Vol. XV (1-2), 1978.
SOME PHARMACOLOGICAL STUDIES OF

HARMIDINE HYDROCHLORIDE
Muhammad Shoaib Akhiar* and Zoheda Amin Malik**

These studies were conducted to investigate some pherma-
calogical actions of Harmidine, a pewly iselated alkaleid from
an indigenous drug popularly know a: ‘Hermal’ in the Inde-Pak
subcontinent. Median lethal and effective doses {LDss and EDyp)
ol Harmidine were determined in mice and rats by varnous routes
of drug administration. The pew alkaloid was found tobe a
safer drug and its therapeutic index was gbout 4 times mare
than that of Harmine, another harmala alkaloid. Record of
behavioural pattern of Harmidine showed that it produced
shivering. tremors, stiffening of legs and ataxia in rats. Harmidine
{24 mg/kg, intraperitoneally) was 100 % effective within 13 minuotes
in depressing the veluntary moter activity in mice and its effect
lasted for more than 24 hours. Harmidine, when tested on
sciatic nerve—gastrocoemius preparation of dogs, depressed the
contraction of indirectly stimulated muscle but the depressed
muscle continued to respond to direct stimulation. Harmidine
completely antagonized the oxytocic effect of S-hydroxyirypie-
mine on the zsolated mat uterus peeparation. The possible
mechanisms of the determined sctions of Harmidine are discussed.

INTRODUCTION

Harmidine (C;3 Hy4 ON,), whose structural formula appears below, is
an indele alkaloid cootained in the seeds of an indigenous plant, Peganum
harmata Linn., which is popularly known as Harmal in the Indo-Pak sub-
vantinent (Siddigui, 1962).
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This plant 1s a bushy herb that grows wildly all over Pakistan, Morthern
India, Persia and some parts of Russia,  [n uncient and indigencus medicines,
many varied medicinal properties have been atiributed to the sceds of this
plant. They are said to¢ prodoce hallusinations, euphoria and sexual stimula-
tion. The powdered seeds are still used by the practitioners of indigenous
medicitie to cure asthma, billiary colic, jaundice and tape worm infeclion.
Watery infusions of the plant are also used to increase the flow of milk and
to induce abortion. The smoke of the harmal seeds is used as a repellent
of mouguitoes and other insects (Madkarni, 1954). Ay peesent, the harmal
seeds are known to contain several alkaloids including Harmine, Harmaline,
Harmalol and a number of derivatives with similar pharmacelogical properties
{Robson and Stacey, 1962). Recently, Siddigui (19623 reinvestigated the
alkaloidal constituents of this plant and isolated a new base which was assigned
the name of Harmidine. This article deals with som¢ pharmacological siudies
of the Harmidine hydrochloride.

MATERIALS AND METHGDS

Adult heaithy sibino Sprague-Dawley rats and Swiss mice wers used in
all the experiments. They were fed a commercial feed (Lever Brothers). Four-
teen mongrel dogs (10-14 kg) were also wsed for the sciatic nerve-gastrocnemius
preparations. Pentobarbitone {Nembutal) and d-tubocurarine were supplied
in solution form,  The selutions of Harmidine Hydrochloride® and 5-Hydroay-
tryptamine were prepared in distilled water. Concentrations of all the drugs
were capregsed in terms of their bases.  Further dilutions were made in noroial
saline just before unse.

Acute Toxicity

Actte toxicity studies were carried out in rats and mice. Total aumber
of mortalities within 24 hours were observed and the median lethal dose (LD gq)
wais caiculated by the graphic method of De Bear (1943),

Bebavioural Patfern Record

Harmidine (6, 12 and 24 mg/kg intraperitonealiy} was injected in 3
groups of 20 rats each. A 4th group of 20 animals was kept as a contr
which received 0.3 ml of physiological {0.9%) saline. The signs of C.N.5.

* Harmidine HZI1 was very kindly provided by Or. Sallmmuzzaman 5iddiqul, Qlrestor,
Instiwute of Chamlscry, Unlvarsity of Karachl, Karachi.
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depression or excitement etc., were obsorved in all the groups by the method
of Chandhoke and Ghatzk {1969).

