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Pharmacological characterization of RS 25259-197, a novel
and selective 5-HT; receptor antagonist, in vivo
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A was more d
than either ondansetron or granisetron, : i
3 In consclons ferrets, RS 25259-197, administered intravonously or orally, dose~dependently inhibited
emesis induced by cisplatin. The 1Dy, cstimates of RS mlgymllmkg' iv. and 32pgkg-!,
P.0. hm:mkszm&lﬂwmwmmmMMthﬁmMn
4 In conscious dogs, RS 25259-197, administered intravenously or llydnmdq:undentlyinhibxtd
! ema:ismdwudhy hqnabn-l‘inskz“ L., mﬂ”i‘!h" p.0.), dacarbazine (IDs=4.1g
kg, iLv. and 9.7pgks?, actinomycin D (IDg =49 pgkg—", iv. and 2.51&3&:5" p.0) and
m:hhmﬂumhe(ll)”—'Q%pskg" iv. and 3,0 pgkg™’, p.o.). Agalnst cach of tho cmetogenic agents,
RsmlewymmhmemmmmWhmtuwdﬁequthM
doses against cisplatin-induced emesis i dogs, RS 25259-197 bad a looger duration of anti-emetic
activity (7h) then ondansstron (4h). At doses up to and Inclading 1000 ug kg™, p.o., neither RS
25259-197 nor ondansetron was capable of inhibiting apomorphine-induced emesis,
5 At doses up to 1000 pg kg™, i.v., RS 25259-197 produced no meaningful namic n
. p haemody changes

6 In summary, RS 25259-197 is & novel, highly potent and orally active 5-HT; receptor antagonist in
vivo. With respect to its anti-emetic activity, RS 25259-197 appears to be a significant improvement over
ondansetron in terms of potoncy and duration of action.
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1 Tho phanmacological effiects in vivo, of RS 25259197, a selective S-HIT, receptor antagonist, have

Introduction

It is now well established that the side-cfiscts of nanses and
emesis asgociated with antl-cancer therapy are dus to activa-
tion of 5-HT; reccpiors at a peripberal andfor ceatral locus
(Kitpau-lcketnl.,lm 'l'yemlwl} The vast majority of
evidence favours a mechanism involving activation
of 5-HT, receptors, localized on vagal afferents supplying the
upper gastrointestinal tract, by 5-HT released from entero-
chromaffin cells as & consequence of exposure to cytotoxic
drugs or X-ray irradiation (Costall & Naylor, 1992). The
advent of selective 5-HT; receptor anmtagomists has shown
that, in cancer patients, these drugs are highly cffective in

prwmﬂn‘g chemotherapy-induced emesis and therefore im-
proving the quality of Life.

(Ozford et al, 1992).
mdiﬂ‘uuminpcmy efficacy and duration of
action exist between the compounds which may have an

on their clinjcal usefulness (Marr ef al, 1991; And-
vews et al., 1992). For example, the anti-emetic effects have
beea reported to be t for granisetron but not
for ondansotron (Andrews ef al., 1992). Also, in the ferrct,

! Author for correspondeace,
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granisctron was reported to be more potent ag am anti-emetic

. when administered by the oral route than the intravenous

mm,whﬂwlmcmmmmwdmmw
rick et al.,, 1990). Ondansetron, the most extensively studied
;nuptorantagunist. is poorly effcctive in controlfing
mild and delayed emesiz (Kas ef of, 1992 Lovit et al.,
1993), Furthcrmore, none of the currently available S-HT,

receptor antaponists

demmmhmwwmmnsor
sida-effects, such as chest paln and extrapyramidal symptoms
with ondansetron (Ballard e ai., Imﬂslpan&h{urphy,
1992), and animal toxicity such as
byaﬂnmmmﬂm&ﬂou.lwﬂmyuholhmt!he
clinical utility of these compounds, Hance, there is clearly
a nced for the development of sclective 5-HT, receptor anta-
gonisis which are more safe, poteat and cfficacious. RS 25259-
197((3aS)-2-((S)-1 mmwm-}muwmﬂ
hydm—l»om-l-lﬂ—bmz{de] oride) is &

