 mg i.v. over 10 min), has also been
shown to reduce the flare response to intradermal
5-HT in a dose-dependent manner [48]. MDL 72222
[1aH, 3a SaH-tropan-3yl 3,5-dichlorobenzoate] (20 mg
i.v. over 4 min), reduced the flare response to intra-
dermal 5-HT, with diminishing effect over the 30 min
following post-dose 5-HT injections [49]. This inhi-
bition was overcome at the highest concentration of
5-HT used (160 um).

Duration of action

The flare model has also been used to assess the dura-
tion of action of 5-HTj-receptor antagonists. 5-HT
may be injected at intervals after dosing with the test
drug or placebo and flare sizes measured 5 min after
each intradermal injection. Using this approach, it was
shown that a 10 min intravenous infusion of ondan-
setron 8 mg and 16 mg (as hydrochloride dihydrate)
significantly reduced the flare response to 40 um
5-HT for at least 9 h [50].

The compound MDL 72422 [laH, SoH-tropan-
3ayl 3,5 dimethylbenzoate hydrochloride], admin-
istered orally (20-80 mg), gave a dose-dependent
reduction in 5-HT induced flares with greater inhibi-
tion following 5-HT given at 2 h than at 1 h after
dosing [51].

Granisetron, 40 pg kg™' over 30 min, gave an
inhibition of 5-HT flare response 5 min after infusion.
This inhibition remained significant at 24 h after
dosing [52, 53]. This is not consistent with clinical
data which indicate that the duration of action of a
single intravenous dose of granisetron (100 pg kg™')
does not exceed 12 h [54, 55]. Also, one study
demonstrated that in 13 patients receiving granisetron

(40 or 160 pg kg') for chemotherapy-induced
emesis, there was no correlation between the ob-
served maximal inhibition of the flare response over
24 h and the individual antiemetic efficacy of the
drug [56]. The marketed unit dose of granisetron for
chemotherapy-induced emesis, in the UK, is 3 mg
(40 ug kg') which is considered to be maximally
effective [1, 5, 14, 57, 58].

Intradermal injection of 5-HT may be given manu-
ally or by autoinjector [59]. The latter is, however,
more reproducible and convenient [59]. Adverse
events from intradermal 5-HT are generally mild and
may include transient local tingling or stinging sensa-
tions (Sweetland & Fowler, personal communication).

Ipecacuanha-induced emesis

The antiemetic site of action of 5-HTj-receptor an-
tagonists may be peripheral [60] at abdominal vis-
ceral afferent neurones [61] or central [62] within the
area postrema [63] and nucleus tractus solitarius [66]
or a combination of these [64-66]. Ipecacuanha, an
emetic containing the principal active ingredients
emetine and cephaeline [67], is also thought to act
through both peripheral and central 5-HT-receptors
[41]. In the ferret [41], ipecacuanha-induced emesis
is antagonised by the specific 5-HTj-receptor an-
tagonist, tropisetron, but not by fluphenazine, a
dopamine-receptor antagonist.

This model has been used to test the antiemetic
activity of ondansetron in healthy volunteers. In a
double-blind parallel group, dose-ranging study [68],
five groups of 10 subjects received a single dose of
intravenous ondansetron (as hydrochloride dihydrate)
over 5 min, 30 min before oral syrup of ipecacuanha
30 ml. The time to onset, number of emetic episodes
and duration of emesis, in addition to visual analogue
scale (0-100 mm) ratings of nausea, were recorded
over an 8 h period.

There were no emetic episodes after ondansetron
8 mg or 4 mg. Seven, nine and ten subjects vomited
following 1 mg, 0.25 mg and 0.1 mg doses with
median times to onset of 62 min, 31 min and 37 min.
Median peak nausea scores were 0 mm for both 8 mg
and 4 mg doses, and 30 mm, 53 mm and 26 mm for
1 mg, 0.25 mg and 0.1 mg doses. Data relating to
the number of subjects experiencing emesis were
fitted to a dose-response model using non-linear least
squares regression (Figure 1). Mild adverse events,
predominately of a gastrointestinal nature, occurred
principally in those subjects experiencing emesis; no
subject required antiemetic rescue medication.

