466

(138) Brodie, B. B., and Axelrod, J., J. Pharmacol. Expil.
Therap., 99, 171(1950).

(139) Bush, M. T., and Butler, T. C., 1bid., 68, 278(1940).

(140) Koe, B. K., and Pioson, R, Jr., J. Med. Chem., 7,
635(1964).

(141) Wiseman, E. H., Schreiber, E. C., and Pinson, R.,
Jr., Biochem. Pharmacol., 13, 142(1964).

(142) Butler, T. C., and Waddell W. 8., J. Pharmacol.
Exptl. Therap 127 171(1959)

(143) Titus, E. O Craig, L. C., Goulumbic, C4, Mighton,
H. R., Wempm 1. M and Elderﬁeld R. C., J. Org. Chem.,
13, 39(1948) .

(1-14) Schreiber, E. C., Bozran, R. C., Evert, C. F,,
Bunde, C. A., and Kuhn, W. L.,J. New Drugs s, 261(1965)

(14.)) Emmerson, J. L., and Anderson, R. CA, Pharma-
cologist, 7, 7T7(1965).

(146) Welles, J. S., and Anderson, R. C., Proc. Soc.
Exptl. Biol Med., 101, 668(1959).

(147) Zins, G. R., Emmert, D. E., and Walk, R. A,
Pharmacologist, 6, 208(1964).

(148) Axelrod, J., Aronow, L., and Brodie,
Pharmacol. Expil. Therap., 106, 166(1952).

(149} McMahon, R. E., J. Am. Chem. Soc., 81,
(1959).

B. B, J.
5199

Journal of Pharmaceutical Sciences

(150) Sarcmne, E. J., and Stutzman, L. A., Cancer Res.,
20, 387(1960).

(lol) Elion, G. B, Callahan, S. W., and Hitchings, G. H.,
Proc. Am. Assoc. C(mcerRrs 3, 316(1962)
(152) Salomon, K., Gabrlo B. W,
Pharmacol. Expil. Fherap 95, 455(1949)

{153) Tsukumoto, H., Yashimura, I1., Watahe, T.,
Oguri, K., Biochem. Pharmacol., 13, 1577(1964).

(154) Adler, T. K., and Latham, M. E., Proc. Soc. Expil.
Biol. Med., 73, 401(1950).

(155) Nilsson, A., Nature, 192, 358(1961).

(1566) Huggins, C., Jensen, E. V., and Cleveland, A. S,
Pyroc. Soc. Expll. Biol. Med., 68, 477(194R).

(157) Brodie, B. B, and Axelrod, J., J. Pharmacol. Expil.
Therap., 97, 58(1919).
(158) ?mnth J. N., and Williams, R. T., Biochem. J., 44,

230(194
(159) Cummings, A. J., J. Pharm. Pharmacol., 15, 212
and Adler, T. K., “The Biological

(1963)

(160) Way, E. L.,
Disposition of l\lorphine and Tts Surrogates,” World Health
Organization, Geneva, Switzerland, 1962,

(161) Williams, R. T., “Detoxication Mechanisms,”
Wiley & Sons, New York, N. Y., 1959, p. 324,

and Thale, T., J.

and

John

Reseavch Articles__

Pharmacological Activity of Thalicarpine

By R. A. HAHN¥, J. W. NELSON, A. TYE, and J. L. BEAL

The effect of the alkaloid thalicarpine on the cardiovascular system of the anes-

thetized dog and on several smooth muscle preparations has been studied.

In the

dog, 2 mg./Kg. produced moderate pressor activity of rather long duration which

was sometimes accompanied by a mild tachycardia.

This effect does not appear to

involve a neural pathway but may be due to a direct action either on the heart or on

vascular smooth muscle.

Intense, long lasting, noncholinergic hypotension was

observed with doses of 10 mg./Kg. Direct depressant effects were seen on several
smooth muscle preparations as well as reduction of spasmogenic effects induced
by various drugs.

