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Interaction of Antihistaminics with Muscarinic Receptor(II)
~—Action on the cerebral muscarinic M, Receptor—
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Abstract— A single uniform population of specific, saturable, high affinity binding site of [3H] guinucli-
dinyl benzilate(QNB) was identified in the rat cerebral microsomes. The Kd value(37.2 pM) for [3BHIQNB
calculated from the kinetically derived rate constants was in agreement with the Kd value(48.9 pM) deter-
mined by analysis of saturation isotherms at various receptor concentrations. Dimenhydrinate(DMH),
histamine Hy-blocker, increased Kd value for [3H] QNB without affecting the binding site concentrations
and this effect resulted from the ability of DMH to slow [3H]QNB-receptor association. Pirenzepine inhibi-
tion curve of [3H]QNB binding was shallow(nH = 0.52) indicating the presence of two receptor subtypes
with high (M-site) and low(My-site) affinity for pirenzepine. Analysis of these inhibition curves yielded
that 68% of the total receptor populations were of the Mj-subtype and the remaining 32% of the
Mg-subtype. Ki values for the M- and Ma-subtypes were 2.42 nM and 629.3 nM, respectively. Ki values
for Hj-blockers that inhibited [3SHJQNB binding varied with a wide range (0.02:2.5 2 M). The Pseudo-Hill
coefficients for inhibition of [3H]QNB binding by most of H;-blockers examined except for oxomemazine
inhibition of [SHIQNB binding were close to one. The inhibition curve for oxomemazine in competition
with [3HJQNB was shallow(nH = 0.74) indicating the presence of two receptor populations with different
affinities for this drug. The proportion of high and low affinity was 33:67. The Ki values for oxomemazine
were 0.045%0.016 uM for high affinity and 1.145 + 0.232 M for low affinity sites. These data indicate
that muscarinic receptor blocking potency of Hi-blockers varies widely between different drugs and that
most of H-blockers examined are nonselective antagonist for the muscarinic receptor subtypes, whereas
oxomemazine might be capable of distinguishing between subclasses of muscarinic receptor.

Keywords [ Antihistamines, muscarinic receptor, cerebrum.

Histamine H,-receptor 2%+ histamine 2|
H,-receptor *5hzHg- o] ¢loll = muscarinic rece-
ptor Ebzhgo] glge] A& d#A gt} 12 g
histamine A9} muscarinic receptor A%HE-E-&
o] k5L allergy A3 o} o x5 EAo
2 ARd W 53] Jeple 72 FAelv T34
7 AAFasoz ke Bakge] Azel flale]
51715 sk} 2w (motion sickness)oll¥e-99] F

224

zg-o] E|7|% et

2 Lee 592 histamine H,-receptor Z 3}
7} A A% muscarinic receptor ol & [*H]
quinuclidiny] benzilate (QNB)<] association &
dAgozs [PHIQNBS affinity & ZAl7l
v}, o]2]3F &go] & histamine A& FFoll we}
AZ zol7} glo} olF FE AHRAl HaMlA
ekl oj3t $-2L8 7HAA)7)7] S E 2 %=



&} Histaminel] 2} Muscarinic Receptore}2] AF3 2h-&-(1I) 225

AAo| % F23he A)ALEE v} Qo)

oFE _receptor AT AR-S oFZol gk =A<l
S 4%t £4F £ doh 2 &F
o] receptor ol A3t HF whE-& P77}
T BE AT S AN Al 2 75J+3HA

T Vo

Zuidio] Hc

Muscarinic receptor 44| ©| receptoreol 23
ke Wb A okge] AdED R 232 Fo B
e oFEate] Alsatdol gk Mo F yle
At} ZEssli R ond, 119 el MefE 9l muscar-

inic receptor 7 Al

rl

pirenzepine 9] 4 =
muscarinic receptor o] = A Z o] 2 subtype ©|
AT AARAL ZAS AT 4 A =
t}, £ pirenzepineol affinity 7} & M;-site 2}
affinity 7} 2-& M,-site & thi=e] ], g4l
74, dlolE M;-receptor & H-F£7} wiie-18) 2
ulalo)| = M,-receptor & 27} e
Ao duixa o, 1022wl e wle} 7
£ M,-receptor population ] %% A% muscar-
inic receptor o Ti&l ¥} histamine Al¢] Z-g3 o
potency & 9% L receptor & A&o] ol o
=] muscarinic receptor o] =gt o] & k&) =4
oz 2A, A93tr)st aksiel,

