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ABSTRACT

A comparison of the cardiovascular actions of the
extract of Radix Stephaniae Tetrandrae {(RST), the root
of a Chinese herb Stephania tetrandra S Moore, in rats
with those of tetrandrine {Tet), the best known active
component of RST was reviewed. The RST extract in-
hibits Ca** influx into the myocyte and reduces prolein
release during reperfusion with a Ca** containing solution
following perfusion with a Ca** free solution (Ca®* para-
dox), and arthythmia during reperfusion in the isolated
perfused heart. It also reduces the infarct size induced
by ischemia/reperfusion in vitro and in vive. In addi-
tion, the RST extract suppresses elevation of arterial
blood pressure in DOCA-salt hypertensive rats. It does
not further reduce the heart rate and coronary flow signifi-
cantly during myocardial ischemia. The effects are simi-
lar to those of Tet. When compared with the same doses
of Tet alone, the RST extract, of which 9 % 1s Tet, pro-
duces equally potent effects on infarction, arrhythmias,
coronary flow and heart rate, and has a greater inhibitory
effect on protein release during Ca** paradox. The com-
bination at 1:1 ratio of Tet and fangchinoline { Fan}), an-
other main component, which constitutes 6 % of the RST
extract and has no significant effects on the heart, pro-
duces comparable effects on protein release during Ca**
paradox as Tet alone. The observations suggest that the
efficacy of the RST extract cannot be accounted for by
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Tet alone. Some of the effects may be due o an interac-
tion between the components of the extract. The RST
extract also produces similar effects as verapamil, a pro-
totype Ca’* channel antagonist widely used in the treat-
ment of ischemic heart disecases and hypertension, except
that verapamil, at 1 pmol/L, a concentration that pro-
duces similar cardiac effects as the RST extract, further
reduces heart rate significantly during ischemia. So the
RST extract may be a therapeutically better agent in the
treatment of ischemic heart diseases and hypertension than
Ca’* channel antagonists because of the absence of the
inhibitory effect on heart rate during myocardial
ischemia.

INTRODUCTION

Radix Stephaniae Tetrandrae (RST), the root of a
Chinese herb Stephania tetrandra S Moore, was de-
scribed as a diuretic, expectorant and cathartic folk
medicine by the famous Chinese herbalist Li Shi-Chen in
his book “Compendium of Materia Medica™ four hundred
years ago. It was used to treat water retenition in the an-
cient time'!) . The natural root of RST contains various
biological bis-benzylisoquinonline alkaloids such as te-
trandrine (Tet), fanchinoline (Fan), cyclanoline, oxo-
fangchirine, stephanthrine, cyclamne, 2- N-methyltetran-
drine etc. The alkaloids constitute approximately 2.3 %
of the total natural RST root content'?’ . Of all the alka-
loids, Tet and Fan are two major components of RST as
they constitute 1 % and 0.5 % of the total namral RST
root content, respectively® %)

CARDIOVASCULAR EFFECTS OF TET

Tet, the most abundant component in RST, has
drawn most attention. The first pharmacological and
toxicological study of Tet was published in 1937'%,
which has since been quoted worldwide. Tet was first
shown to act as a calcium {Ca** ) channel antagonist on
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myocardium'”® and on vascular smooth muscle’®:'?’.

Subsequently, Tet was demonstrated to inhibit Ca®* in-
flux via both L- and T-type voltage-operated Ca®* chan-
nels in ventricular cells”’ and in vascular smooth mus-
cle!!!’, as well as via non-voltage-operated Ca®* entry in
vascular smooth muscle’®. A binding study also
showed that Tet elevates the binding of [ *H ]-nitrendipine
to the Ca’* entry blockers receptor complex of L-type
Ca®* channel in cardiac sarcolemmal membrane vesi-
cles'’®), supporting that Tet may bind to the L-type Ca®*
channel in the heart. Further studies showed that Tet al-
so inhibits Ca®* release from its intracellular stores in ad-
dition to inhibition of Ca** entry from the extracellular
rnedjum[lz.ld-] .