Voluotary Maotor Activity

Fifty adult male mice weighing 18-30 G. werc divided into five gronps
with 10 animals each. Group I was treated with normal suline while group I,
Il and IV were injected intraperitoncally with 6, 12 and 24 mp/kg body
weight of Harmidine, Group ¥ was treated with Chlorpromozine 5 mg/lkg.
The voluntary motar activity was recorded actographically on a Grass
Polygraph, The numbcer of movemnents were also counted with the help of an
clecteic telecounter. The activity wus observed before and after injecting the
drug and pereentag: decrewse in activity was calculated,  The median affective
dise {EDgg) lar this effect was calcolutcd  praphicully by che method of
Ly Bear 1945y, Tiw therapeutic index wus also caleuTated,

Myoneural Blocking Effect

Sclatic nerve-pastracnemius prepatations were made in 14 degs{i0-15kg)
under pentobarbitone {35 mefke, I'p) angesthesia.  The nerve ar mucle was
electrically stimulated by the method of Duogta and Pradhan (1965) at the rate
af | pulsejsee, {duration 2 milliseconds and 4 to 12 volts).  In most cases
minimyl voltige producing adequate contruction was used in ordet Lo prevent
carly fatiguc o the muscle. Harmidine (25, 50 and 100 mg) was injected in
the lvmoral artery of the sanwe dde throogh arterfal canoula.

S-Hydroxytrypiamine (5-HT} Antagonism

Female wirgin rats (200230 G} showing notmal and  regular ocstrus
eycle were used. The vapinal smears were obtained with a pipette and examin-
ed daily throughout the experiient.  The rats received  stilboestrol (100 mg/
kg, Ifp) on the first day of dicestraus and were killed 18 hours later. A 25 Cm,
length of the uterine horn was suspended in a 5 mi organ bath containing
De-Talon's solution ot 30°C. The drups were added to the bath and the
contractions were recorded isotonically on a kymograph with a frontal potnt
writing lever with magnification of 5. The dose response curve of 5-HT was
recorded as deteribed by Khan and Abhmad (1969). Then, the dose of 5-HT
producing response equal to the dose producing 50% of the maximum
response in the presence of Harmidine was determined by gradually increasing
the dose of the agonist (5-HT) and the dose ratio galculated.
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The acute texicity of Harmidine determined as median lethal dose

(LDsg) i3 shown in Table L.

The bechavioural patiern observed after the

administration of different doses ol this alkaloid is recorded in Tabie 2.
This compound produced a Jecrease in the voluntary motor activity as is clear
fror the Figure 1. The percentage decrease in activity, the onset and duration

of this action

is given in Table 3, The median efiective doses (ED sq)

praducing depression of motor activity are presested in Table 4.

‘Table 1 1 LDsq of Harmidine HCI in Albino Rats and Mice.

Route of Administralion Mice Rarts

Orally 125 mgike 148 mg/kg
Intrapatitoneally 89.1 mg/kg 1106 mg/ke
Subcutaneotsly 100 mg'kg 111.2 mg/kg
Tatravenonsly 447 mg/kg 70.% mg/kg

Table 2 : Record of Behavioral Partern of Hormidine in rafs.

Harmidine {mg/ke) 1/ Injection
12 24

Behavioural Pattern Normal B
Awareness 4+ 4+ +
Aleriness 4+ 4+ + +
Spontaneous activity 4+ d+ ar 0
Abnormal body position - Shivering  Shivering Shivering
Sedation 0 2t 2+ 4+
Gait Normal  Normal Ataxia Ataxia
Sound response 4+ 4 2t el
Touch respronse 4+ 4+ 3+ +
Muscular tone Normal  Normal Flacid Flactd
Tramot twitching and
convulsions 0 i Teamor (*}  Tremor (4]
Rightening reflex 4+ 3+ ar plad
Mydriasis — + ar 3+
Pilaerection ) 2 I+ 4+

= Mo action + = Doubtiul action

+ = Slight action 3+= Modcrate action

4+t = VYery strong achoh

I+ = Strong action
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FIGURE NQ, !
Actographic Record of Voluntary Motor Activity,
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Speed : 2.5 mm/Sec,

