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Radlollpnd blndlnc -die. were uNd to analyze t.be Interaction of anUemetlce with cen­
tral dopamille D2 and alpha-adrenff1PC1 receptol'9. Tbe aW.nity of anUemeUce for dopamille 
0. receptora labeled by 1H-oplperone oiplficantly correlated with clinically effective drua 
doeee (r = 0 .92; P < 0.01). Furthermore, the relative lnh.lbitlon of alpba-adrenerlic, recep, 
tora ae mea.,u:red by 'H-WB •'101 bindln, predict& the cliD!cal side effecte or tedatlon and or­
thoetatlc hypo~nalo11. Neuro-1t~r recepto.r bindinc analy8i, provide. • rapid and ND• 
aiUve teclmique for meaurinf antiemetlc po~ncy u well u aaociated ade effects. [Can­
cer Treet Rep 70:637- 641, 1986) 

Nausea and vomiting are two of the moet untoward 
side effecta of cancer chemotherapy (1-3). To date, a vari• 
ety of pharmacological agent& h.ave been u.sed in the 
treatment of chemotherapy-induced nausea and vomiting 
(4-8). In particular. neuroleptics are commonly used 
therapeutic ege.nta. TheoreLically, their efficacy derives 
from a blockade or dopamine Neeptors, presumably in 
the region of the area posll'ema (9). However, neurolep, 
tics vary in their clinical efficacy and, in addition, are fre­
quently associated with severe aide effecta such es seda· 
t ion and ortboetatic hypotention. 

Radiolipnd binding a,tudiea provide • rapid and &eo.si· 
live measure of drug potencies et oentral neurotraMmit­
t.er receptor binding sites (10,11). For example, the poten• 
cy of neuroleptics in blocking dopamine Dt receptors cor• 
re!Jltea significantly with their ant.i~ychotic activi ty 
(12). In addition, drug affinity for alpba-adrenergic, re­
ceptors bas been used u a predictor of clinical sedation 
and orthoaUttic bypotenaion (13.14). We therefore exam, 
ined a series of wn antiemetics and three neuroleptics at 
both dopamine Da NCeptors labeled by 3H-spiperone and 
olpba-.adrenergic, Neeptors labeled by 3H-WB 4 101. We 
now report that radioligand binding •tudiea can be used 
as a rapid biochemical screen of antiemetic efficacy and 
side effects. 

MATERIALS AND METHODS 

Receptor binding assays were performed according to 
the methods of Peroutka et al (13). Briefly, adult rat 
brains were purchued from Pel•Free,: Biologicals (Rog• 
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era, AR) and •tored at -20°C. The braiM were defrosted 
and the various anatomical regions were disaected as 
needed immediately prior to each experiment. Tissues 
were homogenized in 20 volume of 50 mM Tris-HCI buffer 
(pH 7.7 at 25°C) using a BrinkmaM Polytron and then 
centrifuged at 49,000 " g for 10 minutes. The auperna­
Utnt was discarded and the pellet resuspended in the 
same volume of 'l'ris-HCI buffer prior to a second centri­
fugation at 49,000 " g for 10 minutea. The final pellet 
was resuspended in 80 volume of 'l'ris-HCI buffer for 3H, 
WB 4101 binding in the cortex or in 240 volume ofTri11-
IICI buffer containing 120 mM NaCl, 5 mM KCI. 2 mM 

CaCl2, and l mM MgClt for 3H-spiperone binding in the 
csudate. 

Binding asaaya consiated of 0.1 ml of 3H-ligand (final 
concentration of 0.5 nM "H•WB 4101 or 0.8 nM 3H-spiper• 
one), 0.1 mlof buffer or displacing drug, and 0.8 ml of tis­
sue ,uapeuion. Tua concentration of "H•WB 4101 was 
used due to the recent observ1tion of Norman et al (15) 
that higher concentratioM of 3H-WB 4101 (3 nMJ al&o la• 
bel 5,hydroxytrypt.amine,. receptors. Following incuba­
tion at 25°C for 30 minutes, the assays were rapidly fil. 
tered under vacuum throllgh glasa fiber filtera (&:hleich­
er and Schuell; #32 gws; Keene, NH) with two 5-ml 
washes UBing 50 mM 'fria.HCI buffer. Radioactivity was 
measured by liquid scintillation spectroacopy in 7 ml of 
Aquasol (New England Nuclear; Boeton, MA) at54% effi• 
ciency. Specific binding was defined as the excess over 
blanks taken in the presence of l l'M droperidol for 3H· 
WB 4101 binding and 1 l'M ( + },butaclamol for 3H-tipiper• 
one binding. Generally, 75%-80% of the total 3H-WB 
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4101 binding and ~7~ of the total 3H,,piperone 
binclinir was specific. 

