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ORIGINAL ARTICLE 

ANTAGONISM BY CAPSAICIN AND PROCAINAMIDE 

OF THE DEPRESSIVE EFFECT OF VERAPAMIL 

ON ISOLATED RAT ATRIA 

Rachanee Naiwatanakul, Parimongkol Wongchuengam, 

Prasan Dhumma-Upakorn and Prakorn Chudapongse 

Department of Pharmacology, Faculty of Pharmaceutical 

Sciences, Chulalongkorn University, Bangkok 10500 

Thailand 

SUMMARY 

The brief stimulatory effect of capsa1crn (2 and 10 µg/ml) on the 
rate and isometric tension by isolated rat right and left atria respectively 
was slightly affected by a calcium antagonist, verapamil (0.05 µg/ml), whet­
her both drugs were added simultaneously or capsaicin added 15 min after ve­
rapamil. However, in the presence of capsaicin, the negative chronotropism 
and inotropism induced by verapamil were markedly attenuated. Reserpine pre­
treatment did not abolish this antagonistic activity of capsaicin, indicating 
that endogenous catecholamines were not involved. Procainamide (10 µg/ml) 
which produced insignificant atrial stimulation was also found to mitigate 
the verapamil-induced atrial depression. The possible mechanism by which 
capsaicin and procainamide antagonize verapamil effect on isolated rat atria 
is discussed. 

Capsaicin 

and Gebhart, 

has well documented effect on the cardiovascular system 

(Virus 1979),. Most 

been studied in whole animals in 

cardiovascular responses 

which capsaicin has been 

to capsaicin have 

shown to reflexly 

induce either cardiovascular depression or stimulation depending on the site 

of administration. For instance, capsaicin injection into splanchnic (Toh 

et al., 1955) or hindlimb circulation (Webb-Peploe et al., 1972) elicits car­

diovascular excitation while cardiovascular inhibition has been reported when 

capsaicin is injected into portal circulation of the liver (Ashton et al., 



1982). The in vitro effect of capsaicin 

has received relatively little attention. 

Thai J. Pharmacol. 
Vol.7 No.1,2 Jan-Jun. 1985 

on isolated cardiac tissues, however, 
' In 1969, Molnar et al. and Fukuda 

and Fujiwara reported that low doses of capsaicin exerted the positive chro­

notropic and inotropic effect on isolated guinea pig atria. On the other 

hand, Toda et al. (1972) could not demonstrate the stimulatory effect of 

capsaicin on the isolated atria from rabbit ~nd dog. The discrepancy is pre­

sumably due to the species differences, The atrial stimulation mediated by 

capsaicin is unaffected by propranolol or cocaine (Molnar et al., 1969) or 

by reserpine pretreatment (Fukuda and Fujiwara, 1969). This communication 

reports the effect of capsaicin on the rate and isometric force by isolated 

rat right and left atria respectively. The results show that capsaicin pr9-

duces a brief stimulation on the rate and contractile force which is not 

inhibited by verapamil. However the negative chronotropic and inotropic 

effect of verapamil on the isolated rat atria is reduced in the presence of 

capsaicin as well as procainamide. 

MATERIALS AND METHODS 

Male Wistar rats weighing 250-300 gm were sacrificed by a blow on 

the head. The atria were rapidly dissected out and separated into the right 

and left sides. They were then mounted in organ bath chambers containing 

25 ml of Locke solution gassed with 100% oxygen and maintained at 37°c by a 

thermoregulating water pump (Churchill Instrument Co., Ltd.) The right atria, 

which beat spontaneously, and the left ones were used in studying the rate 

and isometric force respectively. The left atria were electrically driven 

with square wave pulse delivered through platinum electrodes to beat at the 

constant rate of 250/min. The stimulus strength was 5 V and the duration 

was 5 msec (the stimulator used was a locally made model). The rate and con­

tractile force were recorded with isometric force displacement transducer 

(Grass FT 03 C) eonnected to a Beckman Dynograph recorder (type R). The 

atria were allowed to equilibrate until stable rate and contractile force 

were observed before the experiments began. A preload of 1 gm was initially 

applied to the atria in every experiment performed. 
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Rats were res~inized by intraperitoneally injected with 5 mg/kg/ 

day reserpine (Serpas11\!Yinj., Ciba-Geigy) for two consecutive days. On 

the third day, the animals were sacrificed and the atria were used in exp.eri­

ments. 

The changes in rate and isometric \ension were presented as means 

± S.E.M. relative to controls. The control rate and force were determined 

just before drug additions and were taken as 100%. Statistical anaiysis was 

performed by unpaired Student•t test; the differences were considered signi­

fi<:ant when p values were less than 0, 05 •. 

Verapamil hydrochloride (Isoptin(Elinj., Knoll) and procainamide. 

hydrochloride (Pro~estyl(}Ylnj., Squibb) were obtained as solution in ampuls 

for human injection, They were added to the bathing solution as such, Cap­

saicin (Sigma Chemical Co,) was dissolved in absolute ethanol; and only small 

volume (1-5 µl) was added, Control experiments showed that the same volume 

of ethanol had practically no effect on the rate and isometric tension during 

30 min of experimentation, 

RESULTS 

Antagonism of the negative chronotropic and inotropic effect of verapamil 

J2.l capsaicin 

The- effects of capsaicin (2 µg/ml), verapamil (0,05 µg/ml) and cap­

saicin added 15 min after verapamil on the spontaneous rate of isolated rat 

right atria are recorded in Fig. 1. Verapamil produced the well known nega­

tive chronotropic effect in which the mean reduction in rate was approxima­

tely 26% after 30 min of drug exposure. Capsaicin caused a brief stimulation 

of the rate which reached the peak at 1 min and then gradually declined to 

controls. Capsaicin still elicited the positive chronotropic response when 

added 15 min after verapamil. In fact, the percentage increase in rate ap­

peared somewhat greater than controls with capsaicin alone. However, the 

unexpected and interesting observation was that the increased rate did not 

return to the pre-capsaicin value; whereas the atrial rate stimulation evoked 

by capsaicin alone usually subsided within 15 min. This finding indicated 
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Figure 1. Lack of inhibitory effect of verapamil on the positive 
chronotropic response evoked by capsaicin. When both drugs 
were present, capsaicin was added 15 min (arrow) after verapamil. 

antagonism of the verapamil-mediated negative chronotropism by capsaicin. 

This conclusion was confirmed in other experiments reported in Fig. 2 in 

which there was striking inhibition of verapamil effect when both compounds 

were added simultaneously. Although verapamil could not prevent the initial 

rate increase induced by capsaicin, it caused the augmented rate to decline 

faster than that observed with capsaicin alone. Other experiments not shown 

here revealed that reserpine pretreatment did not obliterate this antagonis­

tic activity of capsaicin. The 30 min rate from reserpinized atria with 0,05 

µg/ml verapamil was 73,93 ± 6,14% of controls, n ; 5; the corresponding rate 

when 2 µg/ml capsaicin was also added simultaneously was 92,68 ± 3.37%, n:S 

(p < 0,05, unpaired Student 1t test). 

The ability of capsaicin to alleviate the negative inotropic effect 

of verapamil on the electrically driven isolated left atria is illustrated 

in Fig. 3, Capsaicin (10 µg/ml) caused transient augmentation of contrac­

tile force which was rapidly followed by depression. Lower dose (2 µg/ml) 

produced similar response except the augmented force fell less rapidly and 
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Figure 2. Antagonism of the negative chronotropic effect of verapamil by 
capsaicin. When both drugs were present, they were added simul­
taneously. 

there was smaller reduction in isometric tension at 30 min of experimenta­

tion. The mean reduction in isometric force observed with verapamil (0.05 

µg/ml) was about 47% at 30 min. Thus, verapamil was evidently more active 

on the left atrial force than on the right atrial rate. When both capsaicin 

and verapamil were present, the verapamil-induced negative inotropic response 

was clearly diminished while the acute stimulatory effect of capsaicin was 

insignificantly affected. Lower dose of capsaicin (2 µg/ml) was also found 

to significantly relieved, although to the less extent, the effect of vera­

pamil on isometric tension. From Fig. 3, the 30 min isometric force increa­

sed from 52.95 ± 2.79% of controls with verapamil alone to 76.61 ± S.02% 

when 10 µg/ml capsaicin was also present. The corresponding value when only 

2 µg/ml capsaicin was added with verapamil was 64.96 ± 4.61%, n = 6 (results 

not included in Fig. 3). Likewise, from Fig. 2, the 30 min rates were raised 

from 73.39 ± 3.91% with verapamil alone to 94.29 ± 2.89% when 2 µg/ml capsai­

cin was co-administered. Thus, in term of the percent increase, capsaicin 

was apparently more effective in antagonizing verapamil effect on the rate 

than on the contractile force. 



6 Thai J. Pharmacol. 
Vol.7 No.1,2 Jan.-Jun. 1985 

o-o CAPSAICIN 10 JJQ/ml ; ••• 110 

z @-@ CAPSAICIN JO µg/ml + VERAPAMIL o.06 ).IQ/ml ; n ~ 5 
0 

~l iii 100 0-0 VERAPAMIL 0.05 ,ug;ml ; n. • z 
w \o"-~ I-

90 • j~ u \ '"'-1 6 l l ii: ill o r~r-7--y---z 1 I-w z 
00 

\ 
0 

T T ---------
0 

~ "" r !~~~@~~·----· u 
\11 "' '\, l l j j 

<l 
70 

g~. 1£ 
~ 60 9~T 

D 
I- 1----Q--T T 
IL .!. o-o 
w 50 l l 
.J 

0 I 3 5 IO 15 20 

TIME (MIN J 

Figure 3. Antagonism of the negative inotropic effect of verapamil by cap­
saicin. When both drugs were present, they were added simultane­
ously. 

Alleviation of the negative chronotropic and inotropic effect of verapamil 

by procainamide 

The effects of procainamide (10 µg/ml), verapamil (0.05 µg/ml) and 

procainamide plus verapamil on the right atrial rate and left atrial isome­

tric tension are depicted in Figs.4 and 5 respectively. When only procaina­

mide was present, there was no significant stimulation of both the rate and 

contractile force. In fact, the drug appeared to cause slight atrial depre­

ssion, particularly the isometric tension, When both drugs were added simul­

taneously, the depressive effect of veraparnil was diminished. In both cases, 

the antagonism was significant from 15 to 30 min of experimentation. The 

30 min rates increased from 73,39 ± 3.91% of controls with verapamil alone 

to 91.73 ± 4,50% when procainamide was also present; the corresponding values 

for the isometric force were the increase from 52,95 ± 2.79% to 70.03 ± 1,46%. 

Thus procainamide was about equally efficacious in attenuating varapamil 

effect on the rate and contractile force. 
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Figure 4. Attenuation of the negative chronotropic effect of verapamil by 
procainamide. Verapamil and procainamide were added concomitantly. 

DISCUSSION 

The results of the present study clearly show that capsaicin can 

elicit the positive chronotropic and inotropic response by isolated rat right 

and left atria respectively. Similar effect of capsaicin on isolated guinea 

pig atria has been reported previously (Molnar et al., 1969; Fukuda and Fuji­

wara, 1969). Whether this stimulation results from capsaicin acting directly 

on the atria is not clear at present. Recent evidence indicates that capsai­

cin can release and then deplete substance P from certain neurones (Nagy,1982; 

Buck and Burks, 1983). However, Kulakowski et al. (1983) found substance P 

to have no influence on aortic pressure, cardiac work and cardiac output in 

isolated rat heart. Reserpine pretreatment or prior addition of propranolol 

plus methysergide do not significantly alter the stimulant action of capsai­

cin on isolated rat atria (Naiwatanakul, 1984), suggesting that endogenous 

catecholamines and serotonin release is unlikely to participate. Whether 

capsaicin stimulates the atria by acting directly or indirectly, our results 
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Figure 5. Attenuation of the negative inotropic effect of verapamil by 
procainamide. Verapamil and procainamide were added concomitantly. 

show that verapamil, a drug which blocks slow inward calcium current (Flec­

kenstein, 1977) at the dose which prominently depress the atria has little 

or no effect on this process. 

