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INTRODUCTION



Dioscoregceae consists of nine genera and over
650 species, of which agbout 600 species belong to
cosmopolitan genus dioscoreag. About 50 species agre found
in Indial; a large number among them occur in the wild
state, a few species of them are popularly knoun as Yams
for their edible large tubera. Some species of Dioscorea
viz., D. glata Linn, D. bulbiferas are cultiveted for

their excellent edible qualitya.

A few species of Dioscores have attracted attention
of the pharmaceutical industries on account of their
steroidel sapogenin, diosgenin. Diosgenin is a starting
- material for the manufacture of cortisone and steroidal
sex hormones. In India, diosgenin is mainly extracted

from the wild species of Dioscoreas commonly D.deltotdea

3
and D, prazeri~, Thegse agre now in short supply because
of gradual depletion. With tncregse in demand serious
attempts have been made to cultivate them in India which

has not been proved economic 8o far. The recent tntro-

duction of the Hextcan species particulerly D.floribunde

and D. composita have done well in Bangalore and 4 ssam,

4
¢heir yield has been reported to be poor in the Horth .

The Yams of several species are soft, fleshy and

edible, Tubers of some speciés contain tannins, biologically



active alkaloids which render them unpalatable or

potsonouss. Dioscorea hispida is one of them. This

species is a native of tropical 4sia and occurs in the
rain forest region from India to Formosa, Fhiilippine
Islands and New Guineg. It is found nearly throughout
India, upto an attitude of 4,000 ft. in Sikkim,Hinalayas
and Khasi hills., It is rarely cultivated. About five
varieties are recognised of which variety daemona occurs

in Indias.

The tubers of D.hiptda form the chief famine food
in the Egst tn the uncultivated tract of Assam, Bihar,
Bengal, Yadhys Prodesh, Orissa and Deccon on account of
thetr large yields, their growth of the surface of the
sotl and comparstively abundance; but considerable care
is needed in preparing them for food. Those of its close
alloy D. dumetorum are a famine food in Africa, bu?b
selection in Africa has produced improved varieties;
whereas no oneé has found the least sign of gelection

hgving been brought to bear by man on D.hispida.

As an tndication of its poisonous nagture, there
{s some use for it in Western India a Sanskrit name =
Mfgrapashpolt” or deadly strangle cake and tn those parts
the Bhils poison tigers by placing pounded tubers in

the carcases of "Kills'.
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Dymock, Warden and Hooper? pointed out that the

tubers oflg.htsptda were so poisonous that a piece of an

apple would poison @ man death ensuing in Six hours.
They found out that it caused intense irritetion in the
mouth and throat, also a sense of auffocatibn f&&louﬁd
by drowsiness and finally ezhgustion. Others recorded
that a potsoned man might become violent in the first

stage and later died.

8 .
Greshoff stated that it was used in Java for

stupefying fish.

In Bali, it was said that, thieves sometimes
stupefied fowls with it, as a prelininary to stealing

then,

In the Malay Feninsula it was quoted that, the
tubers might sometimes be used for poisontng dar¥s not
as a principle poison but as an adjunct. The nilky jutce
of the tubers used by Lepchas of Sikkim along with the

juice of 4ntiaris toxicaria Lesch, as an arrow poisong.

-Gimlettezo gave an account of criminal poisoning by
{ts use, and in India liquor sellers have been known to be
guilty of adding the juice of the tubers to the other

liquor to produce thirst.



In preparing the tubers for food it 13 necessary
to get rid of the poison, while preserving the starth
etc, The people of the Bali roast the tuber and then
remove tts skin, next they smother it in gshes and leave
it so for twenty four hours, at the end of this period
they wash and crush it, using baskets ¢n which it is
submerged in a sea water for two days and two nights
under g weight of stones; a washing in fresh water follows
and subseguently a drying in the sun, The washing and dry-
ing may be repeagted not one but twice until it is considered
that the p;tsbn has been removed. Jo ascertain this a
little of the pulp is held close to a hot fire, if it
dries quietly it is considered safe for use; but tf it
writhes in drying it s not yet safe to use it. When
the preparer is in doubt, he offers some of the preparation
to ¢ fowl and observes the effect after eating it on the
fowl. If the fowl shows signs of dizziness the purification
should be carried still further, Such a great care they
take in preparing them for foqd as they are acrid and
potsonous and when consumed in large gquantities cause

paralysis of the respiratory organ and even death.