In addition to inhibition of Ca®* influx and release
Tet has modulatory effects on other targets, such as
Ca’* -activated K* channels, Na*-K* ATPase, a-a-
drenoceptors and protein kinase C, and membrane
lipids'*>) . Tt should be noted that Tet is a non-selective
Ca?* channel antagonist, and its action on Ca’* entry
may be different in different cell types''*’.

MULTIFLI 7 OF TET ACTIONS
Further studie monstrated that Tet reduces heart
rate and confractility, and shortens action potential dura-

on® | It also causes vadodilation'®!®. More impor-

tantly, it reduces infarct size induced by myocardial is-
chemia''®'1") | and protein release following perfusion of a
Ca’* free solution, a phenomenon called “Ca’* para-
dox”(8) | In addition, it reduces arrhythmial'”’ and arte-
rial blood pressum[m]. So 1t has cardioprotective, an-
tiarrhythmic and antihypertensive effects. In China it is
being used for the treatment of angina and hyperten-
sion'?"2) It is believed that the inhibitory effect on
Ca®* influx is the basis of the cardiovascular action and
therapeutic efficacy of Tet.

The inhibitory effect on Ca’* influx may also ac-
count for other actions of Tet such as the anti-inflammato-
rv'®) and immunosuppresive!®*’ effects. It may also be
linked to inhibition of neutrophil adhesion and activation,
which abolishes subsequent infiltration and production of
reactive oxygen species, one of the causes of ischemia/
reperfusion injury'®’. A recent report also showed that
inhibition of NO production by the endothelial cells may
result from blockade of Ca®* release-activated Ca** chan-
nelst2)

It is believed that with Tet as its main component
RST may produce the same cardiovascular effects that Tet
produces. We have recently studied the cardiovascular
actions of the extract of RST and compared its effects
with those of Tet and verapamil, a prototype calcium
channel antagonist. We have also compared the effects
of Tet with those of combination of Tet and Fan, another
main component of the extract, with 50 % of each.
This review summarizes the main findings obtained pn-
marily from our laboratory. The RST extract used was
generously given by Prof CF CHEN, Director of the Na-
tional Institute of Chinese Medicine, Taiwan. 9 % and
6 % of the extract was constituted of Tet and Fan, re-
spectively, according to Dr J SHAN of CV Technology,
Inc, Canada.

CARDIAC ACTIONS OF RST EXTRACT

Electrically-induced intracellular calcium
([ Ca’* ];) transient The electrically-induced
[Ca?* ], transient actually represents influx of Ca** upon
membrane depolarization resulting from electrical stimula-
tion, which triggers a sudden release of Ca** from the
sarcoplasmic reticulum (SR) via a Ca®* -induced-Ca®* -
release mechanism'®’). Previous studies have shown that
in similar experimental conditions as in the study the elec-
trically-induced [ Ca®* ]; transient is directly proportional
to contraction®®’, indicating that the transient may also
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represent the contractility. In single isolated ventricular
myocytes, the RST extract at 2 — 200 mg/L concentra-
tion-dependently inhibits the electrically-induced [ Ca®* |;
transient (Tab 1), an effect similar to that of Tet and ve-
rapamil'®’ . The ICy, value was 10.3 mg/L. We have
shown that the RST extract inhibits the Ca’* influx via
the L-type channel without affecting the caffeine-induced
[ Ca®* ], transient, which is an indication of Ca’* content
in SR'*®) The observation indicates that the RST ex-
tract at this concentration range does not affect mobiliza-
tion of Ca>* from the intracellular Ca®* stores. There-
fore the inlbitory effect of the RST extract on electrical-
ly-induced [ Ca?* J; transient is mainly due to the inhibi-

to produce optimal effects in the study on electrically-in-
duced [CE[2+ L transient .

Protein release during Ca’* paradox There
was a significant increase in the release of protein during
reperfusion with a Ca®* containing solution following per-
fusion with a Ca** free solution in the isolated perfused
rat heart, an indication of ischemic cardiac injury[33’34].
Our research demonsirated that RST extract reduced the
protein release to less than 1/3rd of the value of vehicle
control (Tab 1).

