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Relative potency of antihistaminics for H,-and muscarinic receptors

Shin-Woong Lee*

, Young-Joo Park and Jeung-Soo Lee

College of Pharmacy, Yeungnam University, Gyongsan, 712-749, Korea

Abstract—The muscarinic antagonist /-[ benzilic-4,4’-*H Jquinuclidiny! benzilate({"H JQNB) bound
to a single class of muscarinic receptor with high affinity in guinea pig ilecal membranes. The
K, and B.. values for ["H]QNB calculated from analysis of saturation isotherms were 54 pM
and 156 fmol/mg, respectively. Hi-blockers inhibited [*H]QNB binding to ileal membranes with
K, values ranged from 0.008 uM to 1.6 uM. The pseudo-Hill coefficients of H,-blockers for inhibition

of ["HJQNB binding to the ileal membranes were close to unit.

The K; values for H,-blockers

were similar to the Ky values calculated by Schild plot of functional data obtained from inhibition
of the carbachol-induced contraction in guinea-pig ileum, suggesting that binding of H,-blockers
vs ["H]QNB in ileal membranes represents an interaction with a receptor of physiological releva-
nce. The Ky values of Hi-blockers for H,-receptor estimated from inhibition of the histamine-indu-
ced contraction were the range of 0.15nM to 56.5nM. The Ky/Ky ratio of Hj-blockers varied
over a wide range of 3 to 2300. Thus, the antihistaminic potencies of H;-blockers do not correlate
with their antimuscarinic potencies, which suggest that antihistamines have different antimuscarinic
potencies in therapeutic blood levels causing similar antiallergic effect. Among 13 traditional antihi-
staminics examined in this study, drug having the highest and the lowest Ky/Ky ratio is triprolidine
and diphenidol, respectively. The present results demonstrate that the antimuscarinic property
of antihistamines is not necessary for their antiallergic effect, and data on the affinity of antihistami-
nes for muscarinic and Hi-receptors can be an important parameter in the selection and evaluation

of these drugs.

Keywords ('] Antihistaminics, muscarinic receptor, histamine H,-receptor, relative potency.
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Table 1—The binding parameters of [*H]QNB to gui-
nea-pig ileal membranes

Ki(pM) B,u.(fmol/mg) nH
53.5%t 7.6 15659+ 135 1.01+0.05
Ky and B,.. were calculated from Scatchard analysis.

Hill coefficient(nH) was calculated from Hill plot. Va-
lues are the meant SEM of five independent experi-
ments.
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Fig. 1—Inhibition of ["H]QNB binding to muscarinic

receptor in the guinea-pig ileum by H;-bloc-
kers.
Specific ["H]JQNB binding to ileal membranes
(0.5 mg) was carried out for 150 min with 100
pM of ["HJQNB at 37C. Assay conditions
were as described under “Methods”. Each
point represents the mean of the data obtained
in three separate experiments.
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Table II—Inhibition of [*H]QNB binding and carbachol-

induced cintraction to guinea-pig ileum by H;-bloc-

kers
Ki(uM)" Y Ku(uM) Schild’s Relative®
slope potency

Alkylamines

Brompheniramine 167 +0.31 0.954% 0.028 232 £0.79 1.027+ 0.121 0.082

Chlorpheniramine 144 +£0.15 0.956+ 0.029 1.69 +0.18 0.924+ 0.105 0.112

Cyproheptadine 0.009 + 0.0008 1.011+ 0.069 0.013+ 0.002 0.814+ 0.081 14.615

Dexchlorpheniramine 0.85 =+ 0.07 1.163+ 0.021 0.62 +0.29 1.100+ 0.315 0.306

Pheniramine 122 +0.11 0.918+ 0.030 2.03 +0.12 0.954+ 0.103 0.094

Triprolidine 1.60 *+0.13 0.989+ 0.023 1.50 +0.10 0911+ 0.078 0.127
Ethanolamines

Dimenhydrinate 027 *0.02 1.090+ 0.031 0.25 +0.06 0.897+0.116 0.76

Diphenhydramine 0.19 +0.02 0.880+ 0.090 0.19 £0.03 1.604+ 0.090 1.00
Ethylenediamine