UPCHAN et al. were the first to isolate the
alkaloid thalicarpine and to describe its
effect on mean arterial blood pressure of the cat
(1). They reported that doses up to 5 mg./Kg.
caused a transient lowering of blood pressure,
while a dose of 10 mg./Kg. caused death. The
hypotensive activity, in their opinion, was due to
bradycardia, respiratory depression, and a weak
adrenetgic blocking action.

As part of a continuing study of the genus
Thalictrum we have observed moderate pressor
aclivity after the administration of 2 mg./Kg.
of thalicarpine in the anesthetized dog. The pres-
sor aclivity was sometimes accompanied by a
mild tachycardia. A dose of 10 mg./Kg. was
observed to produce an intense depressor response
and bradycardia, with some degree of hypoten-
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sion being observed for 1-3 hr. During this time
of prolonged hypotension, no cvidence of toxic
symptoms was observed. The administration
of thalicarpine to the anesthetized cat always
produced a transient depressor response.

Reported here are the results of a study of the
action of thalicarpine on mean arterial blood pres-
sure of the anesthetized dog and on several
smooth muscle preparations.

EXPERIMENTAL

Adult mongrel dogs of either sex were ancsthe-
tized with sodium pentobarbital (35 mg./Kg., i.p.).
After surgical ancsthesia was achieved the trachea
was cannulated and bilateral cervical vagotomy
performed. The right carotid artery was cannu-
lated and blood pressure recorded vie a mercury
manometer on a kymograph. The right femoral
vein was then cannulated with a 3-in. length of
polyethylene tubing for the injection of drug solu-
tions. When infusions were administercd the left
femoral vein was cannulated and the infusion given
by means of a Harvard infusion pump. Hcart rate
was recorded by means of a Sanborn Twin Viso.
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recorder. In those dogs which were pretreated
with reserpine (1 mg./Kg., i.p., 24 hr. prior to ex-
perimentation) the dose of sodium pentobarbital
was reduced to 20 mg./Kg. (2).

Adult cats of either sex were anesthetized with
sodium pentobarbital and prepared in a similar
manner.

Helically cut 3-cm. strips of descending thoracic
rabbit aorta were prepared according to the method
of Furchgott (3). The tissue was bathed with
Krebs bicarbonate solution and gassed with a
mixture of 959% oxygen and 59, carbon dioxide in a
10-ml. tissue bath at a constant temperature of
37°. Movements were recorded isotonically on a
slow moving kymograph by means of a frontal
lever, with a magnification of 1:10 and a tension of
2 Gm, After mounting of the tissue, 1.5 hr. were
allowed for equilibration before the addition of
drugs. Two-centimeter lengths of adult rabbit
ileum and uteri of adult rats were set up in a similar
apparatus. These tissues were bathed with
Tyrode’s solution and 0.5 hr. was allowed for
equilibration before the addition of drugs. A resting
tension of 2 Gm. was used with the rat uterus,
while light tension was used in the case of rabbit
ileum.

Solutions of thalicarpine were prepared in physio-
logical saline with the aid of dilute hydrochloric
acid, those of dibenamine in polycthylene glycol,
while all other drug solutions were prepared in
physiological saline. Injection volumes adminis-
tered to in vivo preparations never exceeded 1 ml.
and were followed by a 1-ml. flush of saline, while
drug solutions added to 47 vitro preparations never
exceeded 0.2 ml. All drug solutions were prepared
fresh on the day of the experiment. All doses refer
to mg. or mcg. of the parent compound.  Thali-
carpinel was isolated and purified according to the
method of Tomimatsu ef al. (4).

Each observation represents a minimum of 3
experiments.

The following drugs were used: thalicarpine,
dibenamine, reserpine phosphate, norepinephrine
bitartrate, cpinephrine bitartrate, dichloroisopro-
terenol hydrochloride, isoproterenol hydrochloride,
dimethylphenylpiperazinium iodide, atropine sulfate,
histamine phosphate, tripelennamine hydrochloride,
methacholine chloride, and vasopressin.

