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. SUMMARY

In the mide-1980s it was discovered that serotonin (5 hydroxytryptamine, 5-HT)
was at least partially responsible for producing chemotheraphy-induced and vomiting. It
was there for realized that serotonin receptor blockade with antagonists could inhibit
chemo-therapy induced nausea and vomiting. However, faced with the ever- growing
availability of new 5-HT3 compounds, there is a need to understand if there are real

difference in efficacy and safety among these compound.

5-HT3 antagonists have different chemical structures and receptor binding
affinity. Granisetron dolasetron and its major metabolite are pure 5-HT3 antagonists.
While ondansetron and tropisetron are weak antagonists at the5-HT4 receptor,
ondansetron has also been demonstrated to bind at other serotonin receptors and to the
opioid p receptor.

The half-lives of granisetron, tropisetron and the active metabolite of dolasetrom
are 2 to 3 times longer than that of ondansetron. These observations initially suggested
that more frequent ondansetron administration would be required. However, it has now
been shown that receptor blockade dose not correlate with elimination half-life and all 5-

HT3 antagonists can be effectively administered once daily.

Comparative clinical trials using various doses, route and regiments of
administration have been conducted with 5-HT3 antagonists. Despite some trail design
shortcomings most of the studies show equal efficacy between the agents, especially in

moderately emetogenic chemotherapy and mild, infrequently occurring adverse effects.



The efficacy of 5-HT3 antagoniss in controlling delayed nausea and vomiting
from chemotherapy is less well studied. Further, there is no good scientific rationale for
the use of 5-HT3 antagenists in controlling delayed nausea and vomiting since serotonin
has not been shown to released during the delayed phase

Because the 5- HT3 antagonists perform similarly in the clinical setting,
pharmacological differences do not seem to translate into therapeutic difference. There is
also no appreciable difference in the incidence or severity of adverse effects among the 5-

HT3 antagonists; Determination of clinical use may then be driven by cost.



1. NAUSEA AND VOMITING

1. Definition:

Nausea:

Unpleasant sensation associated with awareness of the urge to vomit, its usually
felt in the back of the throat and epigastrium, and is accompanied by loss of
gastric tone, duodenal contractions and reflex of intestinal contents into the

stomach.

Vomiting or Emesis:

Is the forceful expulsion of gastric contents from the mouth and is brought about
by the powerful sustained contraction of abdominal muscles, decent then
diaphragm, and opening of gastric cardia.

(Watcha and White, 1992)

(Morrow et al. 1995).

2. Pathophysiology:
Vomiting results from an intricate series of physiological events mediated by
humoral factors and afferent fibe and both inhibition and excitation of somatic

visceral musculature that are ultimately coordinated by vomiting center.

The emetic center is a nucleus of cells located in the medulla and is the motor
center responsible for the coordination of emesis. Afferent input to the emetic
center originates from at least four (4) sources:

1. chemoreceptor trigger zone (CTZ)

2. the cortex

3. the vestibular apparatus
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gastrointestinal tract.



Vomiting occurs when afferent impulses are send from the emetic center to the salivation
center, abdominal muscles, respiratory center and cranial nerves.
(Gregory and Ettinger, 1998)

Parvicellular reticular formation has access to the motor pathway responsible for the
visceral and somatic output involved in vomiting. This area is situated in the lateral
reticular formation close to the tractus solitarius in the brain stem and is thought to be the
emetic center.

(Watcha and White, 1992), (Morrow et al., 1995).

Stimuli from several areas within the central nervous system can affect the emetic center
(fig. 1), these include afferent from the pharynx, gastrointestinal tract and mediastinum,
as well as afferent from the higher cortical center (including the visual center and the
vestibular portion of the eight cranial nerve) and the chemoreceptor trigger zone (CTZ) in
the area postrema. (Watcha and White, 1992). The gastrointestinal tract is directly
connected to the emetic center via nucleus tractus solitarius and its also contains afferent
fibers which terminate at the CTZ. Because of its location within the area postrema , the
CTZ is exposed to both cerebrospinal fluid and the systemic circulation thus; substances
circulating in both fluids can stimulate CTZ to release neurotransmitters. All of afferent
inputs received by the vomiting center are controlled by neurotransmitters and their

receptors. (Gregory and Ettinger, 1998), (Scarahtiro et al., 1992).

The area postrema of the brain stem is rich in dopamine, opioid and serotonin receptors.
The nucleus tractus solitaraius is rich in enkephains and histaminic and muscarinic
cholenergic receptors. These receptors may play an important role in the transmission of
impulses to the emetic center. (Watcha and White, 1992). Dopamine, histamine,
acetylcholine and sertonin are all neurotransmitters which involved in the emetogenic

pathways stimulated by radiation and chemotherapy.



Figure 1.

Anatomic structures involved in the vomiting reflex. Sites of action
of common antiemetic drugs are labeled as follows: 1. site of action
of sedative; 2. site of action of antihistamines and anticholinergics;
3. site of action of dopamine antagonists; and 4. proposed sites of
action serotonin antagonists. The vomiting reflex is mediated
through the vomiting center. This center receives impulses from
afferent fibers from the stomach and intestines and from fibers in
the chemoreceptor trigger zone. It sends out impulses via afferent
fibers to the muscles of the throat, epiglottis, and stomach.



Receptors for each of these neurotransmitters are found in abundance in the emetic
center, the CTZ and the gastrointestinal tract. Activation of these receptors by
chemotherapy, metabolites and/or neurotransmitter release caused by chemotherapy all

may be responsible for inducing nausea and vomiting.
(Fig. 2)

Serotonin found in high concentrations within the enterochromaffin cells in the gut 5HT;
receptors are widely distributed in peripheral tissues, the nucleus tractus solitarius and the
CTZ where most vagal afferents enter the brain. Peripherally, chemotherapy and
radiation cause release of serotonin from enterchromaffin cells which activate the

abdominal vaga afferent. (Gregory and Ettinger, 1998).

3. Causes of vomiting:

1. Cancer chemotherapy
2. During pregnancy

3. Postoperative vomiting
4. Gastroenteritis

5. Motion sickness

and other causes are listed in tablel.



Table 1.Causes of Vomiting

Ingestion of certain substances present in food
and the environment.

1. Renal diseases such as renal failure,
pyelonephritis, uremia, and uremic colic

Ingestion of certain drugs, particularly opiates,
general anesthetics, and antineoplastic drugs

2. Metabolic and endocrine disorders and
conditions such as diabetic ketoacidosis,
hyperparathyroidism, adrenal insufficiency,
and pregnancy

Motion or other effects on the vestibular
apparatus.

3. Gynecologic disorders such as pelvic
inflammation  and  complications  or
pregnancy

Infection (part of the prodrome of many
infections)

4. Normal pregnancy

Respiratory problems such as violent coughing

5. Neurologic disorders such as increased
cranial pressure, hemorrhage, epilepsy,
meningitis, migraine, vertigo, Meniere’s
syndrome, and brain metastases

Cardiovascular disease such infarction

6. Psychiatric disorders including bulimia,
rumination, and anorexia nervosa

Disorders of the gastrointestinal tract:

a. Gastrointestinal tract obstruction

b. Mucosal lesions such as ulcers,
inflammation, and atrophy

c. Liver disease

d. Pancreatic and small intestinal
diseases

e. Diseases of the components of the
gut wall (collagen, smooth
muscle, nerve)

f. Peritonitis

7. Drug withdrawal syndromes

8. Radiation Therapy
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5. Clinical presentation and diagnosis:

Signs and symptoms:

The signs and symptoms of vomiting - induced metabolic disturbances include the
following:
e Dehydration, suggested by oliguria, weight loss, mental confussion and
reduced tissue turgor.
e Sodium depletion, suggested by thirst and hypotension.
e Potassium depletion, suggested by muscle weakness or cardia rhythm
disturbances.
e Alkalosis, which can result from loss of hydrogen ions in the vomitus, and
the concentration of extra cellular fluid secondary to fluid loss.
Diagnosis
An accurate diagnosis is essential before treatment begins because symptomatic therapy
may be contraindicated (e.g. Gl obstruction, acute appendiatis or cerebral edema) or
assessment of underlying disease could be complicated by the sedative properties of most

antiemetic therapy.

The appearance, frequency and timing of vomiting together with associated specific and
nonspecific symptoms such as jaundice, dehydration, diarrhea etc. are important in

making diagnosis.

5. Theraputic Plan:
e Treat cause if it can be identified
e Assess for fluid and electrolyte loss
e Give appropriate symptomatic drug treatment after considering contra
indications and adverse drug actions.

e For unexplained vomiting, continue with diagnostic examination.

6. Treatment:

Pharmacotherapy by Antiemetics.



I11. ANTIEMETIC DRUGS

Four Major neurotransmitter systems appear to play important roles in mediating

the emetic response:-

- Dopamenergic system
- Histaminergic system
- Cholinergic system

- (5-HT3). Serotonergic System

As there are four different types of receptors, there are at least four sites of action of the
antiemetic drugs. Antiemetic agents may have actions at more than one receptor, but
they tend to have a more prominent action at one or two receptors. Hence, a combination

of drugs will probably have greater antiemetic action than a single drug.

There are different anti-emetic agents used for different conditions. And they are

classified as: -

1 - Phenothiazines.

2 - Butyrophenones.

3 - Antihistaminics.

4 - Anticholinergics.

5 - Benzamides.

6 - Sertonin Antagonists.

7 - Tricyclic antidepresents.

8 - Other drugs as ephedrine.
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Table 2. Receptor Site Affinity of Antiemetic Drugs (modified from peroutka et al. and

Hamik et al.)
Muscarinic
Pharmacologic Group (drug) | Dopamin(Dy) _ _ Histamine | Serotonin
Cholinergic
1. Phenothiazines
Fluphenazine
++++ + ++ -
Chlopromazine
++++ ++ ++++ +
Prochlorperazine
++++
2. Butyrophenones
Droperidol
++++ - + +
Haloperidol
++++ - + -
Demoperidone
++++
3. Antihistaminics
Diphenhydramine
+ ++ ++++ -
Promethazine
++ ++ ++++ -
4. Anticholinergic:
+ ++++ + -
Scopolamine
Benzamides:
+++ - + ++
Metoclopramide
5. Antiserotonin
- - - ++++
Ondansetron
- - - ++++
BRL 43694 (Granisetron)
- - - ++++
Zacopride
- - - ++++
RG 12915
6. Tricyclic antidepressants
+++ +++ ++++ -
Amitriptyline
+++ ++ +++ -
Notriptyline

The number of positive (+) signs indicates degree of activity at receptor. The negative (-)

sign indicates no activity.
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1. Phenothiazine:

The antiemetic actions of Phenothiazines have been attributed to their ability to

block receptors in the CT2, specifically the dopamenergic receptors.

e Chlorpromazine and Promethazine have been used for years in prevention and

treatment of postoperative emesis, particularly if apoid have been administered,

e Prochlorperazine and Perphenazine are effective therapeutic agents in the

management of postoperative emesis when morphine or mepridine have been
administered, they have shorter durations of action than the commonly used
apoid analgesis, and repeated dosing may be required.

e Dixyrazine, is a Phenothiazine with less sedative action, has been used

successfully as an antiemetic in children undergoing strabismus surgery.

2. Butyrophenones:

The neuroleptic drugs, Haloperidol and Droperidol, are major tranquilizing drugs
that posses significant antiemetic activity as a result of their antagonistic properties at the
dopamine receptor.

Haloperidol and Droperidol are used in management of postoperative nausea and

vomiting.

- Higher doses of Droperidol (2.5-5 mg adults or 50 — 75ug.kg™ in children) are
associated with significant drowsiness and can delay discharge.

- Routine use of Droperidol is not recommended for patients undergoing out patient

surgery, as it has extrapyramidal side effects and cause restlessness and anxiety

following discharge.
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- Lower does of Droperidol (10-20 pg.kg™) have been successfully in procedures
associated with a moderately high incidence of emesis (e.g. laparascopy) but have

limited efficacy for the more emetic procedures (e.g. strabismus).

- Droperidol (50-75pg.kg™) is partially effective prophylactic antiemetic.

* Domperidone, a benzimidazole that is structurally similar to Droperidol, was alleged to
be an effective antiemetic with fewer central nervous system side effects than

Droperidol.

- It acts by increasing the motility of the upper gastrointestinal tract and it has a
blocking effect on the CTZ.

- Used in the treatment of postoperative emesis when administered in the recovery

room.
3. Antihistaminics:
- Dimenhydrinate, hydroxyzine, cyclizine are Antihistaminics, that act on the
vomiting center and the vestibular pathways.

- These compounds are particularly useful in the prophylaxis and therapy of motion

sickness and in the control of emesis following middle ear surgery.
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4. Anticholinergics:

It has been suggested that different Cholinergic receptor sites are present in the
cerebral cortex and pons and that compounds with specific activity at these receptors

could from the basis for effective antiemetic drugs.

e The addition of Anticholinergic drugs such as atropine or scopolamine (hyoscine)

to an apoid compound for premedication olecreases emesis.

e Transdermal scopolamine is effective in controlling motion sickness and
significantly decreases the incidence of server nausea and vomiting after

outpatient laparascopy and after epidural morphine administration.

e They can produce undesirable side effects such as:-

- Dry mouth.

- Sedation.

- Visual disturbances.
- Memory dysfunction.
- Dysphoria.

- Confusion.

- Disorientation.

- Hallucinations.
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5. Benzamides:

Metoclopramide is a benzamide with both central and peripheral antiemetic
action. In addition to its ability to block dopamenergic receptors at the CTZ,
Metoclopramide increases lower esophageal sphincter tone and enhances gastric and
small bowel motility. Thereby preventing the delayed gastric emptying produced by the
opoid analgesics, although it is not effective in controlling motion sickness associated
with linear or angular acceleration, Metoclopramide also has some peripheral Cholinergic

action,

High doses of Metoclopramide (1-2 mg.kg ') are effective in managing
chemotherapy — included emesis.

More conventional antiemetic dosage (0.1 — 0.2 kg *) have been used in the
prophylaxis and treatment of postoperative emesis in adults and children because these
doses are not associated with significant sedative activity.

Metoclopramide appears to be an effective antiemetic in patient receiving opiod analogies

as preanesthetic medication, during surgery in the immediate postoperative period.

Metoclopramide has a short half-life and should be administered immediately
before or just after the end of surgery to have a reliable antiemetic effect in the early

postoperative period,

When Metoclopramide is used in the large doses required to prevent emesis
during end after chemotherapy, is associated with a high incidence of dystonic reaction,
particularly in children even in the usual perioperative dose of 0.1-0.2 mg.kg *, children
are more prone to develop extrapyramidal side effects from Metoclopramide than are
adults.