7z ‘a”ﬁ oA A=

2, &3,

g} histamine A1} muscarinic
receptor xt5H2Rg-0] o] % subtype ol td A4
< 7FA|=A] =& atropine, scopolamine # 7o)
Aol A5 dolR ] 3] wjwmA M,
-site 7} %-& di=25E microsome$ FEjsla
°] microsome ¢ muscarinic receptor ¥l ]
= ¥ histamine Al¢] %33 A% muscarinic
receptor ol thdt o] 59| 243} vla AEs =}
s}k,

A

ne

W

ME W AR-AFFTEL AN ARF A
% 250~300g & rat& AR&3lalen, filter &
Whatman 3]AF24 8 7913 GF/B filter & AH&
3tgel,  [BH]Quinuclidinyl benzilate (PHIQNB,
42.3 Ci/mmol)-= New England Nuclear Co. 2%

Vol. 34, No. 4, 1990

g, tris(hydroxymethyl) aminomethane (Tris),
atropine sulfate, 1,4-bis[2-(-phenyloxazolyl)]
benzene (POPOP), 2,5-diphenyloxazole (POP)-&
Sigma Chemical Co.Z%¥ 13 AM&3I5z
pirenzepine % 3 histamine Al F3x2 7L =
HE Aggoz Agugtor, olele] RE Aok
EF WA AFEE ARSI

F iz 2%E microsome Eal—> mi
crosome-S Mayrand 529 3-8 A4 4743}
of Alzsloch, A% 250~300g 9] rat > wFFEAL
3km 5 =%, w4el 10mM Tris. Cl(pH7.4)
(Medium A) 3o 7Fsli o & Be], 719E A
A ok ofrloll A FAY ok 30wyt HE
medium A % 7}5k3L ©]E blender & 5%4 434
FAsE 3 1,100g oAl 547 ARk,
ﬂoﬂg 7,700g ol 4 20272 A4l o] *&%—%‘
& Al 55,000g o141 3037 AAl-EEl3led micro-
some #3& odglon o] 235 L2ko] medium
A Foll F{AA —T70Co AAstg et e A
_Q.s],o:lr/}

il r% = bovine serum albumin$ ¥F&
Mo 2 3o} Lowry 59 w»®oz ZAsign},

[*H]Quinuclidinyl benzilate(QNB)Z&H4l *‘Ei -
PHIQNB AgAde Aol osigict, & 5
mM Tris. Cl(pH7.4), 10mM MgCl,, & j%
2] [*H]QNB = 3} histamine A& 51-11-0]——”* %0
Foll whiAS slsln FEAHe] 1m/=A g F
37CellA AAAZE AR B 50mM MgCl,
3 10mM Tris. Cl{pH 7.4) % 3H-sl= =39 A
Aol 5ml/E WS F8, 54 GF/B filter 4
oA o3xslact, Filter & 5mi 9 AlXdoz
33] A, scintillation vialoj 22 t}& 8§m/ ¢
scintillation @ (PPO : 6g, POPOP : 225 mg,
Triton X-100 : 500g, Toluene : 11)2 7}3tz 12
A|ZE o] A} ulA],

g

J=

liquid scintillation counter &
radioactivity 5 &4t}

(*H]QNB ¢ muscarinic receptor 2%l 238k
specific radioactivity + total radioactivity ¢4
49 medium 2ol 10~°*M atropine & ZZA|%
< o elh}E nonspecific radioactivity = =il
o st

Muscarinie receptor off cist *HIQNB 2] Kd



226 oJAlg - HdF -

% & H-[*H]JQNB<| dissociasion constant
(Kd)+= kinetic 483} saturation Adog =4
3tich. Kinetic method o4+ dissociation rate
constant{k_, )2} association rate constant (%) 2]
vl 2 Kd(Kd=k_,/k)E Ao, k& A&
g medium Fol| A (50 ug)3 [*HIQNB
(300pM) & ~Fsla HFol =xste |77
incubation & %, atropine(10-*M)% 7}t F
ozl A7kl A DAZF(1ml) S medium S 3]
o3, AH o aaleg Eslen, AHE AgH
[*CHIQNB & Hbo| df2)s]= A17H(t,,) 225 e 4
%5}%4(k1=0-693/t1/2). bl k= kons— k-1 /(1]
o 28e F39 o9 (hys=observed first-order
rate constant, [I]=radiolabelled drug ¢| *%.),
- o7|0lA k= [PHIQNB %3 7 3o dlo] A 3ts]
= "]Zl‘(tuz)-g-i“?“a‘] 2“ "J%}ﬁ‘;}(k%s=0.693/
tl/Z)a