The people of Amboina detoxify the tubers by

kneading them with their hands and feet in sea water, and
letting the pulp 1lte in small baskets under gtones in the

seg for two to three days and afterwards in fresh water
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Jor another two days.

The tubers were resorted to by the people of
Ceram, Celebes, the Suhe Islands and Bali. The use is
made of them almost wherever the plant.grows. It is used
in Philippine $slands, Borneoy Vorderman and Kilian
have given some interesting information as to way in which

the Magdoerese fall back upon it when in needll.

12,13
Ridley” *>" has mentioned its use in the Ualgy

Peninsula that it is nore or less cultivated about village.
It is very commonly used in Stgm, perhaps even in normal
times, and during the great shortage of rice. It was

' abundently dug in the East tn 1917-1918. Every Burman

knows that it can be turned to use,

* In the Bgstern Himalaya, the Lepchas of Sikkim use
the tuberavafter seven days soaking in the running sireanm
and subsegquent éooking. It ts also used in Gorakhpur
District and State of Balrampur where the population is
underdeveloped.

Up, A, Smythies stated that enormous quantities
were dug in the forest of Chanda District in the fanine '
year, 1899«1900 and in the lean year forest hauving been



thrown upon for this purpose. 411 the hill tribes of India
a little to the North of Chanda use it.= Xorkus in the
Melghat, XKathodis tn the Bombay Ghats, the tribes of

Chhota Nagpur and the Sontal, etc. In Chhota Nagpur,

high cas® folk when fasting is prescribed by their

religion cat g meal made from it after removing the poison~-

ous principles,

14
Dekkar™ ™ showed that poison was distributed through

out the plant, In 1894, Boorsma®®

asstigned the poisonous-
properties to two alkaloids - Dioscorine and Dioscoricine
obtained from D,hirsuta blume |, Schutie L6 obtained the
base in @ crystalline form and mentioned that these two
alkaloids were one gnd the same and he named it as Dioscorine,
His work was c riticised and it was advised to be repeated,
On the basis of degradation cezperiments, Gorter17 suggested
thet the alkaloid belongs to tropane group. Leyva and
Gutierreale isolated from the tubers oj’f.hispida, an
allzaloid which gave the same colour reactions anc possessed
same toxicological properties towards mice and monkeys

as dtoscorine. It is generally considered that D.hirsuta,

Blume gnd D hispida Dennst, are synonymous. Pinderlg

has repeated the work with slight modifications. He inve-

" stigated the chemical and pharmacological properties

related to the constitution of the alkaloid from D.hispida



and recorded that the alkaloid is identical with

Dtoscorine.

Schutte reported that Dioscorine produced

paralysis of central nervous systenm and in general behgve
like picrotoxin. Gorter confirmed thisAnoting that large
doses were required. Leyvae and Gutierrez noted similar
tozicological effects with the alkaloid of D, hispida with
addition of mydriatic effect, resembling that of atroptne.';

There was therefore, no pharmacological data to indicate
that the alkoeloid of Dahispida investigated by Pinder

was different from that Dioscoftne investigated carlier,.

The production of industriel starch and edible
flouf has been recently investigated. 4 clean white starch

is easily preparéd.

Such an inestinable value during the period of
scgrcity as a food, a great care is needed during its
préeparation and a huge demand of steroidal sapogenin and
starch by the pharmaceutical industries have developed the
interest in searching some more toxic principles having
nedicinal usejfulness with the ancillary aim that these

compounds may become g by-product of the gbove undusiries.



The bias among the former investigators regaerding
Diogcorine and its use as a arrow poison supported the
interest with the impresston that the tubers may contain
some more toxic constituents having neuromuscular blocking

activity.
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Anatomy and Physiology of Neuromuscular Junction 3

Neuromuscular conduction essentially constitutes
a part of voluntary, efferent, peripheral nervous system.
It involves conduction along a motor nerve and skeletal

nuscles adjoining tt.

Anatomically there are two types of skeletal

muscles.