Tripelenamine 066 +0.09 1.022+ 0.051 132 £0.02 0.970+ 0.101 0.144
Phenothiazines

Oxomemazine 067 *0.05 0.985+ 0.027 045 +0.03 1.015% 0.097 0.42

Promethazine 0.008 =+ 0.0006 0.815+ 0.061 0.006£ 0.0006 1.036% 0.059 31.67
Piperazines

Diphenidol 0.18 +001 0.960+ 0.124 0.16 +0.03 0.881x 0.115 1.188

Piprinhydrinate 0.04 =*0.005 0.921+ 0.023 0.0241 0.004 1.078+ 0.073 7.917
M-blockers

Atropine 0.0007 £ 0.00005 0.902+ 0.019 0.0016+ 0.0002 1.123+ 0.067 118.75

Pirenzepine 025 %0.02 0.896+ 0.027 0.19 £0.038 0.890+ 0.053 1.0

a) Inhibition constant determined from inhibition of [*HIQNB binding in the presence of various drug concentra-

tions.
b) Hill coefficient(nH) for drug calculated from Hill plot
c) Ky is the inhibition constant determined from Schild
in the presence of each drug.
d) Calcuated by dividing the Ky of diphenhydramine by

of [*HIQNB/unlabeled drug competition binding.
plot of carbachol-induced smooth muscle contraction

the Ku of each Hi-blocker.

Values are the mean® SEM of three independent experiments.
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Table III—Inhibition constants, Schild’s slopes and re-
lative potencies of H;-blockers to histaminic
“o]m“mm. .;%@%";a:e receptor in isolated guinea-pig ileum
ol A — . K, (M’ Schild’s Relatlvi)
s D.mnn;:::“m slope  potency
= Dlphgnhm”m‘%pnemdol Alkylamines
<t / Brompheniramine 2,18+ 0.56 104+ 0.16 2.27
%‘“ ) ‘P/ Chlorpheniramine  1.29+ 0.15 098+ 0.09 3.83
Crmonencannce Cyproheptadine 0.71£0.19 112+0.10 6.96
Sr ‘// slope = 1.067 Dexchlorpheniramine 0.50% 0.09 1.18+0.08 9.88
¢ remnastes P Pheniramine 1201+ 241 125+ 004 041
Triprolidine 0.65+ 0.18 0.87+0.07 7.60
s 5 7 O Ethanolamines
—log Ki(M) Dimenhydrinate 1538+ 255 092+0.06 032
Diphenhydramine 494+1.09 1.08+0.10 1.00
Fig. 3—Relationship between binding(Ki) and functio- Ethylenediamine
nal(Ky)) data for antihistaminics in the guinea- Tripelenamine 334+ 0.73 098+ 0.10 148
pig ileum. Phenothiazines
1C., value was the conceration of Hi-blocker Oxomemazine 431+ 141 1112008 115
which inhibited 50% of the specific 'HIQNB  promethazine 098+ 039 113+008 504

binding in the presence of 100 pM [*H]QNB
and Ki value was calculated from the equation,
Ki=1Cu/(1+*HIQNB/Ky). pA:
gKy) was derived from the Schild plot, accor-
ding to the method of Arunlakshana and
Schild from the dose-response curve of func-
tional experiment. Slope=1.067, r=0.982.
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4 ¥atch ¥ Aldl ZHAetel 4] Hi-receptor ztt
zhgo] 7}l oFB-o] ulA] muscarinic receptorxbgt
P 7hgh Zlo) ol & algterme JapHow Hy-
blocker& #H7}sle= wpe] dslez 7+ 3} hista-
mine | 2] H;-rccontore} muscarinic receptorel] o gk
Agtego] ul(Kw/Ky2)E AbEstddch 2 Ao
A2l 3 histamined] Foll 4] Ky/Ky#7b 2 ok,
% muscarinic receptorel] W3} affinityol] w]3ted H;-
receptorel] th 3k affinity7} Al g o g s} & ofEo]
triprolidinee} 12 1 t}-3-°] chlorpheniramine, dexch-
lorpheniramine, brompheniramine $-2] %= o]¢l.2.,
Kw/Knu#7} 2he 2FE-2 diphenidol,
dimenhydrinate, cyproheptadine%2] 4~ ©o]glaL, o]
47% diphenhydramines} vl dl7] $1sle] diphe-
nhydramine2} Ky/Ky*E 1% &1 2z 3} hista-
mine#| 2] A # Ky/Ky*E AHEstalqd v}, triproli-
dinee] <} 60.74= 4 7}#F 713 diphenidole] ¢F 0.07

promethazine,

Piperazines

Diphenidol 56.54+ 11.88 1.05+0.10 0.09
Piprinhydrinate 0.15+0.05 0.94%+0.09 32.90
a) Ky is the inhibition constant determined from