Methobenamide has less antiemetic action than metodopramide but can be administered

regularly in children.

17



Eisapride is a benzamide with a strong prokinetic effect on the gastrointestinal
system secondary to acetylcholine release a the myenteric plexus, This Cholinergic action
results in increased lower esophogical pressure and motility in the entire gastrointestinal
tract including the large bowel. It has greater ability than Metoclopramide to reverse
morphine-included gastric stasis and is not associated with extrapyramidal side effects,
since it has no activity at the central dopaminergic receptors, However, cisapride does not
block the decrease in lower esophageal tone following the antagonism of neuromuscular

blockade by neostigmine, and hence its role in anesthesia remain unclear.

Alizapride is an investigational substituted benzamide with a greater potency than
Metoclopramide and fewer side effects, it does not appear to be as effective as high-dose

Metoclopramide.

Clebopride is a benzamide with more potent antiemetic activity than metodopride,
it increase, gastrointestinal peristalsis, and at doses that do not result in extrapyramidal

symptoms or hyperprolactinemia, it has a mild tranquilizing effects.

Levosulpride is another investigational benzamide compound with antiemetic
action, but it is less potent than Metoclopramide.

6. Ephedrine:
an indirectly acting sympathomimetic drug can prevent
motion sickness.
- It is also effective In emesis that occurs secondary to the hypertension associated
with spinal anesthesia.
(Biebuyck JF , 1992).
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V. The 5-HT receptors and their function

The 5-HT receptors:

Serotonin receptors are a large and diverse family consisting of 13 GPCRs plus 1 ligand-

gated ion channel (5-HT3). Serotonin receptors are classified into 7 groups according to

their ligand-binding affinity profiles, molecular structures, and intracellular transduction

mechanisms.(Figure 3)

Figure 3. Phylogenetic trees for human dopamine (D) and serotonin (5-HT) G protein—coupled
receptors. A, Phenogram representing genetic distances. This analysis supports the suggestion
that dopamine, 5-HT,, 5-HTs, 5-HT5, and 5-HT, receptors evolved from a common ancestor
after the initial divergence of the 5-HT, and 5-HTg receptor subtypes.! B, Most parsimonious
tree. The 3 major divisions in the evolutionary topology correspond to a signal transduction
mechanism rather than ligand specificity: coupling to G, proteins (leading to increased
phosphoinositol), G5 proteins (increased cyclic adenosine monophosphate [CAMP]) and G;
proteins (decreased cAMP). The 5-HTsa—signalling mechanism remains unclear, and this is
convergent with its position in the evolutionary topology based on sequence. Pl indicates
phosphoinositol; AC, cAMP; T, increase; and V., decrease.
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The 5-HT receptor family:

The human 5-HT; receptor subfamily includes 5-HT;a, 5-HT1g, 5-HT1p, 5-HT1g, and 5-
HT 1k receptors; their activation leads to inhibition of CAMP synthesis through coupling to
Giso proteins.

5-HT1a

This receptor subtype is widely distributed in the CNS, particularly the hippocampus,
septum and amygdala, areas. It is thought to be associated with the control of mood. 5-
HTia receptors seem to modulate anxiety: mice lacking the 5-HTia receptor show
increased anxiety responses in behavioral tests (Ramboz et al,1998) (Parks et al,1998).
The receptor is negatively coupled to adenylyl cyclase, and principally causes
hyperpolarisation. Agonists facilitate male sexual behavior in rats, hypotension, increase
food intake, produce hypothermia, and act as anxiolytics. This receptor has also been

widely implicated in depression. Example of agonists are buspirone

5-HT1s

The 5-HT;g receptors are concentrated in the basal ganglia, striatum and frontal cortex.
These may act as autoreceptors and are negatively coupled to adenylyl cyclase. 5-HT1g
receptors function as autoreceptors on serotoninergic terminals and as heteroreceptors
controlling the release of other neurotransmitters. 5-HT1g receptor—deficient mice show
enhanced aggressive behavior, elevated alcohol consumption, and shorter latency for
cocaine self-administration (Crabbe et al,1996). Agonists inhibit aggressive behavior and
food intake in rodents. These receptors, which have been identified only in rodents and
are apparently absent in humans, are thus only of theoretical interest at present. These
receptors may be the counterpart of the 5-HTp receptor found in other species.
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Interest in 5-HTyg receptor agonists has been generated by the antimigraine properties of
sumatriptan, a non selective 5-HT;p and 5-HTyg receptor agonist with low selectivity

against other receptors in functional studies.

5-HT1p

The 5-HT;p receptors (formerly termed 5HT;p,) has 63% overall structural homology
with the 5-HTyg receptors (formerly 5-HTipp). They are Located primarily in the CNS,
Low levels of the 5-HT;p receptor mRNA are found in the rat brain, predominantly in the
caudate putamen, nucleus accumbens, hippocampus and cortex, but also in the dorsal
raphe and locus coeruleus. these receptors may play a role as a presynaptic heteroreceptor
or as a terminal autoreceptor, being thus involved in the inhibition of neurotransmitter
release by mediating a negative feedback effect on transmitter release. This subtype is
also found in vascular smooth muscle mediating contraction. The receptor is negatively
linked to adenylyl cyclase (Weinshank et al, 1992). The location of 5-HTip receptor
MRNA in the raphe, suggests that it may function as an 5-HT autoreceptor. This data
could be further substantiated by the use of ketanserin and ritanserin, which in addition to
their high affinity for the 5-HT,, site also have high affinity for the 5-HTp, but not the
5HT g site. agonists at this site are effective in treating acute migraine headaches.

5-HT1e

The 5-HTe receptor is concentrated in the caudate putamen with lower levels in the
amygdala, frontal cortex and globus pallidus. It is negatively linked to adenylyl cyclase.
There are no reported selective or high affinity ligands for this receptor (except for SHT

itself) and its function is currently unknown (Stephen and Peroutka, 1993).

5-HT1e

This receptor subtype is most closely related to the 5-HT;e receptor. mRNA coding for
the receptor is concentrated in the dorsal raphe, hippocampus and cortex of the rat and
also in the striatum, thalamus and hypothalamus of the mouse. 5-HT;r receptor mRNA

has been detected in human brain and is also present in the mesentery and uterus. The
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receptor is negatively linked to adenylyl cyclase. The antimigraine 5-HTg1p agonist,
sumatriptan, has almost equal affinity for the 5HT¢ as the 5-HTg/1p receptors. Thus, it
has been hypothesised that the 5-HTir receptor might be be a target for drugs with
antimigraine properties. 5-HT1;g mMRNA has been detected in the trigeminal ganglia,
whose stimulation leads to plasma extravasation in the dura, a component of neurogenic
inflammation which is thought to be a possible cause of migraine. Sumatriptan been

claimed to block the effects of trigeminal nerve stimulation.

The 5-HT, receptor family:

The 5-HT, receptor family consists of three subtypes termed 5-HT,a, 5-HT,g and 5-
HT,c. The latter site was previously termed 5-HT;c before its structural similarity to the
5-HT, family members was recognised. All three are thought to be linked to the
phosphoinositol hydrolysis signal transduction system via the a subunit of the Gq GTP
binding protein, although it is yet to be proven that the 5-HT,g receptor is so coupled in
native tissue. Indeed, in human pulmonary artery endothelial cells, 5-HT,g receptor
stimulation causes intracellular calcium release via a mechanism independent of

phosphatidylinositol hydrolysis.

5-HT2a

This receptor (previously termed 5-HT,) s widely distributed in peripheral tissues where
it mediates contractile responses of many vascular, urinary, gastrointestinal and uterine
smooth muscle preparations, platelet aggregation and increased capillary permeability in
both rodent and human tissue. Centrally, it is principally located in the cortex, claustrum
and basal ganglia. Stimulation of central 5-HT,a receptors in rodents causes head shaking
and may mediate the effects of hallucinogens such as lysergic acid diethylamide (LSD) in
man, the release of glutamate from the rat cerebellum and the release of b-endorphin,
corticosterone, luteinising hormone and prolactin as well as adrenaline from the rat

adrenal medulla.

5HT,a receptor antagonists such as ritanserin are also reported to improve sleep quality.

As the vasoconstrictor effects of 5-HT,a receptor stimulation are markedly potentiated in
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hypertension and atherosclerosis, while low levels of 5HT potentiate the thrombogenic
and vasoconstrictor effects of other neurotransmitters, selective 5-HT,a receptor

antagonists, notably ketanserin, are in clinical use for hypertension.
5-HT2s

This receptor mediates contraction of the rat stomach fundus and endothelium-dependent
relaxation of the rat and cat jugular veins and possibly of the pig pulmonary artery, via
nitric oxide release. In man, 5-HT,g receptor mRNA is expressed in low levels in the
brain, and at much higher levels in the placenta, lung, liver, kidney, heart, intestine and
stomach. Recent receptor specific antibody studies in the rat have reported the presence
of receptor protein in the amygdala, septum, hypothalamus and cerebellum. In rodent
studies, stimulation of 5-HT,g receptors has been reported to cause modest anxiolysis,
hyperphagia and reduced grooming. They may also be involved in the precipitation of
migraine and the action of the 5-HT, receptor antagonist migraine prophylactics,
cyproheptadine, pizotifen and mianserin. The 5-HTg receptor has also been postulated to

mediate mesenteric artery contraction in hypertensive, but not normotensive rats.
5-HTyc

5-HT,c specific antibodies have recently been used to show the presence of the receptor
protein in the choroid plexus (highest density) and at a lower level in the cerebral cortex,
hippocampus, striatum, and substantia nigra of rat and a similar distribution in man.
There is, at present, no evidence of the existence of this receptor or its mRNA in

peripheral tissues.

5-HT,c receptors in the hippocampus may control appetite threshold: 5-HT,¢c receptor
deficient mice have hyperphagia, type 2 diabetes, and increased body weight (Nonogaki

et al,1998) (Tecott et al, 1995) as well as epileptic seizures (Brennan et al,1997).
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The 5-HT; receptor

The 5-HT3 receptor binding site is widely distributed both centrally and peripherally and
has been detected in a number of neuronally derived cells. The highest densities are found
in the area postrema, nucleus tractus solitarius, substantia gelatinosa at all levels and
nuclei of the lower brainstem such as the trigeminal nucleus and the dorsal vagal
complex. It is also found in higher brain areas such as the cortex, hippocampus amygdala
and medial habenula, but at lower densities. Peripherally, it is principally found on the
neurones of the sensory and enteric nervous systems and pre-and postganglionic
autonomic neurones. Unlike other 5-HT receptors, 5-HT3; receptor subunits form a
pentameric cation channel that is selectively permeable to Na*, K" and Ca™" ions causing

depolarization (Maricq et al, 1991).

In vivo, administration of 5-HT; receptor ligands can either stimulate or inhibit cardiac
function, induce vasodilation, affect lung and intestinal function, cause pain and
sensitisation of nociceptive neurons and induce nausea and vomiting. This latter action is
thought to underlie the emetic side effects of cancer chemotherapy and radiotherapy and
has led to the use of selective 5-HT3 receptor antagonists as antiemetic agents. Central 5-
HT3 receptor antagonists are reported to have anxiolytic actions in some, but not all. 5-
HT3 receptor antagonists have also been reported to induce cognitive enhancing effects
and to reduce dopamine function in rats suggesting utility as procognitive and
antipsychotic agents. Highly potent and selective 5-HT; receptor antagonists include

ondansetron, granisetron, tropisetron.

The 5-HT, receptor

This receptor is highly concentrated in areas of the rat brain associated with dopamine
function such as the striatum, basal ganglia and nucleus accumbens where they may be
located on GABAergic or cholinergic interneurons and/or on GABAergic projections to

the substantia nigra. The receptor is functionally coupled via the G G-protein.

Peripherally, stimulation of 5-HT, receptors on the myenteric plexus of the guinea pig

and rat oesophagus, and guinea pig and human colon cause contractions. Thus, 5-HT,
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receptor antagonists may be of use in irritable bowel syndrome. 5-HT, receptors in the
mucosa of the rat colon and elsewhere are involved in secretory processes. They may also
mediate vomiting in ferrets, possibly by activating vagal afferents. 5-HT, receptors in the
heart induce tachycardia and positive inotropic effects when stimulated and may be of
importance in cardiovascular pathology. 5-HT, receptor activation may also cause
cortisol secretion and bladder contraction in man. Centrally, 5-HT,4 agonists can increase
striatal dopamine release. In the rat frontal cortex, 5-HT. receptor stimulation facilitates
acetylcholine release and may thus have cognition enhancing effects while in the
hippocampus, it may result in increased 5-HT release, suggesting a possible role in the

mediation of anxiety.

The first 5-HT, agonists reported were benzamides such as renzapride, cisapride and
zacopride. Later, benzimidazolones were characterized. However, all have substantial

affinity for the 5-HT3 receptor.

5'HT6 and 5-HT7

5-HTs and 5-HT7 receptors stimulate cCAMP synthesis. Tricyclic antidepressant drugs
amytryptiline and clomipramine show high affinity for 5-HTg receptors, and clozapine
displays high affinity for 5-HTg and 5-HT- receptors, indicating a potential involvement
in their therapeutic action (Plassat et al, 1993) (Monsma et al, 1993). The 5-HT; receptor
might also play a role in the regulation of mammalian circadian rhythms (Lovenberg et
al, 1993).

25



V. Serotonin Receptor Antagonists as Antiemetics

1.ONDANSETRON

1. Chemical structure:

Ondansetron was synthesized in 1983 as hydrochloride dehydrate salt (fig.1). its
structure is similar to that of 5-HT, both have an indole nucleus. It has one asymmetric
center and al 1:1 racemic mixture of the D and L enantomers. Both isomers are selective
antagonist at 5-HT3 receptors.
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2. Physical properties :

A white to off-white powder. Sparingly soluble in water and in alcohol, very slightly

soluble in acetone, in chloroform and in ethyl acetate, slightly soluble in dichton methane

and in isopropyl alcohol, soluble in methyl alcohol.

Store in airtight containers, protect from light.
(Hagan et al, 1996).

Ondansetron is stable under normal conditions for 4 years. It has a PKa of 7.4 and
aqueous PH of 4.6. (Simpson and Hicks, 1996).

3. Mechanism of Action:

It has been proposed that both cytotoxic drugs and radiation cause cellular
damage, thereby releasing a number of chemical mediators including
serotonin from the intestinal mucosa. This serotonin is thought to
depolarize vagal afferent nerves in the gut, or sensitize them to other
stimuli such as the mechanical effects of pulsatile blood flow. Vagal

afferent excitation in turn elicits the vomiting reflex.

