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Pharmacological Studies on the Antihypertensive Effects of Cinnarizine
Coadministered with Propranolol or Metoprolol(]]). Effects on Bicchemical Changes
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College of Pharmacy, Chung Ang University, Seoul 151, Korea

Abstract—The effects of cinnarizine, Ca?"-antagonist, on the antihypertensive effect of coadministered
p-blockers, propranolol and metoprolol, were investigated in SHR. Drugs were coadministered orally for 4
weeks. Hemodynamic and biochemical changes induced by above drugs were determined to elucidate their
mechanism of action. a) Cardiohypertropy of SHR was significantly improved by the treatment of g-bloc-
kers as well as combination with cinnarizine and g-blockers. b) Mg?"-contents were increased in ventricle
and decreased in plasma and aorta in all of the groups, especially in the group of propranolol with
cinnarizine. ¢) ¢-GMP contents in ventricle were increased when cinnarizine was coadministered with
propranolol, and ¢c-GMP contents in aorta were increased when cinnarizine was coadministered with
metoprolol, camparing with propranolol or metoprolol alone-treated group. d) Plasma renin activity
appeared to be increased in cinnarizine treated alone, but reduced by combination with g-blockers. e)
“Triglycerides and Na* contents in serum were decreased in the group of metoprolol with cinnarizine,
-comparing with metoprolol alone-treated group. Increased K* and Ca?*excretions in urine by g-blockers
were inhibited by cinnarizine, so Na*/K* excretion ratios were increased. Diuretic effects was showed in
metoprolol alone treated group, but reduced when coadministered with cinnarizine.
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4 rate] wje A=3 bR ok 29 g o S-EETEIY MERETRRE PRAY
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AT, 2T LAY+ 59 7o R Uy ddh. A AF$ Sprague-Dawley% rat2 A1&atg -
o A& 4 4y TP Okamoto Al §9 SHRS 4% 14ERE AP Agstarch w3 A
vheh & B 62l 8] ratd & plastic cage vol A "}%‘3}937‘9—”% ZHPAZ(FE 2 (F) Al

2% W GAEE pelletfrate] A18) R AN 4o F& AREA AHES gk (Table ).

Table I—Drug dose in each experimental group.

Dose (p.o.) . Dose (p.o.) .
Drugs (mg/ke/day) Animal Drugs (mg/kg/day) Animal
Normal — Normotensive rat Cin. +Pro. 30+ 60 SHR
Control - SHR Metoprolol 100 SHR
Cinnarizine 30 SHR )
Propranolol 60 SHR Cin. +Met. 30+100 SHR

AEALE 2443°C8 25 9 50~60%9 FEE FANG R 12434 ARg 2AACT
FET i 24 1047 19 184 AT 4EE Fodstgerd Foe 5ml/kg rat A F2 o
Atk BIHA T AE AT GF FAF 547 Hol AA sk |

BESL X RBEER—4 19T rat PEE A5 4BYE 1884A 159 Aoz 54
st or, AFFEA LI, BH, BES Hisld TAE 338z 44 A¥F 84 BEE o
s EELE A 4o

m3g, LHE R KBlkh Mg a8 —7 3o ratz YE HHS LT 2 ABIEY BEE (wet
weight) & 2 stgch D% (T 1g) 2 KBIK(SF 80mg)ol W@ 0.2mlE &) H4 F Kb
HAA 450°C2 5425 SRS o, LEY ASE HNO;: Hy0,(1: 1) ¢ Imlg shehz
Al 30E Tt ATk HEA7 BE Y M 0.5mlg B A4z 2AA 10mle I
% ICP emission spectrophotometer(Lab test, plasma scan 710)& A}-£3to] =HaF 284, 4nmoj| 4]
Mg*s =& 339

