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ABSTRACT

Tetrandrine (TET), abis-benzylisoquinoline akaoid purified and identified an active ingredient in a Chinese
medicina herb, Radix Stephanae tetrandrae, has been used traditionally for the treatment of congestive circulatory
disorder and inflammatory diseases. TET, together with a few of its sructurd anaogues, has long been demon-
drated to have antihypertensve actionin clinical aswell as animal sudies. Presumably, the primary anti-hyperten-
sveaction of TET isdue to its vasodilatory properties. TET prevents or inhibits vascular contraction induced by
membrane depolarization with KCl or a -adrenoceptor activation with phenylephrine (PE). TET (30 mmol/L) aso
inhibits the release of endothelium-derived nitric oxide (NO) aswell as NO production by inducible NO synthase.
TET apparently inhibitsmultiple Ca?* entry pahways asdemonstrated in cell typeslacking the L-type Ca* channels.
In cardiac muscle cells, TET inhibits bothL- and T-type Ca?* channels. In addition to its actionson cardiovascul ar
tissues, TET may also exert its anti-hypertensive action via a Ca?*-dependent manner on other tissues intimately
involved inthe modulation of blood pressure control, such as adrenal glands. In adrend glomerulosa cells, KCI- or
angiotensin |1-induced aldosterone synthesisis highly dependent on extracel lular Ca?*. Steroidogenesis and Ca* -
influx in bovine adrena glomerulosa cells have been shown to be potently inhibited by TET. In bovine adrena
chromaffin cells, TET inhibits Ca®* currentsvia L- and N-type channels aswell as other unidentified channels with
IC,, of 10 nmol/L. Other thanthe Ca®* antagonigtic effects, TET also interactswith the a -adrenergicreceptors and
muscarinic receptors based on functional aswell as radioligand binding studies. Apart from itsfunctiona effects,
TET and related compounds aso exert effects on tissue structures, such as remodelling of hypertrophied heart and
inhibition of angiogenes's, probably by causng apoptotic responses. TET isaso known for its anti-inflammatory
and anti-fibrogenic actions, which make TET and related compound potentially useful in the trestment of lung
dlicogs, liver cirrhoss, and rheumatoid arthritis.

INTRODUCTION
* Correspondence to Prof Chiu-Yin KWAN. Cell Ca™ as a target in the treatment of hu-
Fax 1-905-522-3114. E-mail kwancy @mcmaster.ca man diseases It isbeyond any doubt that cell calcium,
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nance of the normal physology of living cellsand tissues.
Disturbance of cellular Ca®* homeogtasis can lead to
dysfunction, injury and cell death. Since Ca is an
ubiquitouscellular aswell asintracel lular messenger and
adtered handling of Ca* isoften associated with a num-
ber of pathophysiological conditions in diseases includ-
ing cardiovascular diseases™?, Ca* signalling pathway
has become an important therapeutic target for medici-
nal drugs. Typica exampleisthe discovery and devel-
opment of Ca’*-channel blockers (or Ca* antagonist)
as effecti ve drugs for the treatment of arrhythmia, hy-
pertension and neurodegenerative diseases. This has
also gimulated consderable interest in the study of
medicinal herbs and other natura resources tradition-
aly known to possess therapeutic ef fects on various
diseases. Furthermore, understanding of the pharma
cologica profilesof theadive chemical ingredients ex-
tracted and/or purified from the traditional medicinemay
provide an alternative approach towards new drug
development.

More old herbal drugs are found to act on cel-
lular Ca** During the past two decades, the successful
development of synthetic dihydropyridine Ca?* antago-
nistsasnove drugs in effective treatment of various
cardiovascular di seases has prompted active search of
naturally occurring Ca*-antagoinsts. Not all the previ-
ous claims about the Ca*-antagonigtic effects of these
traditional medicine-derived drugs have been verified
or confirmed, and very few of these natura product
drugs possess better therapeutic or economica advan-
tage over the exiging synthetic drugs. Nevertheless,
interesting findings and novel observations have indeed
emerged from many of such studies on the active in-
gredients extracted fromthese traditional medicines. For
one example, tetramethylpyrazine (TMP), which isan
amide akaoid of amedicina plantin China(Ligusticum
wollichii Franchat) and in Africa (Jatropha podagrica),
and aso present as a natura product from the cul ture
of adtrain of Bacillus subtilis'¥, was known to dlicit
hypotensive action', probably viaitsinhibitory effects
on vasocongtriction’®® and platel et aggregation®. TMP
al 0 causes negative chronotropic and inotropic re-
sponses on isolated atrid™®. Due to its vasodil atory
actionsparticularly in smal arterioles, TMP (alsoknown
as Ligustrazine) has been used inform of infuson solu-
tion to treat occlusive cerebral arteriolar diseases™. It
was suggested that TMP might exert itsvasodilatory
effect as an a -adrenoceptor antagoni &4 or as a Ca*
antagonist blocking L-type Ca* channels!™*?,
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However, this clam was not very well supported by
our sgudies. Using several TMP analogues, we pro-
vided evidence that TMP did not act asa typica an-
tagonist of the L-type Ca® channel and may exert mul-
tiple ef fects on ion channdls, including K*-channels®.
Furthermore, TMP also acts competitively at the level
of a,-adrenoceptor™*¥ and modulates plasma mem-
brane function by affecti ng the membrane fluidity®*.