(1) Multiple innervated skeletal muscles ? Thpege

are characterized by irregularly shaped areas of sarcoplasn
containing relatively small number of large and poorly
defined nyofibrils. Each muscle fibre receives along its
length, nmany small nerve endings emanating from each of a
nunber of different nerves and Jjunctions having the

appeagrance of g dense series of small grape=like bodies,

(2) Focally tnnervated skeletal muscleés ¢ Tpege

have uniformly diatributed myofibrils. Each fibre is
innervated either by a single nerve ending or by a strictly
limited number of nerve endings. It possesses a discrete

number of énd=plates.

Generglly nmultiple tnnervated fibres tend to produce

a slow, graded contraction while facally innervagted fibres
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tend to produce g rapid all or none twitch response,

4s the motor nerve azon approaches the bundle of

muscle fibres, which it innervates, it undergoes eztensiuve
rani ficetion and the high degree of myelination, provided
by encircling Schwan cells disappears. Lach branch of motor
nerve proceeds to a muscle fibre with one motor nerve
innervating 100 or so fibres. At innervation point the
ultinate ramification of the nerve fibre penetrates the
outer membrance of sarcolemma of the muscle fibre, while
the terminal Schwan cell fuses with sarcolemna so that
continuity is achieved between Schwan cell membrgne or
“neurolemng and the sarcolemma, thus encapsulating the
neuronuscular junction. The nerve=fibre itself terminates
in g bulb-shaped extension fitting into an accommodating
tdentation of muscle fibre which is thrown into a nunber

of folds and it is the specialized region of the nuscle

fibre menbrane, which constitutes, muscle end-plate. There is no
protoplasmic continuity between the nerve termingl and
nuscle fébre and the well defined space of gpprorimately

500 to 1000°A4 is termed gs Junctional cleft,

It i3 an established fact that the nerve=nuscle
transmission i8 exhibited via a neurohumoral transmitter

acetylcholine, Consequently there is an organized systenm
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A}

for blosynthesis, release and destruction of acetyl-
choltne. Acetylcholine is manufactured in motor nerve
terninal cytoplasm from acetyl=coenzyme 4 of mitochondrial
origin and choline derived from extracellular fluid by an
active membrane mechanism. 4 cytoplasnic enzyme choline=o=
acetyl transferase accelerates the synthesis and a 1little
understood mechanisms load acetylcholine into synaptic
vesicles. The vesicles are derived from the cell body

by transport along the motor nerve., The vesicles fuse
with the terminal membragne and empty <their contents into
the synaptic cleft, The vesicle membrane is then incorpo=-
rated into the terminagl membrane and latter recovered a9

a complex vesicle, which in turn sheds its coct 1o reveal

a synaptic vesicle, refilled by acetylcholine,

4n energy consuming process (the sodium‘pump)
eztrudes sodium ions gceross the arolemma So that the
concentration of these ions in the axoplasm is lower than
outside. The freely diffusible ions distribute themselves
on the two sides of the membrane in such a way that the |
concentration of potassium ions in the aroplasm is greater
than that in the surrounding extracellular fluid. 4n
opposite distribution ts established for the chloride ions.
Diffusible ions disposed in this way would tend to diffuse

along their concentration gradients but this tendency is
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offset by the fact that positively charged ions align
themselves immediately outside the arolemma and negative
tons take up a corresponding position on the inside of
the membragne. The potential difference thus established

is just sufficient to prevent the diffusion of the fons,

It should be clear that the gize of the membrane
potential is determined by the extent of the disparity
between the concentrations of potassium (or chloride) on

the two sides of the arolemmag.

In mammalian nerves the resting potentiel lies
between 60 and 90 millivolts. The resting potential is

preserved until the nerve is stimulated.

Acetylcholine, releagsed after nerve stimulation

is believed to diffuse geeross synagptic cleft,

It is assumed that the first step in reaction of
acetylcholine with the sensitive surface of nuscle end-
plate is formation of a reversible complex with the
receptor. In focally innervated muscle, the following

sequences follow 3=
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1) Potentigl difference betwsen inside and outside
of the resting end=plate membrane, depending on selective
perneability to ol and €1 is peduced. This produces a
graded nonpropogated potential difference between outer
surface of end-plate and rest of muscle memnbrane, consitiiut-

ing end=plate potential.

2) At a critical threshold value the end-plate
potential induces local circult currents of high density
to flow in adjacent arecas of the muscle fibre membrane

+
serving to increase permeability to Vg .

3) Nc+ pass through the muscle fibre membrane along
their concentration gradient to reverse the resting potential
giving rise to self propogating "all or none" action |
potential, which triggers the contractile mechanism to bring

about contraction.

