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ABSTRACT

AlIM: In an attempt to pharmacologicaly characterize the Chinese antihypertensive drug, tetrandrine, we observed
in rat-tail arteries, an unusua contraction in tissues that were simulated with high [ KCI] and not those stimulated
with phenylephrine. The characteristics of this contraction were sudied. METHODS: Segments of perfused
ventra rat-tail arteries (RTA) were contracted with a depol arizing concentration (120 mmol/L) of KCI or with
phenylephrine (3.0 mmol/L). At peak contraction, they were exposed to tetrandrine (40 nmol/L), which caused
marked relaxationin each case. Washing the RTA led to an unusual, dowly-declining contraction, hereafter referred
to as tetrandrine-induced contraction (T1C) which was as0 observed when the tissueswere exposed to 80 nmol/L,
but not 10 mmol/L or 20 mmol/L of tetrandrine. RESULTS: Pretreatment with phentolamine (non-selective
a -adrenoceptor antagonis), prazodn (selective a ;-adrenoceptor antagonist) or 6-hydroxydopamine (for denervation),
but not rauwolscine or atropine abolished the TIC. Treatment with ouabain (Na'/K*-ATPaseinhibitor) did not
sudtan the contraction. Changing the depolarizing concentrationsof KCl to 80 mmol/L or 100 mmol/L didnot ater
the TIC, but a 60 mmol/L, it was abolished. CONCL USION: The data show that tetrandrine induces a K*-
dependent contraction of the RTA through a neuronal mechanism involving a ;-adrenoceptors. It is speculated that
this contraction may be a factor in the reported absence of postural hypotension in the clinical use of tetrandrine.

INTRODUCTION posesin Chinafor centuries; including antipyretic and

Extracts of the Chinese creeping plant Stephania analgesic formulations. Itwas not until the early 1950s

tetrandra have been used for various medicinal pur- that tetrandrinewas purified from the root of this plant

and has been identified as possessing antihypertensive,

antiarrhythmic and more recently, immunosuppressve
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the pharmacological profile of this drug. The antihy-
pertensive effect of tetrandrine has been largely attrib-
uted to its calcium channel blocking property!d. More
recently, it has been suggested that tetrandri ne may in-
hibit the influx of cacium through putative receptor
operated calcium channes(ROCC)™®. One of the im-
pressive features of treatment with tetrandrine, com-
pared with other vasodil ator antihy pertensives, is the
absence of postura hypotenson®. In an attempt to
characterize the vasodilator effects of tetrandrine on
endotheli um-denuded dog saphenous vein, Kwan and
Wang® observed a slowly developing but transient
tetrandrine-induced contraction that was attributed to
the activation of post-junctional a ,-adrenoceptors. We,
serendi pitoudy, observed a wash-precipitated tetran-
drine induced contraction (TI1C) in perfused rat-tail
arteries. Thispaper isapreliminary report of the infor-
mation obtained in the attempt at afull pharmacad ogica
characterization of this contraction.

MATERIALSAND METHODS

Animals and tail artery preparation Mae
Sprague Dawley rats weighi ng 300-350 g wereused in
thisstudy. The animaswere housed in atemperature
(22+1) T2 and humidity (60 %—70 %) controlled room
and were allowed free access to standard rat pellet diet
(Dean’ sAnimal Feeds, Bemont, CA, USA) and tap
water. After killing the animal by ablow to the head,
the tail was cut off at the base. The ventra tail artery
was dissected out, cannulated proximally with a plastic
cannulg and was perfused (2.5 mL/min) and superfused
(2.5 mL/min) with a physiologica salt solution (PSS)
of thefollowing compostion (mmol/L): NaCl 118.0;
KCl 4.7, CaCl,2H,0 1.9; MgSO,¥H.,0 0.4; KH,PO,
1.0; NaHCO, 25.0; glucose 11.1. The PSS wasbubbled
with a mixture of oxygen (95 %) and carbon dioxide,
and was maintained a 37 1. Perfusion was done with
a peri gatic pump (Cole Parmer, model 7554-20) and
the perfusion pressure was measured through the sde
arm of the perfusng cannulaconnected to aGould P23
XL pressure transducer. The signds therefrom were
magnified usng a Gould transducer amplifier (model
13-4615-50) and were displayed on a Gould therma