Heart rate and coronary artery flow during
myocardial ischemia When the isolated perfused rat
heart was subjected to regional ischemia by ligation of the

coronary artery, the heart rate and coronary flow were re-
duced by approximately 20 % and 40 % , respectively.
The RST extract at 18.6 mg/L seemed to cause further
reduction both in heart rate and coronary flow, but these
were not statistically significant (Tab 2) .

tion of influx of Ca?*. This is in agreement with our
observation with a patch clamp study that the RST extract
inhibits Ca?* influx via the L-type Ca®* channel (unpub-
lished result) . For the studies on other parameters, 18.5
mg/L was chosen as this was the minimal concentration

Tab 1. Cardiac effects of Tet or Fan alone, combination of Tet and Fan with half each, and RST extract.

Vehicle Tet Fan Tet + Fan RST extract
Electrically-induced [ Ca?* . transience (% Vehicle) 100 39 88 (NS) 49 55
Total protein refease during Ca®* paradox (% Vehicle) 100 26 9 (NS) 59 47
Infarct size/visk area { % Vehicle) 100 60 91 (NS) 72 54
Arhythmias (% Vehicle) 100 5] 91 (NS) 63 49

All figures are percentage of the vehicle control, which is 100 % . All are significantly different from the control except those with NS. In
all studies the concentration was 30 mmol/L (18.6 mg/L) for Tet and Fan alone, and 15 mmol/L each for combination of the two drugs.
The concentration of RST extract was 18.6 mg/L. All experiments were performed 6 — 11 times. All data were obtained from isolated
perfused adult rat heart except for those on electrically induced [ Ca™* |, transient, which was measured in single isolated ventricular myocytes
of adult rats.  Ventricular myocytes, isolated from the adult rat heart, were loaded with Fura 2-AM, a calcium indicator. The myocytes
were then subjected to electrical field stimulfation and the [ Ca®* ], aansient generated was detected by spectrofluorometry.  Isolated rat hearts
were perfused with Krebs ringer solution. For Ca?* paradox experiments, the heart was perfused with a Ca®* free solution for 8 min, which
induces an increase protein release during subsexquent reperfusion with a Ca®* containing solution for 20 min. For determination of infarct
size and arthythmia induced by ischemia, the isolated perfused rat heart was subjected to regional ischemia for 30 min by ligation of the coro-
nary artery followed by reperfusion for 120 min. Asthythmia was monitored for the first 10 min into reperfusion while infarct size deterrmned
at the end of reperfusion.

Tab 2. FEffects of Tet or Fan alone, combination of Tet and Fan with half each, RST extract and verapamil on heart rate
and coronary flow during myocardial ischemia.

Pre-higation Vehicle RST extract 0.1 Vet l(f L) i0
Heart rate ( % pre-ligation) 100 83 (NS) 92 (NS) 63 (NS) 22 12
Coronary flow { % gation) 100 66 (NS) 59 {NS) 59 (NS) 57 (NS) 39

o el e

All figures are percentage of igation control, which is 100 % . All are significantly different from the control except those with NS.
All experiments were | 1 times. Heart rate and coronary flow during ischemia were determined in the isofated perfused rat
heart subjected to regional ischemia for 30 min by ligation of the coronary artery. The concentration of RST extract was 18.6 mg/L. Ver-
apamil 1 mmol/L produced the similar effects on infarct and arthythrnia as RST extract at 18.6 mg/L did.
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Infarct caused by myocardial ischemia itn vi-
vo and in vitro  Myocardial ischemia by coronary
artery ligation induced myocardial infarction in the isolat-
ed perfused rat heart and in anaesthetized rat. The RST
extract at 18.6 mg/L significantly reduced the infarct size
in the isolated perfused rat heart by approximately 55 %
(Tab 1). Similarly, in anaesthetized rats, the RST ex-
tract also reduced the infarct size caused by coronary
artery ligation (data not shown) .

Cardiac arrhythmias during reperfusion fol-
lowing myocardial ischemia Severe ventricular ar-
rthythmias occurred mainly during early reperfusion fol-
lowing myocardial ischemia. The RST extract signifi-
cantly reduced the severity of ischemia/reperfusion In-
duced arthythmias. As shown in Tab 1, the RST extract
al 18.6 mg/1. reduced-the incidence of reperfusion in-
duced arrhythmias by almos{ 50 % .