These emetic episode data correlate well with the
current clinical usage of ondansetron. Both 8§ mg
[18-20, 22, 24] and 4 mg [22] single intravenous
doses of ondansetron are effective in the prevention
and treatment of post-operative nausea and vomiting,
with only partial efficacy with a 1 mg dose for pre-
vention [22] and treatment [21] of this condition. The
approved intravenous dose for the prevention and
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treatment of post-operative nausea and vomiting in
the UK is 4 mg. The lowest recommended single
intravenous dose of ondansetron for chemotherapy-
induced emesis is 8 mg [3, 69-71], which suggests
that some chemotherapy regimens are a more potent
emetic stimulus than syrup of ipecacuanha.

The results of this study [68] contrast with those of
Goldberg & Cerimele [72] who found that a 30 min
intravenous infusion of zatosetron 13 mg delayed but
did not prevent ipecacuanha-induced emesis. It is
possible that this dosage regimen of zatosetron was
insufficient to be maximally effective; there is no
published clinical data to explore this. There is no
published information on the use of tropisetron in this
human model.

Relative merits of the flare and ipecacuanha models
As there are only three currently marketed anti-

emetics of the S5-HTjz-receptor antagonist class
(ondansetron, granisetron and tropisetron), validation
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Figure 1 Probability of prevention by ondansetron of
ipecacuanha-induced emesis in healthy volunteers. Each
data point represents the percentage of each group of ten
volunteers not experiencing emesis. Estimated ED5, for
protection against emesis: 1.27 mg (standard error 0.29 mg,
correlation coefficient 0.867). (From Minton et al., 1993
[68]).
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of the flare and ipecacuanha models is limited (see
Table 1) and no studies have combined the two meth-
ods. Experience has been mainly with ondansetron
but dosing in the flare model [47, 50] did not cover
the middle dosage range (4 mg). However the phar-
macological activity of ondansetron in this model
approximates to clinically effective antiemetic doses.
Although there has been no formal dose ranging with
granisetron in the flare model, granisetron had phar-
macological activity in this model at the clinically
effective dose for chemotherapy-induced emesis (40
ug kg™ [52, 53).

The duration of action of a single dose of ondan-
setron in the flare model (> 9 h) [50] may relate to
its clinically effective duration in emesis, unlike
granisetron for which the duration of pharmacological
activity in the flare model (24 h) [52] exceeds the
clinically effective duration of antiemetic activity
[54, 55]. However, the relevance of inhibition of the
flare response as a predictive model of antiemetic
activity is questionable in view of the apparent dis-
crepancy in these two activities in a patient study
with granisetron [56]. The flare model does, however,
have the advantage of simplicity and excellent toler-
ability.

The ipecacuanha-induced model of emesis has only
been used in man by two authors [68, 72, 73]. Minton
et al. [68] demonstrated a dose response to ondan-
setron and an excellent correlation with clinically
effective doses in postoperative nausea and vomiting,
with a prediction of minimally effective doses in
chemotherapy-induced emesis. This model has not
yet been used to assess the duration of action of
antiemetic activity; this is technically more difficult
and may involve administration of ipecacuanha at dif-
ferent time intervals after the antiemetic test drug.

Ipecacuanha can realistically be administered to
each volunteer only once such that anticipatory
emesis or habituation can be avoided. Thus, many
volunteers are required in studies of ipecacuanha-
induced emesis. Indeed, in the ferret, tachyphylaxis
may occur to the emetic effects of ipecacuanha when
administered on more than two occasions (Bountra et
al., personal communication).

Ipecacuanha-induced emesis has, however, the
advantage of being more clinically relevant than the

Table 1 Comparison of effective doses of ondansetron and granisetron in flare and ipecacuanha models with

clinically effective doses

Maximally effective Maximally effective Clinically Clinically effective
single dose in Duration of action dose in effective dose single dose
flare model in flare model Ipecacuanha model (PONV) (CIE)
Ondansetron 8 mg [47]* 29 h [50]* 4 mg [68]* 4 mg [22]* 8 mg [3, 69-71]*
Granisetron 40 pug kg™' (3 mg) > 24 h [52, 53]* — — 40 pg kg™' (3 mg)
[52, 531* [1,5, 14, 57, 58]*

PONYV Post-operative nausea and vomiting.
CIE Chemotherapy-induced emesis.
*Reference.
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flare model. Its predictive value, coupled with an
acceptable safety profile [68, 73] and relative ease of
conduct, suggests that it will be of use in defining
effective doses of 5-HTj-receptor antagonists prior
to introduction into patients. This may simplify

References

1 Addelman M, Erlichman C, Fine S, Warr D, Murray C.
Phase I/II trial of granisetron: a novel 5-hydroxytrypt-
amine antagonist for the prevention of chemotherapy-
induced nausea and vomiting. J clin Oncol 1990; 8:
337-341.