3, saturation A&eAlE A< medium
Foll oJ2] ¥=9 [FHIQNB 9} thiA-S 713 ok
37ColA 18087 HbSAlzlon HRg-& FEA7)
5, A3, AA g walsg S5 2 FEolA
9 [FHIQNB A3 A2F o+% Kd o Buud
T3kt

[*HIQNB Zigfteixjol cist v|EX|2H22| disso-
ciation constant(Ki)x| Z&—v]Zx|}29] dis-
sociation constant (Ki)+& Cheng 529¢] ulyo g
AREsldch, & [PHIQNB 7Agte] 50%5 A5
8|82 oFE] FE (ICs), PHIQNBY Kd ¥ A}
43 [FHJQNBY ¥=(F)2%¥ H=3% Ki=
ICso/ (1+F/Kd) 9l Alo2Xe Ak&3lgdct,

Hill coefficient—Muscarinic receptor o i3}
[*HIQNB 73] Hill coefficient + Scatchard
analysis ol 4] 912 =185 Log(Y/1-Y)=nlog[F]
-log{Kd]ol =&, Hill plot 3} Fal%ct(Y=B/
Buax, F=[*H]JQNB 9 ¥=, n=Hill coeffi-
cient),

[EH]QNB g Aol gk & histamine A2
Hill coefficient = 2] %2 3} histamine A
ZA3lA [CHIQNB AgeA AxE ZAsn
°]& Log(1/100-I)=n log[D]-log[ICs,]ol =-&4]
71 Hill plot 3}e] 738} c} (I=9% inhibition, n=
Hill coefficient, D=4] x| 2k&-¢] F5%),

H|EX|2tE0l|l 2|8t muscarinic receptor sub-
type 33 —Pirenzepine =t 3} histamine o]
2]3 [*H]IQNB Z#Ae A& Munson 527
9] two-site model ol FHE, FA3 3 two-site
model o H&& 7% high affinity site$} low
affinity site ] #2u] 3 2 siteol] HHE af-
finity (Ki)-& AH&-3H3itt,

Az

AzZtZdatol| ofE [*HIQNB Z e st—[*H]
QNB <] #EAG A|7& doprr] $sted 300pM
[*H]QNB A5l Al7H73tel w2 [*HJQNB
A AxE zZAslgtHFig.1). P muscarinic
receptor o w3t [PHIQNB & So]A g2 A7+
Foll wel Zrl=thrl 903l A9 Mol =o3ig
o1} v]Eo]A % incubation A7}l &S WA
oIoke B ol AAATY 3% mluteldldt, =&
microsome -2 PHIQNB ¢} %30l sulsl= 3
3 A}7kel 180¥-7F incubationd F 107°M
atropine < 7}3& wi& receptorol Z¥H [*H]
QNB 7} dissociation =glem o] A 4]
time dependent 3}%ict, Z ®i= microsome
[*HIQNB Ag-e 719=o|=, 300pM [*H]QNB
ZA| 5ol 4] ubo] AEIE A|7RS <F 154, Hlo] B
25 A17he o 14089E & & Ysith

ti} musecarinic receptor 2 [*H]JQNB Z#S
M—d> microsome ¢] [*H]QNB Ato] Z3t4
olx] = [*H]QNB 73 $3 QNBY affinity
(Kd)ot AEH-915% (Buax)7F o= A=A &
old ] Hdled o2l Fx o [PH]QNB(25~1500
pM) EAstellA [FH]QNB AFAHE A gs}od
B3ich, ou|Adg Azt 25 pM[*H]QNB Z43}o)| 4]
microsome ¢ [PH]QNB A3le] ggol] =etsl=
A7Zko]l 150¢olReo2 B AFoAx micro-
some ¥ [PHJQNB & #yol =absl= 2531 4
72l 18087} incubation 31ic},

Fig.20l4 ¥+ ule} o] dl¥ microsome 9
[*HIQNB ZA %< [*HJQNB ¢ 5=& Z7Mx7ell
ute} F7kslchrl 800 pM ell4l Hefel] ol2& %3}
A ZA¥olddt, o] A#E Scatchard analysis 3]
< o 7 Ao Aol AA=ItH= A (Fig.2)#

J. Pharm. Soc. Korea



&} Histamine#l] 2} Muscarinic Receptore}9] AFZ =H-&(11)

227

3500

T

3000}

2500}

2000} pe
0.8
0.6

1500 0]

0.3

[3H] QNB bound (fmol/mg)

1000 0.2

A (Arbitrary units)

500 0.1 ——

y

10-¢ M Atropine

10 20 30 40 50 60 70
Time (min)

-, ] I 1 1 1

A i i L i 1 I 3 1 L i H 'l L
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280

0 20 40 60 80 100 120 140 160 180 200 220
Time (min)
Fig. 1—Time course of the specific [3H] QNB binding and dissociation of [3H] QNB from muscarinic receptor in the

rat cerebrum.