Thevasodilatory effect of thetotal glycosides(also
referred to as ginsenosides or ginseng saponins) ex-
tracted from the dried roots of Panax notoginseng rep-
resents another interesting example in that these
ginsenosides sdlectively inhibited vasocongriction and
*Ca* uptake induced by agonist like phenylephrine,
without any inhibitory effect on either the contraction
or ®Ca’* uptake by KCl-depolarized vascular smooth
musclé®™ . These results suggest that ginsenosides
may be acting selectively on the putative receptor-op-
erated Ca* channels. Theseginsenosi des have als been
shown to lower blood pressure in experimental animals
presumably due to their vasodilatory effects™”.

Of the many Ca*-acting drugs derived from the
traditional medicina herbs possessng antihypertensve
and vasodilatory effects, tetrandrine (TET) and related
bi shenzyli soquinoline alkaloidsrepresent a classof old
drugswith intensive research in both East and Wedt.
Discovey of new pharmacological adionsis gill evolv-
ing from TET and forms the basisfor therest of the
discussions.

Bis-benzylisoquinoline alkaloids in Chinese
medicinal herbs TET isa purified vasoactive bis
benzylisoqui noline akaoid derived from the roots of
Stephenia tetrandra S Moore, amedicinal plant widely
digributed in China. Other medicina plants aso con-
tain such gructurdly smilar plant alka oidswith vary-
ing biologica activities. Chemica dructuresof severa
bi s-benzylisoquinoline akaloids are shown in Fig 1.
Some more derivatives have been synthesized and they
al show antihypertensive actions®®, but they are not
yet commercidly available.

Tetrandrine as an antihypertensive drug TET
was shown more than 3 decades ago, for the firs time,
to lower systolic aswell as diastolic blood pressuresin
normal subjects without effecting heart raté™®. These
findings werelater confirmedin alarger population in-
cluding hypertensive patients®. Similar observations
have aso been made recently in animalswith experi-
mental'® and genetic™® hypertension. Sincethe phar-
macological actions of TET were described pri-
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Fig 1. The chemical structures of a number of bis-benzylisoquinoline alkaloids isolated from Chinese medicinal

herbs. These alkaloids contain one to three esteric bond linkages between the two isoquinoline nucli, offering

different degrees of rotational freedom around the ester bond. Thus, some of these alkaloids tend to adapt two or

more thermodynamically stable conformational states. (Continued)
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Fig 1. The chemical structures of a number of bis-benzylisoquinoline alkaloids isolated from Chinese medicinal
herbs. These alkaloids contain one to three esteric bond linkages between the two isoquinoline nucli, offering
different degrees of rotational freedom around the ester bond. Thus, some of these alkaloids tend to adapt two or

more thermodynamically stable conformational states.

marily in cardovascular tissues (eg, cardiac and smooth
muscles) with special reference to its Cat* antagonism
at the dow L-type Ca?* channd sited?, the antihyper-
tensive action of TET has been attributed to the block-
ade of L-type Ca channdls, as earlier shown with
verapamil as well. Qian et al™ have made an interest-
ing observationin that, in pithed rats, TET injected in-
tracarterially dose-dependently impaired theincreasein

diastolic pressure caused by iv B-HT 920, a highly se-
lective a ,-adrenoceptor agonist. Inlow dose a paralel
di splacement to the right was observed, whereasfor
higher dose the shift was non-paradlel. These findings
sugges that the hy potensive and antihypertensve ef-
fectsof TET may involve C&* channels aswell asa ,-
adrenoceptors.