DE R KBRS c-AMP 2! c-GMP&®—7} % rate] HERS BITsl] B3R 443 A%
AE A9 Hliste F9 248 AASYG A3 & EBABKE AFAA mKE AA
& F AARG L AR ¢AE LE D ABKS SAAL Fo AL de] 9 O 4
AZAAF AzAL FAE 24590 $2429 27 (10~100mg)-L LI 6% trichlo-
roacetic acid(TCA) Iml& s}sta 4°Coll A} FASAA. B TEM =222 2,500xgd4] 15
$7 4°C2 FASY AR 45AL Al TCAE AAR skl Tihon® 5 %
ol 97 CaCOE 727 4717 @ew7hA A4% o4 2,500xe2 1587 9439 shsich.
BERE TANZAA ABZE Fgch c-AMPY WIES AL FAAZE A5E LES 200
dWl REPIER-2- 10%] sodium acetate bufferz 3] 4 d}&3lg o, c-GMPY JIEHA X OHZEL 204
KBRS 109 sodium acetate bufferz &4 A1-&3t9ith c-AMP9} ¢-GMP9] #8k-2 Steinerl® =
8 Fiko| F3 #IE 0] L3} radio immunoassay kit(New England Nuclear) & A}-2-3}¢] gamma
counter (Gammatom S.P.A)E 2434t 4 cyclic nucleotideindexf Amer® 52 w o
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c-AMP content in control . ¢-AMP content in hypertensive

c-GMP content in control -~ c¢c-GMP content in hypertensive
3% Renin jEf (PRA)—IE §iA B&AZ 4 39 ratZ ether2 vl olo] EHMAEIRA A
#®iste], d#E C.B.C. bottlefyell A} A A3 £Fo} EDTAG E3stgeh. 4°C olsel A 94
Eeletel M4 Imls: AT 5| SAAAA A Do) mdstgrt. PRAY £4 & MenardV
o Wpol Fhe] %IE o] 23 radio immuno assay kit(Clinical assay Co.)& A}-%3Fo] gamma
counter® A Stg et oh-g Aol wek PRAZ A sty rh. PRA={37°Cel A vl &3 tubegk(ng)
—4°Col) A} =) &F3} tubezk(ng)} X 0.74/ml/hr.

MmiERS| &(LBH KASE— B Mtk ratE ether vl dte] LZEHELE MK A
F3,000xgoll A 1647k fAE2] st serumS LEEstE on] 2AH XA —20°CE WA B
F99eh(s LDH 244 A2% Sl 29, 2449¢ 29947 4 AndE kitgers 4
§-3Fo] spectrophotometer® &4 st¢ vl zute] A A2 Natz} K+& flame photometer (Corning
455) & Ab&-3te Al =3k Catte Z FAFo] Xzk® pH/mv meter (Orion Co. 701A)
& A 2499,

Rrho| BRE B —7 7o) rat2 48 F 04} caged] U3 E3 ARE A4EA AHEE
g or] FEFe AF(oA 104)3E 2447 Eere] BE A3t R 2L A3 2 (Ca2h, Nat,
Kr32 1) s=& 2489k Clyss 4042 43 o2 $43g e Ca*, Nat, Kt

FTET MHRSMERSF 22wy oz 2359

FETRE—HEREEE 3P +R20 A2 FAGgod $24 AA4L student’s ¢ testE A &
S o}

EBRERRER R
BE Y RBEE B BERL: %% A St %
N 60+ D 3t Cinnarizine
A (ke 148)9) SHR % B9l A5 oF 234~ g 7
251golglom & FERe] f-9d Aol gk sol o8 Gl el ?1
thelk 44 rate] A9 305-+-9go 2 SHR 927 & /) /;
= e i o

oA W FAG9A R A FEARY L 5Ol S

EF A% FA9E A$E deyes SHR o 2 { Vg
> 30 ~ YL
ET AF Skl g 49 Hol:= 94l 3 RO v/
o} (Fig. 1). <20 //T 7
7