Ondansetron antagonizes the depolarizing action of serotonin at 5SHT3R on

vagal afferent nerves (Figure4).

The drug blocks the Bezold - Jarisch reflex response (transient
bradycardia and hypotension. (Milne and Heel, 1992; Markham and
Sorkin, 1993; Tyers, 1992; Wolf, 2000; Scaratino et al. 1992).
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Figure 4. Proposed sites of the antiemetic action of ondansetron at 5-
HT3 receptors located peripherally on vagal afferent fibres in the gut
wall and centrally in the area potrema, nucleus tractus solitarius (NTS)
and other associated brain areas; M= other chemical mediators; PCRF
= parvicellular reticular formation (from Andrews et al. 1988; pratt et
al. 1990).
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4. Pharmacokinetics:

Absorption and Plasma concentration:

e Following oral administration, it is rapidly absorbed with peak plasma

concentration of 33 mgl L were reached in 1 to 1.5 h after 8 mg.

e The bloavailability is about 60% due to hepatic first — pass metabolism, its
estimated from area under the plasma concentration — time curve (AVC).

e Steady — state plasma concentration were maintained with continuous

infusion.

e 70— 76% protein bound

e volume of distribution is 160 L and the mean elimination half-life is 3h.
(Gregory and Ettinger, 1998; Markham and Sorkin, 1993; Milne and Heel, 1991,
Tyers, 1992; Scarantino et al., 1992).

Distribution :

Ondansetron is extensively distributed in the body, results in vitro suggest that about 70%
to 75% of the drug in plasma is protein bound. The volume of distribution is large
(IGOL) (Milne and Heel, 1991).

The apparent volume of distribution at steady state (Vss) in young healthy is
approximately 1.8 L kg. *, which is greater than the 0.9 Lk5" representing total body
water. This reflects the high lipid solubility of Ondansetron, which has a Log D
(octanol/water) of 1.3 at PH 7.4. Ondansetron is 67% ionized at blood PH. Protein
binding is about 70% which does not greatly influence pharmacokinetics. Alph | acid
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glycoprotein, which can change significantly in cancer, is not a major binding protein for
ondansetron. The blood : plasma ratio of ondansetron is 0.833, implying that it
distributes into red cells (Pritchard, 1992). The brain : plasma ratio in animals is less than
0.5, suggesting slow penetration into the CNS. This is supported by low cerebrospinal
fluid (CSF) concentrations, about 10% of plasma concentration seen in man after oral
dosing. (Simpson and Hicks, 1996).

Routes of Administration:

1. Intravenous route
e The time to reach peak plasma drug concentration Tmax =7 min
e T¥%=3-35h
e Total body clearance (CL) = 600 ml. min *

IV ondansetron provided more rapid onset of action than the oral route.

2. Oral route:
Ondansetron tablets are bioequivalent to the oral solution. It dissolves completely
and quickly in-vivo (Pritchard, 1992)
e Well absorbed, with bioavailability of 60 to 70%. First pass metabolism
removes 30 — 40% of the drug.
e The presence of food in GIT causes a small increase in the bioavailability.
e The use of antacids does not alter bioavailability
(Pirchard, 1992)

3. Intra muscular route:

The drug is rapidly absorbed with t2 =5 - 10 min
(Simpson and Hicks, 1996)

30



4. Colonic route:
The t%2 was comparable with that after oral dosing. Cpax was reduced and the t%
prolonged to almost 7h. Bioavailability (79%) was not significantly different from
that after oral administration. Ondansetron is absorbed as well in the colon as it is in

the upper GIT. Dose modification is unnecessary after bowl resection.

5. Rectal route:

Tmax, Cmax, and t% were similar to those after clonic administration.
6. Sublingual and subcutaneous routes:

The lipophilicity of ondansetron suggest that sublingual or subcutaneous

administration would result in good absorption.
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Table 4.Pharmacokinetic data after different routes of ondansetron

administration in healthy volunteers

Oral 8 mg Oral steady  Intravenous  Intramucular Colonic 8 Rectal
single dose state 8 mg 5 min 4 mgsingle  mg infusion 8 mg single
Mean Mean infusion dose Median Mean dose Mean
(95% ClI) (95% ClI) Mean (s.d.) (range) (s.d.) (s.d)
1-0* 1.0* 0.12 1.1 1.3
Trnax ()
(0.8-2.0) (0.8-1.5) (0.05) (0.08-0.17) (0.3) 0.7)
Crnax 31.2 38.9 80 24 28 26
(ngmL %) (25.6-38.1) (31.2-48.4) (33.0) (12-30) (13.0) (14.0)
3.2 3.3 2.8 6.9 6.8
t% (h)
(2.4-5.8) (3.3-8.1) (0.6) (1.4) (0.9
702
CL (mL min ™)
(167)
AUC 130.3 236 180
(ngh*mL™ (106.0-160.2) (103) (64)

* Median (range)

4. Metabolism and Elimination:

e Metabolism:

The major clearance of ondansetron (95%) is by hepatic metabolism (Pritchard,

1992). The enzyme system involved are cytochrome P450, particularly CYP2D6

and CYP3A (Fischer et al., 1994). 6-hydroxylation and demthylation are minor

routes of metabolism. Forty percent of ondansetron is metabolized to the active

compound 8-hydroxyondansetron which is not detected in plasma as it is rapidly

conjugated in Liver. It does not contributed to the activity of the parent drug.
(Simpson and Hicks, 1996).
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The drugs are metabolized by different subtype of cytochrome P450 enzyme
system, ondansetron metabolized mainly by the ubiquitous cytochrome P450-3A
subtype. (Wolf, 2000).

Inducers or Inhibitors of P2D6 enzymes may change the clearance and half life of
ondansetron. Ondansetron do not induce or inihit the cytochrom P450 enzyme
system (Roussel, 1997; Sanwald et al., 1996).

Clearance:
Renal clearance of the parent drug represents less than 5% of total plasma

clearance.

Ondansetron does not appear to be a flow — dependent drug since changes in
hepatic blood flow would not be expected to result in much changes in

ondansetron clearance. (Pritchard, 1992).

Plasma clearance is approximately 40% of hepatic blood flow. (Lazarus, et al.
1990). Ondansetron is extensively metabolized with only 5% recovered in the
urine as unchanged drug. The primary metabolic pathway is hydroxylation of the
indole ring followed by glucuronide or sulfate conjugation. (Otaxo Wellcome,
1996).

Excretion:

Following intravenous administration of radio labeled ondansetron more than
60% of its metabolites are excreted in urine, the remainder are found in palces.
As lipophilic drug, which diffuses easily, ondansetron will probably pass across
placenta and into milk; there are, however, no published data on these
phenomena. Ondansetron is not recommended during pregnancy and lactation.
(Simpson and Hicks, 1996).
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Factors Affecting Ondansetron Pharmacokinetics:

1. Elderly:
May be prone to accumulation of ondansetron if prolonged dosing with frequent
dosing intervals are used. Dose modification is not recommended for elderly because
age accounts for small part only of variability in clearance. (Simpson and Hicks,
1996).

2. Children:
T¥% is shorter in young children reflecting a greater rate of elimination. (Simpson and

Hicks, 1996).

3. Gender:
There is some evidence that clearance is slower in females of similar age even when
body weight is taken into account (Pritchard 1992). Females show higher

bioavailability after oral doses. (Simpson and Hicks, 1996).

4. Circardian Rythms:
Absorption was highest after the morning dose and declining by 15% by night time
dose. Cmax Was significantly lower and Tmax more prolonged as day progress.
(Simpson and Hicks, 1996).

5. Renal failure:
Less than 5% of drug is excreted in urine, therefore adjustment of dosing is

unnecessary for patients with renal problems. (Amentea et al, 1993).

6. Liver disease:
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Figg, et al, (1992) have studied the effect of liver disease on pharmacokinetic of
ondansetron, the Vd was unchanged, no effect on mental state, the clearance was

prolonged, ranging from 10h fro mild liver disease to 20h in severe cases.

There was increase in bioavailability and Cyax similar results were obtained by others.

(Black, et al. 1993).
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Figure 5. Metabolism of ondansetron in humans. Major, > 20%

of dose; minor, <20% of dose; very minor, <5% of dose.
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Table 5. In Vitro Pharmacologic Activity of Ondansetron Metabolites

Von Bezoid-Jansch Reflex in the Cat

(30 wkg 1V)

Pki (°H) Onset Duration Peak

GR65630 (min) (min) Dose

Binding* Ratio
Ondansetron 8.5 <1 76 >13
8-Hydroxyondansetron 8.7 <1l 90 >20
7- Hydroxyondansetron 7.3 - - -
6- Hydroxyondansetron 6.4 <1 16 >20
N-Desmethylondansetron 6.5 <1 13 -

*(®*H) GR65630 is a radiolabelled ligand for the 5-HT3 receptor. The
ability to displace GR65630 from the receptor is decendent on the
affinity of the test compound to the receptor. A pki of 8.5 means that at
a concentration of 10®° mol/L, half of the GR65630 has been displaced.
The lower the concentration of test compound (hence higher pki) the
higher the affinity for the 5-HT3 receptor.
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6. Pharmacological Action :

1. Effect on CNS:

No Extrapyramidal reactions. (Halperin and Murphy, 1992)

It antagonize the overstimulation of central sertonergic receptors in
Psychosis, which is manifested mainly by visual hallucinosis, paranoid
delusions, and confusion, is a common complication in patient with
advanced Parkinson’s disease. (Zoldan et al. 1995).

It causes tonic-clonic movements and forting.

It has dose — dependent anxiolytic action with onset after several days of
therapy but possibly influence only relatively low level of anxiety. (Wolf,
2000).

2. Effect on CVS:

It has minor and usually clinically unimportant effects on cardiac
electrophysiologic behavior.
It causes slight QT prolongation, reduced heart rate, conduction disorders

(AV block) during treatment and arrhythmias. (wolf, 2000).

3. Effecton GIT:

It reduces incidence of emetic episodes by blocking serotonin — induced
depolarization of vagal afferent nerves which in turn induce nausea and
vomiting via reflex activation.

It prolongs colonic transit but has no major effect on small intestinal

transit time. (Markham and Sorkin, 1993).

4. Effect on Liver:

It may produce transient increase in transaminase enzymes.
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e Itincreases bilirubin, hyperlilirubinaemia was unusual and usually limited
between 2 to 3 times baseline values. (Verrill and Judson, 1994; Grunberg,
1992).

e Transaminases returned to normal after treatment and were not associated
with any clinical problems. It is difficult to separate the effect of cancer
and concomitant treatments from those of ondansetron. (Simpson and
Hicks, 1996).

7. Adverse effect and Precautions:

1. Effect on CNS:
e Most common adverse effect is headache (the severity is not dose
related).
e Sensation of flushing or warmth.
e Dizziness, anxiety and sedation.

2. OnCVS:
o Chest pain.
o Tachycardia and bradycardia.
o Hypotension.
3. OnGiIT:
o Constipation, diarrhea.
o Dry mouth.
o Transient rise in liver enzymes.

4. Anaphylactacid — Anaphylactic Reactions:
Its characterized by urticuria, angiodema, hypotension, bronchospasm and dysnea.
May be due to 1.V. administration of ondansetron (Chen et al, 1993).

5. Hypersensitivity reactions:

Hypothesis of etiology is class effect rather than a drug-specific hypersensitivity. So,
the suspected drug should be discontinued, in addition avoid administration of
another 5HT3 antagonist, as replacement in circumstances where the patient has
previously experienced even a mild hypersensitivity type reaction with another 5HT3

receptor antagonist.
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Table 6.Frequency of Adverse Events with Ondansetron

Dose Mild Elevated

Level Sedation Headache Transaminase Dizziness Dry Patient
(mg/kg) Mouth at Risk

0.04- 5 1 1 0 3 15

0.125

0.15 8 8 7 3 5 14

0.18 2 1 1 1 0 4
0.2-0.35 4 5 6 1 0 13

Total 19(41%) 15(33%) 15(33%) 15(11%)  8(17%) 46

8. Therapeutic uses:

1. Chemotherapy — induced emesis (CTNV)
2. Radiogenic emesis (RTNV)
3. Postoperative nausea and vomiting (PONV)

Non-registered indications:

1. Other forms of emesis and nausea. Eg:
e To treat hyper emesis gravidarum
e Vomiting due to intoxication

e Management of PCP with cortimoxazole
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e Vomiting associated with craino-cerebral trauma

e Ineffective in kinetoses or morphine — induced nausea.

2. Diarrhea — predominant irritable bowel syndrome.

3. Dose-dependent anxiolytic action with onset of action several days of therapy.
4. Antipsychotic effect (Parkinson psychosis and schizophrenia).

5. Alcohol and drug abuse.

6. Cognitive functions.

7. Nociception, migraine. (Wolf, 2000).

Ondansetron is used in the treatment of Panic disorder. To date, ondansetron is the most

pharmacologically specific anti-panic agent to be developed. (Schneier, et al, 2001).

Reinfusion of autologous hematopietic peripheral blood stem cells (PBSC) or bone
marrow is often accompanied by flushing, dyspnea, abdominal cramping, nausea and
vomiting, diarrhea. These symptoms and the observation that they can be prevented by
ondansetron, led to the assumption that these side-effects are due to infusion of free

serotonin during the reinfusion of PBSC or bone marrow. (Wymenga et al. 1999).

Ondansetron has been introduced to clinical practice as antiemetic for cancer treatment —
induced and anesthesia related nausea and vomiting. Its use under these circumstances is

both prophylactic and therapeutic. (Yejh et al., 2000).

9. Toxicity:

The toxicity is low, there is no evidence of mutagenic or teratonigenic effects or specific
organ toxicities. Only in long-term studies using higher dosages have rodents exhibited
liver parenchymal changes of the type often observed on administration of drugs
metabolized by the cyt P450 system.
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In healthy volunteers 5HT3 receptor antagonists are well tolerated over a very wide dose
range. Only at multiples of clinical dose levels do signs of intoxication occur, for

example in the form of visual and acoustic hallucination. (Wolf, 2000).

10. Drug Interactions:

1. Antibacterials : Rifampicin pretreatment reduced the area under the plasma
concentration time curve of oral ondansetron by 55% and IV ondansetron by 48%
concomitant use of rifampicin or other potent inuducers of cytochrome P450 iso
enzyme CYP3AY, with ondansetron may reduce antiemetic efficacy. (Villikkak. Et
al, 1999).

2. Sytochrome P450 inducers: e.g. Phenobarbital or phenyl butazone increase break down

of ondansetron so decrease its therapeutic effect.