1. Before Drug Administration
1. | bour after Normal Saline 0.5 ml I/
HI. 1 hour after Harmidine HCI & mg/kg I/P
I¥. 1 hour aftet Harmidine HC? 12 mgfkg /B
Y. | hour afrer Harmidine HCI 24 mgfkg 1/P
V1. 1 hour after Chlorpromazine 5 mg/kg I/P
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Table 3 ; Effect of Harmidine HC! on Voluntary Metor Activity in Mice

/nﬂgc Decrease  Onset of
Drug Dose in activity action
atter one hour

Dutation
of action

Untreated Control  Suline (0.5 ml) 0 =
Harmiding HC1 6 mg/kp 10 30 Minutes
Hermidine HCI 12 mgfkg 50 i5 .,
Harmidine HCI 24 mg/ke 106 15: &
Chlarpromazine 5 mgikg ) w

2 Hours

24
24

]
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Table 4. ED.g and Therapeutic Index (T.1) of Harmidine HCI in Ratg and
Mice by Fariowy Routes.

Route of Mice Rats
Adminisiration
EDs, T. L. EDq, et
Orally 13 mg/kz 9.61 15.0 metke 043
Intraperitoneaiby 10.8 - 820 124 . 3.92
Subcutanenusly 83 - 12.04 g — 11.82

latravenously B9 i 50 14.16 ., .00

The margin of safety of Huarmidine was calenlated  in terms of
Therapeutic index {LDs/EDsg).  The therapeutic index valugs in mice by
oral, intruperitoneal, subcutaneous and intravenous routes were found to be
Y61, .20, 12.04 and 503 respectively. These vulues in rats were respectively
948, 8.92, 11.82 and 5.00 (Table 4). Fellowing administration of 25, 30 and
100 mg of Harmidine HCI, the contractions of indirectly stimulated muscle
were depressed (Table 5} but the depressed muscle responded to direct
stimulation {Figure 2). In the five isolated rat uterus preparations 0.48 £0.25
microgram of the 3-HT produced a response 50% of the maximpum response
{Dase A). In the presence of I microgram of Harmiding, 512+ 0.7 micro-
gram of $-HT produced the response equal tn dose A (Figure 3). The
calculated dose ratio was found to be 11.24 1.9 {Table 6).

Table 5. Effect of Harmidine on Dog Sciatic Nerve-Gastrocnemius
preparation in Situ.

Drug Dasc™ Mo, of o are reduction of Muscle
(mg) Tests Contraction {Mean-£ 5. EM.)
Harmidine HCI 25 3 304105
Harmidine HC1 50 i 63135
Harmidine HCJ 100 3 109 0.0
d-Tubocuraring 400 3 o4+ 0.0 -

= Lince the affect of Intra-srtarial Injection are more of 1ecal than of systemic natura, the
dedgs mentionsd far such sxparlments ars glven mx the total smount sdminkicarsd

rathar than mgfkg.
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FIGURE NO. 2
Seiatic - Gastrocnemius Preparation
DOG, 12 KG

HAR = Harmidine HC! 100 mg was injected
in Femoral Artery.
M = Muscle Stimulation
N = Nerve Stimulation

FIGURE NGO, 3
5-Hydroxytrypramine Antagonism by Harmidine

(Isolated Rat Uterus Preparation)

D E

5 S e i o i 9 o S e,

s F L4 l"F' of falf 382 54# J.’
A 0 T ST, S S e
(Doses of 5-HT in microgram/5ml Bath)
H = Harmidice HCI (1 mg/ Bath)
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Table 6: 5-HT Antagonism of Harmidine HC! vn Rat Uterus Preparation

Ug of 5-HT producing Ug of 3-HT producing
a response 0% of the a response 50737 of the

Test Na. MARIMUM response iu Maximuin response in Doze
ubsence of Harmidine presence of Harmidine Ratio

[ 0.4 3.2 8

2 .4 6.4 16

3 0.8 5.4 B

4 0.4 6.3 i)