Schild plot of histamine-induced contraction in the
presence of Hij-blocker.

b) Calculated by dividing the Ky of diphenhydramine
by the Ky of each Hi-blocker.
Values are the meant SEM of three independent
experiments.

o2 b sopet

a2 =

¥ 4% ZA3 3 histamineA| 2] muscarinic recep-
toret Hj-receptor A}gtzat-g-o] ok Ffo| ol
Aedgh zfelrh olg W ofua} o}E receptor A
A7kl = Aol ¢l&-S otk

[(*H1Quinuclidiny] benzilate(QNB)+= o 2] % 2] of] 4]
muscarinic receptorol]l AelHo g Agtsh= FEZ
muscarinic receptor®} ©] receptorel] 2H-&3h= oFE
I A5 AE-S AF-shed del o] £F 3 gk
B A&l 4 33 homogenateol] ™Hdt [PHIQNB A
gto] ¥3t4dolar 7k el ond, 4% [SHIQNBS
Kin#(54 pM)7F A1 33} el o] Kpx|ob §-213H4
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ATripelenamine

[1Di pheahydrsmine

log(DR—1)

OTeiprolidine
@ Dexchlorpheniramine
© Diphenhydramine
O Diphenidol
A Piprinhydrinate

& 4 Oxomemazioe

log(DR—1)

—log[ H,-blocker] (M)

Fig. 4—Schild plot of antagonism between histamine

and H;-blocker at histaminic receptor in the
isolated guinea-pig ileum.
DR, the ratio of the concentrations of hista-
mine which produce 50% of maximum muscle
contraction in the presence vs the absence of
the Hi-blocker. was calculated from dose-re--
ponse curve to histamine. The slopes of regre-
ssion lines are close to unity indicating compe-
titive antagonism. The intercept on the abscis-
ssa equals the pA., value. Each point is the
mean of three ditferent preparations.

2, PHIQN® 3] Hill coefficient 234) 1o 7}7}
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A2 3] Hell 5 affinity 7} 32 %+ muscarinic re-
ceptorel 7 §}8= muscarinic receptor 2 & <&
ghalgh 4> 9l9de). wkeb4] 3 histamine A 2] muscari-
nic receptorol] thgk ZH3AdA v [PHIQNB2] A A
AE AR FAY £ g Ao st
Agol A48k 3} histamine|t> 1LE el 4
Lo} [PHIJQNB & 100% A8l ["HJQNB
oialo] whik 7+ 3 histamine#) 2] Hill coeffi-
cient7} 1o 71718 7o 8 Ho}l & histamine# =
muscarinic receptorell thalo] [FHIQNB2} 7 =" o
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slope 0,223
.
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Fig. §—Relationship of affinities for Hi-blockers bet-

ween muscarinic(Ky) and histaminic(K,;) rece-
potors.

Ky and Ky were determined from Schild plots
of carbachol and histamine-induced contrac-
tion, respectively, in the presence of Hi-bloc-
ker to isolated guinea-pig ileum. No correlation
(slope=0.22, correlation coefficient =(0.28) was
found between Ky and K, values.

Table IV—Comparison of potencies of Hj-blockers for
muscarinic receptor(Ky) and histaminic re-
ceptor(Ky) in isolated guinea-pig ileum

Kw/Ky Relative Ky/Ky

Alkylamines

Brompheniramine 1,064 28.00

Chlorpheniramine 1,310 3447

Cyproheptadine 18 047

Dexchlorpheniramine 1,240 32.63

Pheniramine 169 445

Triprolidine 2,308 60.74
Ethanolamines

Dimenhydrinate 16 0.42

Diphenhydramine 38 1.00
Ethylenediamine

Tripelenamine 395 10.39
Phenothiazines

Oxomemazine 104 2.74

Promethazine 5.6 0.15
Piperazines

Diphenidol 2.8 0.07

Piprinhydrinate 158 4.16

The Kuy and Ky values are affinites of H,-blocker to

M-receptor and H,-receptor, respectively.

a) Calculated by dividing the Ku/Ky of each H,-blocker
by the Ku/K; of diphenhydramine.
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