3. Cyt P450 inhibitors such such as cimetidine have no revelent influence on the plasma
concentration of drug. (Wolf, 2000).

4. Opiod analgesic:
As morphine, elimination of ondansetron was prolonged but it may be due to

posoeperative changes in physiology rather than use of opioid.

5. Alcohol:

Ondansetron may reduce some effects of alcohol, but not affecting absorption of it.
6. Smoking:

As smoking induce hepatic enzymes it may increase the clearance of ondansetron, no

dose adjustment is recommended.
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7. Pyridostigmine:

Ondansetron increases the activity of compound. (Simpson and Hicks, 1996).
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GRANISETRON

1- Chemical Structure:

Endo-N-[9-methyle-9-azabicyclo-(3.3.1) non-3-yl] 1-methyl-1H-endole-3-
carboxamide (Yarker and McTavish, 1994) (Adams and Vally 1996).

Cis H22N4s O
(Figure 6: Chemical Structure of Granisetron)
(Andrews P, 1994)

2- Physical Properties:

Granisetron Hydrochloride is a white to off-white solid that is readily soluble in
water and normal saline at 20%. Granisetron hydrochloride injection is clear, colorless
solution for intravenous administration.

Granisetron tablets (Kytril) for oral administration are triangular, white biconvex

and film coated.
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3- Mechanism of Action:

The exact mechanism of Granisetron for the prevention of postoperative nausea
and vomiting remains unclear, but it has been suggested that this drug may act on sites
containing serotonin type 3 receptors with demonstrated antiemetic effects.(Carmichael et
al, 1989)

Granisetron is a Potent and highly selective antagonist of 5-HT3 receptors. In vitro
studies have demonstrated that Granisetron has a high affinity and selectivity for 5-HT3
binding sites in a variety of tissues, including those in some areas mediating emesis
(Plosker and Goa, 1991) (Leslie et al, 1990).

Precursor
uptake
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1
Synthesis
5-HT

S

hetabolism
Release
6
:} 5-HT 4/ g
4 5-HT Receptor
Diffusion isetron blockes here
f , amtagomising the action of 5-HT

Postsynaptic neuron

Figure 7. site of action of serotonin receptor antagonists.
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4- Pharmacokinetics:

Absorption:
Granisetron is well absorbed orally with peak plasma concentration occurring about

2 hours after a dose. It was reported to be more potent as antiemetic when administrated
by the oral route than the intravenous route (Fitzpatrick et al, 1990).

Distribution and Bioavailability:

Granisetron has been shown to be widely distributed and rapidly eliminated
primarily by hepatic metabolism (Upward et al, 1990). It is widely distributed both in
healthy volunteers and in cancer patients (Zussman et al, 1988).

Oral bioavailability of Granisetron is about 60% as a result of first-pass hepatic
metabolism .

It has a large volume of distribution of around 3 litres per Kg. Plasma protein
binding is about 65%.

Metabolism :

the pharmacokinetics of Granisetron exhibit considerable interindividual variation,
and the elimination half-life is reported to be around 3 to 4 hours in healthy subjects but
about 9 to 12 hours in cancer patients.(Yarker and McTavish, 1994) (Adams and Vally,
1996).

Granisetron in comparison to other 5-HT receptor antagonists, is supported by the
longer plasma half-life. (Carmichael et al, 1998), the t1/2 for granisetron in Westren
studies was approximately 4 to 5 hours in healthy volunteers and 9 to 12 hours in cancer
patients ( Yarker and McTavish. 1994) (adams and Vally, 1996). Such differences
between patients with malignancies and healthy volunteers are common and may
potentially be caused by one of several underlying factors. These factors include
differences in elimination caused by the underlying malignancy, possible drug
interactions with cytotoxic chemotherapeutics, or changes in the binding characteristics

of plasma proteins (Addelman et al, 1990).
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It’s metabolized in the liver by N-demethylation and aromatic ring oxidation
followed by conjugation. Animal studies suggest that some of the metabolites have 5-
HT3 receptor antagonist activity.

Granisetron is metabolized by the cytochrome P 2D6 isoenzyme of the hepatic
cytochrome P-450 enzyme system. Inducers or inhibitors of these enzymes may change

the clearance and the half-life of these serotonin antagonists (Sanwald et al, 1996).

Excretion:

In normal volunteers, approximately 12% Is eliminated unchanged in the urine in
48 hours, the reminder is excreted as metabolites 49% in urine and 34% in the feces
(Balfour and Goa, 1007).

Granisetron clearance is not affected by renal impairment, but is lower in the
elderly and in patients with hepatic impairment (Yarker and McTavish, 1994) (adams and
Vally, 1996).

The fact that the pharmacokinetics of Granisetron have not been adequetly studied
in children has been replaced with “A pharmacokinetic study in pediatric cancer patients
(2 to 16 years of age), given a single 40 mcg/kg intravenous dose of kytri injection,
showed that volume of distribution and total clearance increased with age. No
relationship with age was observed for peak plasma concentration or terminal phase
plasma half-life. When volume of distribution and total clearance are adjusted for body
weight, the pharmacokinetics of Granisetron are similar in pediatric and adult cancer
patients” (SmithKline Beecham, 1997).
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5- Pharmacodynamics :

Granisetron is more selective to 5-HT3 receptors and this can be relevant for
efficacy. It has a selectivity ratio of approximately 1000:1 for the 5-HT3 receptors with
respect to any other type of receptor (Freeman et al, 1992) (Marr et al, 1991).

Granisetron is an antiemetic and antinauseant agent which exerts its activity via
selective antagonism of serotoning receptors. it probably exerts its effects on acute emesis
(i.e. episodes occurring within 24 hours of cytotoxic therapy) by acting at both periphral
and central sites. Peripherally it probably blocks serotonin-evoked stimulation of vagal
afferent nerves from the gastrointestinal tract; centrally it probably bloks stimulation of 5-
HT3 receptors in the chemoreceptor trigger zone and the nucleus of tractus solitarius of
the brainstem, both of which activate the vomiting reflex.

Radioligand binding techniques show that Granisetron has a strong affinity for
central 5-HT3 recognition sites in the brain (Seynaeve et al, 1991). The highest density of
these sites in the nucleus of the tractus solitarius, the main terminus for vagal afferent
fibers originating from the gastrointestinal tract (Leslie et al, 1990) (Pratt et al, 1990).
Another major site of 5-HT3 receptors is in and around the area postrema of the medulla
oblehngata, which is the site of the chemoreceptor trigger zone for emesis (Plosker and
Goa, 1991).

The selectivity of granisetrin for 5-HT3 receptors has been demonstrated in the rat.
Granisetron lacks any significant interaction with 5-HT1a.p, 5-HT>, 5-HT,, dopamine D;
or Dy, histamine Hj, benzodiazepine, picrotoxin, or oy-ayp, or Breceptor binding sites
(Fake et al, 1987) (Sanger and Nelson, 1989) (Freeman et al, 1992) (Andrews, 1994).
Studies in rat and guinea-pig brain have shown that the affinity of Granisetron for 5-HT3
receptors is 4,000 to 40,000 times greater than for any other receptor type studied
(Blower, 1990). In addition, Granisetron has been reported to be more potent and longer
acting than ondansetron (Andrews, 1992).

Some serotonergic pathways are thought to be involved in the control of anxiety
and several animal studies have investigated the potential anxiolytic effects of
Granisetron and other 5-HT3 antagonists. However, these studies have yielded equivocal

results and anxiolytic activity, where observed, has been inferior to that of antianxiety
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agents such as diazepam and buspirone (Nevins and Anthony, 1994) (Higgins et al,
1991).

It has also been postulated that 5-HT3 antagonists may possess antipsychotic
activity through their action at central sites and there is some evidence to suggest that
these agents, including Granisetron, can attenuate hyperactivity of dopaminergic neurons
in the mesolimbic area of the rat brain (Costall et al, 1990).

Granisetron effects on the heart are not very significant. However, small ECG
changes (e,g. increase in the PR, QRS, and QTc intervals) have been recorded. These
changes, which generally occur within a few hours of drug administration, were transient,

and were not associated with clinical symptoms (Steven and Bernard, 1997).
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6- Therapeutic Uses:

Prophylactic parentral or oral administration of Granisetron reduces the incidence
of, or completely prevents, nausea and vomiting induced by cytotoxic drugs (including
the highly emetogenic drug cisplatin) and is an effective intervention therapy where
emesis is already occurring. Granisetron is also effective in the prevention and treatment
of radiation-induced emesis, at doses similar to those used to control the chemotherapy-
induced condition.

Granisetron is used in the management of nausea and vomiting induced by
cytotoxic chemotherapy and radiotherapy and for the prevention and treatment of
postoperative nausea and vomiting (Maisano et al, 1995).

Granisetron hydrochloride is effective for the treatment of emesis in patient
receiving cytotoxic drugs. (Bermudez et al, 1988). It is more potent and has longer-acting
properties against cisplatin-induced emesis than Ondansetron. (Andrews et al, 1992)

It has been demonstrated that this drug reduces the incidence of postoperative
nausea and vomiting in patients undergoing laparoscopic cholecystectomy. (Fujii et al,
1997).

The two commercially available 5-HT3 (serotonin) receptor antagonists,
Ondansetron and Granisetron, have been shown to be highly effective in controlling the
acute emesis associated with cisplatin (Perez, 1995) (Navari et al, 1995) (Tabona, 1990),
particularly when administered along with a corticosteroid (e.g. dexamethasone) (Smyth
et al, 1991) (Hesketh et al, 1994).

Granisetron is an effective antiemetic in children undergoing highly emetogenic
chemotherapy, and effectively controls radiotherapy-induced and postoperative nausea
and vomiting (Yarker and McTavish. 1994).
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7- Adverse Effects:

Side effects of granisetron are not common, but they can occur and are generally

well tolerated.

Granisetron appears to be well tolerated in clinical trials. Headache is the most
frequently reported adverse event, occurring in about 14% of patients. Other less
common adverse events associated with Granisetron administration include constipation,

diarrhea, asthenia and somnolence.

Table 7: Adverse events occurring in more than 5% of patients

Granisetron dose
A/E
2 ug/kg 10 pg/kg 40 pg/kg

Headache 11.5% 7.7% 9.4%

Anaemia 5.8% 1.9% 0
Hypertension 5.8% 3.8% 5.7%
Constipation 5.8% 3.8% 0

Diarrhea 3.8% 5.8% 57%

Quoted from: (Riviere et al, 1994).

However, Granisetron does not cause the sedative, dysphoric, and extrapyramidal
symptoms associated with nonserotonin type3 receptor antagonists (e.g droperidol,
metoclopramide) (Watcha and White, 1992) (Yarker and McTavish, 1994). Adverse
effects due to granisetron are considered to be clinically not serious (Fujii et al, 2001).

Granisetron also did not appear to affect Psychometric performance (Leigh et al,

1991) or EEG (Link et al, 1991) in human volunteers.
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8- Safety and Tolerability:

Granisetron has an excellent safety profile(Aapro, 1991). Dose as high as seven
times the normal clinical dose (i.e. up to 300 pg/kg) cause no major toxicity (Arnold,
1990). There are no reports attributed directly to granisetron of extrapyramidal reactions.

Headache and constipation are the most frequent side effects of granisetron; the
former is treatable with simple analgesics, and the latter often resolves spontaneously
(Tabona, 1990).

The use of Granisetron in children does not appear to affect its tolerability profile,
nor does the use of repeated doses of Granisetron over up to 8 cycles of chemotherapy.

9- Toxicity of Granisetron:

Regarding toxicity, granisetron was considered safe throughout the studies
reviewed. Most of these studies reported the well known toxicities of serotonin antagonist
medications such as headache, constipation and diarrhea, and less frequently, sedation. In
most studies, these toxicities occurred at similar rates with both antiemetic drugs (Perez
et al, 1998).
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10- Contraindications:

Hypersensitivity: hypersensitivity to this medicine is considered a contraindication
of its use.

Pregnancy: Granisetron has not been studied in pregnant women, however, it has
not been shown to cause birth defects or other problems in animal studies.

Breast feeding: it is not known whether Granisetron passes into breast milk.
Although most medicines pass into breast milk in small amounts, many of them may be
used safely while breast-feeding.

Children: in effective doses, Granisetron has not been shown to cause different
side effects or problems than it does in adults (Yarker and McTavish. 1994).

Older adults: this medicine has been tested in a limited number of patients 65
years of age or older and has not been shown to cause different side effects or problems
in older people than it does in younger adults. Granisetron was well tolerated by Patients
regardless of hepatic function and no serious treatment-related adverse events were
reported (Robert P, 1994).

11- Drug Interactions:

Coadministration of intravenous Granisetron and lorazepam has revealed no
evidence of pharmacodynamic interactions (Leigh et al, 1991) (Link et al, 1991). In
addition, no unwanted synergistic effects have been reported following coadministration
of haloperidol and Granisetron (Leigh et al, 1992). In fact, the potential of Granisetron to
modify the cytochrome P450 hepatic enzyme system has been reported to be low,
suggesting that drug-drug interactions mediated by this system (the most common route

of drug elimination) would be low (Bloomer et al, 1993).
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DOLASETRON

Dolasetron mesylate (Anzemet, MDL 73, 147 EF) is a highly potent and highly selective
5-hydroxytryptamine (5-HT3) receptor antagonist. (Coppes et al, 1999) that is under

investigation as an antiemetic agent (Lerman et al, 1996).

1. Chemical Structure: * .
Chemically dolasetron mesylate
(1H-indole-3-carboxylic acid-trans-octahydro-3-oxo-
2, 6-methano-2H-quinolizin-8-yl i
ester,methanesulphonate) is a novel pseudopelletierine ©
derivative (Boeijinga et al, 1992). N

Dolasetron

Figure 8. Chemical structure of Dolasetron

The empirical formula is:
C19H20N203.CH403S. (Lerman et aI, 1996)

Molecular weight:
438.5 gm.mol™® (Lerman et al, 1996)
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2. Physical properties:

It is a white to off-white powder that is freely soluble in water and propylene glycol,

slightly soluble in ethanol and normal saline.

3. Pharmacokinetics:

Absorption and distribution:

Dolasetron is rapidly absorbed after oral administration (Dempsey et al,
1996).
It is administered as the monohydrate of its mesylate salt (Boxenbaum et
al, 1993).
Oral bioavailability of the tablet formulation was:
Approximately 80 % in young women (Keung et al, 1995).

70 % in young men ( Boxenbaum et al, 1993).

59 % in children (Lerman et al, 1996).
Food intake didn't affect the pharmacokinetics disposition of orally
administered. (Huebert et al, 1994).
It is widely distributed in the body with the mean distribution volume is
4.15 to 5.5 L/kg. (Balfour and Goa, 1997)
69% to 77% of hydrodolasetron is bound to plasma protein.