novel selective 5-HT receplor antagonist (Wong ef al., 1995)
(Figure 1), Homowmtnradnoﬁgmdﬁndmsmdﬁmnﬂa

dics have established that RS 25259-197

exhibits a high aﬂinity at 5HT; roceptors (pki= 104 at
5-HT, receptors in rat cortex and pA;~8.8 at 5-HT; recep-
tors in guinea-pig iloum). In the precent paper, we present
our findings on the In vivo phacmacological effects of this
wmumuﬂnsondanmawwgmnimhnm
compounds.

Dr. Reddy’'s Laboratories, Ltd., et al.
V.
Helsinn Healthcare S.A., et al.
U.S. Patent No. 8,729,094
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Chiral
NH*

RS-26269-187

Chemical structure of RS 25269197 ((3aS8)-2-{(S)-1-aza-
bir.ydn[z 2, Im -3- yi]-?,&)?n.d,i&-hcmhydm-i-ﬂo-l-!ﬂ-bm[de]

‘Methods
Studies on the von Bezold-Jarisch reflex in rars

huwmnmlyadnﬂnhtnad&iﬂliS—HTcﬂdmu
immediate and vagally mediafed reflex brady-
ca!dh(nferwdwanhc\fonlhmldnhdschrdm)wm{n
specifically mediated by 5-HT; receptors and is antagonized
by selective 5-HT) reocptor antagonists (Fozard, 1984). RS
25259-197 was evalnated for its ability to inhibit this reflex,
using ondansetron and granisctron as reference compounds,
Mn!e Sprague Dawley rats (Charles River, 250-380g)
iven food and water ad libitum, except those used for
drog administration; these rats were deprived
offoodmwnight.lhtsmmmhﬁbcdmlhmue
[I.Sgkg" ip.) and placed on an aguatic K module heating
pad to maintain body temperature at 37°C, The left jugular
vein or trachea and left femoral veln were can-
nulated for drug administration (Lv. or id.), facilitation of
respiration and injection of 2-msthyl 5-HT, respectively.
Heart rate was derived from a timb lead II BECG monitored
via subdermal platinum electrodes and was recorded with
}BCGfBlotuhmliﬁﬂsconmdmsGould recorder (RS
“3800). A dose-response curve to 2-methyl S-HT (5-100pp
kg™', i.v.) was constructed in cach rat to establish a submax-
imal dose (usvally 10 or 20 ug kg, i.v.) which would elicit a
reproducible bradycardic Each rat then recelved a
single dose of RS 25259-197, ondanssiron or granisetron and
was then challenged with 2-methyl 5S-HT at §, 15, 30, 60, 120,
180, 240, 300, 420 and 480 min post dosing. A &teparate
group of rats receiving vehlalo (saline for iv., deionized water
[u::n)mdnﬂhﬂyhxmdhmhmdy.mmry
ylaxiz in responses to 2-methy) Duration
g:ﬁonofﬂmmmpmmdxmmmdlrywngﬂm
period of time for which the inhibitory effects remained
significantly different from vehicle controls.