Perhaps the most interesting observation in this study is the 

alleviation of the verapamil-induced negative chronotropism and inotropism 

by capsaicin as well as procainamide. To our knowledge, this particular 

drug antagonism in isolated rat right and left atria has not been reported 

before. The possible mechanism of action is at best a matter of speculation. 

It is known that the rate and force depression produced by verapamil and 

other calcium antagonists is readily relieved by agents that increase trans­

membrane calcium supply, notably the S-adrenergic agonists (Fleckenstein, 

1977). However, endogenous catecholamines release is unlikely to be the 

mechanism since reserpinization was found ineffective and procainamide is 

not known to release catecholamines. The capacity of procainamide to anta­

gonize verapamil effect without exciting the atria suggests that the atrial 

stimulating activity of capsaicin may also not involve; although the two 
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compounds may possibly have different mechanism of actions. Thus both drugs, 

or at least procainamide,presumably act directly to attenuate verapamil effect 

on isolated rat atria. Structural inspection of verapamil, capsaicin and 

procainamide reveals common feature, i.e., their molecules composed of aro­

matic ring connected to the nitrogen-containing lipophilic side chain. We, 

therefore, hypothesize that capsaicin and procainamide may interfere with 

the binding of verapamil on sarcolemmal binding site (Cohen et al., 1984). 

Certainly much more work is needed to determine the exact mechanism of this 

drug interaction as well as its pharmacological and/or toxicological signi·· 

ficance. 
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PHARMACOLOGICAL EFFECTS OF SAPONINS FROM RATREE LEAVES 

Amphawan Apisariyakul and Siripan Narongchai 

Departments of Pharmacology and Forensic Medicine 

Chiang Mai University, Chiang Mai, Thailand. 

SUMMARY 

The pharmacological effects of Ratree (Cestrum nocturnum Linn.) 
leaves extracts were studied in both rat sciatic nerve-gastrocnemius 
preparations in situ and isolated rat phrenic nerve-hemidiaphragm pre~ 
parations. The extracts produced twitch potentiation followed by depre­
ssive effect on neuromuscular transmission. All doses of the extracts 
(0.33-0.267 mg/kg body weight) initially produced a slight twitch poten­
ti.ation which was followed by neuromuscular blockade in the in situ 
study. In the isolated rat phrenic nerve-hemidiaphragm preparation, the 
alcoholic extract in the dose of 0.36 mg/ml produced only the increase 
in twitch amplitude; higher doses (1.43-11.42 mg/ml) decreased the 
muscle contraction. The alcoholic extract significantly increased the 
neuromuscular blocking effect of pancuronium and succinylcholine. The 
neuromuscular depression produced by thi~+extract was not antagonized by 
physostigmine, tetraethylamrnonium and Ca . The neurogenic post-tetanic 
potentiation (PTP) was partially blocked by this extract as well as by 
succinylcholine. Besides these effects, the extract caused muscle cont­
raction with slightly increased in amplitude and prolonged duration; sub­
sequently, it also produced spontaneous muscle contraction (fasciculation). 
This muscle fasciculation and contractiori were abolished by pancuroniurn. 
LD50 of the extract, when given i.p. to rats, was found to be 2.65 g/kg 
body weight. The active constituent may be saponins and certain alkal­
oids. The muscle relaxant property of the extract was probably due to 
saponins, since the decreased in twitch amplitude produced by the extract 
was similar to that of standard saponins. Besides neuromuscular effects, 
the extracts from this plant produced hypotension and decreased in intes­
tinal tension in rats. 
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iu~~,il'u i'l'lla~uiw1J:JA•1uai«-01'lul1'1'1t1;;1u l1'1'1!Jilo'!11 n11"i~t1l1'1\1Ln~ 

"i'Vl t1-i'!l11\1i'l'!l<1~u L !'iu11 ~ nai«-01 't uw11vf "l ~'V1Ailtiuq111f L l'foui 1 tlth ~ qmi'hf'hm 1 \111 T'HL l'fVI v 
'tun11"i~vdL!'iun11~ni;1n111111nq'Vl1f'!l11'1i'l~~u,l11"1ri!Al1rl\1;'\'ti i•~' ~au'i1•rutlil1utl1~ 

'11'V11Lo~m;1l.I 111'tioi1u (neuromuscular synapse) 

Solanaceae 

a UJ 'in1 liu L ;'\'u 11a::11~Ln1::liu L ;'\'u1>1 ~-rua<Jn UDfl"l~niS'uiT\1L'<l'i-OJ1 ..!~ utl1~ L \'ll'lvim,j't u 

L'!1"1im.i 1.Ju tl1~L\'ll'lll'l!J il~an1i;1~\1nqi;;'i., Queen of the night, Night 

blooming VI-!!'! Jessamine 

~ni;ru~"rnn 1 !'iu?i<J11-dal'!'!IT1au l'iirn J:Jnl:iul1!ll.ll.11n 'l u L ••1noi 1\1;'\'u --i 1nl1il'\1l!!l "'ilaa~u L l11 

LL• ~tli:: 1 imu" '!l!l\1:i'!'l?i1'l•ii ( i..ri.m) 1 ;;m1·,.,·, 'l u111>1 '!a1u11TI 'lw1'11i;1a11111 L 11~\1 

'!IB\'Jn ;.,l.J l d'ao 1LJLLo::'l w'ln1!11L1F\Oll.JU'1l1l/l;; 'l uth:: L \'If! dlnoit1 n 'l-ii'l u1-i1>1'! L !'iua11u 1'Vl1 

1'111!1'1l11'lol.l-ll'n {Chase, 1903) Walsh,1909 Lrn~ Watt, 1962 1"11-i1J\1'1m'-i 'lu 

T1"1'li!\'li; L rla~l'l'l"l "11'u L .U11 tl'<1~il!l'1!1'11'1lu 111u 'l 'l'li1 ~"1-lm\1\lf• L ii"1811111wi;1uLL 1\1;'\'a 

il1nn11-ll'n l1l.1"1'1~ LL•~ 1 llu'1l"i"1 'l u L ••1~<1l.l1 Hutch eon ( 1909) 1 "1111N1m
0

1 L rlt1 

" " Rti\>111 ll'!lu'!J1Ll'!l\1L111\1 

'lu~ 1963 Chakravarti 

'lun1-:;0111'"1l'i1J--,'1 1u.,11>1'lff0111 saponins Lrn~'lu~ 1968 Roy Llo~ Chatterjee 

" 1 • lii"1D'lflo1Lfl1~ "' (Hutcheon, 1909) 



,,,"'.,., ui;lt1"hu.11 

[I~ 7 l~JJd 1,2 JJ.fl.-il.ll.2528 

d' l'liHJl'l'lU'V!'in 1.,\iln>11!l1n1.,Vl>t<l01\l L iluum~\i LL" ~111 LD
50 

'111l\l'11 .,or«vi 'l u.,1l'l 'i"l u111.\ 

'111< u"1ln'l1nfltf\l'V!'ln1.,'Vll'l'1"1lu111n~""1.,01'i?r~'lu'lu.,1l'l'ivf"11"1ln(}'Vli'Vl1\lLn~'1!'i'Vlti1d';,tJ 

13 

" ' 'l ' • "' n1.,rin>11n1.,"11"1ln(}\'J{j'1J"1J\l'11.,anl'l u.,1vi'i1>1"11U'I' L •rutl•1mh~a1\'ILL\il~n•1li L 'U"il 

i'l1tJ LJ\l Lli
0

.L l'l m'.h1ti\l1m.nn°"1JU u~ii'u 'l un1 ,-'l~til'l.f \lU~\l 1; liln>11n 1.,"11"1ln(}l'I i'1l1l\l'11.,a«l'l 'l u 

., 11'l'il'l
0

1lU'i L «llill l'l til'l'in1.,\'ll'li'l"1l\l~\l 'l u~h ~111-l\'ll'li'l!l\l (in situ ) LL" ~imn~111-ll'll'li'l"1l\l 

(in vitro) Ll'lti'l~~l'l-l\'ll'l'11l\l'1lfil'lL~tJ<nu u"1ln'l1nfltf'1l;liln>11n~"011.,a'i?r~'lu'lu.,1l'l'i 

d ... • "' ~ 
l'lfl(}l'l~l'l"1lfi1.,111'l«<'11"1l\lfii'l1liLU"1J\il1tJ LU'itJUL~tJUflU'11.,Ll'lflli11'l.,~1U 

L ifoi'lmnn~li'11.,01';?r~'l u'lur1l'l'lu-i• ~" 1;u'; 1 U'Vll'l'1"11U(}\'li'Vl1\l Lll~'11'i'Vlti1 

vi!lu'l L 'lru1hwvi"1ltl'11titl.,~a1\'ln-i1" L dmnmL•~m.,1rnn(}'Vli;i"1l.,~uu'.Elu ~ ;,tl 

L tJu'l uvfli.i"11°!lu11 'lmL n\iu L nu 1 ti L fiu., ~vn°1\l L li"1l'llfllill1~uill\l\'l(}>lll11'lli u'ili1-i1\l 'l i1 

a~!l1l'l l'l 1n 'l uvh
0

li'lUL1 ii'"t1., ~" 1ru " -ru ul'l 'l ;,, ~ L iitil'l L fiu'l u'1nl'lllu'11>1-i•vf!J,!lll13Ji'.lii°!J\j 

n1.,1l'l'itili'11.,an1'l'lui1vi'lvf'l~ Ll'l'itlliLl'lti'illn1.,11lin (marceration) ~" 

!lviu tl'1\lli1'l1nn 1., L l'l 'ltim7'1an\il;;f!ju 1 wil'l1li'ill ~\l L t1ullfl'llil'ili1 LL;, ( 'i\ji'ltJ u" ~ ffliw-Tu 

w~w~) Ll'ltl~\l~\l'lu11l'l'i11un ~o n~li L'Vli'l\l'lu flask L~li 95% Ethanol i'l\lLtl 
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1 tJihH ~flLLt1n9l::ntJtmtJn 1 ~t1'lt1' L ~~fl\'I centrifuge L .Ju L ;it1'1f'fun1·rnf'f9119lt1Lml1 <il:: 

1;aT~af'f~~"'!l~mffll:: L W'llfl\'I rn"l•~ L~t1'1LLn rlm11J L<ii1.1.zi'u too 1Jn. 9l
1

tJit"l~~w~, 'lJU1~ 

'lunia>Vi';tJ\'ln1ia1iaf'f91Lu1191~vf0~•11JL.zi1J.ziu~\'l~u 'l~u1a11af'f9lv1L9l~t1~1; 

1 tJ1:: L l'ltl L f)1\ti''1V11"1 ::"11tlflflf)L91tl~\'ltJUl'l~fJ!!\'I1 fl\71 LL ;1 L nu'l U111'11U::v1a::tJ19l LLL'l ::ii r.J1t]91 

~ l11J'1t1~\'la11af'f~'lu1191~vf1;~1nn1ia~91;,t1 95% Ethanol 

'lun11~n~1n1itJfln~VliV11\'ILn~'l1~Vlt1'1'llfl\'la11af'f~'lu119li 'l~l1~'ll1'1«u~ 

phrenic nerve-hemidiaphragm preparation) 

"11tl ~~HLtJL'l\'11J'1~'1n'H!n11'lJfJ\'I B\;lbring (1946 ' Lrn :: Chantaratham (1974) 

n11~uVin directly-evoked twitch V11L;L~UL~t1'1f'fun1 1~uVin neurally-evoked 

twitch LLvin11~uVinil'l-tl' stainless steel bipolar stimulating electrode 

electrode L ~tlU L .zi'1n;'11J L i1°tJn1 :: ~\'1"11.J L ;fl yL ULLU'1UtlULL'i'l :::iJ~fluri'1 U:l1U rltlUV11n'"l1 

Vl~tl tl \'IL[9l
1

"1 ::ff~ \'IVl 1 L; L fi91n11ffu8\'ln'l 1Vl 1 \'11U'lltl \'IU~ L '11UtJ"11t1th ::a1V1 LLL'l ::n; 11.J L il'u"l 'l ti 

t1J1\'la1J\j1cU (Complete neuromuscu·lar blockade) L~t1'l~ pancuronium 'lu 

LLna9l1tlnO dfoa ( rat sciatic nerve-gastrocnemius preparation in situ) 

L ~t1~uVinn11't19l~'1 (neurally-evoked twitch) 'llt1\'ln;11J L ~fl"l'ltl dJu'H!9'~9lLLtJL'l\'I 

1.11~1n~~n11'lJt1\'I· Mc. Loed (1970) 



'11'111f,":I u1i11,ru.n 15 
off 1 ,a"~ 1.2 "·"·~i1.u.252a 

tion (PTP) 

'lun 11i'!m111-111'1JB\l'il"11i'lnl'l 'l u 11l'l'llli0 ~ t11l'iB pos t-tetani c pot en tia­

ii'ul'li 1 ~1l'lt1i'l,,•11oJnl'l'lu11vi'll'l 'l!lv1 , .;;1\'11"' ~u •$a" (Ll'l '1Vl'll1'1Ja \ll'l~'IJ1'1 

10a"i'!n;1t1 frequency 20 Hz \J1\J ~o 'iu1V! Yl'la'l'li'l;,1191 repetitive stimula-

tion ";, L tl'fou L V!m.m 1•'l'll'l¢hi10-in;1lJ • fl!l1il1 tinaull" :o'!'l.:f\ln 1·m 1 :0~uf! 