Antihypertensive effact Our preliminary study
showed that the systolic blood psessure measured by the
Tail-Cuff method, was elevated significantly in the rat by
removal of left kidney followed by daily administration of
deoxycorticosterone acetate, and drinking of 1 % sodium
chloride solution { DOCA-salt hypertensive rat ){%%/
Feeding of the RST extract at 150 mg/kg per day signifi-
cantly attenuated the elevation in arterial blood pressure
and reduced the mortality rate. The anti-hypertensive ef-
fect occurred as early as 2 days and lasted at least for 9
weeks after starting the administration of the extract.

In summary the RST extract produces effects qualita-
tively similar to Tet. We next observe whether Tet 1s
solely responsible for the effects of the extract.

COMPARISON BETWEEN RST EXTRACT AND
TET

In the practice of traditional Chinese medicine, a
formula comprising a mixture of compounds is pre-
scribed. It is believed that the therapeutic efficacy of the
mixture is not only due to the action of individual compo-
nents alone, but more importantly the interaction and/or
additive actions of different components. It 15 therefore
hypothesized that the mixture may produce greater effects
than the individual compounds. To test the hypothesis,
the effects of equivalent concentrations of the RST extract
and Tet were compared. The RST extract at 18.6 mg/L
produced comparal fects on infarct size, arrhythmia,
coronary ilow and heaii rate as Tet at the same concentra-
tion (Tab 1,2). The RST extract had a greater inhibito-

ry effect on protein release during Ca®* paradox than Tet
(Tab 1). So the effects of RST extract cannot be ac-
counted for by Tet alone, which constitutes only @ % of
the extract. Other compounds in RST extract also con-
tribute to its effects. This is in agreement with a previ-
ous observation that the crude extract of Phyllanthus em-
blica fruits affords more pronounced protection against the
adverse cellular effect of environmental toxicants than
ascorbic acid, its major effective single compound®**®),
Another study alsc illustrates that the protective action a-
gainst the clastogenic effects of the crude extract from
certain Indian spinach leaf was greater than that of 1ts
main effective constituent chlorophyll alone’®’. Tt is
hence believed that the higher efficacy of the crude extract
can be attributed to the synergistic interaction of the main
component with other natural ingredients present m the
crude extract’®®) or due to the combined action of all
ingredients of the crude extract, rather than the main

component alope!™ ~*)

COMPARISON BETWEEN COMBINATION OF
TET AND FAN AND TET ALONE

In order to determine whether there is an 1nieraction
between different compounds, the effects of Tet were
compared with those of combination of Tet and Fan, a
structurally similar alkaloid, which constitutes 6 % of the
RST extract, with 50 % of each in the mixture. Fan,
which only differs from Tet with an — OH group in the
isoquinoline portion (X position) instead of — OCH;(Fig
1), had almost insignificant effects in any of the parame-
ters, which Tet affected significantly. The lack of car-
diovascular effects of Fan are believed to be mainly due to
a low potency of Fan in blocking Ca®* influx and re-
lease!*3 %) which was suggested to be due to the
— OCH; group at the X positiont 1> 41) | It is reasoned
that if the combination produced a greater effect than that
expected from the composition having 50 % of each com-
ponent, the result would be taken as to suggest that the
two individual compounds may be interacting synergisti-
cally with each other, leading to an enhanced effect.
The effects of combination of Tet and Fan were compara-
ble to those of Tet on protein release during Ca®* paradox
(Tab 1), although Fan itself had almost no inhibitory ef-
fect on the protein release during Ca** paradox. The ob-
servation suggests that there may be an interaction be-
tween the two compounds. On the other hand, the effect
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of combination of Tet and Fan was much smaller than that
of Tet alone on infarct, indicating absence of any interac-
tion between these two compounds. The observation
suggests specific interaction between individual compo-
nents for certain actions.