2 Bonneterre J, Chevalier B, Metz R, et al. A randomised
double-blind comparison of ondansetron and meto-
clopramide in the prophylaxis of emesis induced by
cyclophosphamide, fluorouracil, and doxorubicin or
epirubicin chemotherapy. J clin Oncol 1990; 8: 1063—
1069.

3 Brown GW, Paes D. Ondansetron: dose schedules and
duration of treatment. Ondansetron and chemotherapy
induced emesis. 3rd International Congress on Neo-
adjuvant Chemotherapy. Berlin; Springer Verlag. 1991;
53-64.

4 Bruntsch U, Drechsler S, Hiller E, et al. Prevention of
chemotherapy-induced nausea and emesis in patients
responding poorly to previous antiemetic therapy.
Drugs 1992; 43 (suppl 3): 23-26.

5 Carmichael J, Cantwell BMJ, Edwards CM, Rapeport
WG, Harris AL. The serotonin type 3 receptor an-
tagonist BRL 43694 and nausea and vomiting induced
by cisplatin. Br med J 1988; 297: 110-111.

6 Chevalier B. The control of acute cisplatin-induced
emesis—a comparative study of granisetron and a com-
bination regimen of high-dose metoclopramide and
dexamethasone. Br J Cancer 1993; 68: 176-180.

7 Cubbedu LX, Hoffmann IS, Fuenmayor NT, Finn AL.
Efficacy of ondansetron (GR38032F) and the role of
serotonin in cisplatin-induced nausea and vomiting.
New Engl J Med 1990; 322: 810-816.

8 De Mulder PHM, Seynaeve C, Vermorken JB, et al.
Ondansetron compared with high dose metoclopramide
in prophylaxis of acute and delayed cisplatin-induced
nausea and vomiting. A multicentre, randomised,
double-blind crossover study. Ann Intern Med 1990;
113: 834-840.

9 De Wet M, Falkson G, Rapoport BL. Repeated use of
granisetron in patients receiving cytostatic agents. Cancer
1993; 71: 4043—-4049.

10 Dogliotti L, Antonacci RA, Paze E, Ortega C, Berruti
A, Faggiuolo R. Three years’ experience with tropisetron
in the control of nausea and vomiting in cisplatin-
treated patients. Drugs 1992; 43 (suppl 3): 6-10.

11 Joss RA, Dott CS. Clinical studies with granisetron, a
new 5-HT; receptor antagonist for the treatment of
cancer chemotherapy-induced emesis. Eur J Cancer
1993; 29A suppl 1: S22-529.

12 Kaasa S, Kvaloy S, Dicato MA, et al. A comparison of
ondansetron with metoclopramide in the prophylaxis
of chemotherapy-induced nausea and vomiting: A ran-
domised, double-blind study. Eur J Cancer 1990; 26:
311-314.

13 Marty M, Pouillart P, Scholl S, et al. Comparison of
the 5-hydroxytryptamine; (serotonin) antagonist ondan-
setron (GR38032F) with high dose metoclopramide in
the control of cisplatin-induced emesis. New Engl J
Med 1990; 322: 816-821.

14 Smith IE. A dose-finding study of granisetron, a novel

dose ranging in early patient studies and avoid the
potential for underdosing many patients with serious
illness. Further work, with newer 5-HT;-receptor an-
tagonists, will clarify the role of these models as pre-
dictive of the use of these drugs in clinical practice.

antiemetic, in patients receiving cytostatic chemo-
therapy. J Cancer Res clin Oncol 1993; 119: 350-354.

15 Priestman TJ. Clinical studies with ondansetron in the
control of radiation-induced emesis. Eur J Cancer
1989; 25 (suppl 1): S29-S33.

16 Priestman TJ, Roberts JT, Lucraft H, et al. Results of a
randomised, double-blind comparative study of ondan-
setron and metoclopramide in the prevention of nausea
and vomiting following high-dose upper abdominal
irradiation. Clin Oncol 1990; 2: 71-75.