2) MZREE I SHRS 23] Hak Lk, B e
R EEER S A4 Bl wd f949 0| AH
A E4keh(Fig. 2). SHRe| gl e} oot /
#44 S9oz 994 9o =@ Masuda® | : T e
& doca/saline hypertensive rato] ¢lo] ..M, Fig. 1—Effects of drugs on the body weight change ;
%% %l EU%P/‘ %._thj] %O] 7‘&/’2}%011 H] %H %94 in 4 weeks treated SHR. Vertical bars
a9) = ) . o represent S.E. of the means(n=6). **P<
ASA FAE AR stk L] A% cinn 0.01. Significantly different from the
arizinewt &0 2 A8k P of o] glolot control.
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Fig. 2—Effects of drugs on the ratio of organ weight to body weight in 4 weeks treated SHR.
Vertical bars represent S.E. of the means, n=18~25. *P<0.05, **P<0.01, ***P<0. 001.
Significantly different from control. NC: normal, SC: control, C: cinnarizine, P: propra-
nolol, M: metoprolol

propranolol @ metoprolol2. X X & #£-S u]E cinnarizines} 77} H 4% o8 L =¥ SHR o
2T & FIYUA Fas At wme] 2 A¥ o] propranolol ¥ metoprolol THE =i
cinnarizines} 7479 WgA LETA wgo] Aol AL LBl WG FRE ARARA A2
¢ Aez gl Cinnarizine $EE QA= d &) 18] Fol7} 94w 72 cinnarizine
AAZE OBl g Ca?* antagonistzgo] Ay HFY Aclth =z BRY FHed
metoprolol &% Fo gl 27 ¥d FIYYE JAEFE ek 3 BB F
FH &2 4 FE 45 B L5 o8 f93 gl fAdTh

mig, OF H XPEHh Mg>§B—SHRE LA J 4 ratech Mg2+gteko] mo} @& A&

Table II—Effects of drugs on the magnesium content cyclic nucleotide level and plasma renin
activity in 4 weeks treated-SHR.

Dose Mg?+ Content® Cyclic nucleotide index? acti}w}ietnicr’l(n
Drugs mg/kg  plasma Ventricle Tg?;:;ic Ventricle Aorta angio{ensing

p.o. ml/dl mg/100g mg/100g 1/ml/hr.)
Normal — 2.240.2 23.240.9* 25.146.2 — — 7.8+3.7
Control — 2.2+0.08 19.44+1.0 16.0+3.1 0.92 1.50 9.1+1.9
Cinnarizine 30 1.8+0. 04** 19.3+0. 4 11.4+1.1 1.02 1.31 17.24+4.9
Propranolol 60 2.00.1 22.8+1.3 11.020.7 0.70 1.18 7.5%+2. 4
Cin. +Pro. 30+60 1.7£0.09* 24.0+1.5*% 9.71+0.8 0.95 1.23 7.6x1.9
Metoprolol 100 1. 740. 06%* 22. 5+0. 6* 7.610. 4* 0.79 1.41 6.7+1.7
Cin. +Met. 30+100 1.9740.2 22.940.5% 11.4%1.1 0.92 1.68 7.8+2.4

a) Values represent the mean+S.E. for 5~6 experiments. *p<C0.05, **p<C0.01 Significantly different

-AM -
from the control. b) E-GMIIZ Egizzi ::t = Eé}l\\/ldllz SII:IIE ¢) mean=+S.E. obtained from 5 rats.
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b]—F%—LH %t} (Table ). m#gd Mg?+g ko cinnarizine g+% 3 propranolols} &% of 4] 4
B} gopAls A g eyl o) metoprolol sHEFA A E R YA HetArh LEF
/Hl‘,: propranolol @ metoprolole] Zt7zb = == cinnarizines} ¥ 8% A Mg drao] F7)x
£ AT A

FH FYol| Al metoprolole] A% oz ula] Mg*ateko] R A9A A9t Cinnarizined
propranolol 2 metoprololz} 742h W g4 %EE of ol e Mg*ahakel Fo A48T Aol 95
o DEIBIES A AR DEH A MgHtiteke] doby WA Mgt o] o g A4
9 AZ4AFEY AT E Fx YoE 7Vé & 4% & gk s wekA propranolol
3 metoprolol A XA it 4 ABMR Mfh Mgt gtge Az LE HBFTIAE ‘q%ﬂ‘"ﬂ
HE SoAEE A e vedel A7 ¥ fAbslg e cinnarizines} propranolol ¥ -§-4]