'l un 11i'!n1:11ll1n 11l'l1'1ll'1 "1'11 Lo
50 

'l!ll \li'111i'lt'fl'l '\ u11vi "! 'l'li'lli'il\l\111'1 ll Ui'l\1lJ1 

'J1n'ili'l!a\l Loomis, 1978 i'!a 'l.U'l'l~'1!1'1i1i'u~ Sprague Dawley l\'ll'l~ ui'!'l~n1"'1'1~1\l 

~'>o-l!Joo n rlJ .;f \l l\'11 "i1i'UQlLiO :0 b § t!\l L uri\l<nl'l;BlJ l i'! t111'i'U"1il1J'11111'YJl'li'l8 \l m~'l!T"lvf'l .;''l U 

n11'Yl'1i08"";'"~\l111'hil"1lJ''l.J'llil'in L vf1mllm drNn'111 l'il'l biological variation '11,,, 

fll'i'Yl3\'li'l;i1J~i'l'IJ1J\l toxicity test (Loomis, 1978) 

et al, 1970 

n 11i'ln1'l'l'YJl'li'l!lUlb" :o Ut!ni'l1•i'li?i'()!'>'ln'lu11.i 'l 'l .;f Thin-layer chromatography 

(TLC) LVil" Colurn Chromatography '1'1LlU'1\llJ'1'>1n'ii5n'11'2J!l\l Stahl (1969), 

Harborne ( 1973), Morris ( 1964) bli'l:On'i'l~ ( 2523) 
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'' "i\1 wm h.J1• \1 '' • ~fflil-i'vil1lo<i\1U1\11l'-i dfoWilll uJ'<i 'l 1i'ffvi-i'vil1l0><i\1iiu011 "i'11\'l'l 'l U"i 11'1 'l''t u 

'll'W11'l o.m n~u~<iu1viun«-i ~ n1oin~u ll1lLJ~;~l1l~<il\'ud'h.1•-i•1 ~ ~u ~1nn1"iff\1Lnlil 

• 1'11 LD
50 

(I.P.) 

,,,, ,., ,,,, J!i 
Vl~\1"'l1fiU'Wlil1lJU1\1l'lLJn1"iVllil11''l'll<l\1fi0>1UL'W<!0>1LJo\1l 

1'11 Y1 \1vl 1 

fi1't u'fou LlOLJtJn1"i111'11i''l (twitch depres Si On ) 'll<l\1fi;1lJ Lifooi1vflol'l<N ~\1 Lfilil"'l1fl 

-.1,011\'"' 'l m 1l'l "!vf 0111"',\ -ivu1 (Re) , -.1i -.11 .. 'l u,1"' "lvf-.11"'.i''ati1.;!lu (RH ) "• ~•1,<ll\'l'l 
'lu111il"!vf0111.,;,a 95% Ethanol (RE) t'1v'li~-i'W'llil\1Lauu"i~o1vi1'llB~~n-n;1u•da 
u n ""'"ill ntl d:im1'l U11'J'll ' ' 

'UU1'i1'UTI\l~1;~~1'11D11~~ 'l~UTUfl{\l 
111-iti 1'111'1'1.lTI\l ni 1u ~if u « -iurf~'il ~\) * 

vf ~rt\;,\ tJ't 1.n1\j'UT1 
d • 

""' 
~'fl l'Uuiau«:: 

(n~u/nhntu) n11Y11'1i'Hl'3 ( fl
1

1 Lo-du ± fl1

lfl'1llJt:l~n1«1fl1J191"'i::J1U) 

Re RH RE 

0.033 6 84.4 ± 4.20 58.8 ± 13.33 30.9 ± 4,66 

0.067 6 92.5 :': 4.61 95 .1 + 2.81 80.4 + 12. 28 - -

0 .133 6 100. 0 ": 0.00 99.6 + 0.39 96 .1 ± 2. 57 -
0.267 6 100.0 ± 0.00 100.0 ! 0.00 100.0 ± 0.00 



o"'l"lif,., 1nat1'l111.n 17 
rift 7 l~url 1,2 11,ft.-O.u.2s2a 

~. n1' l '1'ilJ.t)VJll'llil""""f1"1u"""vi•flvi.l·w 95% Ethanol (~) 

nium, succinylcholine (SCh)1un1'""n1,!'lvi~1'1Jil"ni1llldilo1LJ 

U6\l:; pancuro-

W'liJA-ni1lJ l diln,~U"olJ'IJMVl1"'1J1' llo~uufinm·rn>i~1'1Jil"n;1lJ l dmnLJ 'i'lU1°1U01'1flVJ ~ 

LU'tl'UIVI 9·<i'"1, )£).~";), ~.rl<!l UGil:; 99.<i'OO fl6'l~n1°'l.JvJtl "'fi'i,\l~~Vld VJ1ll4nldYl?i«Jtif:l\'I 

100.0 ± 0 VlllJ'i.\l1~u pancuronium LutiUIVl 0.000\1, o.ooo;;.00 tVG\l:; o.ooifo 

38.8 ± 6.31, 86.6 ± 4.67 llo~ 100.0 ± o "'"'''iflu ("'''"vi 2) 

I ._.. .... I ._, /!f I 

~ flf:l'WU~'lVllUVlJ tJ _pancuroni urn '!AlUJlnld'i.\lVlnl'";i'Vl.Vl~J'tJt:1\'lnGil1JJ t 'Wf:l'G'lltJ b TIJ.JlJlfl 

~ulilu 48.6 ± 3.18, 87.2 ± 5.92, 100.0 ± o "'llo'ifi'u 

• ,, .f - " d • 
n1,•liln1,VJlil~1'1Jil"n"1lJLUil•1LJ 'IJ"lflV1'i!1na1''i!l'llillU,1\ll"VJ•flvivi1LJ 95% Ethanol 

(~) pancuronium 1viLJ1~d1u'llil"Lauu,~a1viw'lilR-ni1llLdBn,~u""lJ'llil"l'l1"'ll11 

'lJU1Vlvi1.J 
. . 

n11wV1n11~Yl~J'lJV\ln~1u~uvo.11u • 

'l1UJUA.f\l 
~Yl L w;VfJW:'.: 

!\; pan cu-
cl. (A

1

1~\l~tl ~ f1
1

f\'lJ1JJl'.JV\WW1VllJ1Yl'l ~1U) 
(iJ-~~n1'u ""' roniurn 

Yl\:itio.i~:ivi 1 (il"~'"" n11viV1-.:<ZJ\l 

"" 
pancuronium !\; + pancuroni um 

~eiDo.i~~V\1 J 

1 .43 0.0006 6 39 .4 ± 5 .53 2.7 ± 1.12 48.6 ~ 3.18 

2.86 0 .0012 6 57.1 ± J.80 39.8 ~ 6.31 87.2 ± 5.92 

5.71 0,0025 6 88.8 ± 4.36 86.6 ± 4.67 100.0 ± 0 

11.42 0.0050 6 100.0 ± 0 100.0 ± 0 100.0 ± 0 

* !'llJ1LJihn1'""n1,!'l\il~1'lrn'3ni1lJ l i'lilo1LJ -l'vil'l.r"'i!1n.l'lLJV1u'i'i!nlil RE ':o u1Vi 

** ~•,1lJ'IJil'3'11''11'11'11u,1l'l'lllo~ pancuronium ~"n·nn1,l'll>J~1'1J!l"!flo1lJ Li'lB•1LJ 

v!Lnlil'il1nii'ianlil ~ l'l"il pancuronium !lJ1"L~LJ1aJ1'3fluLJa'i~~l'l1'3a~~ (p < o.o5) 

*' 

*' 
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1'11~1'lvl 3 

nT'l.,'ll!11~!1'1l~-:>'2J<i'lni1lJ tifo.,1!l -11" L ii;,'>111<11~<1!'\'"1 't u~1.i '!vl<it'l"1; -:>!l 9 5% Ethanol ( !), ) LL": 

succinylcholine (SCh) l;i!JL~a-:iu'2Ja"Lauu~:<1111~'l'n"1-fl~1lJLdan~:rr"""'2J8"!1~'2J'l'l 

'lJUl11rf1.iJ 
• g 

n11~9lfi11~Yl«l'llil\lflilllJLUil~1LJ * 
'l~W'1Ufl.f\l 

Jlfl ~ iJtl,tHJl'l::: 

"" 
SCh ~~1 

(i<todu ± fl'lfl''l'1JJ llVIYJ il1VllJl'il1:l1U ) 
(D•~n~u/ (fl<>~1uo / 

fl11Yl~HHJ\l 

iJo::i~~Vl"l) :Oi1:l{':l11,-) RE SCh R + SCh 

" 
1.43 0.0031 6 39. 5 ~ 5 .53 29. 7 ± 3.06 100.0 ± 0 " 
2.86 0.0062 6 57.1 ± 3 .BO 62.3 ± 4.96 100.0 ± 0 ** 

5.71 0.0094 6 88.8 ± 4.36 81. 7 t 1. 57 100.0 ± ** 0 

11.42 0.0125 6 100.0 ± 0 100.0 ± 0 100.0 + 
- 0 

* 1'llJ1!l!i"Jn1~01vin1~11"1\ll''l'2J!:l"n<i'1J.J L il°B.,1U 1',;i11~""1n11u;iu1arr"' !), ui-, "o inVl 

• * ~" ~'lJ.J'2J<J"J<i1 ~arr"' 'l u ~11'1'l'LL• = sch ';\"Jn-11111 ~1'\;i\ll-:i'2J<J"Jni1" L il'mn uvl L n"'" 1nu1at'l"' 

!), 11 'h1 SCh . a U1'H ?i!l'l!:l !l
0

"l"iJ"U!l<ll ?!"!1JVl1'1<l!i~ ( p < O • O 5 ) 

Succinylcholine iu"ll'Wlfl 0 • ooITT<JD, o. oo\'>kl, o. oo...t<i Lb;;;J~ o ~0000..r 

62.3 ± 4.96, Bl.7 ! 1.57 u•= ioo.o 

~. n1~LU'!LJuLV]LJuN'l'2J8\l physostigmine (PS), tetraethylammoniurn (TEA) 

++ 
LLO>: Ca 

-il'1Lii"1'>"1!1'11~'1f\'1'1LU~11il'!vfatr"1vi°-w 95% Ethanol (!),) LL'1~ pancuronium 