recorder (model RS 3400). Each tissue was alowed
an initia regting period of 25-30 min before being re-
peatedly exposed to a depolarizing hyperosmolar con-
centration (120 mmol/L) of KCl urtil areproducible peak
contraction wasobtained. After thisequilibration pro-
cedure the arteries were a lowed a period (20-25 min)
of rest prior to test KCl-induced contraction. At the
plateau phase of the contraction the arteries were ex-
posed to 40.0 nmol/L of tetrandrine or its vehicle.
Tetrandrine caused a rel axation of the KCl-induced
contraction, but on washing the arteries with PSS (after
maximum tetrandrine effect) we observed, inall cases,
atrandent contraction (T1C) which wasnot found in
any of the tetrandrine-vehicle treated (control) group.
To determinethe optimum concentration of tetrandrine
for diciting the TIC, the protocol was repeated, but
with 10.0, 20.0, or 80.0 mmol/L tetrandrine. Subse-
quent experiments were done with 40.0 nmol/L
tetrandrine. In another set of experiments the protocol
was repeated, but test contraction was induced with
phenylephrine (3.0 nmol/L). We then proceeded to phar-
macologi caly dissect the wash-precipitated TIC seen
in the KCl-gtimulated tissuesby investigating the possi-
bility of inhibiting the TIC by various receptor
antagonists. The experimental protocol was repegated,
but with the arteries exposed to prazosn (0.01 or 0.02
nmmol/L), rauwolscine (0.1 or 1.0 nmol/L) or phentola
mine (10.0 nmol/L), respectively, a -, a,-, and non-
specific a-adrenoceptor antagonist. Exposure to the
antagonist started from the rest period that preceded
the test KCI-induced contraction till the end of
expeaiment. To investigatethe possibility of theinvdve-
ment of muscarinic receptorsin the formation of the
TIC, the experimental protocol was repeated, but with
atropine (3.0 nmol/L) replacing the adrenoceptor
antagonists.

We attempted to sustain the contraction by ex-
posing the tissue to the Na'/K* AT Pase inhibitor, oua
bain (1.0 nmol/L), prior to wash, but this proceduredid
not givethe anticipated effect. Addition of tetrandrine
(40.0 nmol/L) inthe wash solution aso did not sustain
the contraction. Because the TIC was only seen in
KCl-, but not phenylephrine-stimulated tissues, we ob-
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served the KCl concentration dependence of the TIC by
tedting three other concentrations (100, 80, and 60 mmol/
L) of KCl. To rule out the possbility of aneurona
invavemert, werepeated theinitid protocol (simulaion
with KCl 120 mmol/L ) in ti ssuesthat were chemically
denervated by pretreatment with 1.2 mmol/L of 6-hy-
droxy-dopamine (6-OHDA) asprevioudy reported®.

Drugs Phentolamine, prazosin, rauwolscine,
atropine, ouabain, and 6- hydroxydopamine (6-OHDA)
were al purchased from Sigma Chemical Co, St Louis,
USA, whereas tetrandrine was bought from Aldrich
Chemical Co, Milwaukee, USA. All the drugswere
freshly dissolved in water, except prazosin and
tetrandrine which were initidly dissolved in ethanol
(10 %) or HCI (0.2 mol/L), respectively, before further
dissolution in water. Because 6-OHDA undergoes
oxidation, it wasdissolved in a PSS solution devoid of
NaHCO, buffer and NaH,PO,, but containing 20.0 mmol/
L of the reducing agent — glutathione, as earlier des-
cribed™.

Statistics Basa perfusion pressure values for dl
experimental conditions were essentially the same.
Changesin perfuson pressure from thebasa level was
recorded in each experiment and expressed either in
absol ute or percentage values. Each test group was
accompanied by an appropriate time-based control group
to which the tes was compared, using the Student

t-test. Where appropriate, a group of data obtained
through different drug treatments were compared (as
in Tab 1) usng the ANOVA ted to determine differ-
ences dueto drug treatment. If any, the Tukey-Kramer
multiple comparison test wasthen applied. All dataare
presented as mean+SEM and the datigtical tetswere
done with theaid of the gatigtical software, Graph Pad
Priam. Inany case, satigtical difference was accepted
only at P-values less than 0.05.