4)During the refractory period ( 2mn, sec.)
acetylcholine is hydrolysed, thus permitting repolarisation
of the muscle end~plate. The remainder of the muscle fibre
gets repolarised due to effluxr of £’ down their concentrg=
tion gradient and extrusion of sodium ions vig increased

activity of "sodium pump" mechanism.
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5) As the agction potential traverses the membrane,
there is rapid releagse of C’cz'M Sfrom tnternal stores within
the nuscle gnd these ions pass into the immediate environ=
nent of the two contractile proteins,actin and myosin ,
thé interaction resulting in shortening in muscle fibre,
Vhen the gction potential has passed guway, Ca++ ions are
renoved from the environment of actin. and myosin and are
once more sequestered in the store. 4s a result »the
contractile proteins become inactivagted agnd the muscle

returns to rest.

Though all conducting membranes.are sensitive to
acetylcholine, the degree of sensitivity of different
membragnes varies considerably. It is clear that the
acetylcholine sensitive agreas agre confimed to outer

surface of end-plate.

The vartous locations of acetylcholine, biosynthesis,
releagse and receptor occupation constitute sites of actions
of drugs, active in blocking the neuronuscular conduction.
The prime class under which these drugs could be classified
are -

1. Presynaptic blockers.

2. Postsynaptic blockers.,
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The agents which act on the neuromuscular junction
leading to tnterferences of events, before access of acetyl=
choline to its receptors constitute presyngptic neuro=- |
nuscular blockers such g drug vis. presynaptic blocker
finally reduces the agmount of acetylcholine litberagted
after nerve stimulation., A presynaptic blockers, thus

can be -

1) an agcetylcholine discharge blocker €.g.
=Bungarotozin,

2) acetylcholine synthetic inhibitor e.g. styryl-
pyritdine derivatives,

3) choline uptake blocker e.g. hemicholium.
Unlike this a neuroauscular blocker which inter=

feres with receptor = acetylcholine combination and the
consequent roceptor gectivation constitute posisynaptic

blockers. These are subclassified under two headings.

(a) Antidepolarising blockers ¢ They getively

prevent depolariaation of the postjunctional membraneé.

In animals with predominance of multiple innervated muscles,
these blockers produce flaccid paralysis. This type of
block can be reversed by enticholinesterase drugs like
physostigmine, neostigmine, etc, Under the influence of

increasing concentration of an agntidepolarising neuro=-
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muscular blocker, the end-plate potentials rapidly
diminish in size and duration till they are completely
abolished.

The prototype action is provided by d=-itubercurarine

in this c¢lass.

(b) Depolarising blockers : Thege drugs, besides

occupying acetylcholine receptors produce depolarisation

at the motor end=plate.

Drugs in this category are actually agonists at the
nuscle receptor in.that they effect depolarisation of the
nmuscle similar that due to acetylcholine. In the case of
these Dblocking agents, the depolarisation persists, prevents
the action of acetylcholine, Thus, with this agent there
is always a period of stimulation preceding the paralysis

such as the initial fasciculations in cat.

Mysele innervated with mulwviple innervated fibres
are more sensitive to deoldriaing blockers and aninals
having predoninant nultiple innervated muscles viz. avian
species, produce spastic paralysis with these type of

arugs .
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Here some gquestions arise such as - how a
substance which imitates the normal transmitter, can
produce a neuromuscular block and why the initial

fasciculations fail to persist for the duration of the
action of the drug. |

There are different mechanisms by which depolar-

izing blockers execute neuronmuscular paralysis =

1. the responsiveness of the end=plate region
to acetylcholine is reduced ; '

/

2. the ability of the end=plate to excite the
immediately adjacent muscle membrane is
impaired.

The analysis of the action of depolarising blocker
in the cat showed that oh one hand vigorous end-plate
potentials could be ecvoked in its presence and on the
other that the muscle menmbrane in the region of the end-
plate has become electrically inexcitable., 4 similar
state of affairs could be produced without drugs, by
depolarising the end=plate electrically for a sufficient
period,

It was, therefore, concluded that the block was
due to the development of elecitrical inexcitability of
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the region and that this occurs because of persistant

depolarisation., Such a phenomenon is well known in the

electrophysiology of nerve as "cathodal block”.