Tetrandrine as a Ca’ antagonist Ca™
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antagonigts, which inhibit the influx of Ca®* into many
cel| types thereby prevent Ca?* overload-induced cell
injury, have been widely used in the treatment of car-
diovascul ar diseases, epecidly in hypertension. The
ability of TET to decrease the Ca?*-dependent compo-
nent of the cardiac action potential'® suggeststhat TET
directly interactswith the cardiac L-type Ca* channels.
Thisisstrongly supported by radioligand binding stud-
iesusing cardiac muscle plasmalemmal membranes®.
In uterus and vascular smooth musclé®?#21 TET was
found to elicit amilar inhibitory effectsas, but much
less potent than, verapamil (aso a synthetic Ca®*
antagonist) on KCl-induced contraction (which acts by
opening the voltage-dependent L -type Ca?* channels on
the smooth muscle cell membranes). However, incress-
ing evidence has suggested that TET should no longer
be consdered as a selective antagonist for the L-type
Ca* channels as previoudy claimed. In fact, recent
electrophysiologica and optical studies with the use of
many voltage-dependent channel-selective toxins
grongly indicate that TET also inhibits T-type®*} N-
type®™ and other poorly defined™ voltage-dependent
Ca* channelsin a variety of tissues with I C,, values
within the concentration range of 4-20 nmol/L.

It isinteresting to note that the inhibitionby TET
of Ca®* entry resulting from depletion of intracelular
sores with thapsigargin or cyclopiazonic acid (both are
selective SR Ca*-AT Pase pump inhibitors) in non-ex-
citable cells, such as HL-60 and murine B lymphoma
M12.4 cells®? devoid of voltage-dependent Ca?*
channels, suggeststhat TET possess a wide non-selec-
tive spectrum of Ca?*-antagonigtic actions. Up to this
date, the sudy of non-voltage dependent, putative re-
ceptor-operated Ca* channd is hampered by the lack
of eff ective and sdlective inhibitors. Tetrandrine may
be useful for such studies, especially in cellsand tis
sues that do not contain the voltage-dependent Cat*
channels.

EFFECTS ON VASCULAR SMOOTH MUSCLE

Tetrandrine acts on multiple Ca’* pathways It
has been well documented in a large variety of blood
vessel preparationsthat TET effectively inhibited the
contraction in KCl-depolarized vascular grips, inapar-
aleledfashion asdemonstrated with verapamil !, We
have studied the effectsof TET on the rat aortic muscle
contraction and compared to those of nif edipi ng®* 7,
also a potent inhibitor of L-type Ca* channds like
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verapamil except that nifedipine works at the
dihydropyridinesubdomain of the channd molecule. We
foundthat TET behaved qualitatively Smilar to, but was
less potent than, nifedipinein that it inhibited KCl-in-
duced contraction in a concentrati on-dependent fash-
ion and itsinhibitory effect was long-lasting. However,
theeffectson phenylephrine-induced contraction of TET
was different from those of nifedipine in that the extra-
cellular Ca?*-dependent contraction wasinhibited by
TET, but not by nifedipine. TET (60 nmol/L) com-
pletely inhibited the “*Ca** uptake induced by KCl and
PE in rat aortic strips®?. When the aortic muscle con-
traction was induced by the addition of Ca* foll owing
depletion of intracellular storesby PE in the presence
of Ca*-free medium, TET (60 mmol/L) was more &f-
fective than 1 nmol/L nifedipine ininhibiting such are-
sponse to extracel lularly added Ca?*. Therefore, TET
dicited multipleinhibitory actionson the plasmdemma
Ca* channels. Furthermore, TET, but not nif edipine,
also dgnificantly inhibited the contraction to PE in Ca*-
free medium®?.  Such an action may be due to the ef-
fect of TET on the handling of SR C&* or on the
plasmaemmal a-adrenoceptors. However, TET, a
higher concentrations (>30 nmol/L) has been shown to
potentiate vascul ar congtriction induced by caffeine,
which are known to cause Ca*-induced Ca*-release
from the SR, More recently, the mechanism of ac-
tion of TET for such a potentiation has been reported
to involvethe inhibition of SR, asthe selective SR Ca*
pump inhibitor, cyclopiazonic acid, aso mimicthe po-
tentiating effect of TET on caffei ne-induced contrac-
tion of vascular smooth muscl€®. It cannot be ruled
out that TET inhibits PE-induced contraction in Ca* -
freemedium by either directly inhibiting the | P,-induced
Ca*-release channel's or indirectly inhibiting the a -
adrenoceptors.