RESULTS

Effectsof tetrandrine on phenylephrine- and
K Cl-induced contraction Fig 1 showsthe arteria per-
fuson pressureincreasesin responseto phenylephrine-
or KCl-induced contraction and the relaxation that fol-
lowed the exposure of the tissues to tetrandrine (40.0
mmol/L). Basa perfuson pressure was (4615) mmHg
(n=24) for all the experimentd groups. In all the
phenylephrine-contracted tissues tetrandrine caused ap-
proximately 85 % relaxation and subsequent wash fur-
ther relaxed the tissues to basal levels with no TIC
obzerved Depolarization with KCl (120mmol/L) caused
contractions with phasic and tonic peak increases of
(226+22) and (110£11) mmHg, respectively (Tab 1).
No sgnificant rel axation of the KCl-induced contrac
tion was observed when the tissues were exposed to

Tab 1. Perfusion pressure (PP, mmHg) responses of KCl-stimulated rat-tail artery to various treatments. Mean+SEM.

P< 0.05, °P< 0.01 vs the corresponding control value.

Basa /mmHg Phasic/mmHg  TonichmmHg  TET/% of Tonic ~ Wash/% of tonic n
Control 4615 22622 110+11 85.5+2.3 +21+3 24
Weash with TET 50+7 191+19 97+10 774 +24+4 6
K CI 80 mmol/L 50+4 187+17 119+11 7615 +2116 6
KCl 60 mmol/L 47+4 101+10° 55+4° 52+8° (0 6
6-OHDA 5215 106+5° 10611 55+9° 0° 6
Phentolamine 40+9 27+4° 26+4° 55+5° (0 6
Prazosin 55.3+2.7 159+11° 12646 71.0£2.4° (0 6
Rauwol scine 4945 176+21 103+12 81.4+2.3 +14.612.4 6
Atropine 4445 216+13 123+13 804 +22+4 6

The phasic and tonic columns represent increases over the basad PP whil e the TET (40.0 mmol/L ) and wash columns ar e percentage fall
or rise, respectively, of the tonic responses. Except otherwise stated, stimul aion was with K Cl 120 mmol /L.
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Fig 1. Tracings of typical perfusion pressure responses to
contractions induced in rat-tail arteries with phenyleph-
rine(PE) 3.0 mMmol/L (pand A) or KCI 120 mmol/L (pan€s
B, C, D) and the relaxation caused by exposure to
tetrandrine40.0 mmol/L (panelsA, C,D), but not its vehicle
(pand B). Subsequent wash of thetissues precipitated a
contraction inthe KCI-(panels C, D), but not the PE-treated
arteries. KCl precipitated arelaxation of thewash-induced
contraction (pand D).

10.0 nmol/L tetrandrine. Exposure to tetrandrine 20.0
nmmol/L, dicited approximately 25 % relaxation. Wash-
induced TIC was not seen with tissues exposed to
tetrandrine 10.0 or 20.0 nmol/L. The higher concen-
trations (40.0 and 80.0 nmol/L) of tetrandrineproduced
the same levels of relaxation and TIC 85 % and 21 %,
respectivdy, of thetonic KCl-induced contration. The
rest of the results are based on studies with tetrandrine
40.0 nmol/L.

Washing the tetrandrine-treated KCl-gtimulated tis-
sues produced arisein perfuson pressure (TIC) (about
21 %3 %; n=24) which declined gradualy, reaching
the level of theinitial tetrandrine maximum relaxation
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Fig 2. Tracings of typical perfusion pressure responses to
KCI (120 mmol/L for all except panel F, 60mmol/L)
stimulation, following incubation (20—25 min) in 6-OHDA
1.2mmol/L (panel A), phentolamine 10.0 mmol/L (pand B),
prazosin 0.02 mmol/L (pand C), rauwolscine 1.0 mmol/L
(pane D) or atropine3.0 mol/L (pand E), and thesubse-
quent wash precipitated contr action which did not occur in
A,B,C,and F.

