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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
Seiences, Chulalongkorn University, Bangkok 10500 -

Thailand

SUMMARY

The brief stimulatory effect of capsaicin (2 and 10 pg/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 ug/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-
tredtment did not abolish this antagonistic activity of capsaicin, indicating
that endogenous catecholamines were not involved. Procazinamide (10 pg/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 has well documented effect on the cardiovascular system

(Virus and Gebhart, 1979}, Most cardiovascular responses to capsaicin have

been studied in. whole animals in which capsaicin has been shown to reflexly

induce-either cardiovascular depression or stimulation depending on the site
of administration. For instance, capsaicin injection into splanchnic {Toh
et él.,_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.,
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1882). The in vitro effect of capsaicin on isoclated cardiac tissues, however,
hzs received relatively little attention. 1In 1969, Moln;r et gl. 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 atris from rabbit and dog. The discrepancy is pre-
sumably due to the species differences, The-atrial stimulation mediated by
capsaicin is unaffected by propranolol or cocalne (Molnar et al., 1969) or
by reserpine pretreatment (Fukuda and Fujiwara, 1969)., This communication
reports the effect of capsalcin on the rate and isometric force by isolated
rat right and left atria respectively., The results show that capsaicin pro-
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 étfia is reduced in the presence of

capsaicin as well as procainamide,

MATERIALS AND METHODS

Male Wiétar rats.ﬁeighing 250-300 gm were sdcrificed by a blow oﬁ';
the head ~ The atrla were rapidly dissected out and separated 1nt0 the rlght.
and left sides, They were then mounted in organ bath chambers contalnlng
25 ml of Locke solution gassed with 100% oxygen and maintained at 37 c by a
thermoregulat;ng water pump (Churchill Instrument Co., Ltd,} The rlght atrla,
whlch beat spontaneocusly, and the left ones were used in studying the rite. |
and isometric force respectively, The left atria were electrically driven
with square wave pulse delivered through platinum slectrodes to beat at the
constant rate of 250/min. The stimulus strength was 5 V and the duration
was“s 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) connected 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 wis 1n1t1a11y

applied to the atria in every experiment performed.
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Rats were reser;inized_by'intraperitoneally injected with 5 mg/kg/
day reserpine (Serpasilinj., Ci.ba-—Geigy) for two consecutive days. On
the third day, the animals were sacrificed and the atria were used in experi-
ments,

The changes in rate and isometric tension were presented as means
+ 5.E,M, relative to controls., The control rate and force were determined
just before drug additions and were taken as 100%, Statistical analysis was
performed by unpaired Student't test; the differences were considered signi-
ficant when p values were less than 0.05.: .

Yerapamil hydrochloride (Isoptininj.s Knoll) and procainamide,
hydrochloride (Pronestyl™r1inj., Squibb) were obtaeined as solution in ampuls
for human injection, They were added to the bathing solution as such, Cap-
saicin (Sigma Chemical Co,) was dissolved in absclute ethanol; and only small
volume (1-5 pl) 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

by capsaicin

The effects of capsaicin (2 pg/ml), verapamil (0.05 pg/ml) and cap-
saicin added 15 min after verapamil on the spontanecus rate of isolated rat
right ‘atria are recorded in Fig. 1. Vérapamil produced the well known nega?
tive chromotropic 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 incresase in rate ap-
peared somewhat greater than controls with capsaicin alone, However, the
uriexpectéd and interesting observation was that the increased rate did ﬁ¢tw'
refurn to the pre-capsaicin value; whersas the atrial rate stimulation evoked

by capsaicin alone dsually subsided within 15 min. This finding indicated
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Flgure 1. Lack of .1nh1b.1tory effect of Verapam_ll on the pOSJ.t’J.VE
chronotropic response evoked by capsaicin. When both drugs .
were present, capsaicin was added 15 wmin (arrow) after verapam_ll.'

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 1ncrease induced by capsalcin, 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
ug/ml verapamll was 73,93 + 6,14% of controls, n = 5; the corresponding rate
when 2 ug/ml capsa1c1n was also added simultaneously was 92,68 = 3,37%, n=5
(p « 0905, unpalred Student't test).