RESULTS

Figure 1 shows the effect of administration of 2
mg./Kg. of thalicarpine to the anesthetized, va-
gotomized dog. A pressor response with gradual
onset occurred with a peak mean value of $+29.2
+ 2.0 mm. of Hg (mean =+ standard error) with
some degree of hypertension lasting for 10--35 min.
Occasionally the pressor response was accompanied
by a mild tachycardia. Some animals responded
to this dose of thalicarpine in a biphasic manner;
a slight, short-lived fall in blood pressure followed
by the sustained pressor response. Further ad-
ministration of this dose of thalicarpine was in-
effective in producing a pressor response, and only
transient depressor activity was seen. Doses of
thalicarpine less than 2 mg./Kg. did not produce
any demonstrable effect on arterial blood pressure.

L Its identity as thalicarpine was established by infrared

comparison and mixed melting point determination with an
authentic sample kindly supplied by Dr. 8. M. Kupchan.
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Upon the injection of 10 mg./Kg. of thalicarpine
to the anesthetized vagotomized dog, a prompt
intense depressor response occurred (Fig. 2). The
maximal depressor response had a mean value of
—112.5 &+ 8.5 mm. of Hg and some degree of
hypotension was observed for 1-3 hr. Bradycardia
(3040 beats/min.) accompanied this depressor
activity. Despite this precipitous fall in blood
pressure, no evidence of overt toxic effects was ob-
served, the EKG and respiratory patterns being
the same as observed before the injection. Daoscs of
thalicarpine between 5 and 10 mg./Kg. produced
increasing depressor activity.

Doses of thalicarpine up to 5 mg./Kg., when given
to the anesthetized cat, produced only transient
depressor activity. Pressor activity was ncver
seen upon either the initial or subsequent injections.

In an attempt to determine the mechanism by
which thalicarpine brought about the initial pressor
response in the dog at the 2 mg./Kg. dose level,
scveral experiments were conducted.

To determine if the release of endogenous catechol-
amines was nccessary for the response, dogs were
pretreated with reserpine (1 mg./Kg., i.p., 24 hr.
prior to experimentation). A typical response of
the reserpinized dog to 2 mg./Kg. of thalicarpinc is
shcwn in Fig. 3. Reserpine pretreatment did not
prevent the initial pressor activity. TFurthermore,
when the initial pressor activity of thalicarpine
had been demonstrated and further injections pro-
duced only a fall in blood pressure, the infusion of
norepinephrine (1 mg. in 30 min.) did not return
the ability of thalicarpine to increasc arterial blood
pressure. Dibenamine pretreatment (10 mg./Kg.),
which abolished the pressor activity of injected
epinephrine, had no effect on the pressor activity
of thalicarpine.

To ascertain if augmentation of cardiac activity
played a part in the pressor effect of thalicarpine,
dogs were pretreated with dichloroisoproterenol
(DCI). Although this pretreatment effectively
abolished control responses to isoproterenol, thali-
carpine still produced a pressor response {Fig. 4).
DCI was also ineffective in preventing the de-
pressor response to subsequent injections of thali-
carpine.

A ganglionic stimulant action on the part of
thalicarpine would not appear to account for the
pressor action in view of the results obtained with
dibenamine or with DCI. These drugs are known
to be a- and B-adrenergic receptor blocking agents,
respectively, and since neither agent blocked the
response, a neural pathway does not seem to be
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Fig. 1.—The response of the anesthctized, vago-
tomized dog to 2 mg./Kg. of thalicarpine. The
initial injection produced a pressor response, while
a subsequent injection caused only a fall in blood
pressure. Key: blood pressure in mm. of Hg;
heart rate indicated by numbers above blood
pressure tracing (beats/min.); T, thalicarpine.
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Fig. 2.—The response of the anes-
thetized, vagotomized dog to 10 mg./
Kg. of thalicarpine. Key: blood pres-
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involved. In addition, no augmentation of di-
methylphenylpiperazinium (DMPP)-induced pres-
sor activity was observed when DMPP (25 meg./
Kg.) was injected during a typical pressor response
to thalicarpine.

The depressor action of repeated injections of
thalicarpine at the 2 mg./Kg. dose was not blocked
by atropine pretreatment, although the depressor
effect of injected acetylcholine was completely
abolished (Fig. 4). Vagotomy also did not alter
the response. The possibility of histamine release
was ruled out when pretreatment with tripelennamine
did not block the thalicarpine effect, although in-
jected histamine was prevented from causing its
usual depressor response in the dog (Fig. 3).