17 Sorbe B, Berglind A-M. Tropisetron, a new 5-HTs-
receptor antagonist, in the prevention of radiation-
induced nausea, vomiting and diarrhoea. Drugs 1992;
43 (suppl 3): 33-39.

18 Alon E, Himmelseher S. Ondansetron in the treatment
of postoperative vomiting: A randomized, double-blind
comparison with droperidol and metoclopramide. Anesth
Analg 1992; 75: 561-565.

19 Bodner M, White PF. Antiemetic efficacy of ondan-
setron after outpatient laparoscopy. Anesth Analg 1991;
73: 250-254.

20 Dershwitz M, Rosow CE, Di Biase PM, Joslyn AF,
Sanderson PE. Ondansetron is effective in decreasing
postoperative nausea and vomiting. Clin Pharmac Ther
1992; 52: 96-101.

21 Du Pen S, Scuderi P, Wetchler B, et al. Ondansetron in
the treatment of postoperative nausea and vomiting in
ambulatory outpatients: a dose-comparative, stratified,
multicentre study. Fur J Anaesth 1992; 9 (suppl 6):
55-62.

22 Kovac A, McKenzie R, O’Connor T, et al. Prophylactic
intravenous ondansetron in female patients undergoing
gynaecological surgery: a multicentre dose-comparison
study. Eur J Anaesth 1992; 9 (suppl 6): 37-47.

23 Helmers JHJH. Oral ondansetron in the prevention of
postoperative nausea and vomiting. Eur J Anaesth
1992; 9 (suppl 6): 49-54.

24 Larijani GE, Gratz 1, Afslar M, Minossian S. Treatment
of postoperative nausea and vomiting with ondansetron.
Anesth Analg 1991; 73: 246-249.

25 Leeser J, Lip H. Prevention of postoperative nausea and
vomiting using ondansetron, a new, selective, 5-HTS;-
receptor antagonist. Anesth Analg 1991; 72: 751-755.

26 Butler A, Hill JM, Ireland SJ, Jordan CC, Tyers MB.
Pharmacological properties of GR38032F, a novel
antagonist at 5-HT; receptors. Br J Pharmac 1988; 94:
397-412.

27 Elliott P, Seemungal BM, Wallis DI. Antagonism of the
effects of 5-hydroxytryptamine on the rabbit isolated
vagus nerve by BRL 43694 and metoclopramide.
Naunyn-Schmiedeberg’s Arch Pharmac 1990; 341:
503-509.

28 Tyers MB, Bunce KT, Humphrey PPA. Pharmaco-
logical and anti-emetic properties of ondansetron. Eur J
Cancer clin Oncol 1989; 25 (suppl 1): S15-S19.

29 Fozard JR, MDL 72222; a potent and highly selective
antagonist at neuronal 5-hydroxytryptamine receptors.
Naunyn-Schmiedeberg’s Arch Pharmac 1984; 326: 36—
44,

30 Sanger GJ, Nelson DR. Selective and functional 5-



31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Antiemetic activity of 5-HT;-receptor antagonists

hydroxytryptamine, receptor antagonism by BRL 43694
(granisetron). Eur J Pharmac 1989; 159: 113-124.
Robertson DW, Lacefield WB, Bloomquist W, Pfeifer
W, Simon RL, Cohen ML. Zatosetron, a potent, selec-
tive, and long-acting SHT; receptor antagonist: synthe-
sis and structure-activity relationships. J med Chem
1992; 35: 310-319.

Andrews PLR, Bailey HE, Hawthorn J, Stables R,
Tyers MB. GR38032F, a novel 5HT; receptor an-
tagonist, can abolish emesis induced by cyclophos-
phamide or radiation in the ferret. Br J Pharmac 1987;
91: 417P.

Bermudez J, Boyle EA, Miner WD, Sanger GJ. The
anti-emetic potential of the 5-hydroxytryptamine; re-
ceptor antagonist BRL 43694. Br J Cancer 1988; 58:
644-650.

Boyle EA, Miner WD, Sanger GJ. Different anti-cancer
therapies evoke emesis by mechanisms that can be
blocked by the 5-HTj receptor antagonist BRL 43694.
Br J Pharmac 1987; 91 (suppl): 418P.

Boyle EA, Miner WD, Sanger GJ. Anti-emetic activity
of BRL 43694, a novel SHTs-receptor antagonist. Br J
Cancer 1987; 56: 227.