Here, the next gquestion comes why a prolonged
excitation should produce an eventual irresponsiveness

to electrical excitation,

Although the phenomenon is common with all
excitable tissues, the answer to this is not yet clear,
But tt is known that there is a mgjor change of permegbi=-
lity at the depolarised end-plate and that a large efflux
of1K+ oceurs. It is not surprising that when this effluzx
persists for minutes or even hours the nmuscle menbrane
tn the vicinity loscs tts normal excitability. Effiuz
is over in a few milliseconds during the normagl end-plate

potential.

The paralytic effect of these drugs is antagonised
by the competitive aggenis and is potentiated by the anti=

cholinesterases,

Eyidence obtained with radiocactive labeled non~

depolarising and depolarising drugs has brought out some
differences in their sites of actions at the motor end-plate.
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It has been suggested that a depression is present in

the muscle membrane into which acetylcholine nust enter
to effect depolarisation. Antidepolarising blockers
posstbly block this phase phystcally, whereas the smagller
depolarising type drugs enter the depression a3 acetyl-
choline does to effect their depolarisation and block.
Their blocking property is due to persistance at the
site, This would gloo explein why simple onium compounds
and most other gctive small compounds are depolarising
blocking agent. Depolarising blockers may have intra-

cellular representation in 2nd stage ojf neuronugcular block.

Some depolarising agents also show dual or niz
blocking activity. Drugs in this category are all depolar-
ising agents but exhibit in addition, some of the charact-
eristics of competitive blockade. The effects of such
compounds are - antagonised by.anticholinesterases and

augnmented by antidepolarising agent

NE UROMUSCULAR BLOCKING ACENTS 3

(A) Neyromuscular blocking agents Srom natural sources ¢

a) Curgre _and curare alkglotds ¢

The story of curare is one of the most fascinating

tn medicine; moreover it provides g very good erample of how
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the study of poisons has led to an understanding of
phystology. Indeed, toxicology is the further of modern
pharmacology and physiology. Hagendie studied the toxicology
and pharmacophysiology of the pure alkaloids newly derived
from numerous crude drugs by Pelletier., His ezperiments
with the then recently isolated alkaloids such as morphine,
Vergtrine, brucine, strychnine, and emetine were described
in the Parts "Formulaire of 1821 . Hagendie often used
curare, the arroi_poison obtgined from South 4merica, to
immobilize his dogs, and the paralytic action of curare
became well known to his puptl, Claude Berngrd., The
classical experiment in which Claude Bernard demonstrated
that the point of action of curare is at the junctional
tissue between the motor nerve and muscle. Natives of
South America obtained curare from o number of different
plant species and prepared it in.several types of vessels,

including pots, calabashes and bamboo tubes.

1) Tube_curare ¢ Clinicglly today d-tubocurarine,

the active principle of tube curare, is widely used as

a muscle relazant during surgery, especially during

20,21,22

prolonged procedures It also has some use as an

adjuvant in the treatment of tetanus. d-Tubocurarine

dimethyl ether, which is one to three times a9 potent as

the parent compound in mangs524; is also used, though to



a lesser extenteo,gl. Unttl recently, d=tubocurgrine was

assumed to be bisgquaternary ammonium compound but one of

the nitrogen atom constitutes a tertiary anine® (Figure-1),

The structure of the dimethyl ether (identical with d-chondo=
curarine dimethyl ether) has not been definitely established

todays however, from its degradation products when treated

with sodium in liquid ammonia‘a6

been deduced27.

an acceptable structure has

The botanical source of the active principle

of Bonm's tube curare, d-tubocurarine, was probably

Chondrodendron tomentosum Buiz and Pavonge’gg; ioday this

{s the source of the conmercial productgl. Hore than

20 other alkaloids hagve been isolated from Eﬂ.tomentosumsv

but most of them do not exhibit curagre-like activity.

Those that do are bisquaternary alkaloids of the same basic
structure as d-tubocurarine, differing only in their ether
linkagesso. Hethylation of the phenolic groups increases
the activity of these active agents, wheregs ethylation

or butylation reduces or eliminates itge. The igomer

d-chondocurarine, which differs from d=tubocurarine only in
.31
the relative position of a phenolic and a methozy group

is from two to four times as potentsp.