LrlB~!l~ physostigmine oiJ"Ltiuu1'tun~lJ reversible anticholine-

sterase agents 



"l"1.Hf'141 ~flil'll''hHJ'1 19 
l];f 7 l~!Jff 1,2 lJ,R.-iJ.U.2528 

Ill 
RE 11. 4 2 iiallnfo I iiaali111 

4u~ 1 NoUD'1 physostigmine (PS) ~vn•~•~n•~l'lVJ~<Uv'1n~1u1du••v ~'11n~••n 

pancuroniurn (P) u•:u;~n~tuooVl~~'i!n~;,u ss~ Ethanol (RE) 1Rul~~•uuv~ 
,,, =- ., JJr "" 

1•uuo"'i!0Vl~~u~-n••u 1uvn•"u~•uuu\ll'l~u•• 

l'l,,r\l'il1n'lii' pancuronium 'lu•vu1\1l 

11.i physostigmine 

""n1•11"11r'luB\ln;1rn i1'.Hnuvi 1 n"1<1amno<11'1Vl ~ 1vi'1 •u ( ,uvl 1 ) tetraethyl-

amrnoni urn (TEA).zl'1ti'Ju potent anticurare agent 'luuu1"1 ®.«'. i'.h;i:i1m,l'iBii<l:i:ivi-i 

11'iun101'1'11r-iuB\ln;1u 1 d'a ;nu 1vi'1 ~nuou u" ~ 'l un-i "'lV1Vl<lll\ltJ1\lfl.f\l TEA 1JiJ~wl'ian 1"'11'1"1\lr-i 
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TEA 

'0;)1n pancuronium 

'l1nft••11i repetitive stimulation 

~\lLnl'l'l1flfl11~1'l pancuronium,o.ooo~ n~1li<iui11un«1 " nl<lfl~1J, succinylcho-

line, o. ooo\o n~1li<iui11un«1 " fil <>n~1J LL<l~Uiatj'l'l ~ <i'.. o fl~1JiBui11un\!r1 " 

rl\ln-r·n fil'l PTP 1?i'Du""""\l'nl LLi succinylcholine 11'i'<iuiafr111 RC l'f11J11lHi'Uff\l 

f11"l L flYI PTP ll'i'u1\1aTu LLl'fl'l\1-.'1uil'ffrY1 RC l'f11J1"llltfUff\ln1'fL fll'l PTP l'li1m'\'u 

succinylcholine 

choline (ACh) iun>;Lii1'ln1111l'l«1 (contraction) 

Lrl'111LJl'll'f11l'ft'fl'l !\: LL<>~ acetylcholine \'l\llu tissue chamber 

vl1la1u'IJ'1\l L iuu;~l'11V1Yl'!ilri-ni11J L \J<im~U\l<l1J'IJ'1\ll11,j'IJ11LL<>~uuVinn1i11"1«1 ( contrac­

tion ) 'IJ'1\lni11JL!l'mnufl \'iu-.'1uil'ffrl'l ~ lU'IJU11'l 0.<i'.~ J'.ioi.;rn1'1Jl>l
0

'1 "J'.i<>;r~l>\1 

V1i'liLnl'ln1111"1«1'1JD\lni11JLil'""'u1,,j'~""'n u<Jn'J1nduiafr"' ~ tr\l1lN•11i'lttLn111 

'11fl1<Yi'h'IJ!l\lni11J L d'.io1u (fasciculation) ( ,uvl .3 A ) 

fl1"l\'ll'J\ll'1y/ L fil'J'J1flUiat'l\11 ~ L 0\11.ffu L Du LTil1U11.rn-.'on1111\il1f'1'1J'1\lni11J 

" d .,. "' • I~ ~ •• ... L U'1i'l1LJ'YJ L Ol'l'J1n acety !choline % n.~ 11J'1 L1J'1 L u-, LJU L VJLJUN\'l'IJB\lU1l'f""' RELL"~ 

95% Ethanol 

curonium 

" • ,;; d • • • • • 
LJ\lfl1"ll1"1«1'1J<J\lnm11J L 1J<i<>1 un L iil'l"l 1nui iNl'rl'l l\: 111u1\l'111.JLL m ~l'f11J1 imrutru.i1n1i\'i'i1 

'IJa\lni11JLd<i•1u (fasciculation) vlLnl'l'l1nui01frl'l ~1,,j' 
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p• •r 
o.ooos n1u I man1u 

sch• •r 
0.0002 ffl'u / nhn111 

,tWf 2 LU~UUIH~UNa~il~ pancuroniurn (P),succtnylcholine (SCh) uazu;"n" 
'lu·n,.'lvlotnfl•nuU'; (RC) ~il post-tetar\ic potentiation (PTP) <oon Tetanic 

1 1 .. • .. ,,, JJ 
stimulation (T) ~u•n'1•U~il~l~uu~•'1•nlna•An-nij•uiuaun~~~anil1uuatun~~,, 

-i-i:U<i•ua;l'l'!!J•wn'lii'd1u'1!'111 1'1 «: <i-rn u;11.M111'1<iuilwrnwou,;' (alkaloids) '1l•lvdiu 

( saponins) LLUUVI ~•~• 1 uu ( anthraquinones) ttw• LLVluilu (tannins) LiJu 

u;1uttu11 '!111u column chromatography 1111u'l~ silica gel 
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.. 

c 

,t!Vl 3 r.i•'1lu\lP11;"fflil'lu;1V>'i (RE ) u•~ ACh, 
. . " ' PIU ti;~ 'il1YJW'i01'l -n•1>J 'u 1l m ~tJ\1"lJ'1J1J\lVl\j'1J Tl" 

neurally-evoked twitch 

n;1>J t dm1;~tJ\rn>J<J~l'l1r)1 VJ1'li-ln;1>J 'dm'lfllil'• 1.T ""~ 'nliln1;n;~;j'un;1>J 'if.,' liut ••1u1u 

f.l'1'1J!l\l saponins vluvn1.T-.nn'lu;1111'il'i!ln;'l>J tdmnv1.T tt'illil\11-l'liq;tivl 4 

1.T uvil'l'11>Jlil'u L '1i'ili1'1lll\lirw)V1111•!l'1U\l'il1>J1;nuuVln 1.T ( 1,t!Vl 5 

'il1;\'lfl\11'J 1f1LU;1111 'i LJNi'liill'lfl 1 ;11111lif '1'1J!l'1'111ab~fl1; 



"1T'lifT'1 tn~'ll'iflll'l 23 
uri 7 i~urt 1.2 v.r11.-o.u.2s2a 

• 
5R 0.32 mg/ml 

B 

SR 0.32 mg/ml 2ol_ 

A 

B. ~«'1Ja\l saponins ni"~uw~'l;,~\11n11M\11ili''l'1Ja\ln;1,,,da«1u 

1;;' il\l 

cur ii j\$41\l\-1: 

1

150 mmHg 

100 

50 

J 0 

lmln 

I t n11 

d d ,. " ' • " < tlYl 5 'Hl'1Jil \l s apon ins vmun '"~ 111 rni '" ~""" 'l 1>J\ilu 1•fl"""~n1 iMviili''l'1Jil\l n«11J , Wil«1 u 
'l um.1'1J1-i 

A. saponins ~•n'lw1>V1~'lw"1Jw1" 0.3 mg/kg """'1"'1ul«llwi. 
B. saponins0.3 mg/kg ""amplitude '1Jil\l neurally-evoked 

twi tc h · 1 l'lu 'I .O.i-ium:i\l' im.h "<11w 'l'llil"~n-mi'1>J 'diiun<1111 ·rnnil 'i'.iu w 
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L i1'!11qviilfu pancuronium, succinylcholine n,ial'ln,,Vll'llll''lVl~<in,,<i'<iuLf,\1'llm1 

n~,11Li1<i011~d l"i11111,g;,uqvi1l'l,J'il'lu physostigmine, tetraethylammonium 

w'21'1>ju 1w,vf1111nqviim \1 '11~'21'ivi u1i:rnilu11'l"lln1~ill'il'lvl-, uil'•n111111oi' 'YIB 'l ii'uu'l '>~ 1011 ,.i'i?f!.lJ 

ffuqviivi1\1L11~'21'iV1U1~u1"'l~011,Ll'lUi'lbDuil1,1lUUV1~; '>1nNon1,Vll'lo<l\1WU~1 Ol<,ill'il'l 

pancuronium 

nondepolarized neuromuscular blocking drugs u~::: succinylcholine 

~\1LDuu1'lun~11 depolarized neuromuscular blocking drugs 



1Tia1., u1a'1l1nu, 25 
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Chase (1903) 

'lull 1968 Roy LL•~ Chatterjee 

LLl'l\lLL•~vi°!llJ'l 1;il~wm'1 a-i~ saponins 'if\11; '>1fl L1J,1\il'l'VJ1'l vi L fimnnT>Yi1'11; lii<i 

I'll'\ vll'l\jtl1J~f1~\'l1 LJL 'l L 'l'll'l1lJ;,.Wf11 ~\'l1 u'l 'li'>l1J1!1 LL•~ L lfoiJ'l\il L flti\l'l 'lfll'l!jl'l\'l1 U 't'J 

\'lou'l'lL'l'l~'W (Ganong, 1979) saponins l'i!lbn0>1R1'11~~\1LDua1,fi"1'Viti1'>wu'luw'll~il 

\11'1 (Ikan, 1969) 'l1nr.10>n1~1'll'l<rn'1i'i Li1mrlll'l saponins '>1fl'l1J~1\il'luii',u1>J1Vll'l'1!l1J 

• ... ~ 'l .. 
ililtHL ~ \1'1Jil\1!1i'l1JJ L 'W!l i'l1U L '11J!l 'u LLi'l~U~ ~ml1Jfl1Jfl'' L a'iJJ~Vl ~'1Ji) \1'11 '"fll'l 'l u '1\il 'lu" ~ 

succinylcholine \l\'\1n~1C1'1i'1\1vlu <;l\1!l1Wl11'l 1;,·,a.,alll'l 'l 1J'1\il'l'!l1'l!lilfl~Vl ;fo'11u 

lluu1'lun~JJ depolarized neuromuscular blocking drugs 

nondepolarized neuromuscular blocking drugs 

'l1!1Nwfl1~Vll'l•il\1l'l1J'l,1 LOSO '1l!l\1'11Wl\''1 L m1"1'ivfaf11'l;'l UUl ilR'l L Vl
0

11\'1J 

ID.'o<l'. n'illvi°Bu1m!n\1f'J o nLwn"l'JJ (I.P. ) 'l~Lli'u11>i'-i1fi1VJ'1,i'\i1'1\11\'1J LOSO L'Wl1\jil1J~fl' 

L'W"ltJ\l'lu'lrn\1 ~"'ru (ID<l'.iolD) '1f\1!l1'l~U!l~t'lu'lllll'l'1Jil\1tl'l'1'1Vll'l'1il'>J '1JU11'lLL'1~Wl1JJ 1.UJJ-U"u 
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~'8 nicotine, normicotin, cotinine u~::: myosmine 

t<\1'31u".i-;i'u'IJ1N Halim ''" ~•1t11~ ( 1971 ) 'i1!lu1 'l tMl'l'1!lut1•vi!lrn~111'11f'l'IJ!l'lflii'1JJ 'il'mnu 

'Yiu-11 fl1~\11'lfl1~111'11f'l'IJ!l\ln.i'1lJ 'il'il\11 u 'li.i 'viu.;r., 'l 1nn1 ~\'ll'l\1il'lil'VJ1 'l i1l'l11'l"J,1'11~ililf1~'Vllf 

\11'lf11~111'l1f"J'IJil\lf1;1lJLil'!lo1Uil1~1i.i'l~~-.,1•!lui~\l1;VJ115n1~i'lnl'l saponins ~1n'lu 

ttiu saponins 

l'l\ll1f'l'IJ a\ln.i'1JJ 'il'a•1u 1 ;mn u •~ 'tlu 'Til 1u 1u ,,lJ.l'>J111'l11 L ill'lm 'n '"vlu'llil'lnii' 1lJ • il'mnu 

1;.,.i'1unu saponins i~uL~LJ"Jfi'u n1•1lilfl~111f"1Jil\l'11'i'lnl'l saponins v11;~1n'lu 

(1968 ) ~\l~ui'l1'ililfl~111fviBnii'1JJtil'a•1u'lu'lu,1l'l'lu1~~•tlu saponins 

.i,un 1 •1rnn ~11 lf'llil \Hl1•'1fi'l'l 'l u ,,., 'll'l
0

ilff11lJVlU L ol'il'l111'l;,.\lll'l'1lJ~U1 •l'il'l~U 
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1o~l>l'l~n..ruii~~uun~111o'lui~o~L1•1 ~" u1~ V1..r\l'l1naun;1uLdnw1u'l~iin1iV1"1«1•l'l•\l1.11n 

\;w L 1im~'l1J'1lU11'l~\l ~ unn'l1nd 011iilfi'"1'l1n 'lui1;i1ile<iHl"1111'"lVlfl~1'1lD':rni1iL~n1'1 

"~ L i{i.-i1 •n'i•trl'l'l m11>1'1' iiti11lfl'ian11V11'1«1'1l!'l\l .:f"' n;11.1 Li!nw1u m'~ n;11.1 L din1uu ~" dluvf 

U1'11J'l <i llln1:11 ..rnmu~ '111\l L \>l ii ~ilV11\l L 11.r'IJ'll'ltn LLil~ n1i ui ~ qn;i°'\'1l""h.1V11\lnT'!L\l'lVI LJ .i!l 1 u 

1. ni'li IJ'Jl'l!°'l, Phytochernical Screening Techniques TI~\l~llU1~n!lU 

2. 