The precipitous and long lasting hypotensive
response to 10 mg./Kg. of thalicarpine was not
altered by cervical vagotomy or atropine pretreat-
ment. DMPP-induced pressor responses, known
to be mediated through ganglionic stimulation,
were the same during the prolonged hypotension
produced by thalicarpine as they were at pre-
injection times. Similarly injected epinephrine
(2-4 meg./Kg.) produced the same rise in blood
pressure during the intense thalicarpine hypoten-
sion as it did during preinjection times.

When thalicarpine was added to a bath with
isolated rabbit ileum a prompt relaxation occurred.
Upon washing, this effect was abolished and normal
activity resumed. When methacholine chloride was
introduced the characteristic spasm was seen; how-
ever, pretreatment with thalicarpine greatly reduced
the methacholine-induced spasm of the ileum. This
effect became less with time (Fig. 5). Normal con-
tractions of the rat uterus were inhibited both in
frequency and amplitude upon the addition of

Fig. 4—The response of the anesthetized, vago-
tomized dog to 2 mg./Kg. thalicarpine. Key: blood
pressure in mm. of Hg; heart rate indicated by
numbers above blood pressure tracing (beats/min.);
s, isoproterenol; DCI, dichloroisoproterenol; T,
thalicarpine; Ach, acetylcholine; A, atropine.

sure in mm, of Hg; heart rate indi-
cated by numbers above blood pressure
tracing (beats/min.); T, thalicarpine.

Fig. 3.—The response of the anes-
thetized, reserpinized dog to 2 mg./Kg.
thalicarpine. Key: blood pressure in
mm. of Hg; heart rate indicated by
numbers above blood pressure tracing
200 (beats/min.); T, thalicarpine; H, his-
tamine; PBZ, tripelennamine.

thalicarpine into the bath. Vasopressin-induced
spasms of the uterus were completely blocked
after thalicarpine, With repeated washing of the
tissue the vasopressin effect returned (Fig. 6). Simi-
lar results were obtained on epinephrine-induced con-
tractions of the rabbit aortic strip. After pretreat-
ment with thalicarpine, in concentrations having no
effect of their own (10-40 mcg./ml.), contractions

Fig. 5—Continuous kymograph recording of the
isolated rabbit ileum. The administration of thali-
carpine causcd a prompt relaxation of the ileum.
Pretreatment with thalicarpine greatly reduced the
methacholine-induced spasm of the ileum. Key: T,
thalicarpine; M, methacholine 0.05 mcg./ml.; W,
wash,

P T P P P P

Time in Min.

Fig. 6.—Kymograph recording of the isolated rat
uterus. The administration of thalicarpine in-
hibited normal contractions of the wuterus and
greatly reduced the vasopressin-induced spasm of the:
uterus. Key: P, vasopressin 0.1 unit/ml.; T, thali-
carpine 40 meg./ml.; W, wash.
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duc to cpinephrine were greatly reduced, the effect
being reversed with time and repeated washing of
the tissue.

DISCUSSION

The administration of 2 mg./Kg. of thalicarpine
to the anesthetized vagotomized dog produced a
fairly long lasting pressor response with a gradual
onset. If liberation of endogenous catecholamines
was necessary for the response, then pretreatment
with reserpine should block this action, since re-
serpine is known to deplete sympathetically in-
nervated tissue of catecholamine stores and, thus,
reduce the response of various organs to sympathetic
nerve stimulation and to indirectly acting sym-
pathomimetic amines (5-7). Thalicarpine-induced
pressor activity was observed in the reserpinized
dog, and thus, liberation of catecholamines does not
appear necessary for the response. When the
initial pressor activity to thalicarpine had been
demonstrated and further administration of thali-
carpine produced only depressor activity, norepi-
nephrine infusion could not restore the pressor action.
When the «-adrenergic receptor blocking agent,
dibenamine, was given in a dose sufficient to block
the pressor effect of injected epinephrine, the pressor
activity of thalicarpine was not altered. Thercfore,
the increase in arterial blood pressure due to thali-
carpine is not due to release of catecholamines or a
direct e-receptor stimulant effect.