2ok F S E AEE e gL ol OHifEE Nease) Add AR nHdch
DE Y KEks c-AMP 2 c-GMP&E D% 2 KEE Ao A9 27 ¢-AMP 2 ¢-GMP
a2 Fig. 39 2o} .5l A] cinnarizine®} propranololg- W 4 4] propranolol =% 4] 3.t} ¢-GMP
2 o]l f-24 Y 71] 7k k. B AR A A HEY -GMPE % cinnarizines} propra-
nolol ffF#YELS] 7% propranolol =% A H} Frld AL Rl BzE rat HH LK
Weka IR B /‘1 cinnarizinez} propranolol ¥ &% ¢} X propranclol SHE Rt} S AglA Lz
{4 a7 Sokd v cinnarizines} metoprolol ¥ £5¢] 9] AL AE BEE) Ao u]F] 3}
2 & RARee 2AH B w9 cOMP LBl A LRIEEDY Aad BAddE A By
A3 A ek SIS ratd DS ol 8% Adeld 2 AAZE adenyl cyclaseo]
Slom, wx B-9&A o] A catecholamineso] 2]l adenyleyclases] 24 3inle A4

2, }JN o

o2 Aotz P S wala] B APo) A S-EETH 9% 2 cinnarizines} W £5o
Al DER c-AMPS] ghake] glol Holzk dRd AL 9o e dAHE Aes zHA o

s Cyclic AMP Cyclic GMP * ¥
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Fig. 3—Effects of drugs on the cyclic AMP & cyclic GMP content of ventricle and aorta in 4 weeks
treated SHR. Vertical bars represent S.E. of the means, n=9~15. *P<0. 05. Significantly
different from the control ¥*P<0.05. Significantly different from corresponding propranolol or
metoprolol; NC: normal, SC: control, C: cinnarizine, P: propranolol M: metoprolol
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A9 Wshe Asuwd, d2Fe SHRE F4 ratich cGMPE o] E9ich. @1 Amer®
SHRY) &#zA|A A ZW c-GMP/c-AMP vl g-o] A4 rate] vl 233 Fridcz &
%, ol A Zd cGMPY %71 guanylyl cyclase 34 2749 B A 2obe v
3o,

2 AFAHE Avey H2F SHRY disHe] A4 rate] w]a] c-GMP3Hgko] 94 YA &
A5 22 A Amer® 59 239 ARG ot c-AMPE e i= Ho] 7} glgith. Prorpanolol %
oA Bz Tol Hl&l c-AMPgr o] F74= 9l ot cinnarizines}t W45 Tl A E oY E Ao)
7} 91t Propranololz A XA ol St c-AMP3beko] v 2Fof u|3} F7}5 712 propranolol
o BF-SAl EEHRA Jid=E] 2" MEFBRGI T30 9& A 2on cinnarizines}
LA = F&FHo] dAFHER c-AMPr} 7rxo AL JeEhd A 2l Cinnarizines} meto-
prolol W& Aol & c-GMP 3gFo] =27 g metoprolol RE A8} F71=E A gL ebd gich
rat®} A #-& A &3] fifastel Ca**ol g Aol A cinnarizine(0. ImM) g 3%7} 4 X 4] ¢-GMP
Fx7b < 3] E7b" bl -AMPE G &8 whx] QEoa waE uk 9oh® 2 A4 &
%9 c-GMP& ko] cinnarizines} metoprolold #2543 3¢ ] 2F 2 metoprolol THEE o

Aol ¥la o] F7hd AL cinnarizines] YAY BT A T Ca*d UL dAFE TAHG
A5 A 7). Cinnarizines} propranolol ¥ &% o9 A 2o A3 Alo] =83 23 AL
propranol A o] MEFIFHN N MR ol HEA ZHeoeE zH=ch. @3 cyclic
nucleotide indexe] ol AE LEY A$ d2F 2 cinnarizine 9% m: S-EEEIS L4
1.0o] $-AFst9l 21t propranolol % metoprolol ©EFolFof] gojA = Bt JolxA= AFE )
gl oot =3 dsHe A4%E SHR | x=F-0] 1.58 Fr}5 ¢ on], propranoclol &% mi= 9
SAE Fase 3% vEi 12} metoprolol ©HE = HEAE ST E A4S el g
th(Table ). & 2dolA A-&5l SHRE AL L 2 MENA c-AMP 2 c-GMPe] 3aku]
o] Amer® 5o A A5t doca-hypertensive rato] 7 -9} <X she #43e Jehi gl ey
E A GFEAAGG AT tEFY A cyclic nucleotide indexx| = & gudle} AA=HE
Ag-E Ut A E Fodeh