 The simple bisontum saelt of d=tubocurarine with

undissociated phenolic hydrozy groups is the active forn of



22

the alkaloid33’33’34. At low pH d-tubocurarine is primarily

in the non=-ionized form and its blocking activity is
potentiated, but at high pH it loses agctivity.

it) Pot curare ¢ The inactive alkgloids extracted

from the pot type of curare are phenolic tertiary basesga-"g5

and the active ingredient is an amorphous phenolic quater-

nary base with high curare activity™. The botanical

origin of this curare was controversial for several

29,35!

years the alkaloids being obtained from severagl

sources (Chondrodendron platyphylum, Ch.microphyllum,
35 28)

Ch.candicans™ and Ch.tomentosun

o There was also the

suggestion that Strychnos castelnote Wedd. might be a

source in some samples™®, However, the active alkaloid(s)
probably cagme from fﬁ.tomentosumga’as and the possibility

exists that it was actually d=-tubocurarine that gave pot

curare its activitys.

it1) Calabash curare ¢ Of gl1 the curares,

calabash éurare has enjoyed the longest popularity with

the chemist., The alkaloids in this group comprise the

nost potent of the curare-like substances and hauve presented
the investigator with the most taming problems s S7-40

It is generally held that the botanical origin of the active

ingredients of this curgre is the Strychnos species,



23

egpecially §. toxifera &ob Schombas. M¢r3n37 has listed
24 species that are believed to have been used in curare;
however, there are at least 41 quaternary bases in calabash

curare, 30 of which have been isolated from,§.§omiferg41.

The alkeloids in calabash curare (from S.tozifera)

fall into two distinct groups ¢ (1) the Cyq9 and Cop indole
19 6hc “29

derivativesse’éz; wvhich are all ingctive biologically, and

(2) the dimeric alkaloids with o Cgg=Cgq Skeleton. This
latter group contains the active alkaloids, all of which
have two quaternary nitrogens. Lztensive chemical study
of toxiferine I (Figure-=2a), C-dthydrotoziferine I (Figure=-2b)

and their related alkaloids 0s%3

has shown that meny of the
alkaloids of this curare can be placed in groups, or families
of alkaloids. There gre at least‘five members in the
Cedihydrotoziferine I group, and five in the toxiferine I
groqp43. Yany of the transfornations within the groups are
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obtained under very mild oxideiion™, and this might

explain the large number of cifferent alksloids that are

found in extracts of the Strychnos spectesaa.

Calabash curare is many times more potent than
d-tubocurarine, This potency is derived in part from the
alkaloid toxiferine I, which is 6 to 8 times more potent
than d-tubocurarine in man, upto 240 times in the frog, and

from 12 to 20 times in lower sammals“®. The alkaloids



Ceglkaloid B and Ceglkalotd @ are more potent than toxiferine-I
in experimental animals but have not been tested in man.
Toxt ferine-I and curarine I of the C=dihydrotoxiferine I
group have been used clinically on a veETY linited basis.

Faser has been using 140, oyrarine to study acetylcholine

receptors in the neuromyscular junction.

») Brythring alkaloids ¢

The extracts of the seeds of the South American
Epythring spectes contain alkaloids with curare form

aottvttyés'ég. Over 50 species of Erythrina contain

active alkalotdaso’éa’ L 3, The fact that these alkaloilds
are tertigry bases and active orally stimulated their study,

45-49,60,61 68

both tn chemistry and as g clintcal agent3635

They are, however, no longer used in the cltniczl,

The Epythring alkaloids can be divided into two
structural groupa, both being indole derivatives. The
most potent of the alkaloids, P=erythroidine (Figure~3a)
and dihydro~ P~erythroidine (Figure=3b) belong to the
" gctone alkalotds", whereas the remaining active compounds
are agromgtic , having o benzene ring in place of the lactone
ringsa. Hypaphorine, the betaine of tryptophan, which i8
found in gll spectes of Erythring studied, is inactives
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It has been suggested that there is a biogenetic relationw

ship between the erythroidines, the lacione bases, and the

455259

aromatic alkelot « Jwo molecules of 3,4=dihydro=

zyphenylalanine can combine to yteld the indole nucleus

common to both groupasg.