[3H] QNB binding was carried out at 37°C in the presence of 300 pM [3H] QNB under the same condition
as described in Methods. Atropine (10-6 M) was added to the assay medium after incubation with [3H] QNB
for 180 min. The amount of radioligand bound was then determined as a function of time after addition of
atropine. Inset shows the association of {3H] QNB binding. Be-B/Be (log scale) versus time is shown, where
Be and B are radioligand bound to microsome at equilibrium and at time t, respectively.
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Fig. 3— Hill plot of [3H] QNB binding to rat cerebral P

Microsomal protein (50 ug) was incubated with various concentrations of [3H] QNB in the absence (@) or
presence (O) of dimenhydrinate (1 M) for 180 min at 37°C in a final volume of 1 ml. Other assay conditions
were as described under “Methods”. The inset shows a Scatchard plot of specific BH] QNB binding. Bound
[3H] QNB (B) was plotted as a function of bound [3H] QNB (B)/free [3H] QNB (F).

1ok Table I —Effect of dimenhydrinate on binding parameters
) o-o: c(?ntrol . of [3H] QNB to rat cerebral microsome
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0.5} B
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1
05 ApM)
Kd and B,,,, were calculated from Scatchard analysis.
10t Hill coefficient (nH) was calculated from Hill plot. Values
o are the mean+ S.E.M. of three assays.
*. Significantly different from corresponding value of
-1.5} control (p<0.01).
e Fe WA o Al Al wE A

log [Free QNE], pM s 541 e [PHIQNB o %373% =24
microsome. M 5—'7—")}]“%3 oF 90%elrl Ze] dimenhy-
B: equilibrium binding at a given concentration ;;gdrlnate ZA sl = o 150802 A A=,
of [3H] QNB. A wlo] AFHE A< d=2FH

B,...: binding site concentration calculated from dimenhydrinate o4l 727 15, 3% 2 41 95-0]
Scatchard analysis. ) )

Hill coefficient is taken as the slope of the regres- %
sion line. Fig. 4Bl A & 300pM < [*HIQNB % mi-

hi

_ﬁ
L
2

J. Pharm. Soc. Korea



3} Histamine# £} Muscarinic Receptor2}e] A3 2H8-(1D 229

®-o: control

z 0.6F O- 0O: dimenhydrinate
g - (1uM)
= 041 Q
-
8
3 0.3fF
Sy
<
< 0.2}
0.1 3 L A A . H
20 40 60 80 100 120 140 160
Time (min)

5.01 B.
4.0

®-e@: control
3.0t O~-0O: dimenhydrinate

1uM)

A (Arbitary units)

10 80 120 160 200 240 280
Time (min)

Fig. 4—Pseudo first-order binding of [3H] QNB to rat cerebral microsome (A) and dissociation of [3H] QNB from

muscarinic receptor-QNB complex (B).

Table II —Effect of dimenhydrinate on the kinetic constants of [3H] QNB binding to rat cerebrum

kl (min- 1 M-1x 106)"' k_y (min-1x 103)5 Kd (pM)
Control 135.7+12.7 4.90+0.07 37.2+3.8
Dimenhydrinate (1 uM) 377+ 2.3 4.95+0.28 131.8+4.8

¢ Calculated from k=(kobs-k)/[I], where kobs is the observed first order approach to equilibrium derive from

studies shown in Fig. 4-A.

b Derived from dissociation of [3H] QNB shown in Fig. 4-B

¢ Calculated from Kd=k_; k;

Values are the mean +S.E.M. of four separate determinations.
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Table III— Apparent Ki value of pirenzepine/[*H] QNB
competition binding curves to the total (M; +
M,) receptors, the Mj-receptors and
M,-receptors

Receptors Ki (nM) nH % of total
receptors
M; +M, 9.6+2.4 0.52+0.03 100
M, 2.4+0.9 68+4.7
M, 629.3+135.0 32147