Tetrandrine interacts with a -adrenoceptors
During our pharmacological characterization of the
vasodilatory effectsof TET on endotheli um-denuded
rings of dog saphenous vein, we have unexpectedly
observed a slowly developing trand ent contractile re-
sponse upon washout of KCl following the relaxation
by TET of KCl-induced contraction™. Such awash-
out-induced contraction in the presence of TET was
most prominent in dog saphenous vein, smaler in dog
mesenteric vein and not observed in dog mesenteric
artery, dog aortaand rat aorta. Thistransent contrac-
tion induced in the presence of TET was not affected
by atropine, indomethacin and prazosin, but was sub-
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gantially inhibited by phentolami ne and rauwolscine.
Addition of amiloride or readmisson of KCl inhibited
the transient contraction upon washout of high KCl in
thepresenceof TET, whereasaddition of ouabain turned
this trangent contraction into asustained one. Itisaso
interegting to note that the magnitudeof thisrauwvol scine-
senstive, TET -induced trang ent contractile response
in dog saphenous vein, mesenteric vein, mesenteric ar-
tery and aorta was closaly associated with the number
of binding sites (in a descending order) for [*H]-
rauwolscine in membranes prepared from these blood
vesel§®. A smilar TET-induced contraction has al'so
been observed recently in perfused rat tail artery™, but
it was sensitive to prazosin, not rauwolscine.
Collectively, our results suggest that TET, also elicited
anovel contractile effect, which is associated with the
activation of posjunctional a-adrencoceptorsin some
sdl ective blood vessals, but its contractile response is
masked by its vasodilatory effect viathe blockade of
Ca* channels, thus appearing transient. It islikely that
such small gimulating effect of TET on a-adreno-
ceptorsis unlikely to be of special pharmacologica
dgnificance, especialy in view of its more potent in-
hibitory action on the same a-adrenocptors on other
blood vessels (see below).

Results from the above in vitro contractility stud-
iesusing dog vascular tissues**® and the in vivo presser
studiesusing pithed rats® clealy indicete that TET also
interactswith a,- and a,-adrenoceptors. However,
using radioligand binding of [*H]-prazosin (an a,-
adrenoceptor antagonist) and [*H]-clonidine (an a,-
adrenoceptor agonist) torat cerebra membranes, Qian
et al® failed to observe any effect of TET on [*H]-
clonidine binding and found that TET displaced [°H] -
prazosn binding with an 1C,, value of about 3 nmol/L,
comparable to or dightly lower than that for the vari-
ous Ca** channels (4-10 mmol/L). These observations
were inconsggent with their in vivo sudiesof the pres-
sor effectsof TET. This may be dueto the problems
associated with dif ferent ligands ([*H]-clonidine vs B-
HT 920) and tissues (vascular sysem vs brain tissue)
used in these different experiments. We have investi-
gated the effectsof TET on [*H]-prazosin and [°H]-
rauwolscine (a sel ective, high affinity a ,-antagonist)
binding to plasmaemmal enriched microsomesisolated
from dog aorta(high in [°*H]-prazosin binding; see Ref
34) and dog saphenous vein (high in [*H]-rauwolscine
binding; see Ref 35). Our results (unpublished) show
that 10 mmol/L TET was effectivein blocking both the
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binding of [*H]-prazosin and [*H]-rauwolscineto the
isolated vascular muscle microsomes thus demongtrat-
ing adirect action of TET on both a -adrenoceptor sub-
types in vascular smooth muscle, in agreement with
the contractility studies?*",

EFFECT ON VASCULAR ENDOTHELIUM

Tetrandrine inhibits endothelium-dependent
relaxation Vascular endothelium is known to cause
vasodilation or inhibition of vasocongriction by releas-
ing nitric oxide (previoudy termed endothelia derived
relaxing factor) via mechaniams that elevate the cyto-
solic Ca* concentration in endothelial celI$%). Syl
has recently demondtrated that a TET anaogue, 7-O-
ethyl-tetrandrine (7-O-TET), was capable of inhibiting
the contractile responses of rabbit aortato norepineph-
rine (NE) in a concentrati on-dependent manner. The
inhibitory effect of 7-O-ethyl TET wasmuch greater in
endothdium-denuded stripsthen in endothelium-intact
grips. Also, 30 nmol/L 7-O-ethyl TET compl etely
blocked the vascular rel axation induced by 0.1 mmal/L
ACh, which was added at the plateau phase of the con-
traction dicited by 0.03 nmol/L norepinephrine. The
author attributed theinhibitory efect of 7-O-ethyl TET
on ACh-induced relaxation to the antagonism of mus-
carinic receptor on endothelial cells. This interpreta
tion recelves support from showing that TET modu-
lated the negative chronotropic effects of muscarinic
agonists® and theradioligand binding study of radiola
belled muscarinic antagonists using rat braing.