(Lerman et al, 1996)
The half-life (t12) of dolasetron mesylate in adult is less than 15 minutes
after either oral or intravenous administration, whereas the half life (ty) of
its primary metabolite (hydrodolasetron) is approximately 8 hours.
(Lerman et al, 1996)

Metabolism and elimination:

After intravenous or oral administration, dolasetron undergoes rapid and
complete reduction of the keton ring by carbonyl reductases to
hydrodolasetron (MDL, 74, 156) (Stubbs et al, 1997) which is produced

within 10 minutes of administration of dolasetron mesylate (Lerman et al,
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1996) and has a potency approximately 50 times greater than that of the
parent compound (Dempsey et al,1996).

Hydrodolasetron (1H-indole-3-
carboxylic acid,trans-octahydro-3-
hydroxy-2,6- methano-2H-quinolizin-
8-yl ester) (Boeijinga et al 1992) .

Molecular weight of hydrodolasetron
is 326.39 gm.mol™ (Lerman et al, N

H
1996). Reduced Matabolite

Figure 9. Chemical structure of

Hydrodolasetron

= Peak plasma concentration (Cna) 0f hydrodolasetron occurred
approximately 0.5
to 0.6 hours after intravenous administration and 1 hour after oral

administration. (Balfour and Goa, 1997).

= Dolasetron has both renal and hepatic elimination mechanism (Stubbs et
al, 1997) but less than 1 % of the dose is excreted in urine (Boxenbaum et
al, 1993) while its metabolites are excreted in urine almost completely

within 24 hours of administration (Dempsey et al, 1996).
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Dolasetron undergoes complete biotransformation:

First step:
Rapid and complete reduction of the ketone

ring by carbonyl reductases to hydrodolasetron.

Second step:

The majority of hydrodolasetron is excreted

unchanged or undergoes glucuronidation. An
alternate pathway for this metabolite, which
accounts for approximately one-third of dolasetron
metabolism, is hydroxylation at the 5'-hydroxy
hydrodolasetron and 6'-hydroxy hydrodolasetron
(Stubbs et al, 1997).
Cytochrome P4502D6 (CYP Il D6 ) has been
identified as the isoenzyme responsible for the
oxidation of hydrodolasetron. ( Sanwald et al,
1996)

Third step:
The hydroxylated products are then excreted
unchanged or metabolized further to yield sulfate

or glucuronide conjugates.

Hydrodolasetron may also undergo N-oxidation,
which is mediated by flavin monoxygenase and
P4s03A (CYPIIIA), but this metabolite contributes
less than 1% of the total dose. (Stubb et al, 1997)

ot 8
N
0
.
> N
H

(losa than 1% of total dose)

Dolasetron MDL 74,156 N-oxide
P-450 HIA
Keto d flavi
recductasce "" on °_"

et

HO

/N

0 {““"
/||OH

3

N N
0 H
H Ho ',
MDL 74,156 N

H
l MDL 102,382 (5'OH) and
MDL 73,492 (6'0H)
Glucuronide Conjugates l
Glucuronide and Sulfate
Conjugates

Figure 10. Biotransformation of

Dolasetron
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4. Pharmacodynamic:

1) Dolasetron induce its antiemetic effects by blocking 5-HT3 receptors in
medullary chemoreceptors trigger zone (CTZ) and in the gastrointestinal
tract. (Balfour and Goa,1997)

2) In the central nervous system:
= |t has antipsychotic-like activity reduction on the dopamine neuron
that produced a significant reduction in the number of
spontaneously active dopamine neurons in the substantia nigra (Ao)

and ventral tegemental area (A1o). (Sorensen et al, 1990)

= |t displaces [°H] (S) _ zacopride from homogenates of entorhinal
cortex (Barnes et al, 1990).

= |t has little, if any, affinity for a;-0, and Bi1-adrenergic receptors, 5-
HTia 5-HTig, 5-HT,, benzodiazepine receptors and histamine
receptors (Kortlila,1997).
3) In peripheral nervous system:
It blocks the Von-Bezold-Jarisch reflex (transient bradycardia) induced by

intravenous injection of 5-HT. (Boeijinga et al, 1992).

4) Dose of 10, 20 and 30 mg caused inhibition of the skin flare response to

introdermal serotonin. (Merrouche et al, 1994)

5) It has electrophysiological effects:
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e It decreased the maximum depolarization rate during the early phase of the
action potential in guinea pig papillary muscle fibers without significantly
affecting the duration of action potential.

e It produced minor changes in ECG intervals (prolongation of PR interval,
QTC and QRS duration) and slightly increase heart rate (Balfour and Goa,
1997).

5. Therapeutic uses:

1- Prevention of chemotherapy-induced nausea and vomiting (CINV): (Korttila et al,
1997)

Single intravenous or oral doses of dolasetron is effective in preventing acute CINV. The
optimum intravenous dose is 1.8mg/kg (Balfour and Goa,1997) which has superior
efficacy and equal safety compared with lower doses of dolasetron and very similar
efficacy compared with higher dolasetron mesylate doses(Hesketh et al,1996).

This achieved complete response in approximately 50% of patients who receiving highly
emetogenic (cisptalin) chemotherapy and 60% to 80% of those receiving

moderately emetogenic chemotherapy (Balfour and Goa,1997).

2- Prevention of radiotherapy-induced nausea and vomiting (RINV):

Dolasetron has also efficacy in preventing nausea and vomiting induced by fractionated
or unfractionated radiotherapy or total body irradiation. A complete response rate of
100% is obtained with dolasetron 40mg intravenously and a dosage of 0.3mg/kg is

superior to placebo (Balfour and Goa,1997).
3- Prevention of postoperative nausea and vomiting (PONV): (Korttila et al,1997)
Intravenous or oral dolasetron ranging from 12.5 to 100mg and 25 to 200mg,respectively

(Balfour and Goa,1997).

4- Prevention of postanesthetic shivering: (Piper et al,2002)
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A large dose of dolasetron(1mg/kg) is effective in preventing postanesthetic shivering
(Bock et al,1999).

5- It is used as prophylaxis:
Dolasetron was administered orally 1 to 2 hours before, or intravenously 15 minutes

before,induction of anaesthesia or intravenously at the end of anaesthesia.

(Balfour and Goa,1997)

6- It has anxiolytic and/or antipsychotic effect (Balfour and Goa.1997).
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6. Dosage and Administration:

Oral dose
Intravenous dose

Chemotherapy-induced nausea | 100 mg 30 minutes before 200 mg 1 hour before
and vomiting CINV chemotherapy chemotherapy
Post-operative nausea and

. 12.5mg__200mg 25mg__200mg
vomiting
Radiotherapy-induced nausea

. 40 mg 0.3 mg/kg

and vomiting RINV

Table 8. dosage and administration of dolasetron

7. Adverse effect:

CNS: 1. headache: the most frequent adverse event. (Diemunsh et al,1995)

GIT:

2.dizziness. (Dempsey et al,1996)
3.drowsiness. (Dempsey et al,1996)
1. hunger. (Lerman et al,1996)

2. constipation  (Lerman et al,1996)

3. diarrhea (Rubenstein et al,1997)

4. nausea and abdominal pain

5. hepatic function: elevation in aspartate aminotransferase (AST)
and alamine aminotransferase(ALT) after oral
treatment which returned to normal on resting 28
days later (Stubbs et al,1997).
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CVS:

1. prolongation of the mean PR,QRS and QT intervals.
2. premature atrial contraction.
3. bradycardia
4. first degree atrioventricular block (Dempsey et al, 1996)
5. hypotension (Hesketh et al, 1996)
6. tachycardia (Rubenstein et al, 1997)
Adverse All Patients (%) One-Dose Regimen (%) Two-Dose Regimen (%)
Events (N-75) (n=37) (n=38)
Headache 13 11 16
Dizziness 5 5 5
Abdominal

cramps 4 3 5
Diarrhea 4 3 5
Difficulty

Sleeping 4 5 3

8. Contraindication:

1) The drug is contraindicated in patients with pre-existing prolongation of
cardiac conduction intervals particularly QTc. (Balfour and Goa, 1997)

That maybe due to cardiac disease e.g.:
= Congestive heart failure
= Cardiomyopathy
= First degree heart block
= Pre-existing complete bundle branch block
= Atrio-ventricular block Il to 11l (Rubenstein et al, 1997)
= Arrhythmia (those receiving class | or Il antiarrhythmic

agents)



= Cardiotoxicity due to cumulative doses of anthracyclines or
anthracenediones. (Audhuy et al, 1996)

2) Abnormal serum potassium or calcium concentration.
3) Significant liver disease (Audhuy et al, 1996)

4) Neurological or psychiatric disease excluding alcoholism. (Fauser et al, 1996)

9. Drug interaction:

1) The efficacy if dolasetron is increased if given concomitantly with
corticosteroids. (Balfour and Goa, 1997).

2) Combining dolasetron with dexamethasone has led to an improvement in
antiemetic control compared with intravenous dolasetron alone. (Kris et
al,1997)

3) Combining dolasetron with drugs that prolong ECG intervals e.g.

antiarrhythmic drugs can increase the risk of arrhythmia. ( Audhuy et al,
1996)

4) Drugs that inhibit the P_450 enzymes e.g. (cimitedine) can increase
hydrodolasetron level. (Fawcett, 1999)

5) Drugs that induce the p_450 enzymes e.g. (rifampin) may reduce
hydrodolasetron level (Fawcett, 1999)

10. Special consideration:
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= There is no significance difference of the dose with respect to gender, age,
height, weight, type of surgery, duration of anesthesia ( Diemunsh et al,
1995) this is because all efficacy studies have been conducted with single
dose of the drug. Although male sex ( Fauser et al, 1996) age > 65 years
(Rubenstein et al, 1997), a history of heavy alcohol use (Hesketh et al,
1996) and no previous chemotherapy are significant predictors of good

response (Balfour and Goa, 1997).
= The pharmacokinetics of dolasetron and its active metabolitesis influenced
by hepatic impairment but not to a clinically important extent (Stubbs et

al, 1997).

= Use in children:

Intravenous doses of dolasetron ranging from 0.6 to 2.4 mg/kg in children

undergo moderately or highly emetogenic chemotherapy (Stubbs et al, 1997).
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TROPISETRON

Unlike the other 5- HT3 antagonist, ondansetron (a corbazole) and granisetron (an in
dazole), tropisetron is an indole compound. [lee, Plosker and McTavish. 1993]. It has
high affinity and specificity for 5- HT3 receptors and antagonized the effects of 5-HT in
several tests. In addition, tropisetron appears to have a weak antagonistic effect on 5-
HT4 receptors [Roila etal.1997]. Its clinical efficacy in reducing nausea and vomiting
depends mainly on the blockage of 5- HT3 receptors.

1. Chemical structure:-

H.C
Ea
M o
E L8
Oxm
NH

Tropisetron
[Kutz . 1993] [de Bruiji. 1992] [lee etal ,1993]

2. Physical properities:

Tropisetron hydrochlorid is | (alpha) H, 5H-tropan -3- yl indole -3- carboxylate
hydrochloride.

Tropisetron hydrochloride is a white of off — white crystalline powder. It is soluble > 5%
in water, 1.6% in ethanol and poorly soluble (0.02%) in aceton. The molecular weight of
the free base is 284.4 and of the hydrochloride salt are 320.8. [Simpson, 2000].
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3. Mechanism of action:

The mechanism of action of 5- HT3 receptor antagonist in blocking radiation and cancer
chemotherapy-induce nausea and vomiting is not fully understood. It is possible that
cancer chemotherapeutic agents and radiation causes cellular damage to the intestinal
mucosa, eliciting the release of serotinin from enterochromoffin cells [Andrews and
Bhandari 1993]. Serotonin probably activates vagal and splanchnic efferent neurons so
initiating the vomiting reflex. Enterochromaffin cell also have 5- HT3 receptor site that
form part of a Positive feedback loop that initials further increases in 5- HT release
[Simpson etal, 2000]. A role for serotonin in chemotherapy- induced nausea and vomiting
is supported by evidence showing greatly increased plasma levels of serotonin in some
patients receiving cisplatin chemotherapy for testicular cancers [Bornes. etal. 1990] In
addition, increased plasma level and urinary excretion of 5-hydroxyindole acetic acid, the
main metabolite of serotnin, occurred in patients receiving high- dose cisplatin or
dacabazine chemotherapy, with the increased paralleling the episodes of emesis
[Cubeddu et al . 1992]. 5-HT3 binding sites are present in both the peripheral and central
nervous systems and mechanism of action of tropisetron and other 5-HT3 receptor
antagonist in preventing nausea and vomiting induced by cancer chenmotherapy and
radiation is likely to involve antagonism of the action of serotonin at both these site
[Andrews and Bhandari, 1993]. 5-HT also induce vomiting by stimulating the
chemoreceptor trigger zone (area posterma) and nucleus tractus solitaries. Tropisetron is
thought to prevent acute nausea and vomiting by antagonizing 5-HT3 receptors in
peripheral and central nervous systems [Perez. 1998]. Delayed nauseas and vomiting may
involve mechanisms other than those mediated thought 5-HT3 receptors [lee etal. 1993].

[Gorgony and Eitinger, 1998].
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3. Pharmacokinetics :

Tropisetron is rapidly and almost completely absoded (> 95% of a 100 mg dose within
2.2 hours) after oral administration [de Braijn. 1992]. However the drug under goes
saturabble (dose — dependent) first pass metabolism : absolute boiavailabilyt was 52%
for a 20mg dose and 66% for a 100mg dose in 1 study in volunteers [Fischer et al 1992].
As the drug is lipophilic, it has a large volume of distribution [554 and 463 after 1V
tropisetron 10 mg in extensive and poor metabolisers respectively ptn binding is 59 to
71% [de Bruiji 1992].

Metabolism of tropisetron occurs predominantly in the liver and involves hydroxylation
of the index ring; demethylation is negligible Hydroxymetabolites tropisrten are further
metabolized to glucouronides and sulphates [de Bruijin 1992] [Fischer et al 1992] No
metabolites of tropiseteron are active [Novarctivs pharma AG 1998] As the cytochrome
P450 2 D6 enzyme is involve in the metabolism of tropisetron, there are phenotypic
population of extensive and poor metabolizers of the drug.

The plasma terminal elimination half- life (t%2) was about 8 hours in extensive

metabolizers compared with 30 to 40 hours in poor metabolizers [de Bruijn 1992].