In a separate serica of experiments, RS 25259-197, when
apphndmﬁunyonmeubdmaluﬂndmwm
evaluated for its ability to inhibit the reflex. An aqueous
sofution. of the drug wes absorbed onto a Hill Top chamber
(25mm in diameter) in & volame of 0.4 ml, A submaximal

bradycardio

25259-197 (0.01-1000pug per chamber) was
topically to the dspilitated abdominal area and the rat was
challcoged with 2-methyl S-HT at §, 15, 30, 60, 120, 180, 240
and 300 min post dose.
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Anti-emetic studies in ferrets and dogs

The ferret (Florezyk et al,, 1982) and the Gylys ef al.,
lmmvﬂembmmmd:fse(mﬂhwﬁch

Adult male ferrets (1-1.4 kg, Marshall farms) wero ren-
domly assigned to different treatment groups, Each gnimal
waes anaesthetized with metofane inhalant. A jogular vein was
cannulated and exteriorized from the outsids of the neck.
Following recovery omlnﬂ.u!huh,eﬂdaanimlwnsdowd
wtu;mnsms&»m (1-300 ugkg~", iv. or 0.3-100 pg
kg, p.o.), ondansetron (30— munpgkr' p-0.) or vehicle
{imikg™!, iv. n:l'.m.} 30min pror to administration of
cisplatin (10mg kg~', i.v.). The compoumds woxe given orally
gy “”m;‘:ﬁ’“‘“m““* for 3h" Tollowing clspati

fol
! epi flowing cisplatin

Aduit msle dusa {820 kg) (Hazleton Research Products)
were assigoed to different treatment groups. Each
animal was dosed with either RS 25259-197 03-300 g
kg™, Lv. or p.o.), vehicle control (0.1 mlkg~!, iv. or po.),
ondansetron (1-1000 pgkg™, iv. or p.o) or haloperidol
(Smgkg™, p.0.) at 30min prior to the administration of
apomorphine (0.1 mgkg~', s.c), or 120 min p::ior to the
administration of eithor dum'rbazim (‘Mmgtg"
mechlorethamine (0.4 mg kg*!,
©.15mg kg, iv}muﬁﬂmﬁaaﬁm’
chrp!nﬂuﬂmgkg"' 1v.). Ths compounds were given intra-

the cephalic veln or oralfy in hard gelatin cap-
sules. Each animal was counted for the nomber of emetic
episodes for 5h following the administration of each emetic.
An emstic episode was defined as the suecessful evacuation of
stomach contents, In separatc experiments designed to
examing the duration of antl-éemetle activity, dogs were
pretreated with vehicle (olmikg—‘ iv), RS 25259-197
(30 pg kg~', iv.) or ondansolron (300 pg kg™, iv.) at 24, 12,
8,7, 6 5.4 3 2o0r Ihpnorlodmadmhﬂmumol‘
??pmhﬁmhamﬂwmmmﬂmobwmfwmmi-

5

Huaemodynamic studies in anaesthetized dogs

Mongrel dogs (4 male, 4 femalo, 1116 kg, Hazelton Labor-
Eiznes)k th with m:alntnbathm sodhim
mg kg™, Lv were anificially ventilated
th Harvard respirators, A catheter inserted into a carotid
mmuﬂfmmmto{utulalpmmrw
blood sampling (pH/blood gas anslysis with a2 Coming
Moedel 168 analyser). The ipsilateral femoral vein was can-
nulated for the administration of test compound or vehicle
and for the administration of a maintenance infusion of
pentobarbitone sodium (3-8mgkg~'h-"). A Millar TF
Mikro-Tip Catheter pressure transducer was inserted into the
left ventricle for the measuxement of Iaft ventrcular systolic
pressure (LVP) and I=ft ventricular end-disstolic pressure
a.wmr}. and  dp/dt,.. was obtained by clestronic
differentiation of the LVF signal. The right external jugular
vein was isolated and a 5F Swan-Ganz catheter
SP5105H) placed in the pulmonary artery to permit deter-
minaumofuxﬂucuutput(co)bymumodﬂudonndnga
Gonld Cardiac Index Computer (Model 435). Heart ratc
{HR) was measured with a cardiotachometer triggered by the
R-wave of a limb kad II ECG recorded from usedle elect-
rodes inserted snbeutaneously. Mean arterial pmm{MAP)
was calculated as 1/3 (systolic anmal
arterial pressure) + diastolic arterial Dmmly
monlwmdyarmnetersumﬂasdmiuﬂydaimd@f
dt., and HR were recorded on a polygraph (Goukd RS

3800).