Dnip wm disoolved H followa: tmitriptyline, tri· 
methobenumide, and metoclopraaude in 50 mM Tril-HCl 
buffer; chlorprom.uine and t.rifluopt.ruine in dtionized 
water. droperidol, laloperidol. thiethylptru.ine, and Ou· 
phenu.ine were rtr1t diMolved in 1-3 mJ of 95~ ETOH 
and then diluted io buffer; and ( + ►butaclamol, domperi• 
done, pimozide, procblorpen,t.ine, a.nd spiperone wer« 
rtrstdiMolved in 0.01-1 ml of gl4cial -tic acid and then 
dUu~ in buffer. 

Drus• were obtained from the foUowin.g '°""""" 'H­
WB 4101 and ' H,apiperooe (19.8 Ci/mmol ud 23.4 
C'~mmol, mpectively; New Eng14nd Nuclear), amltripty• 
line, chlorpromuine, and metoclopramide (Sigma Chem­
ical Co, St Louit. MO); droperidol, domperidone, and 1pi, 
perooe (JanM<n Pbarmaeeuti<w, PiJcattway, NJ): ( + >­
buttcl&mol (~b Biochemical&, Inc. Waltham. MA); 
triOuoperazine and prochlorperaiine (Smith, Kline & 
French. Philadelphia, PA~ thiet.hylperuine (Boehringer 
lngelhtim wl, Ridgert•ld, Cl); and trimethobenumide 
(Be«ham Laborotorieo. Bristol, TN). 

The affinities of antiemet.ic drugs for dopamine Di re­
cepton in neuronal membrane, were determined (tabl~ 
1), or the 13 dru,p .. 1.cted for analytia. lpiperone and 
Ouphenazine are the moat potent agent.I at the dopamine 
D, reeeptor with affinitiee of 0.23 and 0.50 ru.t. ,..pec­
tively. Thiethylperwne. (+)-butaclllmol. baloperidol, 
and droperidol are tventially equipotent with K, valuet: 
of 1-2 nM. TriOuoperazine is alightly ltaa po~nt at this 
receptor (K, = 2.3 o>,t). By contrast.. pimoiide, p-rochJor• 
peruine, and domperidone have affinilies of epprox.i• 
mately 10 n"1. Chlorproma:tine (1(. = 21 nM) ia approx:i• 
metely one order of magnitude lHa potent than trifluo• 
perazine. Met.oc-lopramide is 1ignificanlly 1e68 potent at 

th• dopamin• D, r.ceptor, with an apponnt K, valu• of 
160 nw. The least pote:nt agent ii trimet.bobenurn.idt. 
with a K, value of 640 nM. 

Of the 13 agent.a analyied, ten hive been previou11} 
studied in clinicaJ antiemetic tri.ale. The ave.rage ~m• 
mended clinical doae for .. , h of th ... ten agent8 wu ot> 
l8ined from the literature (table 1). Aa shown in rigutt' 1, 
1 1ignificant corttlation e.1dsu between the eve.rage rec­
ommended clinical dOH •nd IJltiemetic: potency at th, 
dopamin• D, rerepu,r (r = 0.92; P < 0.01~ 