The ab111ty of capsalc1n to allev1ate the negatlve 1notr0plc effect
of verapamll on the electrlcally driven isolated left atria is illustrated
in Flg 3. Capsa1c1n (10 ug/ml) caused tran51ent augmentatlon of contrac-
tlle force which was rapidly followed by dEPTESSIOn. Lower dose (2 ug/ml)l_

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

there was smaller reduction in isometrié tension at 30 min of experimenta-
tioﬁ:.jfﬁé'mean reduétioﬁ:ih isométric'fdrbe.bbservéd'%ith'vergpamii (b;05
ug/ml) was about 47% at 30 min, Thus, verapamil was evidently more active
oni the left atrial force than on the right atrial rate. When both capsaicin
and verapamil were present, the verapamil-induced negative inotropi¢ response
was clearly diminished while the acute stimulatory effect of capsaicin was
insignificantly affected, Lower dose of capsaicin (2 ug/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 * 5.02%

when 10 ug/ml capsaicin was also present. The corresponding value when only
2 ug/ml capsaicin was added with verapamil was 64,96 + 4,61%, n = 6'(resﬁ1f5
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% wher 2 fig/ml capsai-
cin was co-administered. Thus, in term of the percent inéreaSe;'capsaicih:f
was apparently more effective in antagonizing verapamil effect on the rate’

than on the contractile force.
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Figure 3. Antagonism of the negative inotropic effect of verapamil by cap-.
“gsaleln. When both drugs were present, thay were added 51mu1tan6m
ousiys

Alleviation of the negative chronotropic and inotropic effect of verapamil

by procainamide

The effects of procainamide (10 vug/ml), verapamil (0.05 ug/ml] and
prccainamlde 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 preéent, thefe was no significant stimulation of both the rate and
cbﬁtractile force. In fact, the drug aﬁpeared_to cause slight atrial:déprer
ssibn, particularly the isomefric tension, When both drugs were added simul-
taneouslyB the depressive effect of verapamil was diminished. In both cases,
the antagonism was 51gnif1cant from 15 to 30 min of experlmentatlono The ..
30 min rates increased from 73,39 + 3, 91“ of controls with verapamll alone
to 91 73 % 0% when procalnamlde was also present; the corr95pond1ng values
for the isometric force were the increase from 52,95 + 2,79% to 70, 03 & 1“460
Thus procainamide was about equally eff1cac1ous in attenuat1ng varapamil

effect on the rate and contractlle force
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S Figure 4, -Attenvation.of the negative_chronot:opic effect qf_verapgmilfbgi
sl o procainamide. .. Verapamil sand: procainamide were added concomitantly.

DISCUSSTON

The results of the present study clearly Shqw that capsaicin can
elicit the positive chronotropic and inotropic response by isolated rat right
and left atria respectively. Similar éffect of capsaicin on isolated guinea
pig at:ia has been reported previously (Molnar et al,, 1969; Fukuda and Fuji-
wa:a,_1969), Whether this stimulation results from capsaicin acting directly
on_the atria is not clear at present. Recent evidence indicates that capﬁaiw
cin can release and then deplete substance P from certain neurones (Nagy,1982;
Buck and Burks, 1983)0'”However,_Kulakowski et al. (1983)_£0und substance P
to have no influence on aoftic pressure, cardiac work and cardiac output in.
isolated rat heart. _Reserpine.pretreatment or prior addition of propranclol
plus methysergide do not significantly alter the stimulant action of capsai-
cin on iéolated 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 byfﬂfh
procainamide. Verapamil and procainamide were added concomitantliy,

show that verapamil, a diug 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 knowledgé, 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 B-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 activit& 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 isclated 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 6f Verapamil'on sarcolemmal bindihg site (Cohen et al{, 1984) ,
Certainly much more work is needéd 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 Aplsariyakul and Siripan Narongchail

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 preoduced a slight twitch poten-
tiation 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 pancurcnium and succinylcholine. The
neuromuscular depression produced by this extract was not antagonized by
physostigmine, tetraethylammonium 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 contraction were abolished by pancuronium.
LD50 of the extract, when given i.p. to rats, was found to be 2.65 g/kg
body weight. TFhe active constituent may be saponins and certain alkal-
oids. The muscle relaxant property of the extract was probably due to
saponinsg, 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 ténsion in rats.
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Re Ry Re
0.033 6 84.4 t a.20 58.8 * 13.33 30.9 t 4.86
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A -, , L -
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100.0 £ 0 ;1wa%du pancuronium  lUTUIA 6.000%, o.coel WAL o.o0fo
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suceinyleholine (SCh) Tmu?ﬁﬂauwauLauﬂsuﬂnwwﬁﬂﬂ—naﬁuLﬁaﬂs“ﬁvauwavngwﬂa
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ﬂ11nﬁqw q (20 Hz) '.Lﬁutqaﬂ 00 1u1w w11ntnﬂ PR auqvanu1ﬂﬂhLﬁu waz
Y v . ' S m . &~ A
IMNA1INT repetitive stimulation Arunfvifinnr9arn1amaiavavna‘yiiaant

#91fna1nn138n pancuronium,o.oood nﬁhﬂauﬂﬂﬂhﬁh ° ﬁTanﬁh, éuééinyléh0m

line, o.ocol AU ALINITNIT o ﬁTan%ﬂ ua“uﬂﬂﬁh RC d.o ﬂ%ﬁﬂauﬂﬂﬁhﬁﬁ @
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REVIEW ARTICLE