3. 

4. 

n1i.rlJIJIJ1L~\lU~1'.Mn1iV1qnBLl'lLJ l'lY\lfl w ~w-·~ Vlqi:tn11'11J '1l1Ji1JV1tjllBLl'lii 

LLi'l~l'lru~ L11..r'1lrr101;i-i' 1.1111'lV101.ruu~;i'il 11u1 •««-ooo~, w«:oo~ • 
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CALCIUM CHANNEL BLOCKERS : 

EFFECTS AND CLINICAL APPLICATIONS 
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PHYSIOLOGICAL CONSIDERATIONS 

Calcium is an important cation and is involved in many physiological 

and biochemical processes. Consequently drugs affecting the function 

of calcium can have multiple and complicated effects. 

One of the important functions of calcium is to act as an ionic 

messenger which triggers events such as muscle contraction. It can 

do this because of the existence of concentration gradients between 

intracellular and extracellular fluid as well as within the cell (figure 

1). The extracellular calcium concentration is high relative to the 

intracellular concentration. Inside the cell calcium pools. are present 

and subsequently the calcium distribution within the cells is not uniform. 

To simplify the physiology the cellular membrane and the cytosol will 

be considered separately. 

1. The cell membrane 

It is thought that the primitive sea in which the first life forms 

appeared had a low calcium concentration and that these cells had a 

similar intracellular calcium content. As the calcium content of the 

primitive sea increased, the organisms developed protective mechanisms 

to assure constancy of the internal environment in the face of a changing 

external milieu. (1) 
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Figure 1 Schematic representation of factors governing calcium 

movement 

The relatively low intracellular calcium content is maintained 

by a poor membrane permeability for calcium, energy-requiring pump 

and exchange mechanisms, as well as the presence of inactive calcium 

channels at rest. 

Inward calcium movement through channels can be triggered by 

a change in voltage or by the effects of agonists on certain recept!)rs. 

We thus differentiate between voltage operated channels (VOC's) and 

receptor operated channels (ROC's). It also seems that these channels 

are in some way linked and that activation of ROC's might result in the 

activation of VOS's.(2) 

2. lntracellulBr calcium distribution 

Intracellular calcium gradients exist because of calcium pools 

maintained by energy-requiring processes (figure 1 ). The sarcoplasmic 

reticulum is an important example of such a calcium pool. Entry of 

calcium via VOC's or ROC's trigger the release of intracellular calcium 

which then produces effects such as muscle contraction.(2) 
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Role of calcium in the cardiac action potential 

Apart from eliciting intracellular effects, calcium movement 

also plays an important role in the generation of the cardiac action 

potential (figure 2). Whereas phase 0 (the rapid upstroke) is due to the 

fast inward movement of sodium, the plateau phase (phase 2) is due to 

a balance between slow inward calcium movement and the outward 

movement of potassium. A change in calcium movement can therefore 

affect the configuration of the action potential, particularly its duration 

and consequently the duration of the refractory period. (3) A change 

in calcium movement can therefore induce changes in automaticity and 

conduction. As the role of calcium is much more important .in 

supraventricular tissues, the effect of calcium blockers on supraventricular 

automaticity and conduction is pronounced, whereas the effect on 

ventricular action potentials is relatively small. 

31 
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EFFECTS OF CALCIUM CHANNEL BLOCKERS 

The calcium channel blockers impair the movement of calcium 

through membrane channels, particularly the VOC's.(4) From the 

foregoing physiological considerations it should be clear that they produce 

two distinct effects : 

1. Effects on cardiac electrophysiology 

These effects are due to a change in the configuration of the 

action potential, manifesting as a decrease in automaticity and a 

prolongation of atrioventricular conduction.(5) 

2. Intracellular effects 

These effects are due to suppression of the function of calcium 

as an ionic messenger and usually manifests as smooth muscle relaxation. 

There appears to be differences in the site of action of calcium 

channel blockers in terms of these two effects. One can in fact see 

the pharmacodynamic profile as two poles of a spectrum of effects {figure 

3) with verapamil having a major effect on the one side (cardiac 

electrophysiology) (6) and nifedipine on the other side (intracellular 

response such as relaxation of vascular smooth muscle).(7) The effect 

on cardiac muscle (negative inotropism) seems to be shared by both drugs 

and this effect is therefore placed midway between the two poles (figure 

3). Most of the newer calcium channel blockers can be classified as 

either verapamil-like or nif edipine-like and will fit into a position on 

this spectrum of effects. 

ESTABLISHED CLINICAL USES 

Based on figure 3, we can recognise three pharmacodynamic 

mechanisms underlying the clinical effects of these drugs : 
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Figure 3 Pharmacodynamic profile of the calcium antagonists 

1. Effects on cardiac electrophysiology 

As a result of its depressant effect on supra ventricular automaticity 

and atrioventricular conduction, verapamil is currently the drug of choice 

in supraventricular tachyarrhythmias.<8) It either terminates the 

arrhythmia by suppressing discharge from the ectopic focus or by delaying 

atrioventricular conduction and protecting the ventricles from excessive 

stimulation. 

2. Effects on myocardial contractility 

Calcium channel blockers have marked negative inotropic effects 

in vitro.(9) In vivo, however, these effects are more pronounced with 

a drug such as verapamil because of the concommitant depression of 

the sino-atrial node. In contrast to this, reflex sympathetic activation, 

particularly tachycardia, induced by drugs such as nif edipine tend to 

attenuate the negative inotropic effect. Negative inotropism might 

be potentially useful to decrease cardiac work load and to prevent 

ischaemic damage, but might on the other hand decrease cardiac output 

and cause untoward effects related to this, such as heart failure and 

cardiogenic shock. 
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3. .Effects on vascular smooth muscle 

Excitation-contraction coupling in vascular smooth muscle is 

a calcium-dependent process and the calcium channel blockers can produce 

both venous and arterial vasodilatation. They can therefore reduce 

preload and afterload because of general systemic vasodilation, but there 

is also evidence that local spasm at a particular site (eg a coronary artery) 

can be relieved.(8) 

Nifedipine is therefore widely used in the management of angina 

pectoris, both to relieve typical angina as well as atypical angina due 

to coronary artery spasm. Calcium channel blockers are now also 

established as antihypertensive agents and as vasodilators in cardiac 

failure.<9) 

POTENTIAL CLINICAL USES 

There appears to be evidence that there might be site selectivity 

with regard to the vascular effects of these drugs and that we might 

eventually have drugs that are selective for sites such as the coronary 

or cerebral blood vesseis.00) 

It has been furthermore suggested that calcium channel blockers 

might prevent the accumulation of calcium in blood vessels that occurs 

with degeneration with age and which appears to be accelerated in the 

presence of conditions such as diabetes and hypertension. (11) There is 

some evidence from animal experiments for this notion, but this has 

not been confirmed in humans and would be a formidable task in terms 

of the time period U1at would be required. We have some doubts about 

the relationship between degenerative vascular disease and increased 

intracellular calcium in human blood vessels. This might simply be the 

result and not the cause of degeneration. Although black South Africans 

show the same calcium accumulation (12) with age as whites (11), the 

incidence of coronary artery disease is a fraction of that seen in white 

South Africans. 
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EFFECTS ON THE RESPIRATORY TRACT 

The effect of calcium channel blockers on smooth muscle is not 

limited to blood vessels. This follows as calcium is also involved in 

the contraction of smooth muscle at other sites such as the gastrointestinal 

and respiratory tracts. 

We have investigated the effects of these substances on respiratory 

smooth muscle as potential bronchodilators in the management of asthma. 

Furthermore, because beta-adrenergic blockers are contraindicated in 

patients with bronchospasm, it is important to ascertain whether for 

appropriate indications the calcium channel blockers would be safe 

alternatives to the beta-adrenergic blockers. 

Both nifedipine and verapamil are physiological antagonists of 

spasm of guinea pig tracheal muscle induced via cholinergic receptors 

(metacholine) and the Hi-receptor (histamine).(13) Both drugs potentiate 

the relaxant effect of theophylline (14), but differ in terms of their 

interaction with isoprenaline. Whereas verapamil potentiates the relaxant 

effect of isoprenaline, this effect Is antagonized by nifedipine. 

Biochemically nifedipine blocks the increase in cyclic AMP induced by 

isoprenaline (15), whereas it is not affected by verapamil. This effect 

of nifedipine is even more apparent when a dose-response curve is obtained 

from tracheal muscle in the presence of the spasmogen and isoprenaline. 

Under these circumstances increasing concentrations of nifedipine produce 

increasing spasm due to the progressive removal of isoprenaline-induced 

relaxation. Only at high concentrations of nifedipine does relaxation 

occur, resulting in a biphasic bell-shaped dose-response curve (figure 

4). 

Our work has shown that : 

(i) Nifedipine (ED50 = 5 x 10-7M) and verapamil (ED50 = 5 x 1o-4M) 

both antagonise histamine and metacholine induced spasm. 

Nifedipine appears to be more potent in this regard and the EDso 

suggests that this effect might be seen with systemic therapeutic 

35 
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Figure 4 Biphssic nifedipine dose response curve in the presence 

of methacholine and iooprenllline 

concentrations. The ED50 of veraparnil suggests that this effect 

is unlikely to occur with systemic therapeutic concentrations. 

(ii) Both drugs have a potentially beneficial interaction with 

theophylline. 

(iii) Verapamil has a potentially beneficial and nifedipine a potentially 

harmful interaction with isoprenaline. 

It therefore seems that in relation to the spectrum of effects 

already discussed (figure 3), differences between nifedipine and verapamil 

are also manifest in the respiratory tract. There is some evidence that 

calcium channel blockers can relieve exercise-induced bronchospasm 

(16,17), but it is not clear whether this is an effect on histamine release 

or whether it is a bronchodilatory effect. Our work suggests that neither 

verapamil, because of its low potency, nor nifedipine, because of its 

potentially harmful interaction with beta-stimulants, have potential 

as systemic bronchodilators. In the context of pre-existing asthma, 

verapamil appears to be the safer alternative, but clearly work in humans 

is mandatory before firm conclusions can be made. 
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CONCLUSIONS 

The major problem with calcium channel blockers is that they 

affect so many different physiological processes at so many different 

sites. A better understanding of mechanisms of action would help us 

to understand why these drugs have differential effects and might lead 

to the development of greater site-specificity and ultimately more rational 

therapeutic use. 
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CURRENT STATUS OF PLATELETS 

IN ATHEROSCLEROSIS 
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111'11'lvm 1 ~u11lll'l" 
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Mahidol University, Bangkok 10700 

SUMMARY 

Platelet function in atherosclerosis is briefly reviewed. Although 
there was controversy whether atherosclerosis is activated by changing of 
blood platelet function accompanied by an increasing of hyperlipidemia. 