Antiemetic pot.ency wH alto asaeteed at oentra1 a.lpha-
1drene,sic, reeeptort l&beled by 3H-WB4101. ln general. 
each of thffe ~ti wo diapl&ya high affinity for Iha 
neurotransmitter reuptor site. M shown in table 2, 
droperidol (K, = 1.3 o.\l) is the most potent agent at th• 
alph1-1drenergic1 rett.plOr. Oruga aucb u fluph~narine. 
haloperidol, 1piperone, thiethyJpenzine, and chJorpro­
muine all diaplay 1pproll.im1tely 10 nM affinity for th~ 
r.ceptor. By oon"1lat. ( + ►butaclamol, triOuoperazine. 
pimozide, a_nd dompe.ridone are approdmately fivefold to 
tenfold weatwa,the "H-WB ◄ l0l bindinglitl. Prochlor 
pernine ia aignificantly leu potent than thfSC a,re.ou. 
with a K, value of 200 nM. Finally, metoclopramide and 
trimtthobenumide an tuentially inactive at the alpha• 
ad.renergK°1 site, withK, valuts> 10,000nM. 

A compari50n o r Uie rflative inhibition or dopamine D.: 
and alph1-,d~nergk1 recepton by chlorpromazine and 
prochlorperazine is shown in figure 2. A1 ,hown in figurt-
2A, prochlorpe:razine begin.a to inhibit the binding of Jtt. 
spiperone a\ the dopamine Di receptor at content.rat.ions 
> 3 n.M. B)' conttntrationa > 10 n.\i, approxim•l.ely 50' 
of the flpetific 1 H-apipe.rone binding hti been d:isp]aettd 
by procMorperazine. At 1000 n~. prochlorperazine com• 
pletely inhibits the binding of JH·tpiperone to the dopa, 
mine Dt , ecept0r. By contrHt. proc:blorpt:rulfle is less 
potent in inhabiting the bmdintc or 3H-WB 4 101 to tbe 
11lph11-adrenerg1c1 re('tptor. No effect on the ' H-V{B 4101 
binding is obstrvNI until c»nttntration.1 > 100 nM are 
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achltved. At a conctntrttion or approrimately 500 nw. 
50% or the opecif,c 1lpha,adttnergi<:, lrin<iina i, dio­
plllced. No residual binding remains in the preee.oce of 
10,000 nM prochlorperulne. 

An inverse pattern or rel.I Live drug po.,.ncy ii obeerved 
with chlorpromuine (fig 28). Chlorpromazine j, moat J» 
Lent in inhibiting •tt.we 4101 biJlding l<> th• alpha• 
adttntr1PC1 recepl<>r, with dilphicoment r1r11 noted at I 
n.\1 and becoming mu ima1 at 1000 nM . lnhibition (50%) 
or alphHdttnergi<:1 .....,ptor binding occun II approzi-
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mately 20 nM. Approximately tenfold higher concontn­
tions of chlorpromuine are needed to achieve the aame 
effect at the dopamine Di recopt<>r labeled by ' H•apip,r­
one. 

DISCUSSION 

Th• major finding or the -•I study ii 1h11 ne....,. 
t:nan,mitter receptor binding technjquee cao be ueed to 
oetten for both the cUnical eff,cocy and po.,.ntial aide ef. 
r;.,1a of ontiemeti<:1. n, ... dote u tend and confll'ID the 
o,boervation or Pm,utb and Snyder (ll) that antlemetlco 
di,ploy high ,rrmity ro, dopamine Di. binamine, and/or 
muacarinic cbollnergic n,ceplon. Theoretically, lhe anli­
tmelic effect.a of neu.roleptic:1 dttive Crom their blockade 
of dopamine receptors in the che.moreceptor trias:er io.ne 
(16,17). In partk ular. dopamine Di rocept<>ni have been 
id,ntified in the area po1trem1 (9). Theee rec.ept.ort can 
be dinctiy hibelod usine ' H•spiperone •• • radioligand in 
ne.uronal membrane prepantion1. Since the 1mnities o.r 
a.ntiemetica ror theH: receptors aignifiauuJy con-elat.e 
with their effective clinical d0ie8 (r = 0.92; P < 0.01), 
the&e data confirm thlit the dopa.mine~ re«ptor medi• 
1.te1 anti emetic actions. 