CALCIUM CHANNEL BLOCKERS :
EFFECTS AND CLINICAL APPLICATIONS

Pister Joubert and Santy Daya
Department of Pharmacoiogy and Therapeutics
Medical University of Southern Africa
PO Medunsa 0204, South Africa

- 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 muitiple 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 betweén
intracellular and extracellular fluid as weill 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.

i. 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
movemant

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 receptors.
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 V()C's.(z)

2. Intracellular calcium distribution

Intraceliular - 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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Figure 2 Role of calcium in the cardiac action potential -

. Apart from eliciting intraceliular effects, calcium movement
also plays an important role in the generation of the cardiac action
potential. {figure 2). Whersas phase G (the rapid upstroke) is due to the

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

a- balarnice- between slow inward calcium movement and the outward
movement of peotassium. A change in calcium movement can therafore
affect the configuration of the action potential, particularly its duration
and consequently the duration of the refractory pefriod. 3 a change
in calcium movement can therefore induce changes in automaticity and
conduction. As the role of caleium 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 smail.












3 anddIne

ﬂﬂ,T wufl 1,2 u.n.-0.v.2s28

EFFECTS ON THE RESPIRATORY TRACT

The effect of calcium channel blockers on smooth muscle is not
limited to blood vessels. This follows as calcium ié 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 manégément of asthma.
Furthermore, because -beta-adrenergic blockers are contraindicated in
patients with bronchospasm, it is important to ascertain whether for
appropriate indications 'th__e calcium channel blockers would be safe

alternatives to the beta-adrenergic blockers.

‘Both n.i.fe.dipi.ne. and V_e[f..‘__ipamil_. are_physiological antagdnists of
spasm of guinea pig .traéhe.al. muscle iﬁduced via cholinergic receptors
(metacholine) and the Hj-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.
Undér 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
‘oceur, resulting in a biphasic bell-shaped dose-response curve (figure
4). ' ' '

Our work has shown that :
(i) Nifedipine (EDgg = 5 x 107'M) and verapamil (ED5p = 5 x 10-4M)

both —antagonise histamine. and metacholine induced spasm.

Nifedipine appears to.be more potent in this regard and the ED5g

suggests that this effect might be seen with systemic therapeutic

35
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Figure 4 Biphasic nifedipine dose response curve in the presence

of methacholine and isoprenaline

concentrations. The EDsg of verapam11 suggests ‘that this effect

is unhkely to occur with systemlc therapeutm concentrations.

(ii). _Both drugs have a potentially beneflclal .m_teract:on= with

theophylline.

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

harmful interaction with isoprenaline.

It therefore seems that in relation to the spec‘trum of effects

.already discussed (figure 3), dlfferences between nifedipine and verapam11

are also mamfest in the resplratory tract There is some evidence that
calcium channel blockers can relieve exerc;se induced bronchospasm
(lﬁvl'?), 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 .bronchodilatorsq 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 charnnel 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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SUMMARY

Platelet functlon in atheroscler051s is brlefly rev1ewed Although
there ‘was controversy whether atherosclerosis is activated by changing of

7.: 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 déveldopment 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 A synthesi-
zed by blood platelets and inhibition of prostacyclin by vasculat 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,

Tuszsz. 30-40 ﬁuﬁﬂ nargr93neTaaluszouivlawaznalva s Souesv Baa
.(cardlovascular system).  la%%auntaluuan. Taw vannz Taawaledl uilunuanh il (con-
o ) q 4 o @ P . W L4 . -
genital heart disease) HdmsmwaassagrsuldAsase et wsrzarunimu luinatia

pavn95iedn Wy angiography, computerize, ultrasound echocardiography =<
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MECHANISM OF ATHEROSCLEROTIC PLAQUE FORMATION
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PATHOGENESIS OF ATHEROSCLERQSIS

Smoking? Hemodynamic stress and
Risk factors Hypertension? mmemes@e Pndothelial injury
Hyperlipidemia? =
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cell proliferation

Lipoprotein uptake (LDL receptors)
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Secretion of Lipid accumulation
fibrous tissue elements and release
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Atherosclerotic: plague
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increase lipid peroxidation in human body or in dietary fat

promote

W
inhibition of PGI., formation in a. wall

2
A -
allow platelet to aggregate
toxic substance § lysosomal enzyme . platelet derived growth factor
anatomiéal injury of endothelial stim,'fibroblast & myocyte migration

Atheromatic plaque

sudl 2 prdthesis of Atherosclerosis and Prostacyclin.
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NEW TRENDS IN THE PREVENTION OF ATHEROSCLEROSIS.
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Pharmacological Intervention
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Dietary Intervention
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Mahidol University, Bangkok 10700 .

SUMMARY

Since recognition of the plasma 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 considevration.

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, Léguminous
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 hydroxymethylglutaryl coenzyme 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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