We have aso investigated the functional effects
of TET on the endothelial cells of rat aorta and per-
fused rat mesenteric arteries by examining its ability to
modul ae the endothelium-degoendent vascular relaxation
in response to ACh®, Addition of ACh (1-3 nmol/L)
nearly completely inhibited the contractil e responses
induced by 1-3 mmol/L phenylephrine and theinhibition
was totally reversed by 300 nmol/L N°-nitro-L-argin-
ine-methylester (L-NAME), which isaselectiveinhibi-
tor of nitric oxide synthase (NOS), which isa cacium-
dependent enzyme cata ysng the converson of the
amino acid L-argininineto L-citrulline and nitric oxide,
alsoknown asthe endothelium-derived relaxaion factor.
This suggeststhat the endothelia cells areprimarily in-
tact and the enzymatic generation and the subsequent
release of nitric oxide (NO) from the endothelia cells
are indeed responsible for the ACh-induced relaxation.
Pretreatment of 10-30 mmol/L TET inhibited the phe-
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nylephrine-induced contraction (by about 50 %-75 %)
in both vascular preparations, but the subsequent relax-
ant effects of ACh waslittle affected, egpecially in the
rat mesenteric artery preparation. Discrepanciesbe-
tween the above sudies were not clear, snce vascular
tissues from different animal species and diff erent bis-
benzylisoquinoline derivatives wereemployed. If TET
indeed inhibits the vascular relaxation via reduction of
nitric oxiderelease from theendothelid cells and at the
same time provokes vascular relaxation viadirect ac-
tion on the vascular smooth muscle, the result of these
sudies based on the contractil e responses can be an-
ticipated to be variable depending upon thereative po-
tency of TET on endothelium and vascular smooth
muscle cells. One mugt aso consider the involvement
of other endothelia-derived relaxation factor which may
not be sengtive to the action of tetrandrine. This as-
pect deserves more detailed sudiesusing several TET
anal ogues, which may differentially affect Ca®* chan-
nelsin vascular smooth muscle and endothelial cells.
In the above study, when we used ACh to fully
rel axed theendothelium-intect vascular preparationspre-
contracted with 3 nmol/L phenylephrine and challenged
the preparationswith 10-60 nmol/L TET, TET caused
arapid transgent contraction followed by subsequent
return to the relaxed gate (note that in endothelium-
denuded preparations, TET caused only vasorelaxation
of phenylephrine-contraction). The biphasic eff ect of
TET in ACh-rdaxed preparations could also be mim-
icked by sequentia applications of atropine/TET or L-
NAME/TET, but atropineor L-NAME alone caused only
vasocongriction. ThisTET-induced trans ent vasocon-
griction wasaso observed in preparationsrelaxed with
ATP (acting on purinoceptors causing € evation of cy-
tosolic Ca* leading to activation of NOS), histamine
(acting on histaminergic receptors and subsequent el-
evation of cell Ca** leading to activation of NOS) or
thapsigargin (TSG; a potent inhibitor of Ca®* sequestra-
tion thus eevating cytosolic Ca®* level leading toactiva-
tion of NOS and the release of NO), but not those re-
laxed with the Ca®* ionophore A23187 (which eevates
cdlular Ca* vianon-receptor, non-enzymatic route) ,
sodium nitroprusside (generati ng exogenous NO) or
nifedi pine (inhi bits smooth muscle by inhibiting volt-
age-dependent Ca* channels, which is not present in
the endothdia cells). In Fura-2 loaded cultured vas-
cular endothelial cdlls, TSG induced rapid elevation of
cytosolic Cat* concentration, and this elevation of cy-
tosolic Cat* wasinhibited by tetrandrine or its anal ogue
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hernandezine**2,