Dihydro~ﬁ-erythraidtne (thure-sm) ts about five
times more potent than ? «grythotdine (thure~3u)4? and
one~fifth to one=tenth a3 potent as'd-tubocurartne5°.
Paralysis caused by the Erythrine alkaloids is reversed
by anticholinesterasea47. Quaternization of the Erythrina
alkaloids results in a reduction of their-potency that is
approzinately hundred fold®’, When the Erythrina alkalotds
or theip demethoxy derivatives are treagted with strong

actd at 125°0, a rearrangement occurs, with aromatization

of ?‘ﬂgsg. This aporearrangement results in compounds

that no longer act at the neuromuscular junction but exhibit

a CNSwdepressant actton51’64.

o) Tropane derivatives ¢

The parent compound atropine is isolated from the

plant Atropa belladonna (Figuyre=4), 4 dose of atropine

which is usually fatal to'animals, shows some curgre~like
effect at the neuromuscular junction; whereas tits quaternary

metho salt, atropine methylnitrate, acts as a reversible,
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curare=ltke blocking agent with about one~twentieth the
agctivity of d-tubocurarine in frogs and one-gixtieth in
rabbtts®>, When two atropine molecules are Jjoined together
eitther by connecting tﬁe tropic acid hydroxry groups
(0,0-~pentane thylenedtatropine dimethiodide) or the tertiary
nitrogens (N;HQpentametﬁylenediatrqptne dimethtodide),
curarizing compounds are obtatned that are gbout onc<half

to one-third as potent as detubocurarine in rabbttsss.

Fren the decamethylene-bisatropintiunm compound,
which has the same interatomic distance as detubocurarine,

was teste d65

it was about ftveAtimes more potent than

the corresponding pentamethylene compound, more than

100 times more potent than afropine methyisulfute, and
at least twice gas potent as d:tubocurarine and decanetho=
nium in rabbits, In addition it was readily antagonized
by neostignine. Just as the metho salt of atropine is a
more potent atropine=like agent than agtropine itself, so
the decgmethylene=bisagtropinium compound ié 8till nmore
effective, being about twice as poient as the netho salts

and of considerably longer duratton,

Several other bisatropinium éompounds have been
synthesized and testede7;68. In most of them the curare=
1tke prqperty.qppears to be dependent on the steric rela-

tionship between the hydroxy or ester group and the
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quatern;ry nitrogen. The trans or“*f-configuratton ts

the more potent form of 1,4-xy1yiene-bis(ben§oy1~ =tropintunm
dtbromtde); T%eﬁ>-aceloéy dertvatives gre less active than\
the A =acylozy analogs of biéquaternary tropeines, - 4n
ezcéption to this rule 6f the 0(~jbrm_betng more active than
the_ﬁ!-form ié found with hexamethylene~1,6cb¢i(benzoy1~
troptntun dtbromtde)ss. Here the 3 =form (cts) is the move

effect‘ve67o

Methyl quaternization Qf troptne esters by aralkyl
groups diminished the atropine~like effects and alters
ganglionic and curgreslike effbctaay. As the cationic
head is made more bulky for e€xample, by substitution of
benzyl for methyl groups a compound changes from a depolari=

2ing to a nonwdspolarizing curare 1like agent76.

¥hen two tropine esters are linked by =(CHp )y~
0C0-(CHy) e C00=(Clp ) ;s  (m = 2 0or 8, n ® 0=6), potent,
short acting curaie ltke compounds are formed, The effects
of these bompounds are easily reversed by neostignmine and

potency its dependent on the character of the tropine ester

and the velues of n and m« 4 higher value for n favours

shorter duration of actton7o;
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The tropane derivatives, although not used
cltnically, are of much tnterest since they afford the
chemtst and pharmacologist a tool with which to investi=
gate the mechanism of action of compounds active at ®tha

neuronuscular juncttonss’ss.

d) Derivatives of Cinchona alkalotds ¢

Quintne obtained from different spectes of Cinchona

(viz. Conchong succirubra, C. calisya, C.offtcinale)

(Figure=5) possesses a very weak curgre=like action’2,

Fhen the nitrogen in the quinuclidine ring ts quaternized
by alkyl groups, orally effective curare-1tke compounds are
obtatned P> 62’72. The N,N'edialkyl derivatives are

about half as acttve as the monoalkyl dertvativesPs.