Following on of instrumentation, each dog was
allowed to eqg te for 30—60 min before beginning an
experiment. Each dog received vehicle (O.Iﬂml kg™, iv) or
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a single dose of RS 25259-197 (10, 100 and llll)ﬂpgkg"
Lv). Recorded parameters were measured prior
tothnﬁmmtmtdnsemdnlz,s, 15, 30, 45 and 60 min
after cach dose. .

Statistical enalysis
Slaunhmianalyskarthndamwaspﬂformcdbyampuwd

mﬂmanalymofvmm( 'A) and, in some cases,
by pairwise comparisons against control at each

time period using Fuhu’sLSDmnlhph teat,
Saﬁsﬁmlmgniﬂcammdaﬁmdm?<00§.!nm
studies, an 1Dy, (dose required to 50% of the max-
imal iphibition) was calculated w! appropriate. 1Dy
was calculated with NONLINB4 sofiware, a nonlinear

madelling programme.
Materials

Sigma Chemical Co (St Louis, MO, U.S.A).

Results

Studies on the von Bezold-Jarisch reflex
Whan administered intravenously, RS 25259-197 {0.01-10 pg

kg~"), ondansctron (1-3@]!;&3"‘) and granisotron (0.03-
mﬂakg"') opendent inhibition of the 2-
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Figare 2 Tnhibitory effects of RS 25259-197 (O), ondansctron (@)
mnd granbetron (A, intravenowusly (a) end m

administered
duodenally (b), on the 2-methyl S-HT-Induced
point represcuts the mean % somean, o= 8-10.
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methyl 5-HT induced bradycardic response, ding 1D,
estimates (95% confidence interval) of 0,04(0. 02—0.06) 2.2
(0.5-3.96) and 0.1(0.01-0.19) pg kg,
2a). When administered intraduodenaily,
ondansetron and granisctron produced dose-dependent in-
hibition of the bradycardic response (Figure 2b), By the i.d,
route, RS 25259-197 was much mmelpalmt (D5 (95% -
confidenco interval): [3.2(2.7—3.7 pg kg~'] than ordansctron
1144(53 2-2342) ugkg™'] and granisetron [49.1(21.2-76.9)
'l.mdmhonofmhhlnryeﬂ'edxmdom-
for all three compounds (Figore 3a—c), At equi-
chiective doses (lowest dose required to produce 100%
inhibition) the duration of the inhibitory effects for
RS 25259-197 (10pgkg?, id., 420 min) was greater than
that of ondansetron {lﬂﬂﬂpgkg" id, 300min) and
granisstron (300 pg kg™, i.d., 300 min),

Transdermal administration of RS 25259-197 (0.01-1000
pgjchamber) produced a t inhibltion of the
bradycardia induced by 2-methyl 5-HT (Figure 4a) yielding
an IDy (95% confidence interval) of 328 (12.8-52.7) pg per
chamber. The onset of the inhibitory cffects was inversely
proportional to the concentration of the drug in the chamber
(Figure 4b). At doses of 1-100pg per chamber, the
inbibitory effects of the drog lasted for greater than 300 min,

% inhibition
.32 g8%8 8
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8

% inhibition
L o8 582888

T T T T
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% inhibition
0o

Bousgssi
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Time {rmin}

Flgme 3 Duratlon of the inhdbitory offects of RS 25259-197 (a),

ondansetrot and granisetron (¢) ou the 2-methyl-5-HT-induced
bradycardia. 8 RS 25259-197, (l)) Jugky', Ld., (:‘); :.am:er‘)
00 pig kg~