Interaction between two or more compounds is not
uncommon. For example, 7-Q-ethylfangchinoline (7-
O-Fan), a derivative of Tet itself reduces the arterial
blood pressure of the spontancously hypertensive rat only
slightly , but together with trichloromethinizide, a thiazine
diuretic, which itself has no significant effect on arterial
blood pressure either, produces a very stgnificant antihy-
periensive effect ) Similarly, the antagonistic effect of
combination of four components fractionated by HPLC
from black tea on viral infections is markedly greater than
the sum of the activities of these four components individ-
ually*’ |

So the greater potency of an extract may result at
least in part from interaction of individual components.
In the case of RST extract, regarding Ca®* paradox, the
greater potency of the extract may be at least partly due to
the interaction or synergism between Tet and Fan.

COMPARISION BETWEEN RST EXTRACT AND
VERAPAMIL

To determine the therapeutic value of the RST ex-
tract, the effects of the extract were compared with those
of verapamil, a prototype Ca** channel antagﬂnistm}.
Like the RST extract, verapamil reduced the electrically-
induced [ Ca®* |, transient in the ventricular myocytes,
and the infarct size and the severity of arrhythmias ( Tab
1) induced by myocardial ischemia and reperfusion in the
isolated perfused rat heart. Unlike the RST extract, at
the concentration range 0.1 pmol/L, which produced
quantitatively comparable effects on infarct and arrhythmi-
a as 18.6 mg/L RST extract, it further reduced the heart
rate markedly (Tab 2), which is undesirable.

CONCLUSIONS

RST extract produces cardiovascular actions by
virtue of its inhibitory effect on Ca®* with an efficacy
similar (0 Tet alone. Thers may be an interaction be-
tween Tet and other components such as Fan. That the
RST extract has cardio ve, anti-arthythmic and an-
G-hypertensive actions without the inhibitory effect on
heart rate may make it a useful therapeutic agent for the

treatment of ischemic heart diseases and hypertension.

ACKNOWLEDGMENT The study was supported by
the Intemational Program of Research and Development
on Traditional Herbal and Natural Medicine, The Umver-
sity of Hong Kong, and National Research Institute of
Chinese Medicine, Taiwan. We thank Mr CP Mok for
assistance .

REFERENCES

1 Zheng YW. Interpretation of Golden Chamber. Changsha,
China; Press of Hunan Science and Technology; 1983. p 39.

2 Huang YT , Hong CY. Tetrandrine. Cardiovasc Drug Reyv
1998; 16, 1-15.

3 Choi HS, Kim HS, Min KR, Kim Y, Lim HK, Chang YK,
et al. Ant-inflammatory effects of fangchinoline and tetran-
drine. J Ethnopharmacol 2000; 69; 173 -9,

4 Kim HS, Zhang YH, Fang LH, Yun YP, Lee HK. Effecis
of tetrandrine and fanchinoline on human platelet aggregation
and thromboxane B2 formation. J Ethnopharmacol 1999; 66:
241 - 6.

5 Kim HS, Zhang YH, OH KW, Ahn HY. Vasodilating and
hypertensive effects of fangchinoline and tetrandring on the rat
aorta and the stroke-prone spontaneously hypertensive rat.

J Ethnopharmacol 1997; 58 117 - 23.

6 Chen KK, Chen AL, Anderson RC, Rose CL. The phamma-

cological action of tetrarxirine, an alkaloid of han-fang-chi.

Chin J Physiol 1937; 11. 13 - 24.

Liv QY, Kappinski E, Pang PKT. Tetrandrine inhubits both

T and L calcium channel currents in ventricular cells.

J Cardiovasc Pharmmacol 1992; 20; 513 -9.

8 Zhong XG, Jin NM, Xia GJ, Fang DC, Jiang MS. Eifects
of tetrandrine on action potential and contraction of isolated
guinea prg papillary muscles. Acta Pharmacol Sin 1983; 4.
258 -6l.

9 LiuQY, Li B, Gan JM, Kappinski E, Pang PKT. Tetran-
drine, a Ca®* antagonist: effects and mechanismms of action in
vascular smooth muscle cells, J Pharmacol Exp Ther 1995;
273: 32-9.

10 Kwan CY, Wang Z1.. Tetrandrine: a vasodilator of medicinal
herb origin with a novel contrasctile effect on dog saphenous
vein. Eur ] Pharmacol 1993; 233: 431 —4.