Mustard and his co-worker had suggested since 1969 & 1972 that 
platelets play an important part in development of some forms of atheros­
clerosis and occlusive thrombi. However the response to injury hypothesis 
of atherogenesis have provided an approach to exploring the interactions 
between blood platelets with both overlying and underlying endothelial cells. 
This in turn would release substances from each of these cells, which play 
a role in the induction of the proliferative response. The proliferated 
vascular smooth muscle cells and lipids accumulation would, a period of 
months or years, lead to the development of fibrous plaque, the advanced 
lesion of atherosclerosis. Meanwhile it may be superimposed by some vasoac­
tive molecules, prostanoids, such as activation of thromboxane A2 synthesi­
zed by blood platelets and inhibition of prostacyclin by vascular endothe­
lium. 

The studies of current status of platelets in atherosclerosis and 
the potential role of some vasoactive prostanoids in generating occlusive 
lesions have begun to throw light on the approaching to the new trends in 
the effective treatment and prevention of atherosclerosis and thromboembolic 
conditions. 

'tu":": ao-4o !l1n/J l'l'l"ll'l"!'l'1imn "!""' h.1 .. :uu'1'l L'ilt1a=n1"' 1"a L 7vu"'"' 1§1m 

(cardiovascular system) 1;~'j~u'lfi'1.,1tlu1n lAULQn1:L"IR'1<'l'1~Lfluu1uAn;1nA (con-
9 ' ., //J Ill II>' "' 'I -genital heart disease) llaA"l11'l1u~A~~""1~u1aA'il"I"" n~YLl'l"l1:A•1un1•,,u1 u1,,AuM 

""~", .. ~Q;i5v 1~u angiography, computerize, ultrasound echocardiography ,a, 
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,; ..t ' ' " ... ' '"""' • !1f ., ( thor ">'llltl\'!fn"l'l"fltt1'VIVJtlilUU Lfftlfl1"lN1A .. fl'lU L'Vlfltli'IPl1\11 LLl'lflU\ll'lU'l11l1'l='1illil"' LOlil .. LL1l\I a ~ -

o sc l eras is) if \11Nilii111"l1 1 ,;, 1 iiiu 'lurn.,iia 'li111i" 1 ":IPI '! u-i ~uuif 11-i•~""il" 1 '1ilfltt>l"d'1uri1Ju 
!l 1nn-i., 'lun~-ni ~l!!"-ifu'Vliilil" 11!!1J.,Oft1'Vl'i au."11 'luil'i'tn =11'illi'l!1 ll1n'il1uu.,"fi"11nl'l•-iu1>1-it11.;"vrufi 

ih1f'i'n1"lilt1-iiit1h11 (WHO) 1.ili1'1'1'i'il'iriM'l1!J atherosclerosis 1.)if"11eill 

i'l.M.1958 ~11i'lu "variable combination of changes of the intima of the arter­

ies". ~"il~nttm~fiil'illi'l!~il lipid infiltration or accumulation of lipids, com­

plex carbohydrates, blood & blood products (~""u'lu111u"a"~1111~ .. ,;;il., ""~~,., 

fl'Vlt\lililflUo'il1n111~"'§il"L~U~>1'Vl~~;;;'l!) ; a11ttm=~'iK'l!filuilluei1J1tl~a fibrosis, necrosis, 

thrombosis "~~ Ca deposit. 'Vl1J1n~n1'Vl~LnA'111Ju-i~,11 thrombosis & necrosis n'i 

'1.,;' • ii"'jl'lIDillJ1J1.1Nu'3mlilF1 1liill'llii.,,1J\l'Vl1U\lililn d'lu aneurysm 11.i-iu•lfl 1 l'i"\ ulf 'i" 11'!il!i Ca "' 

~uu"l 1 'lm{iu 

4S ' .J,.'llll'""' .. •Iii 
111J'ltJfl'l"':ijlt'l1Jii'U918t.1@1'1"\3'1 fl\'11 VI Lflffel:fl'l"'J:!M~:VVt tilfil@!Utl'1'U 

• • (1) (2) • 
'i'n1'11Jil\1~~1>1u1" ~1nn,~nu~"~n" 200-0 ~•u · ~1n'31u-i• 

'Vl!J aortic fatty streak 'Lu 1lln.,1q.i'i11;, s ti 'Vl'1"HJ~1u 'tu 1llmnqLi'iu a 

ti ~11~1u 111.1 coronary fatty streak 'luflua,!j.i'i11;, 10 !i uau-,1a 'lu'1Uil,lj 10-20 

!i u111~,u 'luflUil,lj 20-ao ll LftilU~fl~•a nu fibrous plaque ""~ advanced les­

ions '1.u.,ua•~ so-4o !i 11u complicated lesion !'l~aunu!ia,111"itl~•11D.;'-iu'tuRUil11j 

40-50 ti 

International Atherosclerosis Project( 3> 11'1111~~,.,~,=~ 

k .. 18 I 111) Ill'..., 

fatty strea s "'1 tl"""""Uil11jt1au1 Raou1 nunu., 

complicated lesions l'.lwnm1win.i1,,riu•nul'jii!l"l~ 1111'1 

s'in.;u fibrous plaque 

ILOI~ Lif[lffoill 

MECHANISM OF ATHEROSCLEROTIC PLAQUE FORMATION 

na1nn,~1n~ atherosclerosis Aau;•~fu;auLLa~v~~~;a~Ant11nueia1tlanu•n 

~~M"~"~~~•un•~LnAn••=dM~u~ ll 1e57l4 )u~= 1s71l5 l~u~ill!•utuu~'luu~u~1n~1uu,n~•n 
A'l,IJl~9LAIJd ~a1i'lu141J~~lfiA~ofiU~ft~U,Uil~l~Al~9A u~~1viiUfl9NU~9a9Al§aA1AUU risk 

factors 1~ud~fin~~~ut;uu•1.111•~dA'i1uultl (&tl~ 1) 
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PATHOGENESIS OF ATHEROSCLEROSIS 

{

Smoking? } Hemodynamic stress and 

Risk factors Hypertension? ------fl> Endothelial injury 

Hyperlipidemia? 

Platelet adherence 

t 
'.'Y smooth muscle cell 

~~·,,,..--~------------------------------..... 0"' 
Release of 

Platelet growth factor 

I 
1( Lipoprotein uptake (LDL receptors) 

Cholesteryl ester synthesis, 

Synthesis of fibrous tissue elements 

St.imulation of sm<>oth muscle 
cell proliferation 

Secretion of Lipid accumulation 
fibrous tissue elements and release 

(collagen, glycosaminoglycans elasti~ glycoproteins) ~ 

j Atherosclerotic plaque I 
Summary of the biophysical and biochemical events in the evolution 
of coronary atherosclerosis. From. V. Fuster 1982 

t ~>J'l'lllf'!T11JU"l \!'llil\!111"l 111" t 'luu t II"" (hemodynami c stress) t .iu t U31'1<: 

R<'lu~uli!"Ai\! 11;t;tnAfi'l"lilan11~R'llB\!t'llilR~NU\!Hila.,tlla., (endothelial injury) ""'" 

tnAtlDfi~u,~:11;,~NU~l1~vAL1iEAU~~tfi~AtliEA~~11~~,v~,UUou•uu~~uaui1lnu11:,;,1nBAtliaA 

t~us•u~;K~tun•~n;i;tnA atherosclerosis n~a arteri~l thrombosis iAutnBM 

tliaAu,fun~u (aggregation) u~•ni~~,~~,~1 aanu•~,nn•u1u 1;11fi platelet 

d • d hf .,,,.., <ii "" 11! .d a '/Ill .,f, h er1ve growt actor n••11t'll~~ua~Nu~n~aAt~aAL»U~,u•u11uo11uuuuu1, n~~ t rom-

boxane A2 (TXA2J aanu1n~:~un1~~un~uua~1nBl'ltllaA~a1 i'iu1tl~n iu'lJru~tAB<ftU~Nu~ 

ua~11~aAtlaA~~~~;,~ prostacyclin (PGI 2) aanu'lin~,~~ nu TXA2 ~aaanqnt.,~~ 
• - • - x • • " • "'"' •• 'lJ'lUnu TXA2 LUU'llA'll••~n•~·un~uua~tn~At~aA ""~~o,u11aaf11aa" "unv PGI 2 .,, 

i " .., $1 "" h 1 .. flf f d ... ""~ TXA2 Ii" Uilfl>i'l'l..,uu-. •UUWJ'I~ iii" at erosclerosis '1~,.,., t"l'lll'l,f!UWJuilT'I 2 

" JI/ - "' (S) - "' PGI ' - " • - - s ' " " - "' " ~u'1UQii11J11U ©flofl .. ~E\! 2 '1Bll1~tllAfl'l'l~WliilBAl~IDi'IU'lJ"UU'lUllWJU'l,ui'l'l'1Uil'lfl~V~UU 

( 7
)-(s) ~"1~n .. ,~1~.,u~~~,ut~E11~"~"•,uiu«uo'!Ja\! PGI 2 u"~n,~tnA11'1•~11aa.,1§""~" 
(&ti~ 2) 
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increase lipid peroxidation in human body or in dietary fat 

1 promote 

inhibition of PGI 2 formation 

t 
in a. wall 

~allow platelet to 

toxic substance & lysosomal enzyme 

aggregate 

plate!~ derived growth factor 

t 4 
anatomical injury of endothelial stim. fibroblast & myocyte migration 

~Atheromatic plaque ~ 
Hypothesis of Atherosclerosis and Prostacyclin. 

iuuruz~luuu~~un1u~uu1~u PGI
2 

w;wu,ffA~;1un1~1nww~aw1lawu~~ 1uuu 

~uA~u1 iu1maw~~zw;wu1ff~~~xu;1uAa 1;,1ua~~uiuuu~w~aw1law;•vuu•un,~~~iuiu;au 

~a1u~~lnA fibrosis, thrombosis, ulceration, aneurysm u~~ calcification 

w,u~;~u ~~~~1uuan~,.~,u~~1~uwiu~6 

u~•nDn1~.M~a;a~~~~uu~~u~u~A!1u6 Ma 

1. wuu~u1ru lipid peroxide iu atherosclerosis q~u,nn~•iuAuun~) 
"~~wu1;iu1~aww~ uauu1n1w~,~1u~ atherosclerosis 

2. n1~iM o2 fiun1~n"aaAnaun;wufl n;i; lipid peroxide iu1laa1~u 

4u(1 o) 1~u1w~LM1nnn,~1uduuuufl~~a~n~an1laniu~nA• (retinal blood vessel) ~n,~ 
1vdauuu~~a~1u atherosclerosis n;iMn1uan1; ~~Ja~nun1,~61;inaiM potent 

antioxidant 

a. .. • . • • 'I " J11) wm~aanu11u atheromat1c artery uaan11 unman1~anun~ 

4. un~i,~iuwnaw1~ann;ru1nn~,iunaan1lflanun~n~ 8 l~,(12l~~~u 
~~nu;, atherosclerosis 1fin~uiunaan1~anun~u1nn~•naan1lann; 

5, nu;1iu~J,a coronary heart disease n1n&n1lan~i1~ TXA2 u1nn~1 

ua~nuun~ 0 3)u~n~~, endoperoxides ~•n1n!w1§~wunlJs;,~ TXA
2 

u1nn~11J.;,~ 
PGI 2 ~Nu~w~a~1~aA 
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tase 

s. 'tun'l=M,11f!O atherosclerosis rm,;, rn-:in'iiil·rnqttifmi-i PGI 2 synthe-

1n~unau~zlln,'ln'lz~un,'l~un~uua\l 1ni,,, 1a11A ~ 4} 1nun,'IRuu~~uti11 s 

7, Imidazole uuC\ln,'ltt'i\l,UUll\I TX-synthetase ~\ldu~"1ulln,'IR;," 