Matsuki N, Torii Y, Ueno S, Saito H. Suncus murinus
as an experimental animal model for emesis and motion
sickness. In Mechanisms and control of emesis, eds
Bianchi AL, Grelot L, Miller AD, King GL. Colloque
INSERM/John Libbey Eurotext Limited. 1992; 223:
323-329.

Miner WD, Sanger GJ. Inhibition of cisplatin-induced
vomiting by selective 5-hydroxytryptamine M-receptor
antagonism. Br J Pharmac 1986; 88: 497-499.

Torii Y, Saito H, Matsuki N. 5-hydroxytryptamine is
emetogenic in the house musk shrew, Suncus murinus.
Naunyn-Schmiedeberg’s Arch Pharmac 1991; 344:
565-567.

Torii Y, Saito H, Matsuki N. Selective blockade of
cytotoxic drug-induced emesis by 5-HT; receptor an-
tagonists in Suncus murinus. Jap J Pharmac 1991; §5:
107-113.

Torii Y, Shikita M, Saito H, Matsuki N. X-irradiation-
induced emesis in Suncus murinus. J radiation Res
1993; 34: 164-170.

Costall B, Domeney AM, Naylor RJ, Owera-Atepo JB.
Fluphenazine, ICS 205-930 and dl-fenfluramine differ-
entially antagonise drug-induced emesis in the ferret.
Neuropharmacol 1990; 29: 453-462.

Barnes NM, Bunce KT, Naylor RJ, Rudd JA. The
actions of fentanyl to inhibit drug-induced emesis.
Neuropharmacol 1991; 30: 1073—-1083.

Ueno S, Matsuki N, Saito H. Suncus murinus as a new
experimental model for motion sickness. Life Sci 1988;
43: 413-420.

Stott JRR, Barnes GR, Wright RJ, Ruddock CJS. The
effect on motion sickness and oculomotor function of
GR38032F, a SHT; receptor antagonist with antiemetic
properties. Br J clin Pharmac 1989; 27: 147-158.
Fozard JR. Neuronal 5-HT receptors in the periphery.
Neuropharmacol 1984; 23: 1473-1486.

Arnold BDC, Cooper SM, Rapeport WG. An investiga-
tion of 5-hydroxytryptamine induced axon reflex flares
in man. Br J clin Pharmac 1988; 25: 126P-127P.
Fowler PA, Sweetland J, Lobo D, Thomas M. The
effect of ondansetron on the flare response produced
by intradermal 5-HT. Br J clin Pharmac 1992; 34:
181P-182P.

Millson D, Sohail S, Lettis S, Morris S. GR68755, a
novel, specific SHT; receptor antagonist: effect on the
flare response to intradermal SHT in man. Br J clin
Pharmac 1991; 32: 651P-652P.

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

529

Orwin JM, Fozard JR. Blockade of the flare response to
intradermal 5-hydroxytryptamine in man by MDL 72.222,
a selective antagonist at neuronal 5-hydroxytryptamine
receptors. Eur J clin Pharmac 1986; 30: 209-212.
Sweetland J, Lettis S, Fowler PA, Thomas M. Duration
of the inhibitory effect of intravenous ondansetron on
intradermal 5-HT-induced flare. Br J clin Pharmac
1992; 33: 565P.

Heavy DJ, Barnes VF, Orwin J, Brown MIJ. Inhibition
of 5-HT induced axon reflex flares by MDL 72422. Br
J clin Pharmac 1986; 21 (suppl): 558P.

Cooper SM, Arnold BDC, Rapeport WG. Inhibition of
5-HT induced axon-reflex flares by BRL 43694, a novel
5-HTj; receptor antagonist. Br J clin Pharmac 1988; 25:
106P-107P.

Upward JW, Arnold BDC, Link C, Pierce DM, Allen
A, Tasker T. The clinical pharmacology of granisetron
(BRL 43694), a novel specific 5-HT; antagonist. Eur J
Cancer clin Oncol 1990; 26 (suppl 1): S12-S15.
Belpomme D, Riche H, Maral J, ef al. A further study
of BRL 43694: duration of maximal anti-emetic effects
of a single dose. Sixth NCI-EORTC Symposium on new
drugs in cancer therapy. Amsterdam, Holland. March
7-10 1989. A356.