5 0.4 3.2 ¥
Mean+s. E. 0.4820.25 5.1240.70 11.241.9

RISCUSSION

Since antiquity the Harmal seeds have been used to produce hallucina-
tions and euphoria but the constituents responsible for its activity were not
known. As early as 1851, Goebal isolated an alkaloid Harmuline from the
seeds of this plant. Another alkaloid Harmine was isolated by Fritsche in 1847
from the seeds of the same plant (Siddiqui, 1962). Guon (1935) investigated
the pharmacological actions of these alkaloids and reported that Harmine
produces tremors and clonic convulsions in rats, mice, etc.  Chen and Chen
{1933) observed that the menkeys treated with harmine showed unsteady gait,
arching of back, tendency 1o stand in one corper of the cage, shivering and
clonic convulsion with larger doses (cited by Gershon and Lang, 1962). Harmine
and Harmaline were later on shown to be reversible inhibitors of monoa-
ming oxidase (Udenfriend er &, 1958). The present preliminary scrzening of
the newly isolated alkaleid, Harmidine revealed that its LBvys (median lethal
dose} in rais was 148, 110.6, 111.2 and 70.8 mg/kg body weight respeetively
by oral, intraperitoneal, subcutaneous and intravenous routes of administra-
tion (Table 1). The EDyg of Harmidine HC1 in rats was found o be 15.6,
12.4 and 14.16 mgfkg body weight by orai, intraperitoneal, subcutapeous and
intravenous routes tespectively (Table 4).  The therapeutic index (LD 5o/ED o}
of this alkaloid was calculated to be 9,48, 8,92, (1.52 and 5.00 raspectively
by these routes (Tuble 5), These therapeutic indices indicated that the effec-
tive and léthal doses of the new compound were wide apart and the drog was
reascnably safe in animals, " The comparison of the intraperitonea) therapeutic
index of Harmidine with that of Harmine as reported by Gunn, (1912) was
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found to be four times higher than that of Harmine showing that the former
alkeloid was less toxic than the latter one.

The reeard of the behavioural partern of Harmidine (Table 2) showed
that the new alkaloid produced shivering, tremors stiffening of legs and ataxia
inrats. These getions resembled somewhat to those already reported lor
Harmine and Harmaline {Gunn, 1935). As Harmidinc was [ound o bea
potent and safer ¢ompound, the present studies were extended and the effects
of Harmidine HCI| were also studied on the voluntary metor activity and
myoneural junction, Harmidine HC1 {24 mgfkg. intraperitoneally} was 100
per cent effective within 15 minutes in depressing the motor activity of mice
and this effect lasted {or more than 24 hours (Table 3). The exact mechanism
of action of Harmidine is necded to be investigated but it can be assumed that
the decrease in motor activity may be due to myonvural blocking action as 100
mg of Harmidine HC] when injected intra-arterially depressed the muscle
contraction induced by the nerve stimulation (Table 5 and Fig. 2}, These
findings are in agreement with Duttz and Pradhan (1965) who reported that
Harmine too similarly blocked the myoncural transmission in dog and rabbit
nerve-muscle prepatations. They ulse reporied that some other MAO
inhibitors like J.B. 516, 3.B. 835 and M.0O. %11 produce a similar block. In
addition, Poirier et af. {1966) reporied that the Harmine and Harmaline
produced shivering and tremors in rats due to ‘amine pretection’ action of
these drugs through inhibition of monoamine oxidase (MAQ). Thua it can
be assumed that perbaps Harmidine too is an iohibiter of monoamine
oxidase as it has slso produced shivering and tremors in animals, This
belief was strengthened when | mg of Harmidine HC1 was found to
completely antaponize the effect of 5.1240.7 of 5-HT on isolated rat uterus
preparation (Table 6 and Fig 3. Many MAO inhibitors including Harmine
and Harmaline have been reported to antagonize serotonin on isolated prepara-
tions {Perrault and Clevel, 1957). Although MAO-inhibitors as a class
ingreasc voluntary motor activily but many of them have also been reported
to decrease it (Pletscher, 1965). Therefore, the moter activily decreasing
effect of Harmidine does not disprove the hypothesis thet Harmidine is a0
inhibitor of MAQ. However, ell these explanation ue just speculations.
Therefore, further comprehensive study of Harmidine HC1 was undertaken
which is reported separately (Akhtar, 1971). This alkuloid seems tu be very
promising and it may ultimately prove to be a safe and potoat antidepressant
drug. Behavioural studies in monkeys, human vojunteers and clincal trials
might establish its therapeutic efficacy.
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