M3 Renin j§# (PRA)—SHRS A 4 rate] u]3] PRA7} 715 & AL Jeg ot $94
2 gl9lch. B-blockerql propramolol %ol 7-& PRAZ} W &Fo #l&] #£AAE 43S Jeid
ube cinnarizine @H5Fo Lol A d2Tm A3 FriEE A%S Gl A 2 cin-
narizine propranololst 77 ¥&RdAlele EF DEFRAA S HALstA i ¢ o (Table
I). 9444 2= metoprolol 9 propranolol 2% PRAS] 747} &= gt -8 Flsd Ackil?,®
5 Ca™-H#iM|Ql nifedipine §-4 5ol A] plasma renin activity?] Z7}8 z# 3tz stk =2
Jut oleigt PRAS] %717} f-blockerst w4 4449 & gietm shgeh 19 B AH oA Ca-
fEPifEAE& Y+ cinnarizined] Fo2] F715 9wl PRAEZ} S-i#EiHiel propranolol 2 meto-
prololst 8564 2T AL ved AL 9 Q44 A SAsa

miFHRe] &£{bEBry KA &R —Cholesterol, glucose, protein, albumin, bilirubin, BUN, GOT,
GPT, LDH, alkaline phosphatase, K* 52 7 o}%9] 2% mi w24 g2 7o) us g2
4 Qe &ol7k glaith

SHR A4 rato]] #]3) triglycerides 2 total lipid $Heko] §J A YA =715 9 oh(Table ).

Cinnarizineg ] % propranolo]l @ metoprolol 27 E-E o Ao &= SHR w2 o] o35 893

3 ot of
o rp &
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Table III—Effects of drugs on the blood serum biochemical parameters in 4 weeks treated female SHR,

Drugs Dose Cholesterol Triglycerides Total lipid Na* K+ Ca2+

mg/kg p.o. mg/dl mg/dl mg/dl mEq/dl mEq/dl mg/di
Normal — 44.4%9.8 8lL.44 5.5% 207.0422.4% 189.0:14.2 6.310.3 9.23-0.7
Control — 64.31+8.6 136.9422.2 364.47+43.9 171.1% 6.5 5.5+0.3 12.0+1.2
Cinnarizine 30 68.4+3.8 132.3% 7.3 331.4%16.6 179.6*x 6.5 6.340.5 9.6+0.8
Propranolol 60 80.3147.5 116.3+15.9 339.3+23.5 156.9% 6.1 6.3%0.6 13.8+1.9
Cin. +Pro. 30+ 60 91.6+9.9 131.1-£12.0 425.0%21.3 156.5% 6.8 6.620.6 14.3+1.1
Metoprolol 100 58.3+b5.3 136.6+12.2 331.7£31.3 188.2*= 7.3 5.440.3 12.6+1.9

Cin. +Met. 30-+100 56.2+2.3 856.7£13.0% 300.0X43.2 165.0% 6.6% 5.320.5 15,440, 9%

Values represent the means+S.E. obtained from 6~ rats. *P<(0.05. Significanily different from control;
#p<{0.05. Significantly different from metoprolol.

o] 74 b A el glelth. =3 cinnarizines} propranolol ¥-§-%-of Ao . & 2 9 propranolol
FEFA A vlE] F8 Aol s Gt 2B cinnarizines} metoprololS ¥ §-A) 6] &= Ca2*gh
gro] o &o] H]d FUk= 9o metoprolol ELEHERE ] wld triglycerides ® Natalgko] 7ha-

Rrhe| EHE PEltE—Cinnarizine 9 propranolol® R Qo] dhzFo] e AL num
metoprolol- F7}5 = A &% viebyl vk (Table V).