Less than 0.5% of an administered dose of tropisetron (20 or 100mg) is excreted
unchanged in the faeces (in accordance with the almost completed absorption) [Fischer et
al. 1992]. Elimination is almost complete after 120 hours; [Fischer et al. 1992] about 80%
of the does can be recovered in the urine as either unchanged tropisetron (=9%) or its
metabolites (=70%). [De-Bruijn.1992] [Simpson etal. 2000] [Gregory and Ettinger.1998]
liver cirrhosis and moderate to server nominal impairment recpectively, reduce
metabolic and nonrenal clearance of the drug [De-Bruijn 1992]. However, accumulation
of tropistron with the recommended treatment regimen is not expected in any patients
group and dosage adjustments are not necessary [De -Bruiji 1992]. Hepatitis and fatty
liver do not affect the pharmacokinctics of tropisetron [De Bruijn 1992] Although t %
values were an affected by age in children plasma clearance was lower in Childs aged 3to
6 years than in those aged 10 to 15 years [Gaedicke etal. 1996] volume of distribution

was also lower in the younger children and this resulted in a reduction in drug clearance.
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Interaction are not expected with drugs that affected protein binding or inhibit the
cytochrome P450 system, but inducers of the cylochrom P450 system (e.g: phenytoin)
may affect tropisetron pharmacokinetics [de Bruijn. 1992] [lee etal. 1993].

4. Theraputic uses:

1-Management of nausea and vomiting induced by cytotoxic therapy:-

Tropisetron 5mg per drug is an effective and well tolerated antiemetic treatment. It
can he administered without special precaution to all patients who undergo aggressive
chemotherapy. Tropisetron is effective in preventing nausea and vomiting induced by
cytotoxic treatment during multiple chemotherapy course the efficacy of tropisetron
compares well with even the best currently available, but complicated, antiemetic
cocktails and tropisetron is much better tolerated. The simple dosing schedule of
either injection or 1 capsule per day makes tropisetron ideal for both in-patient and
out- patients. [De Bruijn. 1992] [lee etal. 1993] [yalcin etal . 1999] [ Mystakide etal .
1998] [Malik etal. 1999].

2-Treatment and prevention of post operative nausea and vomiting:

For the treatment of postoperative nausea and vomiting the equivalent of triplication
2 mg may be given by slowly IV injection, or by infusion over 15 minutes, within 2
hours of the end of anesthesia. For prophylactic, the same dose may be given shortly
before induction of anesthesia. [Melkkila etal. 1996] [Alan etal. 1998]

[ lee etal. 1993] [Jakobsson etal. 1999] [ANG Habre and Sims. 1998] [Zomers etal.
1993].
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3 Anxiety disorder:-

A dose — dependent anxiolytic effect was reported for tropisetron when studied in

patients with generalized anxiety [Lecrubier. Etal . 1993] but clinical evidence for the

benefits 5 HT3 receptors antagonists in anxiety disorder is lacking [Gernshaw and
Silverstone . 1997]

5. Pharmacological effects:

X/
L X4

X/
L X4

X/
°e

Tropisetron (novaban) is highly potent and selective antegonist of 5-HT3
receptors. (k1 value for 5SHT3 recptors of 0.32 to 3.1 normal / L .

It has no affinity for the 5-HT4 receptor tropisetron acts as a weak 5HT3
receptor antagonist at concentration 1000 times greater than those which
exert 5-HT3 receptor antagonist effects (K1 value approximately 1000 n
mol / L) [ Bhandar, and Andrews. 1991].

Tropisetron has little or no affinity for 5SHT1, 5HT2, dopamine D1 and
D2, histamine H1, muscarinic or benzodiazepine receptors, or for «1,
« 2, Bl or B2, advenoceptors. [lee etal. 1993] .

tropisetron binds to central and peripheral nervous system sites [ Simpson
etal. 2000]

topisetron is inactive at the dopmine d1 receptor with a k1 value > 10 000
nmol/L . and therefore tropisetron is unlikely to cause extra pyramidal
effects. [lee etal. 1993].

Intravenously administered tropisetron 1 mg /kg inhibited the reflex
bradycardia induced by intravenous administration of sertonin [Von
Bezold- Jarisch reflex] such that a 4 - fold increase in the dose of
serotonin was required to produce the same reflex reduction in heart rate.
[Simpson etal. 2000].

Tropisetron inhibited the pain caused by serotonin when applied locally to

a blister base on the human arm.
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X/
L X4

The protein binding of tropisetron is moderate (59 to 71%) ; there fore, no
drug- drug interaction due to displacement of the drug from its binding site
are to be expected.

Tropisetron showed no inductive or inhibitory effects on cytochrome
P450- dependent enzymes that are not linked to the 11D6 polymorphism
and inhibition of these enzymes had only a minor influence on the
pharmacokinetice of tropisetron.

Here is no evidence on the topisetron at the recommended dose causes
ECG or Laboratory abnormalities [suarez etal, 1994].

No evidence emerged that tropisetron contributed to or exacerbates
cisplatine nephrotoxicity or neurotoxicity.

Dosages higher than recommended 5 mg per day hypertensive episodes
occasionally occurred, especially in patients with pre-existing and
inadequately controlled hypertension who received 20 to 80 of tropisetron.
There is no evidence emerged that tropisetron aggravates the risk of bone
morrow toxicity resulting from aggressive cisplatin chemotherapy. [sorbe
1993].

6. Adverse effects:

o The most common adverse enents are headache, constipation,
diarrhea and fatigue [de Bruijn. 1993]. Adverse events were
usually mild and each type event occurred in 8 to 27% of patients
more recent noncomparative trial involving a larger number of
patients indicate a similar tolerability profile for tropisetron |,
headache, constipation, fatigue, epigastric pain, dizziness and
allergy were most frequently reported, with fever, diarrhoea,
erythema and heart symptoms being reported infrequently (<
0.5%) [sorb etal 1994)] [Bleiberg etal, 1998]. Laboratory and ECG
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data are generally unaffected by the recommended dosage of
tropisetron (Novaitis pharma Ag, 1998)

o Review of more than 80 000 patients treated with tropisetron
revealed no reports of marked extrapyramidal effets [ Novartis
pharma AG, 1198] [simpson etal. 2000] [lee, Plosker and Mc
Tavish. 1993].

a Tropisetron may cause hypertention in large dose especially in
uncontrolled pre- existing hypertensive patiens [de- Bruijn, 1992]

7. Drug interaction:

The protein binding of tropisetron is moderate (59 to 71%):

Therefore, no drug-drug interactions due to displacement of the drug from its binding site
are to be expected. Tropisetron showed no inductive or inhibitory effects on cytochrome
P450- dependent enzymes that are not linked to the 11 D6 polymorphism and inhibition
of these enzymes had only a minor influence on the pharmcokinetis of tropisetron. In
contrast, induction of the cytochrome P450 system shortens the elimination half-life and
increases the metabolic clearance of tropisetron. These when tropisetron is administered
to extensive metabolism in combination with enzyme- inducing drug such as phenytoin,
the dose needs to be increased in order to achieve the same exposure as in subjects not
receiving enzyme-inducing agents. [de bruijn , 1992].

- Drugs that probably share the same excretory pathway as tropisetron at the

renal tubules, such as cimetidine, may increase the plasma concentration

of tropsetron, but not at the 5mg dose level [de Bruijn, 1992].
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8. Contraindication and Precaution:

I. Tropisetron is contraindicated in pregnant women and should not be used by
those who are breastfeeding [ Novartis 1998-99]. [simpson etal. 2000]

Il. Tropsetron dosage adjustment is not required in poor metabolisers of the drug
although the elimination half-life is prolonged in this population. [Simpson
etal. 2000]

I11. No adjustment of the 6-day recommended course of tropisetron is required in
patients with hepatic or renal impairment or elderly patients [Simpson etal.
2000]

IV. The recommended dosage should not be exceeded in patients with
uncontrolled hypertension [Simpson, Spencer and McClellan, 2000].

V. The dosage of tropisetron may need to be increased in extensive metabolisers
of the drug who are also taking liver enzyme- inducing drug such as
rifampicin or Phenobarbital [Novartis, 1998-99] [Simpson etal. 2000]

9. Dosage and administration:

Tropisetron is available as 5mg capsules for oral administration and in ampoules
containing 5mg (or 2mg) of tropisetron here for oral or intravenous use, the contents of
an ampoule can be mixed juice or soft drink and given to children drink. [Novartis 1998-
99] [Simpson etal. 2000]. The recommended dosage for oral and intravenous
administration is 5mg daily for 6 days adults and 0.2mg/kg up to a maximum of 5mg for

children aged >2 years. It is recommended to give tropisetron intravenously shortly
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before chemotherapy on day 1, either as an infusion or as a slow (<1 minute) injection,
and subsequenthy orally each morning. 1 hour before food [Novartis , 1998-99]. Oral
agents are as effective and well tolerated as IV antiemetic and are generally less costly
and more convenient [Grall etal 1999] [simpson etal. 2000].

VI. CONCLUSION

The 5-HT3 receptor antagonists are highly effective antiemetic drug that when
used in combination with dexamethasone represents the most efficacious regimens for the
prevention of acute emesis induced by cisplatin and by moderately emetogenic
chemotherapy. Pre-clinical differences among 5-HT3 receptor antagonists have been
shown and this has stimulated many comparative clinical studies at present, large
randomized, double-blind studies have clearly shown that the anti-emetic efficacy and
tolerability of ondansetron, granisetron, tropisetron and dolasetron are almost identical in
the prevention of cisplatin-induced emesis. Therefore in this case the choices among the
5-HT3 receptor antagonist, should be based the cost, acquisition costs of 5-HT3
antagonists can very considerably, making the most financially attractive choice for one
institution different from that of another the rout of administration and the total daily dose
used must be considered when examining cost. Using lower doses of antiemetics to lower
cost of therapy must be balance against the likelihood of failing to prevent nausea and
vomiting. The decision as to which antiemetic is most cost effective can only be made
once the optimal dose and schedule for the given drug in the target population is
established.

There are, at present, no major differences in the tolerability of the various 5-HT3

receptors antagonist, but more data are needed from the monitoring systems of various

countries.

73



References :

Reference:

1. Aapro MS. 5-HT3 receptor antagonist: an overview of their present status
and future potential in cancer therapy-induced emesis. Drugs 1991; 42 (4): 551-
68.

2. Adams VR. Valley AW. Granisetron : the second serotonin-receptor
antagonist. Ann Pharmacother 1995; 29 : 1240-51. correction ibid. 1996: 30:
1043.

3. Addelman M, Erlichman C, Fine S, et al : Phase I/1l trial of Granisetron: A
novel 5-HT3 antagonist for the prevention of chemotherapy-Induced nausea and
vomiting. J Clin Oncol 1990; 8: 337-341.

4. Adler, Marschner, Janicke F. Antiemetic Efficacy of ondansetron in long
term therapy. Eur J Cancer 1991; 27 suppl 1 : S27.

5. Andrew L. Finn. Toxicity and side effects of ondansetron. Seminars in
20ncology 1992; 19(4) Suppl 10 (August) : 53-60.
6. Andrew PLR. Bhandari P. the 5- hydroxytrytryptamin receptor antagonist

as antiementis: practical evolution and mechanism at action. European Journal of
cancer. 29A (suppli) 511- 516. 1993.

7. Andrews PLR, et al. Are all 5-HT3 receptor antagonists the same? Eur J
Cancer 1992; 28A: Suppl.1: S2-S6.

8. Andrews PLR, The pharmacologic Profile of Granisetron (Kytril).
Seminars in oncology 1994; June: 21, (3): Suppl 5 3-9.

9. Anonymous. Granisetron to prevent vomioting after cancer chemotherapy.
Med Lett Drugs Ther 1994; 63: 61-2

10.  Anthony Markham and Eugene M. Sorkin. Ondansetron : An update of its
therapeutic use in chemotherapy — induced and post-operative nausea and
vomiting. Drugs 1993; 45(6): 931-952.

74



11.  Arnold BDC: The clinical pharmacology of Granisetron (BRL 43694), a
novel specific 5-HT3 antagonist. Eur J Cancer Clin Oncol 1990;26 :S12-5.

12. Asuarz, E.R. Sletter, E. Rey, G. Pons, C. Simoneta- Chaterauneuf, K.M.
De Bruijn, G. Olive and J. Lemerle. Safty, tolerability, efficacy and plasma
concentration of tropisetron after administration at five doses level to children
reciving cancer chemotherapy. European Journal of cancer. 30A (10): 1436- 1441.
1994,

13. Audhuy B , Cappelaere P , Martin M , Cervantes A , Fabbro M and
Riviere A. a double-blind randomised comparison of the anti-emetic efficacy of
two intravenous doses of dolasetron mesylate and granisetron in patients receiving
high dose cisplatin chemotherapy. European Journal of Cancer 1996 , 32A (5) :
807_813

14, Balfour JA and Goa KL. Dolasetron: A Review of its Pharmacology and
Therapeutic Potential in the Management of Nausea and Vomiting Induced by
Chemotherapy, Radiotherapy or Surgery. Drugs 1997, 54 (2) : 273_298.

15.  Barnes JM, Barnes NM, Champaneria S, Castall B and Naylar RJ.
Characterizaton and autoradiographic localization of 5-HT3 receptor recognition
sites identified with [®H]-(S)-zacopride in the forebrain of the rat.
Neuropharmacology 1990, 29 :1037.

16. Barnes NM, Ge J Jones W.G Naylor RJ and Rudd JA. Cisplatian induced
emesis: Preliminary results indicative of changes in plasma levels of 5-HT. British
Journal of cancer 62. 862-864. 1990.

17. Bengt G Sorbe, Thomas Hogberg, Bengt Glimelius, Margaets Schmidt,
Lars Werstedt, Ofred Hansen, Bente thomfelds Soresen, llkha Raisanen, A.T van
Oosteron and karel M.de Bruijn. A randomized, multicenter study comparing the
efficacy and tolerability at tropisetron, a new 5HT3 receptor antagonist, with a
metoclopramide- containing antiemetic coktail in the preention of
metoclopramide- containing antiemetic cocktail in the prevention of cliplatin-
induced emesis. Cancer: 73 (3), 945,1994.

18. Bermudez J, Boyle EA, Minter WD, Sanger GJ. The antiemetic potential
of the 5-hydroxytryptamine3 receptor antagonist. Br J Cancer. 1988;58:644-650.

75



19. Blake JC, Palmer JL, Minton N.A., Burroughts A.R. The
pharmacokinetics of ondasentron in patients with hepatic impairment. Br J Clin
Pharmacol 1993; 35: 441-3.