11 Kwan CY. Plant-derived drugs acting on cellular Ca** mobi-
lization in vascular smooth muscle: teramethylpyrazine and te-
trandrine. Stem Cells 1994; 12: 64 - 7.

12 Leung YM, Berdik M, Kwan CY, Loh TT. Effects of te-
trandrine and closely related bis-benzylisoquinoline compounds
on cytosolic calcium: a structure-activity relationship study.
Clin Exp Pharmacol Physiol 1996; 23: 653 - 9.

13 Felix JP, King F, Shevell JL., Garcia ML, Kaczorowski GJ,
Bick IRC, et al. Bisbenzylisoquinoline analogs of tetrandrine
block L-type calcium channels; evidence for interaction at the
diltiazemn-bindling site. Biochemistry 1992; 31; 11793 ~ 800.

14 Takemura H, Imoto K, Ohshika H, Kwan CY. Tetrandnne

-~




- 1088 -

ISSN 02539756 Acta Pharmacol Sin

E-mail aps @ mail . shone_ac. cn

P EHEFEE 2000 Dec; 21 (12)

Phn/Fax 86-21-6474-2629

i6

17

18

19

21

as a calcium antagonist.
23. 751 -3.

Leung YM, Ou YJ, Kwan CY, Loh TT. Specific interaction
between tetrandrine and quillaja saponins in promoting perme-
abilization of plasma membrane in human leukemic HL~60
cells. Biochim Biophys Acta 1997; 1325; 318 - 28.

Yu SL, Wang M, Ke CZ, Lin YT, Cao LS, Gao Y, er af.
Evaluation of the effects of tetrandrine on experimental myocar-
dial ischemic and infarct size by cardiothermography.

Acta Acad Med Wuhan 1985; 5: 153 -6l.

Shen YC, Chen CF, Sung YJ. Tetrandrine ameliorates is-
chaemia-reperfusion injury of rat myocardium through inhibition
of neutrophil priming and activation. Br J Pharmacol 1999;
128, 1593 - 601.

Deng KY, Wang DY, Qiu P. Protective effects of tetrandrine
on calcium paradox in isolated rat heart. Acta Phamm Sin
1993; 28. 886 —92.

Dai GZ, Zeng B, Zhang YL, Lu YX, Intravenous tetran-
drine in terminating acute episodes of paroxysmal supraventric-
ular tachycardia. Chin Med J 1990; 103 460 -3.

Gao Y, Chang MY, Mao HY, Chao HY, Chen DH. Treat-
ment of hypertention and hypertensive crisis with tetrandrine.
Chin J Intern Med 1965; 13; 504 - 7.

Chang T™M, Chao KC, Lue FH. The cardiovascular effects of
tetrandrine and &-methyl-tetrandrine. Acta Pharm Sin 1958;
6: 147 -4,

Fang DC, Jiang MX. A pew calcium antagomist of Chinese
medicinal origin; tetrandrine. J Hypertension 1986; 4 ( Suppl
6): S150-2.

Ferrante A, Seow WK, Roman KB, Thong YH. Tetran-
drine, a plant alkaloid, inhibits the production of tumor necro-
sis factor-alpha (cathectin} by human monocytes. Clin Exp
Immunocl 1990; 80: 232 - 5.

Seow WK, Ferrante A, Goh DBH, Chalmers AHL, Li SY,
Thong YH. /n vifro immunosuppressive properties of the
plant alkaloid tetrandrine. Int Arch Allergy Appl Immunol
1988; 85; 410-5.

Shen YC, Chen CF, Wang SY, Sung YJ. Impediment to
calcium influx and reactive oxygen production accounts for the
inhibition of neutrophil Mac-1 up-regulation and adhesion by
tetrandrine. Mol Pharmacol 1999; 55 186-93.

Kwan CY, Ma PM, Hui SC. Inhibition of endothelium-de-
pendent vascular relaxation by tetrandrine,  Life Sci 1999; 64,
2391 ~-400.

Bers DM, Bridge JH, Spitzer KW. Intracellular Ca** tran-
sient charing rapid cooling contractures in guinea-pig ventricular
myocytes. J Physiol (Lond) 1989; 417 537 - 53.