In dogs pretreated with DCI, thalicarpine pressor
activity was observed, although positive chrono-
tropic activity of control injections of isoproterenol
was blocked (Fig. 4). DCI has been demonstrated
to block the positive chronotropic and inotropic
effects of adrenergic stimuli in dogs, while it is
incffective against similar responscs preoduced by
digoxin or theophylline (8).

Since the pressor activity of thalicarpine docs
not appear to be due to an epinephrine-like effect,
the possibility exists that the effect may be similar
to the cardiac action of digoxin which is not altered
by DCI. Papaverine also has direct positive
inotropic effects (9), and if one views the structure of
thalicarpine as reported by Kupchan and Yokoyama
(10), it is apparent that thalicarpine contains the
basic moiety of papaverine. The possibility exists,
therefore, that the pressor activity of thalicarpine
may be due to a direct positive inotropic effect to
increase cardiac output, especially since a positive
chronotropic action was not always seen with thali-
carpine.

Some transient direct stimulant effect on vascular
smooth musele might also be a possibility as the
cause of the pressor action, although bath concentra-
tions of thalicarpine up to 40 meg./ml. produced no
contraction of the isolated rabbit aortic strip.
Vasopressin has been shown to be a potent vaso-
constrictor in the intact animal but without effect on
rabbit aortic strips (11); a similar situation may
exist in the case of thalicarpine.

The rise in blood pressure produced by injections
of DMPP during typical thalicarpine hypertension
was of the same magnitude as that produced by
control injections. DMPP has been shown to be
a ganglionic stimulant (12), and if thalicarpine also
possessed this activity, then an additive pressor
action might be expected. Such was not the case
and, therefore, ganglionic stimulation as a basis for
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the pressor effect of thalicarpine does not appcar
likely. Furthermore, if ganglionic stimulation is a
factor a neural pathway would be involved and
dibenamine, DCI, or reserpine pretreatment should
have blocked the response.

The hypotension induced by repeated injections
of 2 mg./Kg., or by a single injection of 10 mg./Kg.
of thalicarpine, does not appear to be cholinergic
in nature for atropine did not alter this effect, al-
though it effectively blocked injected acetylcholine
(Fig. 4). Cervical vagotomy also had no effect
on this response to thalicarpine.

It has been reported that 10 mg./Kg. of thali-
carpine caused death in the anesthetized cat (1).
In our experiments the administration of this dose
of thalicarpine to the dog, and doses of 5 mg./Kg.
in the cat, never produced overt signs of foxicity,
or death. Animals receiving this dose of thali-
carpine appeared normal with respect to EKG and
respiratory patterns, and in general appearance.
Although the depressor response was intense and
long lasting, the blood pressure did return to ap-
proximately preinjection levels (Fig. 2). We do
not exclude the possibility, however, that this de-
pressor effect may represent thalicarpine toxicity.

The observations that epinephrine and DMPP
produced similar pressor cffects during thalicarpine
hypotension to those at preinjection times indicate
that adrenergic blockade or ganglionic blockade are
not prime causes of the potent hypotension.

Thalicarpine, in bath concentrations of 10-40
meg./ml., produced a prompt relaxation of the iso-
lated ileum and uterus. Spasms of the ileumn pro-
duced by methacholine and those of the uterus
produced by vasopressin, were greatly reduced by
thalicarpine pretreatment (Figs. 5 and 6). Thali-
carpine pretreatment of the isolated rabbit aortic
strip also greatly inhibited epinephrine-induced
contractions. This effect was reversed on all 3
preparations with time and repeated washings of
the tissues. Thus our results indicate a nonspecific
inhibition of smooth muscle activity and an ability
to antagomize spasmogenic cffccts of drugs of
diverse nature on various smooth muscle as an im-
portant pharmacological effect of thalicarpine.
This peripheral inhibitory effect of sinooth muscle
plus bradycardia may well be the causc of the potent
hypotension observed with higher doses of thali-
carpine,
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