20. Bleibery H, Hulstared F Buyse, Metal. Tropisetron in the prevention of
acted and delayed nauseas and vomiting over six course of emetogenic
chemotherapy anticancer Drugs. 9. 773-777. 1998.

21. Bloomer JC, Baldwin SJ, Smith GJ, et al. Characterization of cyt P450
involved in the in vitro metabolism of granisetron. Br J Clin Pharmacol 1994; 38:
557-66.

22. Bloomer JC, Baldwin SJ, Smith GJ, et al. the potential of cytochrome
P450-mediated drug-drug interactions with several 5-HT3 receptor antagonists
[Abstract]. Antiemetic control: maximizing the benefits. Satellite symposium. 14
November. 1993, 7" European Conference on Clinical Oncology and Cancer
Nursing (ECCO), Jerusalem, Israel.

23. Blower PR.: the role of specific 5-HT3 receptor antagonism in the control
of cytostatic drug-induced emesis. Eur J Cancer 1990; 26 Suppl. 1: S8-S11.

24. Bock M, Sinner B, Gloettlicher M, et al. Dolasetron prevents
postanesthetic shivering. Anesthesiology 1999, 91: A1184.

25. Boeijinga Ph, Galvan M, Baron BM, Dudley MW, Siegal BW and Slone
AL. characterization of the novel 5-HT; anatagonist MDL 7314EF (dolasetron
mesylate) and MDL 74156 in NG108-15 neuroblastoma x glioma cells. European
Journal of pharmacology 1992, 219: 9 13.

26.  Boxenbaum H, Gillespie T, Heck K and Hahne W: Human dolasetron
pharmacokinetics. Il. Absorption and disposition following single-dose oral
administration to normal male subjects. Biopharmaceutics and Drug Disposition
1993, 14: 131_141.

27. Brennan TJ, Seeley WW, Kilgard M, Schreiner CE, Tecott LH. Sound-
induced seizures in serotonin 5-HT,c receptor mutant mice. Nat Genet.
1997;16:387-390.

76



28.  C. Rhoda lee, Greg L. Plosker and Donna McTavish. A Tropisetron. A
review of its pharmacodynamic and pharmacokinefic properties and therapeutic
potential as an antiemteic. Drugs. 46(5). 925-943. 1993.

29. C.Ang,W.Habre, C.sims. tropisetron reduces vomiting tonsillectomy in
children. British Journal of Anaesthesia. 80. 761-763. 1998.

30.  Carmichael J, Cantwell BMJ, Edwards CM, et al. A pharmacokinetic
study of granisetron (BRL 43694A), a selective 5-HT3 receptor antagonist;
correlation of antiemetic response. Cancer Chemother Pharmacol. 1989; 24: 45-
49 .

31.  Carmichael J, Keizer HJ, Cupissol D, Milliez J, et al. Use of Granisetron
in patients refractory to previous treatment with antiemetics. Anti-Cancer Drugs
1998; 9: 381-385.

32.  Charles W. Scarantino, Robert D. Ornitz, Leony G. Hoffman, and Roger
F. Anderson. Radiation induced Emesis: Effects of ondansetron. Seminars in
Oncology 1992; 19 (6) Suppl 15 (December): 38-43.

33.  Chris Ramsook, Ivonne Sahgun —Carreon, Claudia A. Kozinetz and Donna
Moro-Sutherland. A randomized clinical trial comparing oral ondansetron with
placebo in children with vomiting from acute Gastroenteritis. Annals of
Emergency Medicine 2002; 39(4) : 397-403.

34.  Claybon L. Single dose i.v. ondansetron for the 24h treatment of post
operative nausea and vomiting. Anaesthesia 1994; 49 (Suppl) : 24-29.

35.  Coppes MJ, Lau R, Ingram LC, Wiernikowski JT, Grant R, Howard D and
Perrotta M. Open-Label Comparison of the Antiemetic Efficacy of Single
Intravenous Doses of Dolasetron Mesylate in Pediatric Cancer Patients Receiving
Moderately to Highly Emetogenic Chemotherapy. Medical and pediatric
Oncology 1999, 33:99 105.

36.  Costell B, Domeney AM, Naylor RJ. 5-HT3 receptor antagonists attenuate
dopamine-induced hyperactivity in the rat. Neuroreport 1990; 1: 77-80.

37. Crabbe JC, Phillips TJ, Feller DJ, Hen R, Wenger CD, Lessov CN,
Schafer GL. Elevated alcohol consumption in null mutant mice lacking 5-HTg
serotonin receptors. Nat Genet. 1996;14:98-101.

77



38.  Cubeddu LX, Hoffmann is, Fuenmayor NT and Malre IT. Changes in
serotonin metabolism in cancer patient: its relationship to nausea and vomiting
induced by chemotherapeutic drugs. British Journal at cancer. 66. 198-203. 1992.
39.  Dempsey E, Bourque S, Spenard J and Landriault H. Pharmacokinetics of
single intravenous and oral doses of dolasetron mesylate in healthy elderly
volunteers. Journal of Clinical pharmacology 1996, 36 :903 910

40. Diemunsch P, Leeser J, Feiss P, Bradburn BG and Whitmore J. Dolasetron
mesylate treat established nausea and vomiting after general surgery.
Anesthesiology 1995, 83: (3A) : A 1109.

41, Eli Alon, Eric Bucher, Eduordo Herrera, Frank Christiaens Christian De
Pavw, Linda Ritter, Frank Hulstaert and Vitro Grimaudo tropisetron for treting
established postoperative nousea and vomiting: (a) rand-omized, double- Blind,
Placebo- controlled study. Anesthesia and analegesia. . 23. 86, 617-623. 1998.

42. F. Roila, E. Ballatori, m. Tonato and A. Del Favero. 5HT3 receptor
antagonists: differences and similarities, Europen Journal of cancer. 33 (9). 1364-
1370, 1997.

43. Fake CS, King FD, Sanger GJ: BRL 43694: a potent and novel 5-HT3
receptor antagonist. Br J Pharmacol 1987; 91: 335.

44, Fauser AA, Duclos B, Chemaissani A, Favero AD, Cognetti F and
Dressler H.Therapeutic equivalence of single oral doses of dolasetron mesylate
and multiple doses of ondansetron for the prevention of emesis after moderately
emetogenic chemotherapy. European Journal of Cancer 1996, 32A (9):
1523_1529.

45, Fawecett Jan. Physician's drug handbook. Sprenghouse Corporation 1999,
8™ edition : 364_365.

46. Fisher v. Baldeck J-P, Tse FLS. Pharmacokineties and metabolism Af the
5HT antagonist tropisetron after single oral doses in humans. Drug metabolism
dispos. 2 (4) : 603-607. 1992.

47. Fitzpatrick, L.R, et al :RG 12915: a potent 5-HT3 antagonist that is an
orally effective inhibitor of cytotoxic drug-induced emesis in the ferret and dog. J
pharmacol Exp Ther 1990; 254: 450-455.

78



48. Freeman AJ, Cunningham KT, Tyers MB. Selectivity of 5-HTj3 receptor
antagonists and anti-emetic mechanisms of action. Anti-Cancer Drugs 1992; 3
(2): 79-85.

49.  Fujii Y, Tanaka H, Toyooka H. Granisetron reduces the incidence and
severity of nausea and vomiting after laparoscopic cholecystectomy. Can J
Anaesth. 1997; 44: 396-400.

50. Fujii Y, Tanaka H. Kawasaki T. Prophylaxis with oral Granisetron for the
prevention of nausea and vomiting after laparoscopic cholecystectomy: a
prospective randomized study. Arch Surg 2001; jan: 136 (1): 101-4.

51.  Geadicke G, Erttmann R, Henze G, etal. Pharmacokinetice of the 5-HT3
receptor antagonist tropistron in children. Pediatric Hematology and oncology ,
13. 405-416. 1996.

52.  Gebauer A, Merger M, Kilbinger H. Modulation by 5-HT3 and 5-HT4
receptor of the release of 5-hydroxytryptamine from guinea pig small intestine.
Naunyn Schniedebergs Arch Pharmacol 1993, 347, 137-140.

53.  Gralla RJ, Osoba D, kris MG. Etal. Recommendation for the use of
antiemetical evidence based clinical practice guideline. Journal of clinical
ancology. 17. 2971-2994. 1999.

54.  Greenshow AJ. Silvestrne P.H the non-antiementic uses of sertonin 5-HT3
receptor antagonist: clinical pharmacology and therapetic application. Drugs 53.
20-39. 1997.

55. H. Wolf. Preclinical and clinical pharmacology of the 5HT3 R antagonists.
Scand J Rheumatol 2000; 29 Suppl 113: 37- 45.

56.  Halperin J.R., Murphy B. Extrapyramidal reaction to ondansetron. Cancer
1992; 69: 1275.

57. Harold S. Ballard, Gino Bottino, Joseph Bottino. Ondansetron and Chest
pain. The Lancet 1992; 340: 1107.

58. Hesketh P, Harvey WH, Harker WG, Beck TM, Ryan T. A randomized,
double-blind comparison of intravenous ondansetron alone and in combination
with intravenous dexamethasone in the prevention of high-dose cisplatin-induced
emesis. J Clin Oncol. 1994; 12: 596-600.

79



50. Hesketh P, Navari R, Grote T, Gralla R, Hainswarth J, Kris M and
Anthony L. Double-blind, randomized comparison of the antiemetic efficacy of
intravenous dolasetron mesylate and intravenous ondansetron in the prevention of
acute cisplatin-induced emesis in patients with cancer. Journal of Clinical
Oncology 1996, 14 (8) : 2242_2249.

60. Heui-Ming Yeh, Li-kuci Chen, Chen-Jung Lin, Wei-Hung Chan, Yen-Po
Chen, Chou-Shun Lin, Wei-Zen Sun, Ming-Jiuh Wang and Shen-Kou Tsali.
Prophylactic i.v. ondansetron reduces the incidence of intrathecal morphine-
induced pruritus in patients undergoing cesarean delivery. Anesth Analg 2000;
91: 172-5.

61. Higgins GA, Jones BJ, Oakley NR, et al. Evidence that the amygdala is
involved in the disinhibitory effects of 5-HT3 receptor antagonists.
Psychopharmacology 1991; 104: 545-51.

62. Huebert ND, Schwartz J_J, Hinze C, et al. Bioavailability and the effect of
food on the pharmacokinetics of dolasetron mesylate and it's active metabolite,
MDL74156, in man. Br J Clinical pharmacology 1994, 37:120 P_1P.

63. Imtiaz Malik, Imran Moid, Zubair Khan and Masood Hussain. Prospective
randomized comparison of tropisetron with and without Devamethasone against
high-dose Metoclopramide in prophylaxic of acut and delayed cisplatin- induced
Nausea and vomiting. American Journal of clinical oncology. 22 (2). 126-130,
1999.

64.  J. Frederick Pritchard. Ondansetron Metabolism and pharmacokinetics.
Seminars in Oncology 1992; 19(4) Suppl (August) : 9-15.

65.  J. Jakabsson, G. Dahlgren, E, Oddby and G, Ryberg, nausea and vomiting
after laporoscopic gynecological surgery: a study of the incidence and the effects
of tropisetron prophylaxis. Journal of laparoendoscopic and advanced surgical
technique, 9 (1). 51-55,. 1999.

66.  J. Jakobasson, G Dahlgren, E. oddby and G. Rybery- nausea and vomiting
after laparoscopic gynecologic surgery; a study of the incidence and effects of
tropisetron prophylaxis. journal of laparoscopic and advanced surgical techniques
a (2). 141- 145. 1999.

80



67.  Jennifer M. Fabling, Tong J. Gan, Mabib E. EI-Moslem, David S. Warner
and Cecil O. Borel. A randomized, double blinded comparison of ondansetron
Droperidol and Placebo for prevention of post-operative nausea and vomiting
after supratentorial Crainotomy. Anesth Analg 2000; 91: 358-61.

68. Jimenz M, Leon P, gimeno J. elal a randomized comparison of IV
administrated chlorpromazine plus dexamethasone vs ondansetion vs tropistron in
the prevention of chemotherapy induced emesis in children. Pediatric, Res. 42.
399. 1997.

69. Judy C. Bryson. Clinical Safety of ondansetron. Seminars in Oncology
1992; 19(6) Suppl 15 (December) : 26-32.

70.  Julien F. Biebuyck. Review article of postoperative Nausea and vomiting,
its etiology, treatment and prevention. Anesthesiology, 77:162-184. 1992.

71.  Jun Tang, Baoguo Wang, Paul F. White, Mehernoor F. Wtcha, JinhuiQi,
and Ronal H. Wender. The effect of timing ondansetron administration on it
efficacy, Cost Effectiveness, and cost-benefit as a prophylactic antiemetic in the
ambulatory setting. Anesth Analg 1998; 86: 274 — 82.

72. Karel M. de Bruijn- tropisetron a review of the clinical experience Drugs.
43 (supply 3). 11- 22. 1992.

73. Karen H. Simpson and Fiona M. Hicks. Clinical Pharmacokinetics of
ondansetron: A Review. J. Pharm. Pharmacol 1991; 48 : 774 — 781.

74. Kerryn simpson, carolin M. Spencer and rarenJ Meclellan. Topisetron an
update of its use the prevention of chemotherapy- induces nouesea and vomiting.
Drugs. 59(6). 1297- 1315. 2000.

75.  Keung AC_F, Gossard D, Spenard J. et al. Pharmacokinetics (PK) of
single 1V and oral doses of dolasetron mesylate in women. Pharm Res 1995, 12
suppl: S 387.

76. Korttila K, Clergue F, Leeser J, Feiss P, Olthoff D, Wessel P and Hahne
W. Intravenous dolasetron and ondansetron in prevention of postoperative nausea
and vomiting: a multicenter, double-blind, placebo-controlled study. Acta
Anaesthesiologica Scandinavica 1997, 41: 914 922.

81



77. Kris MG, Pendergrass KB, Navari R, Grote TH, Nelson AM, Thomas V,
Ferguson BB and Allman DS. Prevention of acute emesis in cancer patients
following high-dose cisplatin with the compination of oral dolasetron and
dezamethasone. Journal of Clinical Oncology 1997,15 (5): 2135 _2138.

78. Kutz K. pharmacology, toxicology and human pharmactinetics of
tropisetron Annals of oncology 4(supply-3). 515-518. 1998.

79. Kyriaki Mystakidou, Sofia Befon, Christina Liossi and Lambros Vtochos
comparison of the efficacy and safety of Tropisetron, metochopramide, and
chlorpromazine in the treatment of emesis associate with far advanced cencer.
83(6) ; 1214-1223. 1998.