Xiao RP, Lakatta EG. f;-adrenoceptor stimulation and (3;-a-
drenergic stimufation differ in their effects on contraction, cy-
tosolic Ca?* , and C#* current in single rat ventricular cells.
Circ Res 1993; 73: 286 - 300.

Yu : 1Y, Wang HX, Wong TM. UbH(488H inhibits
effecis of norepinephring in rat cardiomyocytes, cross-talk be-
tween x-opioid renergic receplors.  J Mol Cell Cardiol

Clin Exp Pharmacol Physiol 1996;

30

31

37

41

1998 30; 405-13.

Wang HX, Kwan CY, Wong TM, Tetraxirine inhibits elec-
trically induced { Ca®* ]; transient in the isolated single rat car-
diomyocyte. Eur J Pharmacol 1997; 319: 115-22,
Weber A.  The mechanism of the action of caffeine on sar-
coplasmic reticulum. J Gen Physiol 1968; 52; 760 - 72.
Ogawa Y. Some properties of fragmented frog sarcopiasmic
reticulum with particular reference to its response to caffeine.
J Biochem 1970; 67: 667 —83.

Hunt WG, Willis RI. Calcium exposure required for full ex-
pression of injury in the calcium paradox. Biochem Biophy
Res Comm 1986; 126: 901 -4,

Suleiman J, Ashraf M. Adenosine attenuates calcium paradox
injury: role of adenosine A, receptor. Am J Physiol 1995;
268: (838 -45.

Nishimura M, Ohtsuka K, Sakamoto M, Nanbu A, Takahashi
H, Yoshimura M. Roles of brain angiotensin II and C-type
natriuretic peptide in deoxycorticosterone acetate-salt hyperten-
sive rats. J Hypertension 1998 16. 1175 -85.

Xu Y, Rao MR. Effects of tetrandrine on left ventricle hy-
pertrophy in deoxycorticostérone acetate-salt hypertensive rats,
Eur J Pharmacol 1995; 278: 1-7.

Dhir H, Roy AK, Sharma A. Relative efficiency of Phyllan-
thus emblica fruit extract and ascorbic acid in modifying lead
and aluminium-induced sister-chromatid exchanges in mouse
bone marrow. Environ Mol Mutagen 1993; 21. 229 - 36.
Roy AK, Dhir H, Sharma A. Madificabon of metal-induced
micronuclei formation in mouse bone marmow erythrocytes by
Phyllanthus fruit extract and ascorbic acid. Toxicol Lett
1992; 62; 9-17.

Sarkar D, Sharma A, Talukder G. Clastogenic activity of
pure chlorophyll and anticlastogenic cffects of equivalent
amounts of crude extract of Indian spinach and chiorophyliin
following dietary supplementation to mice. Environ Mol Mu-
tagen 1996; 28, 121 - 6.

Kim HS, Zhang YH, Yun YP. Effects of tetrandrine and
fangchinoline on experimental thrombosis in mice and human
platelet aggregation. Planta Med 1999; 65: 135-8.

Leung YM and Kwan CY. Current perspectives in the phar-
macological studies of store-operated Ca* entry blokers. Jpn
] Pharmacoi 1999; 81; 253 - 8.

Kawashima K, Negishi T, Amano H, Fujimoto K, Suzuki T,
Fujji T. Anthyperiensive effects, determined by a telemetry
method, of trichloromethiazide and 7- O-cthylfangchinoline, a
derivative of tetrandrine, in spontancously hypertensive rats.
Clin Exp Pharmacol Physiol 1995; (Suppl I); S300-1.
Clark KJ, Grant PG, Sarr AB, Belakere JR, Swaggerty CL,
Phillips TD, et al. An in vitro study of theaflavins extracted
from black tea to neutralize bovine rotavirus and bovine corof-
avirus infections. Vet Microbiol 1998; 63: 147 —57.
Petretta M, Canonico V, Madrid A, Mickiewicz M, Spinelli
L., Marciano F, er a/. Comparison of verapamil versus
felodipine on heart rate variability in hypertensive patients.

] Hypertension 1999; 17: 707 -13.