%3} cinnarizine® metoprolol ¥ -§-A] o = metoprolol whEF-o] A B} JRu) A sko] i 9l o},
Nat ] 4ol 4] &= metoprolol®] A-$-wt Z-7}15 9l v}, 818 Yamazaki?® F-& A 4 rato] 4] propranolol
2 G -EEMEEHI atenololS Foi A mF Y Nate] wjdako] 47 F719& nusigon,
OB o|wAEE f-FEAE wF o Nao) W be] Holdtn f-EAE Lo g8 ~2
WA #Hqde Aoz T Bag vl 9l

c
E

K+ cinnarizine 555 o A 7t4=E 74 3-8 1lEby] oo propranolo]l T metoprolols g
A Az s FAA A Fasgen =3 A7 gEFo T HHAE graEE

Table IV—Effects of drugs on urinary volume and electrolyte excretion in 4 weeks treated SHR.

Dose gg{gfrfg Na* K+ Cl- Ca?*+
Drugs mg/kg ml/day/100g mEq/day/ mEq/day/, (Na*/K*) mEq/day/
hedy Wt . 100g 100g 100" mg/day/100g
Normal —_ 12.1+1.8  0.87%0.19 1.76%0.40 0.49:0.20 1. 60+0. 34* 0.67£0.10
Control — 13.5+0.7  0.35%+0.04 1.1320.09 0.3220.02 0.78+0.08 0.73%0.09

Cinnarizine 30 10.90.8% 0.53+0.09 0.88+0.09 0.6140.08* 0.54+0.17 0.52:+0.15
Propranolol 60 9.7:£1.1% 0.46£0.04 1.02:£0.11 0.47-0.04* 0.624+0.13  0.74%£0. 06
Cin.+Pro. 30+ 60 11.72.1 0.39£0.04 0.70£0.14% 0.560. 06%* 0.9430.12 0. 340, 09***##
Metoprolol 100 18.94£2.3% 0.62-£0.10% 1.124+0.16 0.550. 02%** 1.21:+0. 16 0.9540. 14
Cin.+Met. 30+100 10.1+1.5%¥ 0.4440.10 0.70£0.14* 0.61£0. 05*** 0. 60+0. 05%% 0. 69+0. 11

Values represent the mean+S.E. obtained from 6 rats. *p<0.05, **p<0.01, ***p<(0.001. Significantly

different from control; #p<{0.05, #*#p<{0.01. Significantly different from corresponding propranolol or
metoprolol.
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+ veErdvh = Re Nat/Kte] v &2 28 489 o5 2 A TAA FHA9%A 5
7}=] Q4 o7 cinnarizines} propranolol =¥ metoprolold] 7+ W 4F o FoA Br}d ErtEE A
&g vrebylch. Clrwfj A&k SHRO 7% A4 ratwicl wokrh. metoprolol® A X Aldl& HET
of ula] S lot cinnarizines} W &F Ao BEFore ws] 7= girh. Cinnarizine
7} propranolol ¥ 24 thz27 2 propranolol TEE Fo] H&d] BT '$AUA Catul] A o)
Za= et Cinnarizines} ¥ $-Alole RE 2 BME PhiEo] metoprolol ©EF¢l Ao ]3]
75 9ot o] AL cinnarizine A X4 FRAS Z7} A gke] w2 A g F719 Fa= ==t 4

A9 zeu HzFel WAL 2olst ggles =q propranololst g4l % propranolol
FEFAAe Hd S0 E Aol gch wWehd LRAFAS pEEM 44 22D A
AAFE AP0 FHGA B3 2ok

B W

SHRel| Ca**-§55iHIQ) cinnarizinez} Bi-, f,-3EEIBM: JEETHIQL propranolol ¥ f—EiBH: ¥
Bi%iql motoprolold Z7 9% = W4ete 4B d$5FdA g 7L WsE ey

1. propranolol % metoprolole 77 ©E m i cinnarizinest W44 LS ¥ 9 S oA A

27 Y WS wE g4 LESY ML 349 39 M % KBRS B3
= FasE %L vel Y ol2d A %2 propranolol 5 A B} cinnarizines}t ¥4 T
5 FH3
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