Tetrandrine has also been shown to block Ca*-
activated K*-channel §**!. Using an insde-out patch
clamp model, Wang et a/*? showed that TET elicited a
concentration-dependent dual effect on Ca*-activated
K*-channles of pulmonary artery smooth muscle cells,
decreasing the opening possibility and opening time at
higher concentration while a lower concentrations it
incressed the opening possibility and decreased theclose
time. Using human endothelia cell lines, Wu et a/'*?
showed that TET suppressed a component of the K*
outward current, believed to be Ca*-activated K*-cur-
rent and they believed that such an inhibition of K* cur-
rentsby TET may contribute to the effect of TET on
thefunctional adivitiesof endothelid cells. Furthermore,
in whole-cell configuration of the patch-clamp study
using thebovinepulmonary artery endothelia cells, TSG
caused a sgnificant enhancement of depolarization
evoked Ca’*-dependent, outward K* currents, which
could aso be abolished by TET. Theseresults directly
demongtrated that TET, in addition to itsknown inhibi-
tory effects on vascular smooth muscle by virtue of its
Ca™* antagonigtic actions, also inhibits NO production
by the endothelial cellspossbly by blockade of Ca*
release-activated Cat* channels*?. Althoughthe effects
of TET on vascular endothelia cells enablea morein-
depth underganding of the mechanisms of actions of
TET at the cellular and membraneleve, the inhibition
of NO in vascular endothelial cellsleading to transent
vasocondriction is overwhelmed by its sustained di-
rect action of vasorel axation on the vascular smooth
muscle cells and may not have much physiol ogical
sgnificance.

Tetrandrine inhibits angiogenesis An
interesting, and potentialy important, finding concern-
ing the effect of TET on endothelid cellsis the inhibi-
tory action of TET on angiogenes s, the formation of
capillaries from the existing blood vessels***1.  The
inhibitory effect of tetrandrine on tube formati on was
found to be more than 100-fold greater than that of
hydrocortisoné®. Tetrandrine (10-30 nmol/L) inhib-
ited the tube formation simulated by interleukin (IL)-
la and platelet-derived growth factor (PDGF)-BB to a
greater extent than fetal bovine serum (FBS)-stimulated
tube formation. The inhibitory effectsof TET on the
action of IL-1a and PDGF-BB were non-competitive.
These results demondrate that tetrandrine may reduce
the tube formation of endothelia cellsin the angiogenic
process through inhibition on the post-receptor path-
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way of IL-1a and PDGF-BB in chronic inflammation
and provide asound bass for its possibleuse in the
control of vascularization in tumor growth or diabetic
oscular dseases. The anti-angioenic effect of TET may
be relatedto itsability toinhibit the non-voltage depen-
dent Ca?*-entry pathway. For example, carboxyamido-
triazole (CAl), an inhibitor of non-voltage dependent
Ca* channds like TET, was aso found to inhibit the
proliferation of human umbilical vein endothelial cellsin
response to serum or basic fibroblast growth factor®®!.

EFFECTS ON ADRENAL GLANDS

Inhibition of steroidogenesis and Ca’* influx
in glomerulosa cells In outer zona glomerulosa cells
of theadrend cortex, angiotensin Il (All) or KCl depo-
larizes the cell'*** and induces a dosterone synthesis,
which ishighly dependent on the elevation of cytosolic
Ca* concentration™ 3 as a result of entry of Ca* 1,
Theref ore, voltage-dependent Ca®* channels appear to
beinvolved intheregulation of steroidogenesisand partly
contribute toits antihypertensive effect!***?. Recently,
it has been demongrated that TET inhibited adoster-
one production induced in bovine adrenal gl omerulosa
cells by low concentration of KCI (15 mmol/L; not suf-
ficiently concentrated to activate the L-type Ca’”*
channels) and All (100 nmol/L) ina concentration de-
pendent manner with 1C,, value of about 10 mmol/L®.,
In addition, in studies using Fura-2 |oaded bovine adre-
na glomerulosacells, TET inhibited the tonic Ca* in-
flux phase induced by KCI and All without effecting
the initial transent Ca®* release phase. Using the whole
cell configuration of the patch clamp technique, the ef-
fect of TET on voltage-acti vated Ca* currents wasin-
vestigated under conditions when K* and Na' curr ents
were absent. T-type currentswereisolated from the
L-type currents by measuring the dowly deactivating
tail currentsdeveloped upon repolarizing the cell to -65
mV following variousdepolarizing pulses®. Thesetail
currents were inhibited by TET in a concentr ation-de-
pendent manner (1C,,=9 nmol/L), but the voltage sen-
stivity of channe activation was not af fected by TET.
Higher concentrationsof TET also inhibited the L-type
currents. Since TET blocked T-type channelsand in-
hibited a dosterone production with a very similar
potency, these two effectsmay becausdly related. TET
has a uni que structure with preference for T-type Ca?*
channdl's, whereas dihydropyridine Ca®* antagonists
have aclear sdectivity for L-type Ca* channels. Since

L-type Ca* channel is present in great abundance in
vascular smooth muscle, this coul d explain why exci-
tation- contraction coupling in vascular smooth muscle
ismore senstive to dihydropyridine than stimul ation-
secretion coupling in adrena glomerulosacells™. Itis
conceivablethat the therapeutic antihypertensive effects
may be partly due to itsinhibition on adoserone
production.