(Fig 1). When wash was performed with PSS contain-
ing tetrandrine (40.0 nmol/L) the same pattern of rise
(24 % %4 %; n=6) and declinein perfuson pressure
was observed (Tab 1). Exposure of thearteriesto KCl
enhanced this decline by causng an amost immediate
drop in the perfusion pressure (Fig 1C). Unlikeina
previous study™, the KCl-induced sharp drop was not
affected by a pre-treatment of the arteries with the Na'/
K*-ATPaseinhibitor, ouabain (1.0 nmol/L).

Effectsof receptor blockers and other treat-
ments on tetrandrine-induced contraction Fig 2
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shows representative tracings of KCl-induced contrac-
tionsin arteriesthat have been exposed to phentolamine,
rauwolscine, prazosin, atropine or 6-OHDA, and the
subsequent tetrandrine-induced relaxation in al cases.
After maximumtetrandrine-induced relaxation, T1C was
observed in the rauwolscine (0.1 or 1.0 nmol/L)- and
atropine (3.0 nmol/L)-treated groups. It was reduced
by 80 %100 % in tissuestreated with prazosin 0.01
mmol/L , but was abolished in thosetreated with phen-
tolamine (10.0 mmol/L), prazosin (0.02 mmol/L) or 6-
OHDA. Similarly, TIC wasnot observed in the tissues
that were simul ated with 60 mmol/L of KCI (Fig 2,
tracing F). The quantitative analyss of these tracings
isshownin Tab 1.

Compared with the control, phasic KCl-induced
contraction was sgnificantly (P<0.01, n=6 for each
group) reduced by pretreatment with phentolamine,
prazosin or 6-OHDA. This may be attributable to the
attenuation of the neurona component of the KCI-
induced contraction!™®, T he tonic contraction was es-
sentiadly the same for al groups except the phentola
mine-treated where it was significantly reduced
(P<0.01, n=6 for each group). Treatment with
tetrandrine caused marked relaxationin al the groups,
but sgnificantly (P<0.01, n=6 for each group) lesser
relaxation was observed in the phentolamine, prazosin,
and the 6-OHDA-treated groupsin which wash-pre-
cipitated contraction (T1C) was a0 not seen (ANOVA
followed by Tukey-Kramer). The same was observed
for theKCl 60 mmol/L -stimulated tissues.

DISCUSSION

The reported intrigui ng success of tetrandrine as
avasodilator, antiangina and anti hypertensve in the
Chinese armamentarium for cardiovascular diseases”
hasraised alot of interest in the pharmacology of this
drug which has been shown to block the L-type volt-
age operated calcium channels (VOCC)®*? and ago-
nist-induced contraction through putative receptor op-
erated calcium channels (ROCC)!™. Our observation
of a marked attenuati on of phenylephrine- and KCI-
induced contractions by tetrandrine is consstent with
these earlier reports. Not until recently wasit known

that tetrandrine possesses an a ,-adrenoceptor agoni s
potency in the dog ssphenous vein®. The sdlective
blockade of TIC by prazosn in therat-tail artery sug-
gests yet a new property of this drug that tetrandrine
stimul ates contraction via an a ,-adrenoceptor mediated
mechanism. The ineffectiveness of rauwolscine, even
in high doses (5.0 nmol/L), in blocking TIC suggests
that unlike the earlier observation in dog saphenous
vein™, this novel contraction is not mediated by a,-
adrenergi ¢ receptors. The fact that TIC occurred only
in the KCl-, but not the phenylephrine- precontracted
arteries suggeststhat T1C iscoupled to acellular potas-
sum-dependent process, probably akin to the transent
phase of a KCl-induced contraction. The transent na-
ture of the TIC iscong stent with this speculation. The
mechanism of KCl-induced contraction involvesboth a
depolarization of vascular smooth muscles and neurona
gimulation'™. The rapid and transient nature of the
TIC suggeststhat it isneuronal, and thisis consstent
with its abolition with phertolamine or prazosin, indica-
tive of aa,-adrenergic response. The observation of
TIC, only with higher concentrations of KCl, concurs
with theconclusion that TIC iscoupled to aKCl-modu-
lated mechaniam. The abolition of the TIC, following
chemical denervation with6-OHDA, not only confirms
the neuronal origins of the TIC, but also indi cates that
the adrenergic receptors involved are neuronal. Our
data indicatethat thereisacritica level of KCl concen-
tration required todicit aTIC. With KCl 60 mmol/L,
TIC was not observed, but oncethecritical level (as
observed with KCI 80, 100, or 120 mmol/L ) was
atained, aTIC of the same magnitude was observed,
irrespective of the concentration of KCI. Thisiscon-
sgent with an dl-or-none type response, further but-
tressing our concluson that the TIC results from a neu-
rona stimulus.