TXA2 "~~=!! PGE2' PG02 & PGI2 1dufuu,uttu(4
aj iun,~=fiiilIDfllaEflU~\l~l~UIAll~nu 

llrn'ln"unfl PGI 2 synthetase 101rnll 

fAu7,"l~ufuud'l.;) atherosclerotic 

PGE2 Dqttfuu,llHiilllfll~EA UiilZ PGD2 

lipid peroxides (endogenous substance 

artery ~""u,11,uR;,"d"""""u PGI 2 ~ER;," 
.i,,.eM ' ""' ll\l~qttniuu\ln,-:i~un,una"1niil"1L~~"' 

a, luu~1uud'J.;in PGI 2 iurn":IU"l"J I Oll,llT:I ZMiU!fl I ~<JillU~" (1 S) "I nurn'I i!uifu 

,;, PGI 2 1~u antiatherosclerotic hormone 

RISK FACTORS AND POSSIBLE MECHANISMS OF ACTION 

",u;~u1~11~nu atherosclerosis 1;vu,oaan1uu,nu,olu"l:o:1••, 20-so 

0 u,d un;~o~~".,"~,~ifA1,uL~uwa~~a~nu~, risk factors ~~ s ;a#•:n~ •• ~a1ud 

1~uu•~u•;n~~•:NinAun~ao•ano"lLn" atherosclerosis 1; no"lin~,•:tl"lZR""'',uR'i 
Ill !f! .. •JI • .,,,. L"l• wi.aoiu1wi••nnuaunun,"lR1U~u risk factors 

. ,, . 
ll'til1U"11J 

1. n,.,~u~wi4 l't;tMLn"N•l; a av,~ 
•• ,, 1• -·.., 1.1 1n•.,1aa"ul'l1,u 1•un•"l•un.uu1nuu 

,(1s) .i 
u1nn1, PGs R1au1 

PGs 

. . '! .I,. .d JI I - "' • • • •d 
1 .2 n1cot1ne u~M'lllRo"ll't!lilfllJl'tt'.ll'l!JllU~Maa" 1~a" •"11Jl>l"M wn '"""'"' 

-' h l • {17) " " • • • m ~ 1 • JI 8 " • -Mil~ catec o amine uNill'l,•Mtna.,Lilil"""''" '""il,"luu,nvu ua:un,.,011,a,011u~Milill'l 

1lial'l1..i uvn•,nd carbon monoxide J.,,n;'l;Lnl'ln'l•• hypoxia on;-:iu 

1.a '1l'ln,1~;.,.,, high density lipoproteins 1~un,11~"fi'1•" 

atherosclerosis 

2. n~1uiuq i!"ans,uuunuu~~7, n-:11uiuqif~-:iut~u•tia,,fiu atheros­

clerosis ( 1 0
) u.iv,iili'itnmrn 1n1,;1 ..i i!~A',,;11.1i,i9i5,,,,;., NU-.!Mmill'l 1lim•1llR-i•u1-:i.ianTrn"l•~u 

~ L~il!J>nll'!u Ll'lu 

2.1 lin,11~u•;u,una'1n;'lu1da1~uu"~il fibroblast uuu hyperpla­

stic 1101: neoplastic 

factor 

2.2 lin'l~R;," collagen 1flu~u 

Ru'lun~u~i!n~"luwuquuud~"wu7,Nu-JM~vALlial'llu intima nu'l~u '"".;il,~V" 
• . "'" •. . • - .. 1 .,, . k eu11J coronary heart disease "uil,~fl'lfl'l, 50 if 'Uil!J1,U~~"10ll~• I.I~ r1S 

'lunild' 
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terol 1;-..J,"N"un~ ~"~:1un~••"l1ua::1Su .. iu~d 
~ 1 - (20\ .. 

4. R•'!J"!J il'l'l"'~" 'l Nil'i'l~::1fi.,.,1!J!J,/!ii'l 

4.1 mechanical (pulsatile & distension) .,;t.;NU"'i'l"""1ll-...,'l'lu1~u 

1d""''nno"l1au,;u,uvi'l" smooth muscle cells 

4.2 i11"l~•11Nu"'l'l"-.i" 1lli'lflflmn;fu lliil elastin, collagen 11il:: gly­

cosarninoglycans .. ;1.; atherosclerotic plaque 'i'IU,~u~u8n 

4,3 1rl-..1nflno"l~nv•.,va" endothelium 1~UNilL.;n1"!;tuN1u1~""'"'i'l; 

l.1!!n1"l'!l";tuvm" cholesterol 111i1: growth factor ••n 1111!., 11111"11au€u ilNilPi!l1u'l'l; 
i.11n .. 111"lla!J~;U,tJ!Jil"f1~1!JldIDl~!J!JLUNU"'i'lililRlllil .. 

s. iu1wnu ~J,vfl dluT,.,ifl"LLAil'l!jUil"'l ~:111JZ1'l'l:uwi"!n.,jauf111;;r'lll'lil athero­

sclerosis (21) ilol'1"l~•n1~n"d~~il ~n,.,1u~uu1LUi!\lUa\llvuuiu1lil"1da"~•nL"!f'll1J1'1<oU 

NEW TRENDS IN THE PREVENTION OF ATHEROSCLEROSIS 

n,.,J,,,.nu 1.i'ti1 iii.,,.,,: atherosclerosis 1iluf'l')0Uili1•111.n11ri-:i'11n''l"lilimn 

1dil1ii""''~du;, 1da1iif'lfl•1::du;,~\liflti•1ilud"~";1;a>n M~ililo~1~un1;,;,wi;1J1;1i!a 
""""' ill' ""' l "" ,f.l .ti ' ,..!! il ~ .. 'i'l'l\l'i'll'lfl"l"!Uil\lflU flVf1T•'1nl'll'l1J!JtJ"iltJl'l'1-.l1 ··" I Ullo 1 ""l""u 

Inhibition of TXA2 formation 

Pharmacological Intervention 

"'"~,u~Q.,~i""''"n>"lil~'l" TXA2 1~uu•iun~u nonsteroidal anti-in­

flammatory drugs 1 .. un~1nn>"lililnqn~utJ:\ln'1"!n;"'uvil\l cyclo-oxygenase(22
) ~ 

Uil~1w~u (ASA) .~,~uri1AiuA••U'1ut~u•n~~., ui1:~11'llieu~~itiJo.,,fiu transient 

ischemic attack 1; 11i:n,..,l;~;wiu1J;uAn1"1~1'1iuua"w~s11111E.,~«•'1~~"1AN~1.iuuuou 
'Ii: "f WI t '1" ··1· i!P(///,...,.e.o 
•U'l'I0!1t11 1~"1.,,fl'l"!i'l'lUUll!l"l~l1'1"1"l'l l'llHl Uillfl U~'1Uo"Hlllli1"\I 'l'l l'l'IUUIJli111'11J1 

wi•.,,'1n~1; li111w~~lJi;11oiun1"1inti•~~"1 f.,,1 il'1~~=1~u1'l'l"l•:n1"liti ASA A"lt11JU'll'l1Jon 
1fiuluua~1J1;(.,,M"l:nu1"11'1 1da.,,~1n ASA 1u1Aliq'l'lif1gw1~~"'.,,,.,,n,..,wi;",uvo" cyclo­

oxygenase iu1fl&l'l1~aa~~i,.,, TXA2 ;n1Ju uPiJ.,,ilqniAB1-..ui.,Jdiu1da1dil~u1 ;"l., ~ 
.. ~ ...a: .. .. .. I&' !I (ff/ JI! 1 .,, 1 .. • 

'1'1~'ll~il•t1Nu"w~a111§ill'IU"•"li1"'1" PGI 2 l'l"l1J<M~~,1n~l'll~ill'I u~ nuc eus n~~11"'1"1ou-

:N *Mil 1 "'tt 1 M JI d 8 :::s "JJ1q fll GI "" 
1 

ilf 
~uuuuuuo1e" l'l•MU g:uuq'l'l6 ASA 'l'l'!'l,a1u1au~uuu1u1n~fll~ilA~~fl\l0Q~~aAilo~1Ja~1na~ 

1!!a~~a 7-10 ~u ~~~;•unu1tt~~~~~tuua~"~"~111a~~~nfl~1u1~~01Jilua~qfl~Uil~ ASA 1~u 
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nucleus 

fl1"1LM ASA TJ1J,.,1J,n1 u~z~n1 ~u~a,~~z.,;t~1fiflf1,"l~fl«una~a;ia911§n., 

atherogenic) 1;<2s) az~u1"l,A1"!~ul~u~'"",d"d~zouB\l1a"1z 
1-i 

(thrombogenic 

TXAz u~~\l Ui'ilJ 

1;nn1"1~1fl"l1ZM'i~u 1dn~ZM11JIJ1fllJiJ~ ASA ~~fllJ71~fi1"1~;,~ TXA2 ill 

1n~A1la.,1; u~1uDNn~8 PGI 2 ~1nNu\lM~a.,1ln" n~uu11~(u6l2n1;m;n1"l~n~1iu~J1w 
~~=;n\liun1"!N1K.,.,a1JA1ln" coronary 1dan; bypass surgery grafting 1TJ1i" ASA 

... , ' ' 'ii' ' ""' .d t .. II fl !jlJ'l !Jfl IJUl'n Of" • 1JIJIJ1 "" 'l \l'] lllJ llJ iJWlili' 91 llll "11'1 "11'lflotJ'ianru 

iuNu\lfl~1J.,1§a.,~1~za"""il~,\l1"1U1\l (.,,,,~fl 1) 

% inhibition 
dose-ASA 

TXA2 in platelets PGI 2 in vascular wall 

40 mg 75 aortic:PGI 2 partial inhibit 

80 mg 95 saphenous:PGI 2 not inhibited 

325 mg 99 80 (Weksler et al. 1983) 

20 mg/d/1 week 95 50 (Szczeklik 1979) 

~~l~u1;~ono~'!; ASA iwv1J'!;i:JN~fi"l~WU~v PGiz 1iluA••uuon n~uu~• 
ii1~u~ 20 un./~u ~~~u,zv~1•~• (duration) um~n•~i; ASA ~~1ilu~~~;~~~;ID~ 

"~,~ .. •~•nn1~wfl~o~'luun~n~uwwu·<2 aJ u~"~J1v< 2~ wu;, ASA uu1A aoo-soo un. 
3$ Ill ' • e 1 1(11 ' ., .d Jill " !Iii! .. ~ R,~l~U'lfi~1Uo"l~~Wfl1,{Ufi.UUID~lfiIDAlwIDR tl fl U1UIDU'l~1JIDUW~W 1 wUAoW u~UU~•IRVv 

,,v~1u(3");, ASA uu1w s un./nn. 11nno"l~un~uu1J"1nl"111v"11;1.,sl'.IN~~il PGI 2 uau 
d 1' ·-· '!" s .,..... ~·1· •• n~n!ll~il ui:l1"u 11"1uuN"~'""'' ~ ASA 1wu"n'"1~u• n1 ~~,, 'ljfl1 'un u11u••N"~~ 

1i!u1J~'"h lul'.I 1979 Szczeklik (3') u"~w-in 1.i"l1•hnu,;, ASA 1wo 1111. 'ljfl s-4 
• "' • - - ,, ' • " 1"" - 8 

• TXA ii 1. • ~IJ filnU\l!llilil1!11"1Ufl•"l1J"11J'lo"fl'"l~Un.uu1J~lfl"Wl~il" A1"1UUUU"fi1"l~"I," 2 I UN~ w 

tlo\lnu myocardial infarction 1,; l'.l"!oil"'un1"1lU ASA Ja"nu11":u"l"llflon1•~11n"ln 

.iilun1'il!llil<J" 1li<i"1~~an1111J1N.,, (32) (diabetic retinopathy) uu'l.,IJil~ ASA d1;1n1~ 
• s 

nnuu 
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Dietary Intervention 

u'Jifufl'll I .iuU'iil'Ufl!ln'fnUl'!d'u Ufl 11u~u'111a ~i!'n'.11-:iu 'tti''l-iiiln'l-.l U?l.;M&nt1'lu1j 1"1!.I 11'1 ~ 

a1u;n, ~~uii~,J~luilNan'l,NAa11~1111nu,~uuu~,nt1"1~1vnu~A,u 1N"l'l~1u11~11~, linoleic 

acid un1!.l~uu1!.11ilu dihomo-y-linolenic acid ua~fi111u1ilu PGE1 ~~ilqn~t1a1u 

' • " ii • 4 A 1" MRllALl'lon ua=inu~'l~fl'l"l{un~uu11~1nan1~11A1 un'l"IM'luqnoua~ TX 2 A 