80. Lecrubier Y. etal a randomized double- blind placedbo- controlled study
of tropsetron in the treatment of out patient with genarazed anxiety disorder.
Psychoparmacology (Berl). 112. 129-133. 1993.

81. Leeser J, Lip H. Prevention of postoperative nausea and vomiting using
ondansetron, a new, selective, 5-HT3 receptor antagonist. Anaesth Analg. 1991;
72:751-755.

82. Leigh TJ, Link CG, Fell GL. Effects of Granisetron and lorazepam, alone
and in combination, on psychometric performance. Br J Clin Pharmacol 1991; 31
(3): 333-6.

83.  Leigh TJ, Link CGG, Fell GL. Effects of Granisetron and Haloperidol,
alone and in combination, on psychometric performance and the EEG. Br J Clin
Pharmacol 1992; 34: 65-70.

84. Lerman J, Sims C, Sikich N, Gow R, Chin C, Dempsey E, Howard DR
and Keung A.Pharmacokinetics of the active metabolite (MDL 74,156) of
dolasetron mesylate after oral or intravenous administration to anaesthetized
children. Clinical pharmacology and therapeutic 1996, 60 (5) : 485 92.

85. Leslie RA, Reynolds DJM, Andrews PLR, et al: Evidence for 5-HT3
recognition sites on vagal afferent terminals in the brainstem of the ferret.
Neuroscience 1990; 38: 667-673.

82



86. Link CGG, Leigh TJ, Fell GL. Effects of Granisetron and lorazepam,
alone and in combination, on the EEG of Human volunteers. Br J Clin Pharmacol
1991; 31: 93-7.

87. Lovenberg TW, Baron BM, de Lecea L, Miller JD, Prosser RA, Rea MA,
Foye PE, Racke M, Slone AL, Siegel BW, Danielson PE, Sutcliffe JG, Erlander
MG. A novel adenyllyl cyclase-activating serotonin receptor (5-HT7) implicated
in the regulation of mammalian circadian rhythms. Neuron. 1993;11:449-458.

88. Maisano P, Adamo V, Settineri N, Pergolizzi S, Scimone A. Efficacy of
two oral dose regimen of Granisetron. Anticancer Res. 1995; 15: 2287-2290.

89. Marr HE, Davey PT, Bartlett AJ. Emerging differences between 5-HT3
receptor antagonists. Anti-cancer Drugs 1991, 2, 513-518.

90. Merrouche Y, Catimel G, Rebattu P, Dumortier A, Guastalla J.P, O'Grady
P Clavel M. A phase | antiemetic study of MDL73,147EF, a novel 5-
hydroxytryptamine antagonist in cancer patients receiving emetogenic
chemotherapy. Annals of Oncology 1994,5 : 549 551.

91. Michael L. Andria, James F. Anen, Donald K. Baker et al. ASHP
theraputic Guidelines on pharmacologic Management of nausea and vomiting in
Adult and Pediatric patients receiving chemotherapy or radiation therapy or
undergoing surgery. Am J Health Syst Pharm 1999; 56:729.

92.  Micheal B. Tyers. Pharmacology and preclinical Antiemetic properties of
ondansetron. Seminars in Oncology 1992; 19(4) Suppl 10 (August) : 1-8.

93. Min chen, Ann Tanner, Hugo Gallo-Torres. Anaphylactoid. Anaphylactic
Reactions Associated with ondansetron. Annals of Internal Medicine 1993; 119
(8) : 862.

94. Monsma JFJ, Shen Y, Ward RP, Hamblin MW, Sibley DR. Cloning and
expression of a novel serotonin receptor with high affinity for tricyclic
psychotropic drugs. Mol Pharmacol. 1993;43:320-327.

95. Navari R, Gandara D, Hesketh P, Hall S, Mailliard J, Ritter H, Friedman
C, and Fitts D. Comparative clinical trial of Granisetron and ondansetron in the
prophylaxis of cisplatin-induced emesis. J Clin Oncol. 1995; 13: 1242-1248.

83



96. Nevins ME, Anthony EW, Antagonists at the serotonin3 receptor can
reduce the fear-potentiated startle response in the rat: evidence for different
typesof anxiolytic activity?. J Pharmacol Exp Ther 1994; 268: 248-54.

97. Nonogaki K, Strack AM, Dallman MF, Tecott LH. Leptin-independent
hyperphagia and type 2 diabetes in mice with a mutated serotonin 5-HT,¢ receptor
gene. Nat Med. 1998;4:1152-1156.

98. Novartis pharma AG. (tropisetron). Product monography, Basel,
Switerland, Novartis pherma ag. 1998.

99. P.J.W. Zomers, C. J. M. langenberg and K.M.de Bruijn. British Journal of
Aneasthesia. 71. 667-680. 1993.

100. Parks CL, Robinson PS, Sibille E, Shenk T, Toth M. Increased anxiety of
mice lacking the serotoninl1A receptor. Proc Natl Acad Sci U S A. 1998;95:10734-
10739.

101. Patricia L. Faris, Suck Won Kim, William H. Meller, Robert L. Goodale,
Randall D. Hofbauer, Scott A. Oakman, Lynn A. Howard, Eric R. Stevens, Elke
D. Eckert, Boyd K. Hartman. Effect of ondansetron, 5HT3 R antagonist, on the
dynamic association between bulimic behaviors and pain thresholds. Pain 1998;
77:297-303.

102. Perez Ea arisk-benefit assessment of sertonim 5- HT3 receptor antagonists
in antieoplatic theropy- induced emesis. Drug sat. 18. 43-56. 1998.

103. Perez EA, Hesketh P, Sandbach J, Reeves J, Chawla S, Markman M, et al.
Comparison of single-dose oral Granisetron vs intravenous ondansetron in
prevention of nausea and vomiting induced by moderately emetogenic
chemotherapy: a multicenter, double-blind, randomized parallel study. J Clin
Oncol 1998; 16: 754-60.

104. Perez EA. Review of the principle pharmacology and comparative
efficacy of 5-hydroxytryptamine-3 receptor antagonists for chemotherapy-induced
emesis. J Clin Oncol. 1995; 13: 1036-1043.

105. Piper SN, Rohm KD, Maleck WH, Fent MT, Suttner SW and Boldt J.
Dolasetron for preventing postanaesthetic shivering. Anesth Analg 2002.
94:106_11.

84



106. Plassat JL, Amlaiky N, Hen R. Molecular cloning of a mammalian
serotonin receptor that activates adenylate cyclase. Mol Pharmacol. 1993;44:229-
236.

107. Plosker GL, Goa KL: Granisetron. A review of its pharmacological
properties and therapeutic use as an antiemetic. Drugs 1991; 42: 805-824.

108. Pratt GD, Bowery NG, Kilpatrick GJ, et al: Consensus meeting agrees
distribution of 5-HT3 receptors in mammalian hindbrain. Trends Pharmacol Sci
1990; 11: 135-7.

109. R. Elizabeth Gregory and David S. Ettinger. 5HT3 R antagonist for the
prevention of chemotherapy-induced nausea and vomiting: A comparison of their
pharmacology and clinical efficacy. Drugs 1998; 55(2): 173 — 189

110. Ramboz S, Oosting R, Amara DA, Kung HF, Blier P, Mendelsohn M,
Mann JJ, Brunner D, Hen R. Serotonin receptor 1A knockout: an animal model of
anxiety-related disorder. Proc Natl Acad Sci U S A.1998;95:14476-14481.

111. Richard J. Milne and Rennie C. Heel. Ondansetron: therapeutic use as
antiemetic. Drugs 1991; 41(4): 574 — 595.

112. Riviere A. et al. Dose finding study of Granisetron in patients receiving
high-dose cisplatin chemotherapy. Br J Cancer 1994; 69: 967-971.

113. Robert P. Efficacy and safety of Granisetron in two special patient
populations: Children and adults with impaired hepatic function. Semin Oncol.
199421 (3):22-25.

114. Rubenstein EB, Gralla R.J, Hainsworth JD, Hesketh PJ, Grote TH,
Modiano MR and Kalman LA. Randomized, double blind, dose-response trial
across four oral doses of dolasetron for the prevention of acute emesis after
moderately emetogenic chemotherapy. Cacncer 1997,79(6) :1216 1224,

115. Sanger GJ, Nelson DR : Selective and functional hydroxytryptamine3
receptor antagonism by BRL 43694 (Granisetron). Eur J pharmacol 1989; 159:
113-124.

116. Sanwald P, David M, Dow J. Characterization of the cytochrome Pz
enzymes involved in the in vitro metabolism of dolasetron. Drug metabolism and
Disposition 1996, 24 : 602_609.

85



117. Seynaeve C, Verweij J, de Mulder PHM: 5-HT3 receptor antagonist, a
new approach in emesis: a review of ondansetron, Granisetron and tropisetron.
Anti Cancer Drugs 1991; 2: 343-55.

118. Sheldon R. Furst, Lorna J. Sullivan, Supicio G. Soriano, John S. Mc
Dermott, P. David Adelson, and Mark A. Rockoff. Effects of ondansetron on
Emesis in the first 24h after craniotomy in children. Anesth Analg 1996; 83: 325-
8.

119. Smyth J, Coleman RE, Nicolson M, Gallmeire WM, Leonard RCF. Dose
dexamethasone enhance control of acute cisplatin induced emesis by
ondansetron?. Br Med J. 1991; 303:1423-1426.

120. Sorbe B. Andersson H. Schmidt M. etal. Tropisetron in the prevention of
chemo therapy- induced nausea and vomiting- the Nordic experience support care
cancer. 2. 393-399. 1994.

121. Sorensen SM, Humphreys TM and Palfreyman MG.Effect of acute and
chronic MDL73,147EF, a 5-HT3 receptor antagonist, on A9 and A10 dopamine
neurons. European Journal of pharmacology 1989, 163: 115 118.

122. Stephen J, Peroutka. 5-Hydroxytryptamine receptors. J neurochem.
1993;60 (2):408-416.

123. Steven C, Bernard I, Neviene Z, and Diane K: Cardiovascular effects of
I.v. Granisetron at two administration rates and of ondansetron in healthy adults.
Am Health-Syst Pharm 1997; 54: 1172-1176.

124. Steven C. Boike, Bernard ILson, Nevine Zariffa, Diane K. Jorkasky.
Cardiovascular effect of 1.V. granisetron at two administration rates and of
ondansetron in healthy adults. Am J. Health-Syst Pharm 1997; 54: 1172,

125. Steven M. Grunberg. Phase | and other dose-ranging studies of
ondansetron. Seminars in Oncology 1992; 19(4) Suppl 10 (August) : 16-22.

126. Stubbs K, Martin LA, Dimmitt DC, Pready N and Hahne W.
Pharmacokinetics of dolasetron after oral an intravenous administration of
dolasetron mesylate in healthy volunteers and patients with hepatic dysfunction J
of clinical pharmacology 1997,37 : 926 936.

86



127. Suayib Yalcin, Gulten Tekuzman, Esmen Baltai, Yavuz Ozisk and
Ibrahim Bansta, Serotonin receptor antaagenist in prophylaxix of acute and
delayed emesis induced by moderately emetogenic, singe-day chemotherapy-
American Journal of clinical oncology- 22(1) — 94-96. 1999.

128. T. Ali-Melkkila, I.Kanto and R. Katevuo, tropisetron and metoclopra-mide
in the prevention of postoperative nausea and vomiting. Anaesthesis, 51. 232-235,
1996.

129. Tabona M. Granisetron in the prevention of cytostatic induced emesis.
Proc Am Soc Clin Oncol, 1990; 9: 319.

130. Tabona MV. An overview on the use of Granisetron in the treatment of
emesis associated with cytostatic chemotherapy. Eur J Cancer Clin Oncol 1990;26
(Suppl 1): S37-41.

131.  Tecott LH, Sun LM, Akana SF, Strack AM, Lowenstein DH, Dallman
MF, Julius D. Eating disorder and epilepsy in mice lacking 5-HT,c serotonin
receptors. Nature. 1995;374:542-546.

132. Thomas M. Beck, Arthur A. Ciociola, Stephen E. Jones, Walter H.
Harvey, N. Simon Tchekmedyian, Alex Chang, Daneil Galvin, Nan E. Hart.
Efficacy of oral ondansetron in the prevention of Emesis in Outpatient Receiving
Cyclophosphamide — based chemotherapy. Annals of Internal Medicine 1993;
118: 407-413.

133.  Upward JW, Arnold BDC, Link C, Pierce DM, Allen A, Tasker TCG: The
clinical pharmacology of Granisetron (BRL 43694), a novel specific 5-HT3
antagonist. Eur J Cancer 1990; 26: S12-S15 (suppl 1).

134. Vel Hrycaj, Thomas Stratz, Pierre Mennent and Wolfgang Muller.
Pathogenetic Aspects of Responsiveness to Ondansetron in patient with primary
Fibromylgia Syndrome. The Journal of Rheumatology 1996; 23(8) : 1418-1423.
135. Vesa Rataja, Karel M. de Bruijn. Hypersensitivity reaction associated
with 5HT3 R antagonists : a class effect? The Lancet 1996; 347: 584 — 585.

136. Watcha MF, White PF. Economics of anesthetic practice. Anesthesiology.
1997; 86: 1170-1186.

87



137. Watcha MF, White PF. Postoperative nausea and vomiting: its etiology,
treatment, and prevention. Anesthesiology. 1992; 77: 161-184.

138. Weinshank RL, Zgombick JM, Macchi MJ, Branchek TA and Hartig PR.
The human serotonin 1D receptor is encoded by a subfamily of two distinct genes:
5-HT1ps and 5-HT1pg. Proc Natl Acad Sci USA 1992;89:3630-3634.

139.  Werek Verrill and Lan Judson. Jaundice with ondansetron. The Lancet
1994; 344: 190-191.

140. William R. Berry, Karen W. House, Jeffrey T. Lee, Paige B. Plagge,
Michael W. Meshad, Richard Grapski. Results of a Compassionate — use
program using intravenous ondansetrin to prevent nausea and vomiting in patients
receiving emetic cancer chemotherapy. Seminars in Oncology 1992; 19 Suppl 15
(December): 33-37.

141.  Yarker YE, McTavish D. Granisetron: an update of its therapeutic use in
nausea and vomiting induced by antineoplasmic therapy. Drugs. 1994; 48: 761-
793.

142.  Zoldan J, Griedberg G, Livneh M, et al. Psychosis in 5HT3 R antagonist.
Neurology 1995; 45: 1305-8c

143.  Zussman BD, Clarkson A, Coates PE, et al: The pharmacokinetics profile
of BRL 43694, a novel 5-HT3 antagonist, in healthy male volunteers. Br J Clin
Pharmacol 1988; 25: 107P-108P.

88