In a separate experiment, exposure of the rat-tail
arteriesto graded concentrations (1.0-80.0 mmol/L)
of tetrandrine, yielded no contractions, indicating that
on itsown, tetrandrine does not stimulate a contraction
of thistissue. In control experiments in which the ar-
teries were not exposed to tetrandrine, but only its
vehicle, subsequent wash did not yield any contraction,
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indicating an obligatory rolefor tetrandrinein the devel -
opment of the TIC. Put together, the data show that
neither tetrandrinenor KCl, aone, can inducethe TIC.
It needsa combined presence of high depolarizing con-
centration (>80 mmol/L) of KCl and tetrandrine. The
mechanism of the interaction between KCI and
tetrandrineisnot clear. The TIC, however, could be
visualized as a tetrandrine-dependent KCl-induced, or
K Cl-dependent tetrandrine-induced contraction. Con-
sidering the former, we specul ate that tetrandrine un-
masks aK Cl depolarization, possbly by clos ng potas-
sum channels. Morework isneeded to clarify this.
However, recent reports of a tetrandri ne-induced po-
tassum channel inhibition™*'¥ are supportive of this
speculation. It isadso possble that the washing away
of KCl dlowed for the activation of VOCC that had
been inactivated through high KCl depolarization; the
subsequent Ca?* entry leading to the TIC. The possibil-
ity of aKCl-dependent TIC, should be considered from
the pergpective of a spontaneous release of catechola
mines by tetrandrine. This phenomenon hasbeen dem-
ongrated in cultured bovine chromaffin cell$*. In
those studies, tetrandrine blocked the chromaffin cell
intracellular Ca®* pump, thusraising intracellular Ca?*
and causing a spontaneous catecholamine release. This
possbility needsto befurther explored.

The KCl-dependent nature of the TIC raises the
possibility that its mechanism may involvethe Na'/K*-
ATPase. It has been demondtrated that a KCl-induced
relaxation wasan effective pointer to a Na'/K*-ATPase
activity invascular smooth musclé®™. Our observation
of aprecipitous relaxation of TIC by KCl (Fig 1),
therefore, lends support to the possibility of theinvolve-
ment of the Na'/K*-AT Pase. However, the failure to
sugtain the TIC with the Na'/ K™-ATPase inhibitor,
ouabain, diminishesthe strength of thisspeculation and
calsfor further invegigation. A role for muscarinic
receptors isunlikely cons dering that atropine had no
effect on the TIC.

Although it does not fall within the main focus of
thiswork, it is remarkable that in the phentolamine-
trested tissues KCl-induced contraction was tremen-
doudy attenuated with thephasic and tonic components

approximaey 12 % and 24 %, respectively, of the con-
trol (Tab1). Thiseffect of phentolamine, not observed
with either prazosn or rauwolscine, concurs with ear-
lier reports that phentolamine interacts with smooth
muscle contraction by some allosteric (non-a-
adrenoceptor-mediated) mechanism™*", |n the present
mode, it is, possbly, a direct vasodilator effect!’d.

Unlike mogt potent vasodilator antihy pertensives,
tetrandrine is said to be free of the side eff ect of pos-
tural hypotension'. This beneficial feature of
tetrandrine hasnot been explained to date. Our current
observation of an a,- and the previous report by Kwan
and Wang™ of an a ,-adrenoceptor-medi ated contrac-
tion leaves room for speculation on the possibility that
tetrandrine obviatespostural hypotension through a ca-
pacity to cause an a -adrenergic vasocongtriction, once
acriticd level of vasodilation isattained in-vivo.

In conclusion, the present results support earlier
reportsthat tetrandrine acts on voltage operated cal-
cium channels aswell as on receptor operated calcium
channels. Italso revealsthat tetrandrine combined with
K* (in astill unclear reationship, but probably
permissvdy) topromoteaneurond and a ,-adrenoceptor
mediated contraction. Thi s phenomenon must be kept
in mind in any sudies that assess the actions of
tetrandrine.
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