Vd~~J,~u't~'lu1~-:11 d111~ ~llfl'l"li~lnl'l?l!J~'l Greenland Eskimos 1uA11u1i!u 

i"ll'l l~v~num1EA 1l'lal'l!jflAU 11fi 1iluA·N.U11.1~111l'l11Ailan~111 (bleeding disorder) i.nnn~'l 

tl'l"l'l~1u1u;inA!.la11'1:1anuu1nn~,111N'l"l!.l"l:Lnl'l~U ~~1;iuu'1ifuil'u!.la,~V eicosapenta­

noic acid IJ'lfi ~~~~un1!.l~uun'lt1'lu.;,~n1v1!.11ilu PGI 3 ~~~q~~ua~A~1u11"!~'ln;1~v~nu 

•.nn 

makerel .,..,,;il'm;, TXA
2 

;101<1\'l fatty acid '!u Llla•rna: 111.lf., 1lial'lil 

finmu::r1.i'11n1,~ Eskimos 11..i'lufl 19a2 Hoar 1;..,,u,nu.;,n,..,l,;'u'uiuili'u!.I011d''!uMv, 1J~;·hi 

PGI 3 & TXA3 1~1J1°l'u uwmli'uil PGI 2 & TXA2 1ilml\HJU'Hlif'1 l'i!U 11u"l1U1ll1'1" 1i'ifl arte­

rial thrombosis """~1rle1~uunu.,v.'!un~u~l;1J,.,,..,1.1n~ 11,.;1uA1\'lnun~u~'!;J;uu.,1Jnn'1u 

l'l::iu 

Stimulation of the release of endogehous PGI
2 

.,, .. ~.,..,1unu11;"l,, PGI 2 ~"lfifi"l,.,;,\'!Lilo cholesterol 1Jilf1Uo'ilo11Nu~TI1ilil" 

•~a .. 1ff11a::ff'1~101.;\'lfl'l":ITI;.,,u cholesterol ester ;,u(3 ~ ~\'lil~i\'!Ll'l"'l'1::n1J~ttuqu1J\'l 
PGI 2 (stable analogue) dl1J'hiu'1i1"11"::u"!"l LTI'l atherosclerotic tissue. (35

) 

fl~.,u;, angiotensin II 

fl1"'ll1"'l::~u..,::uu Renin-Angiotensin 111J1"1uu111"!A"l1J~Ufl'l"'lfl1il\'l " • ~• ~ PGI
2 

1,,• 

~~ • ..,,1J,,,'!;11!u11u1n1\'llun1..,1Ru111..,.,t\'l PGI2 1R1Ju..,::lunu'!un1"'lin~1fia1u 

·.Vv,filnM~1U'.11Ufl~Dq'1~~a TXA2 & PGiz 1~u Nitroglycerine uu:~n,.,~;1\'l 
• • • (:n) _ ., , • ., las) 

TXA2 . 11~n"l::~un1"l~.,,~ PGI 2 . Dipyridamole L~"luqnfi PGI 2 fila1n,..,1~a~' u"~ 

'.11U1fli~1 ""'",..,~;,~ TXA2 .'1A"a~~flu1dL~'lM"illill~a.,"un'1tM1~u PGI 2 tu1SeA1;o~ 
- "" 1 -(asJ • (4o) 137% Ni troprusside il"l'1'il~ 1il.,UIJ'1tl PGI 2 ~ Nafazatrom ""'fi'1"lil"l'N PGI 2 



1-,.,51,.1 1nif1'.l~nu1 47 
[)~ 7 1oiuff 1,2 U.fl.-fJ,fl,2526 

Inhibition of lipid peroxide formation 

u~~JflR,,uuAn~,"~,n~A~~u~nilU,\'.lnd\'.l~il fl lipid peroxides LUl~ilAAU~ 

fl111!fu'l.u 1!1ID""il"~fl lipid peroxides an11 !hmu'tu11ul.l111il!f1111i.iu'llil;id'uA 1ifu;i'iu"luuilu 

Polyunsaturated fatty acid- 1ud~ul111ifu atherogenic lipid peroxi­

des 1;~1u1 l"u~a auto-oxidation A\'.!Ju~"lJR,,u;lnA111!fuM•nd'1nu 20 1u1A,niu 

Aau'inun~,"n,u 1 1111~ 41 ) lipid peroxides ~.u'l.Pl~il~'tu LDL ~"1ifu proathero-

genie factor HOL coronary heart disease 

ug""~,1ifu antiatherogenic factor fl~uu~u;;,11,~'l.;~~,nu© (vit.E) 1ifu anti­

oxidants Ja\'.lnun,~fl lipid peroxides u,n1nul11 vit.E u11nP1~0\'.l'l.;u,u1un;, 30 

D um, UAN~n·~~n~ myocardial infarc, angina u~~ intermittent claudica-
!liil "" fl ' ' ' ' <ill ... _q ' "I/ ~ ' 1 • tion u\'.11uunnn1.,a\lnuv~ L,,..,,~g•uu•n5n'lz~\l~N;il'lvlniiALiiIDALuum'u'"~ au," "lnl'l1a 

vit.E a,'l'l=!INm~il lipid peroxides 1Au1uflqngN,u1n&A1~a .. ~1; n1"1LH vit.E 

nu•., aoo un. /''Su i111.n"l11iiil lipid peroxides 1101: lipoprotein fraction (LDL) 

1; uan'londv\l>l'il»lln1"ln"l='l•ut1a111t1ruu111a~lu HDL fraction a1n~u(4~ ~\lU'1'l~1~u 
11 .. ~tot1uAa11•1tla11nu.,~ain~ atherosclerosis 1; 

1ifu1•a• 2-a .,~,~"!til.loum• \'11.,,~11~n~"i»i; polyunsaturated fatty 

acid 1 l'lmi;ii!ul'l"!oa'l,fl lnruuiu 1ll!1P1ij'1 llii~1;llrn..,'i 1 .. ~,~M''ifvnmn11u•al'liiill'l1n~u11 lullil'l"I 

Robert E Olson 
• • • IJ1illl1\lflm'1M'1~-i• "Lipid hypothesis is not proved and strategy for reduction 

of ischemic heart disease has failed" LL~~A<1u-1!l 1 sa2 The Food & Nutrition 

saturated fats \'I 
'11u1=.iadu1h! 1J1;n'inu" 11.l'!uii·N 17~--,lf1il\ll!rllllulj~!PUL11U1/!v-iilu platelet hypothesis 

i1'uaJ'1L111uilia platelet 

~\ldURU~\IMUU'1lllUL'ILn 

fatty acid un'lnll!.;''N TXA 2 111 Lg'lu platelet aggregation 

ASA + marine oil ~"1 riu"lur!'!11~11"l,UM'l1J~i!'il"i;uu~, eico­

sapentanoic acid •1n marine oil 'l=l:lll"l:lvnu~'l\11 11'lillu ~"'~ul~il\lri~=,,;il\I 

- .A • 1"'' II' "' 1·· l.l"l~ Ll1"1il\'.lflf}!:I llJ'1l!l I'! .fl, 1984 f1!1il'il:ill11I •r'Joli\ILLIJIJ!jltlJ<I: l'IPl'lll'llJil'l ll'ISjV'ilfll Mill: 

1111lnn•"l1fi""~'"N"l.ln~'!u1~il\llfum~u-i11u•u l!v\11a-inu~fi•7=~~n11•u.;il~~ .. d1ul; u11""~, 
• :; 1J'lll:lil'lf m1il:na 1n~u1 1!11f!u1l11.i.;'u 1utm !l\1'1:,,;m.,, un: ull7\ll'!-inu.;a 111 
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TRADITIONAL MEDICINE IN ATHEROSCLEROSIS 

1nl'l'hr1 Lona'!J'intn "''"~ LLl'lnu rn11~.;'P1'i-i1'!11rn111'1a 

11w1'lnu1\lf u11~ I'\• 

Quanrudi Dejatiwongse Na Ayudhya 

Department of Pharmacology, Faculty of Medicine Siriraj Hospital, 

Mahidol University_, Bangkok 10700 

SUMMARY 

Since recognition of the pla~ma lipoprotein as the major risk fac­
tor of coronary heart disease, search for effective hypolipidemic agents 
have been extensively performed. Though the pharmaceutical preparations 
available today are numerous, the search for more effective therapeutic 
measures and less toxic are still going on with the emphasis on primary 
prophylaxis for hypercholesterolemia. In this respect, the indigenous pre­
parations are brought up into consideration. 

There are reports on many plant extracts which possess some lipid 
lowering properties both in serum and in tissue. The studies are merely 
performed on experimental animals fed with high fat diets. These plants 
included Aloe barbedensis, Ferula foetida, Emblica officinalis, Leguminous 
seeds, Onion (Allium cepa), garlic (Allium sativum), plant proteins and 
fibres. Among those plants, garlic and onion are extensively studied and 
show convincing results. They seem to possess not only hypolipidemic 
effect but also protective action against platelet aggregation both in ani­
mals and in human subject. The active principle of both garlic and onion 
is sulfur containing compound, mainly diallyl disulphide and the mechanism 
of action is claimed to inhibit hydroxyrnethylglutaryl coenzyrne reductase 
activity. 

Since many environmental factors especially diets, could interfere 
with the determination of serum lipid level, therefore evaluation of the 
hypolipidemic effects of indigenous preparations must be carefully performed 
and long term clinical trials are necessary. 
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f)Yli'ftl<1\'ln1Jfl'l"l'1i"Ufl~1lt1 il\I Lfl~fl L llm1 I nu,,ifn U'J'!UIJIJu-..i\'I L l'l"l'l •nfl'l ,j'il~U,j"l"i!1 IJ'lllJ'llJ 11""" 

11; lh1 il!nlt'l 'i '1i" u il ~ L ll" 1"1 .i u,f!!l "I""' -..w ilin ~-., Llil df R "l'11Jti" ""if •un n41u 
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Nil guggula 

if1t11; .. 
fl"'JLL"J:;: 

,.,, 

Emblica officinalis (1) 

Ferula foetida (2) 

Aloe barbedensis (3) 

Leucaena leucocephala (4) 

Glycine max (5) 

Cyamopsis tetragonoloba 

Comrniphora rnukul (6) 

Phaseolus rnungo (7) 

Cajanus cajan (8) 

Panax ginseng (9) 

Fenuqreek seed (10) 

Scenedesmus acutus (11) 

Alli um sativum (12) 

Alliurn cepa (13) 

Capsicum sp. ( 14) 

Plant protein (15) 

Plantago psylliurn (16) 
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min~u"u~Duu•luu;, .. =uiu,t;1iluu,aAluiiutu1loAMo n"'l~1fiuuua~«•nou 1do\l 

.. ,nl:l"l,1J\l,un1"l~n:intuiA{nAAa\lna,u~"' ua=Dn,"lilln~1u1\lua1tunu Han1,;(u::\ltunuua= 

tui1'111-it1·nnirh il,"'lili!A:l\l~ d'luuiiiu (essential oil) 11a~uiufi'"' pj,\ll:lqni!'11A"l=iiiu1uiiu 

tu1la111ua=tuL~a1da1; uan'il,n6u\ll:lqni!'a.,tl;u1ru fibrinogen nilw fibrinolytic 
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il,"liliK~ ~oanqni!':\lua\ln"l=1~uuua=«•nau 1~a;11ilu sulphur compound ~\'!LU 

n"l=1lh11J~'"lu'h1~1ilu diallyl disulphide ua=tu>i"Jl'lill.J 1ilu allyl propyl 'disulphide 
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fatty acid ""ii"· 
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eicosapentanoic acid 
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Nicotinic acid u;, ~11u\l1u71 

01~~Nl!l.iE1~AU cholesterol iu 

estrogen 
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