Inhibition of multiple Ca** currents in chro-
maffin cells The chromaffin cells in theadrena med-
ullar are known to be involved in the release of
catecholamines, which a so depends on extracellul ar
Ca* ™, Dysfunction of catecholamine release by chro-
maffin cells asin pheochromocytoma can aso lead to
severe hypertenson. The widely studied bovine chro-
maffin cellsdlicit no low-voltage activated, but severa
types of high-voltage activated Ca?* channel currents
asdemonstrated by recent sudies using radioligand bind-
ing and eectrophysiological techniques®™®. These Ca*
channels include w-conotoxin-senstive N-type Ca*
channel$*), dihydropyridine-sendtive L-type Ca®* chan-
nels*® and FTX-sensgtive P-type C&?* chanels®. TET
blocked the Ca* channel currents amost completely
with 1C,, occurring at about 10 nmol/L™". The cur-
rent-voltage relationship was not shifted by TET and
trangent Ca** currents with aprominentinitial riseswere
observed during the tetrandrine block, suggesting that
TET may block the open Ca** channels and dissociate
dowly. Unlikein adrenal glomerulosa cdlls, the current
block isuse-dependent and takeslonger time, 8-10 min,
to achieveits full inhibitory effects. These authors sug-
gested that TET, being lipophilic, possibly actsfrom
intracellularly rather than extrace lularly™®!. Thispossi-
bility may be better explored with membrane patches
of different orientations. It isalso possblethat TET
affectslow-vdtage activated and high-voltage activated
Ca* currents differently. The effect of TET onthe
rel ease of catecholamines by the chromaffin cells has
recently been found to be reduced by TET dueto the
inhibition of the voltage-operated C&* channel %,
However, in the same study, the cytosolic Ca®* con-
centration was found to be increased by TET. The
author s attributed this observation to the inhibition by
TET of endoplasmic reticulum Ca* pump activity.

OTHEREFFECTS OF TETRANDRINE

Tetrandrine and glutamate receptors Therole
of the glutamate receptor in mediating neuronal damage
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foll owing cerebral ischaemia, is now well establi shed
and the cell damage/ death may involve dysfunction of
mitochondriaand Ca®* regulation®. Glutamate pro-
motes excitotoxicity in a process that involves the pro-
duction of large quantitiesof NO through the mediation
of inducible NOS'®*®¥, Severa authors have reported
that tetrandri ne has the capacity to minimize or protect
the brain from ischaemic/anoxic insult. With theaid of
the patch clamp technique, Wang et a/™® showed that
rat cortical neuronswere protected from anoxic dam-
age through the inhibition of the opening of NMDA re-
ceptor channels by tetrandrine. Che et a/'* showed
that tetrandrine protected fetal rat cortica neuronsfrom
injury induced by excitotoxins, such asglutamate, beta-
N-oxaylamino-L-aanine (BOAA, on non-NMDA
receptors) and beta- N-methylamino-L-aanine (BMAA,
on NM DA receptors). However, they could not dem-
ondrate tetrandrine protection with N-methyl-D-agpar-
tate (NMDA) excitotoxicity in their model. They sug-
gested that the protective effect of tetrandrine was due
to its ability to inhibit the cytosolic free Ca?* overload
that follows neurond insult. Similar results were ob-
tained by Xuan et al who showed that tetrandrine in-
hibited the increase in cytosolic Ca?* that was induced
by glutamate in rabbit retina cdlsi®®. Glutamate
excitotoxicity is a mgor pathophysologic process of
gsroke and itsinhibition by tetrandrine means that this
drug has a good potentia to be useful in the manage-
ment of sroke. As with glutamate excitotoxicity,
apoptosis also involvesincreases in cytosolic Ca*, the
inhibition of whichis partly the bassfor the therapeu-
tic useof tetrandrinein pathologic conditions involving
apoptosis.