Kaplan H, Tofthagan C. Use of BRL 43694A (BRL) for
prevention of platinol (CDDP)-induced nausea. Proc
Am Soc clin Oncol 1990; 9 (Abstract): 298.

Dunlop DJ, Young F, Soukop M, Murdoch R, Upward
J. The inhibition of 5-HT induced axon-reflex flare in
patients undergoing treatment with granisetron (Kytril)
by prophylaxis and intervention for cancer chemo-
therapy induced nausea and vomiting. Ann Oncol 1990;
1 (suppl): 110.

Falkson HC, Falkson CI, Falkson G. High versus low
dose granisetron, a selective SHT; antagonist, for the
prevention of chemotherapy-induced nausea and vomit-
ing. Invest New Drugs 1990; 8: 407—409.

Pintens H. Granisetron (BRL 43694) in the treatment of
cytostatic drug-induced emesis: a summary. Cancer
Treat Rev 1990; 17: 307-310.

Sohail S, Lettis S, Millson D. Comparison of an auto-
injector device with conventional intradermal injection
of 5-HT to produce a flare response in man. Br J clin
Pharmac 1991; 32: 662P.

Bucheit KH, Buscher HH, Gamse R. The antiemetic
profile of the 5HT; receptor antagonist, ICS 205-930,
and its quaternary derivative. Abstract P149. Second
IUPHAR Satellite Meeting on serotonin. Basel,
Switzerland. July 11-13 1990.

Hawthorn J, Ostler KJ, Andrews PL. The role of the
abdominal visceral innervation and S5-hydroxytrypt-
amine M-receptors in vomiting induced by the cyto-
toxic drugs cyclophosphamide and cis-platin in the
ferret. Q J exp Physiol 1988; 73: 7-21.

Robertson DW, Cohen ML, Krushinksi JH, Wong DT,
Parli CJ, Gidda JS. LY191617, a 5-HT; receptor an-
tagonist which does not cross the blood brain barrier.
Abstract P148. Second IUPHAR Satellite Meeting on
serotonin. Basel, Switzerland, July 11-13 1990.
Andrews PLR, Hawthorn J, Evidence for an extra-
abdominal site of action for the SHTj-receptor an-
tagonist BRL24924 in the inhibition of radiation-
evoked emesis in the ferret. Neuropharmacol 1987; 26:
1367-1370.

Andrews PLR, Rapeport WG, Sanger GJ. Neurophar-
macology of emesis induced by anti-cancer therapy.
Trends pharmac Sci 1988; 9: 334-341.

Deegan R. Ondansetron: pharmacology of a specific
5HT;-receptor antagonist. Am J med Sci 1992; 304:
373-378.



530

66

67

68

69

70

71

N. A. Minton

Grunberg SM, Hesketh PJ. Drug therapy. Control of
chemotherapy-induced emesis. New Engl J Med 1993;
329: 1790-1796.

Reynolds JEF. (ed). Martindale. The Extra Pharma-
copoeia. 30th edition. The Pharmaceutical Press,
London, 1993; 748-749.

Minton N, Swift R, Lawlor C, Mant T, Henry J.
Ipecacuanha-induced emesis: a human model for testing
anti-emetic drug activity. Clin Pharmac Ther 1993; 54:
53-57.

Anon. Simpler ondansetron dosing. Pharm J 1992; 249:
328.

Dicato MA, Freeman AJ. Experience with ondansetron
in chemotherapy- and radiotherapy-induced emesis. Eur
J Anaesth 1992; 9 (suppl 6): 19-24,

Seynaeve C, Schuller J, Buser K, et al. Comparison of

72

73

the anti-emetic efficacy of different doses of ondan-
setron, given as either a continuous infusion or a single
intravenous dose, in acute cisplatin-induced emesis. A
multicentre, randomised, parallel group study. Br J
Cancer 1992; 66: 192-197.

Goldberg MIJ, Cerimele BJ. Effect of zatosetron
(LY277359), a serotonergic receptor (5-HT;) antago-
nist, on ipecac-induced emesis in healthy men. Clin
Pharmac Ther 1991, 49: 171.

Minton NA, Hla KK, Chilton JE, Henry JA.
Ipecacuanha-induced emesis: a potential model for test-
ing the antiemetic activity of 5-HT;-receptor antago-
nists. Br J clin Pharmac 1992; 33: 221P-222P.

(Received 9 September 1993,
accepted 31 January 1994)