The non-linear Hofstee plot shown in Fig. 6 was analysed
according to a two-site model. The M;-and My-receptors
represent high and low affinity sites for pirenzepine,
respectively. Values are the mean + S.E.M. of 5 separate
determinations.
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Fig. 6 —Inhibition of [H] QNB binding by pirenzepine to rat cerebral microsomes.
The concentration of [BH} QNB was 300 pM. Assay conditions were as described under “Methods”. Inset:
Hofstee plot of the competition binding data. B represents the percentage inhibition of [3H]-QNB binding
and F the free pirenzepine concentration. Each point represents the mean for five separate determinations.
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Fig. 7—Inhibition of 3H] QNB binding by dimenhydrinate to rat cerebral microsome.
Microsomes were incubated with 300 pM of [3H] QNB and various concentrations of dimenhydrinate for
180 min at 37°C. Inset: Hill plot of the inhibition data. I represents the percentage inhibition of [3H] QNB
binding. Each data point is the mean for 3 separate determinations.
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1.2 uM)2H¥ o] 9o i3} dimenhydrinate 9]
Kix|7} ¢F 340nM o5 4% 4 93t} (Table
Iv).
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histamine #| £A43}ll4 PHIQNB 234 E-E A
gl ohe 7b ofAZAdS H4, Hill coefficient
(nH) ¢} Ki 2% 73199} (Fig. 8, Table V),

A= microsome 9] [*H]QNB Age £ Ay
o] AHE-® 2z ¥ histamine Aol &3] RF 9
EHor oA e (Fig.8), wi¥-¥ ohEol4]
oA FAe] Hill slope(nH)7} 16 7oyt
oxomemazine & 7% Hill slope 7} 0. 7424 A+
3] ehubgk o Witk webr muscarinic
receptor subtype ol tig A&Ado] gl Aew
A= 3 histamine A9 Ki X5 IC;3 255 A4}
Stdd wl 0.02~25pM 2A B9 FFol| wle}
#A 8 2o 7} QIgith, o] 3 alkylamine %413
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Table IV— Inhibition of [3H] QNB binding by antihistaminics to the rat cerebrum

Drug ICso (uM)* Ki (M) nHe nd
Alkylamines

Brompheniramine 6.76+0.80 1.88+0.22 0.95+0.04 3

Chlorpheniramine 6.34+1.42 1.77+0.40 1.12+0.20 3

Cyproheptadine 0.76+0.01 0.021+0.003 1.104+0.04 3

Dexchlorpheniramine 5.95+0.81 1.66+0.23 1.04+0.09 3

Pheniramine 8.93+0.54 2.49+0.15 0.90+0.02 3

Triprolidine 5.62+0.20 1.57+0.05 0.92+0.05 3
Piperazines

Diphenidol 0.56+0.14 0.15+0.04 0.92+0.04

Piprinhydrate 0.14+0.01 0.039+0.002 0.92+0.07 3
Ethanolamines

Dimenhydrinate 1.23+0.32 0.34+0.09 0.93+0.02

Diphenhydramine 0.87+0.08 0.22 +0.02 0.89+0.03 3
Ethylenediamine

Tripelenamine 7.95+0.86 2.21+0.24 0.94+0.04 3
Phenothiazines

Oxomemazine Ky +L 1.63+0.31 0.45+0.09 0.74+0.03 4

Ky (33%) 0.16+0.06 0.045+0.016
K;, (67%) 4.1440.84 1.15+0.23

Promethazine 0.13+0.03 0.037+0.010 1.15+0.01 3
Hy-blocker

Cimetidine 799.3+139.7 222.7+38.9 0.96+0.07 3
Dopamine antagonist

Metoclopramide 547.0+71.6 152.3+9.9 1.05+0.12 3

@ Concentration of antihistaminics which inhibited 50% of the specific BH] QNB binding in the presence of

of 300 pM [3H] QNB.
b Calculated from Ki=ICgy/(1 + F/Kd).

¢ Hill coefficient (nH) calculated from Hill plot of the inhibition curves shown in Fig. 8.

¢ Number of independent determinations.

Ky and K, are apparent Ki values to the high and low affinity sites, respectively.
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determined in the cardiac sarcolemma and
cerebral microsome.
Affinities are expressed as the dissociation con-
stant, Ki. Apparent Ki values of antihistaminics
to cardiac muscarinic receptors were cited from
the data reported by Lee et al. 10) Oxomemazine
deviated significantly from the linear relation-
ship observed for the other drugs and were ther-
fore omitted from the regression analysis shown.
The Ki values are the mean for 3-4 experiments
in each tissue.
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