I.d. (ﬂ)!ﬂi&zls", 14, () Oullaﬂmkun.( )3

id, (o) 3000ugkg~!, id (6) Granlsectron, (®)
muggkr' L, (D) 300pg kg, Ld., (O) 1000ug kg, Ld. Each
point represcnts the mean t s.e.mcan, ‘w810,
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Anti-emetic activity in ferrets and dogs

Compared with vehicle control, RS 25259-197 (1-30 pg kg™,

w and 1-30 ug kg™, p.0.), ondansstron (301000 xgke™",
and (3-300pgks™", p.o.) given 30 min

prior to cisplatin produced signjficant and m—dzpmémt

reduction in the number of emetic episades in ferrels

5, Table 1). When administered orally, RS 25259197 was 2

and 13 fold more potent than granisetron and ondansetron,

respectively,
As shown in Figure 6 and Table 2, RS 25259-197
(0.3-100pg kg™, iv, and 1-100pg kg™, p.o.) und ondan-

% inhibition
g
L

-0 ¥ LJ L] L) 1 ¥
0.001 01 10 1000

RS 25259-197 (ug/chamber)

% inhibitlan

L] L) | ] L]
50 ¢ B0 100 150 200 250 300 350
Time {min)

Figure 4 hﬁhdeRSZMIW(WMP
mally) on the 2-methyl S-HT-nduced bradycardia, (2) Dose-respome
* ., curve to RS 25259197, (b) Duration of the inhibitory effects of RS
125255197, (M) 1ng per chaxaber, (@) 10pg per chasber, (4)
100pg per chamber, Each mbflmnm noanten,
n=10, *Significantly different (P<<0,05) from vehicle control.

0

- -
-] ] o

-

Number of emetic episodes

. 3 . 30
RS 25268-187 (uako™, Iv.)

Figare 5 Inhibltory effects of intravenously admiulstered RS 25259-
197 an mmwmmw
the meant semean, n=6. *Sigoifcantly differant (P-<0,05) from
wehicle gontrol (Veh).
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sotron (3-300pgkg~", iv. and 10-100pgkg™, p.o.) pro-
duced dose-dependent inhibition of the emesis induced by
cisplatin, actinomycin D, dacarbazine and mechlorethamine
indosﬂ.mnﬂﬁmtdmsbﬂwninfahhlwm
administered orally, RS 25259-197 was about 30 fold more

duration of anti-emetic activity, RS 25259-197 (30pgkg',
iv.) was effective for 7h in inhibiting cis
emosls, whoreas the anti-emetic activity of ondansctron
(300 pg kg=', i.v.) lasted for 4h (Figure k)

Neither RS 25259-197 (1-1000 pgkgt, pn) nor ondan-
sctron _ (1000 pg kg™, p.0.) were effective in inhibiting
npomorplflm . (;mena kg‘g‘ )(dah not shown). In
contrast, haloperidol (5mg s p.o.) produced significant
inhibition of apomorphine induced emesis (data not shown).

Haemodynamic effects in anaesthetized dogs

vaahaf«thnmmu:nsmnmcundidmdiﬂhr
siguificantly between the vehicle RS 25259-197 treatment
groups. Administration of vehicle or RS 25259-197 had no
significant effects on MAP, CO, dP/dT and SVR (data not

Table 1 1Dy, ostimates of RS 25259-197, ondansctron and
granisetron u;aimldqﬂa&n—inﬂmadwmfm

IDy, (ugkg~* (95% confidence intervals))

V. p.o.
RS 25259-197 L1 (1,0-12) 32 (15-49)
Ondansctron ND 43 (18.0-100)
Granisetron ND * 69 (1.0-40)

Veh 03 1 3 1 30 W
RS 25269-197 (ugkg ", Lv.)

Number of emetic episodes

3 10 30

100 300
Ondansgetron (ug kg™, iv.)