The ability to predict antiemetic efficacy baaed on H• 

dioligand dote hu many practical implication,. Fint of 
all. dn.iga 11uch u spiperone, pimodde, and ( + ).buucla­
mol are currently unavailable for clinical use i.n the 
United Statea. However. lhe data in the present etudy 
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suggest that. these 1gent11 should be potent antiemuics. 
Serond, the potency or novel antiemetics tt the dopamine 
Di receptor may be a useful predictor of efrtttive dOiH in 
pilot clinical trialt. Third. r1dioligand 3'udi .. may be w,e. 

f ul in determining the prim:ary site or drug action. f'or 
exampl•. the therapeutic eff,a,cy of metoclopn,mide h,to 
been attributed to he t.rfl'CU on gt.ttric motility {18). 
while the mechanism or actiton of trimethoberuamide ll 
unclear(2-8). The curttnt data 1ugge1t lhat dopamine tt­
ceptor blockadt plays a prominent. if not primary. ro)e in 

1be ~n1leme1k: eff~l!I of the,e wo droc•-
At the same lime. lht interact.ions of drug• with alpha, 

adre.nergic1 receptora have been correlated with .edative 
and orthoatattc hypolelliive &id!! effttts (13.14). Theae 
side efrecte have also been noted with an tiemetica. Clin­
ical 1tudiet have ahown that Lht ine1de.nce of orthoilatic 
hypotention and eedttdon v~nes widPly among antiemel• 
ics. for tumple. chJorprom•zine and prochlorperoi.ine 
are e1;Stntially equipotent antiemetic,. Howeve.r. the inci• 
dence or sedative and orthOilt at.ic ..-me tffecu with chlor• 
promai.lne is fnr more fl"f,quent and severe than that ot>. 
een•t-d with prochlorperiuine (8,19). 

The ui;e of J(I.WB 4 lOl to label the alpha-adrcnergic1 
recf'ptors appears to be a useful tool for the anal)15UI of 
theft effects. The relotive potencies or drugs at alpha­
adrencrgic-, and dopa.mine Di r1.'Cepton may exp)ain the 
variability of the side cffecr..s. for exam1)le. chlorproma·• 
zine is more then twice a.s potent at alpha-adrener~ic1 re­
cepton tl1an Ill dopnmine 02 "'"pton;. At climce.lly ttC• 
fective vnlieffl('tk dose&. dopamine Dt rt.U pton are theo­
rtt.ically bkded b)' chlorpromai.ine. At s uch coocentra• 

G•O 

tiomi, an even greater per~ntage of alpha,adrenergic1 re, 

ttpton an aimult.a.ntc>usJy blookNl. By contn.st. At con• 
centrations of prochlorperazine at which a t ignificant 
propor tion of dopamine 0, receptors a~ blocked ( 10 n'-1\. 
only 8 ,malt peroentege of alpha-adrenergic1 aitet art 
blocked. Thu..1. tht ratio of alpha-1drt:nugic1 to dopamine 
DJ: affinities can be used u a measure or aedation and or• 
thOAtatK: hypotension_ Saffel on these dall. chlorproma• 
zine and droperidol stlould ht relatively tedst.ive, wheN­
as tri.Ouoperazine and! metocfopro.mide should be less se,,. 

dl!ting. ~ pn,di<l-i<>11!1 lm•e l.>!,,:n «>nf!f!l!<G by dinkal 
npenenc,(8,19-21). 

The-r-efore, radiolig'l:md binding studiea may provide a 
u.&e-ful and accurate laboratory predictor of clinicaJ anu­
emetic efficacy. ln parttC'ular. binding studies could bt 
used as a sc:reening devke for novel antiemetin that act 
through dofXl.mine Dz receptors. These techniques truly 
also be applied to the study of antien,etica which act at 
histamine end m~rintC cholinerJ:fo r~eptor&. The tX· 

periment.s could be pe-rformed rapidly and economically 
Moreover, re«'1)tor b~nding stuch.-. can at.o be uacd to 
preJict major aide d(eictt. Finally. the use of rttept-0r 
bindi11$f assays in the a.nalysi:1 of antitmetic: ac1ion may 
provide important infomHUion cone4!ming the pat~ 
physK>k>gy of naUM!I n nd vomiting m humana. 
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