Apoptotic, antioxidant and anti-inflammatory
effects of tetrandrine Apoptossisa natura mecha
nism for the regulation of tissuegrowth. It isthe pro-
cess by which cdls die under genetic control, hence it
isaso called programmed cell death or cdl suicide. It
regul atestissue growth ensuring that tissuesdo not grow
out of control (causng for example, cancer). It arredts
tissues a certain level s of growth, thereby promoting
tissue differentiation, and some autoimmune diseases
areknown to be associated with defects in apoptot-
§9%!. The process of apoptoss isreported to be part
modulated by oxygen free radicas, which are known
to contribute to the oxidati ve stress syndrome. A drug
that modifies apoptoss, therefore, has the potential to
influence tissue growth and, therefore the treatment of
cancer and/or the modification of the aging process
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which ispartly attributable to oxidative stress®. It can
a0 srve asan antioxidant and anti-inflammatory agent
by modifying the ef fect of oxygen freeradicals. The
use of tetrandrine and itsanal ogues in the treatment of
autoimmune disease (such as arthritis) hasrecently been
explaned on the basisof their ahility to induce apoptoss
and to suppress peripheral blood T-cells which are
known to mediate the autoimmune response’®.
Tetrandrine hasa dua cytotoxic and cytoprotective ef-
fect based on the dose. Its cytotoxic effect isreported
to be due to reactive oxygen species (H,0,)-i nduced
apoptosis while its cytoprotective eff ect could partly
be due to inhibition of intracellular calcium influx!®.
Its apoptoti c effect has been demondrated as a poten-
tial basisfor chemotherapy of hepatocellular carcino-
ma™. However, Dong etal™ reported that TET dlic-
ited concentration-dependent inhibition of growth of
both norma human periphera blood lymphocytes and
human leukemiaHL-60 cells. Morphologica observa
tion and DNA analysisrevealed that TET and its struc-
tura analogue, berbamine, caused cell shrinkage with
the formation of apoptotic bodies, and showed clear
evidence of DNA fragmentation, indicating the induc-
tion of cell death viaapoptoss. TET has also been
reported to be useful inthe treatment of retina degen-
eration resulting from ocular ischaemia and
inflammation. The mechaniam of this effect is through
the inhibition of interleukin-1, leading to ananti-inflam-
matory effect that is more potent than is obtained by
the corticogteroid, prednisolongd™. The anti-inflamma-
tory effects of TET and related alkal oids have been re-
viewed in agreater detail in other contributionsin this
specid issue.

CONCLUSIONS

In this communication, we have reviewed some
of the pharmacologica profilesof TET, agructuraly
unique Ca* antagonist of Chinesemedicina herb origin
with therapeuticaly antihypertensive action. We have
noted severa generd pointsin theconsderation of de-
velopment of new therapeutic drugs or pharmacologi-
cal toolsfrom the natural resources. Fird, the antihy-
pertensve and vasodilatory actionsof TET are conss
tent with its pharmacologicd actions &t the tissue and
membrane levelsand are closely associated with its
action on odllular Ca®* mobilization. Second, TET elic-
ited a wide ectrum of Ca?* channel antagonism with a
preferentia action on L-type and T-type Ca®* channels;
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in addition, increasing evidence showsthat TET also
modulates intracellular C&* tores. Third, other phar-
macologica effects at the membrane receptors, par-
ticularly the a -adrenoceptors, should betaken into con-
dderation in the vasodilatory and antihypertens ve ac-
tions of TET. Fourth, the tissue selectivity (eg, heart
versus arteries, and arteries versusveins) of TET ac-
tion warrantsfuture invedigations. Fifth, asinthe case
for many natural products, the relatively weak pharma-
cological potency may post limitation of their clinica
use. However, itssynergeti c action with other ingredi-
entsin the same plant (or other herbs) remains an area
of potential interest and importance. Finaly, athough
TET isreatively safewithin its therapeutic range it has
been undeservingly tagged with the label of “ Chinese
herb nephropathy” due to the presenceof arigtolic acid
from adulterated herba products. Finally, despite the
relaively broad spectrum and weak potency of cellular
actions, the bis-benzylisoquinoline akal oids with vari-
ous configurations and conformations, including TET,
which show newly discovered pharmacologica actions,
have become increasingly useful tools in the study of
Ca*-signaling mechanisms. It ispossble that chemi-
cal modfication of these lead compounds may give way
to future pharmacologicdly seledtive and therapeutically
potent drugs of clear clinica s gnificance.
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