Figore 6 Iohibitory effects of mntraverously administered RS 25259~
Iﬁ{a}nﬂondm&m{b)onduﬁaﬂuzﬂnmdmﬁthdm

Each point represonts the mean+gzemean, mw§. *Significantly
different (P<0.05) from volricls control (Veh).
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shown), RS 25255197 produced a significant decrease in HR
at 1000 pgkg™!, Lv, but only at 45 min post-drug (Figure B).

Discussion

The data obtained in the prescat stody show that RS 25259-
197, a novel 5-HT, receptor aniagonist, displays several
pharmacodynamic and pharmacokinetic differences from the
5-HT, receptor antagonists, ondansetron and granisetron.

Table 2 Anti-ematio ectivity of RS 25259-197 in dogs

Studies on the Von Bezold-Jarisch reflex

Inhibition of the 2-methyl 5-HT induced bradycardia (Von
Bezold-Jarisch reflex) is a usefunl test for the evaluation of
s-m,meptormmmmmmummy,ns 25259
197 administered either Intravenously, intraduodenally or
transdermally, was effective in Iohibiting the respomses to
zm By the intravenous route, RS 25259197 was

3 and 55 fold more potent than granisetron
and ondaunsetron, respectively. The affinity of RS 25259-197

Dacarbazine
Drug Doze (30mg il!"'- L'-)
Vehicle {m! kg~', p.o.) 0.1 1421 1.6
RS 25259-197 1 h;l'
-1, po 32 . 128%27
(gkg™’, po) & it
iLe 0302
100 o0+
Qudansstron 10 NT
(gkg, po) 3L6 108t 1.1
100 62+22°
a6 30k 12
1000 02402

All values are expressed 85 mean X s.oumean (7= 6 per group).
NT=not tested,
*Statistically significant from vehicls coatrol (P<0.05).

Actinomycin D Medhlorethamine Clsplatin
©.15mgkg™, Lv)) ©4mgkg, iv.) (Gmgkg, iv)
14.5£23 95429 142133

NT NT 128+ 19
58+0.6" 45+14 1621+2)
6.7 1.6% 284 1.9% 4016
33k 19* 0.3£03* 27E07
1ot 0.1 oto* oto*

NT NT 127£12
98%3l 5710 183434

10319 BSstL3 105£13
42to8* 28115 jatos
15406 oto* 20L09*

Teble 3 1Dy (ugkg~') estimates of RS 25259.197 end ondaasstron against varions emelogenio ageats in dogs

Route of
Dng adminigtration Clsplatin
RS 25259-197 iv. 19
(028 = '153.0)
B G.6-20)
Ondansetron iv. 460
. m—‘m 0)
B («.o-m}

Emetogenic agent .
Dacarbazine Actinomycin D Mechloretharmiie
' 49 4
1—6.1 0.45~5 1-9.1)
21-6.1) ( ez 5’4) @ 1
Q. 3-!2.0) (0.85-10.0)
-, =
83.0° 160.0° 2800°

$Meaningful confidence intervals could not be obtained because of lack of doso-dependency.

25

Number of emetic episodes

et 8% u
Dose time (h) bafore ciaplatin

l'lpu? Duration of ths effects of vehicle (0.1 mikg~")

RS I?SESB)—I(DC’I»GD lw“' i.v.) () :mdh ongdansetron

v ped emesis in dogs. Dogs

[’m”k{ mmﬁﬂﬁwﬂnﬂ.l%&?.%ﬁ!,lﬂlh
the alsplatin. Bach

;E:;gu.c.mn.n-é‘w, differcot (P<0.05) from vehi-
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Figwe 8 Elfocs of intravenously administered RS 25259-197 om
Ima:tmc(l:m‘;hmﬂhmdm {(O) Vehide, (o)nsm
197 (!lil’ﬂ.?kx;n va,s!'A)Llli 25259-197 ('wpgkg' tl\;)u. (o) RS
25258 v.). Bach poin reseats ‘mean
s.comcan, n(-l-ﬁ. gmﬁnﬂnﬂy mmcgs; from vehicle con-
trol.
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