A gtudy of the Nemonoalkylquininium selts [from
methyl to hexyl showed that, based on the ratio of effective

74, neanyl

to lethal dose in rabbits, the ethochloride
bromtde, isoamyl chloride, and hexyl bromtde,"’;5 were the
most promising agents for usé against pentylenetetirazole
tnduced convulsions., Their margin of safety, as judged
by the gbove ratio, was Setter than that of curare or
p-erythrooidtne salts., They were shorter acting than
curare and less potent. The amyl dertvatives were the

most effective of the monoalkyl dertvatives, studied;
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however, potency on an absolute basis, without regard to
tozicity, followed the order nepropyl chlorids, n=propyi
bromtde, ethochloride, n=agmyl bromtde, heryl bromide,
n-butyl chloride, isowanyl chlortde,»methochloride and
tso-propyl chloride. Curare was 4-times more potent than
the n~propyl chloride and 14 times more potént than the
tsopropyl chloride salte

Helfethyl and Neethylquinidintun todides, and
cinchonidine methiodide and efhtodi&e, are more active but

more toxtc than the analogous quinine compounds. The

cinchonine compounds are less active than the others76.

‘ : . 63,72
The quintne derivatives have been tested cltntcall&

but with the possible exception of their use in the preven=

tion of fractures during convulsant-shock treatment49’62

E) Pyrtdine alkaloids ¢

Curare=1tke activity has been reported for secveral
of the monoquaternary pyridine alkaloid salts ’. The most
effective of those investigated was Nebenayl-Neeihyl conitntum
todsde, which was agbout oneé-fifith as potent as curare in

frogs. Of the continine obtained from conium maculatun

(Figure~6) and conhydrine salts, the[>~tsomers are slightly
more potent than the correspondtnga< -compounds. The
nicotinium,obtained from Ngcottng tabacum (Figure-?), salts
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are very weak curagrizing agents. It ts of interest that,
as with the quinine derivatives, when both nitrogens of
the pyridine alkaloids are quaternized, the activity ts

less than in the monoguaternary compoundsso.

f) Isogquinoline glkalolds ¢

In contrast to some of the other alkalotds (cinchona
and pyridine), tﬁe monoguaterngry taoquinolinium alkaloids
are very weak curare-like agents when compared with thetr

bis=guaternary counterparte o 11O

, d=tubocurarine itself
being a number of this last group. Upon F-alkylation of
canadtne, two isomers are obtained., The Peisomer is

ten times more potent than the X =isomer $n frogs. The

naturally occurring alkaloid canadine (thureoa) that 18

extracted from the bark of Xanthozylum brachyecanthum s

X wfcanadine methochloride (Nimethy1~ =l-canadintun) .

The Pe=tsomer i3 obtained synthettca11y79

and {8 about
onestenth as potent gs d=tubocurarine in frogs; {t contains

a guate¥nary bridge nitrogen stmilar to that in the calabash

curare alkaloids P,

g) Strychnos alkalotds ¢

The quaternary salts of Strychnos alkalotds other

than the curaré alkaloids are in general all curarizing
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agentsao. Their potency ranges from one=third thet of

d=tubocrrarine for Heethylstrychnidinium chloride to one
twenty~fourth for Nemethylstrychnintum, NeMethylstrychnie
dinium chloride i¢s about one-3ixth as potent as d-tubocurarine,
whereags the fodide is only one=~fourteenth as activeao. The
brucintuns (Figure=9b) aré only very weak curarizing agentd>? "%,
Alkalotd Strychnine (Figure-9a) and brucine were isolated

from Strychnos nuzvomica ,

h) Yohimbine alkqloids ¢

The quaternary derivatives of the yohimbdine al~
kalotd (thure-lo) isolated fronm Cbrgnanthe Johinbe show

curarizing activityel. N,N,Dimethylhexahydrotetrabyriniun
appears to be the least torxic of the compounds studted,

The chloride salt has about one twenty-seventh and the
todide, about one thirty~-eighth « the activity of
d=tubocurarine, Although these compounds, like the

3trychnihe derivatives have low tozicities in the dose
ranges yielding good paralystsso, they have not proven to

be of any clinical value.

t) Petaline alkaloid ?

The alkaloid petaline (Figure-11) obtained from
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extracts of Leontice leontopetalum has been reported

to exhibtt weak neuromuscular blocking activity of anti=
depolagrizing type77b.

j) Maglouetine and tts derivatives ¢

Mgloustine (Figure=12) was isolated from Malouetia
berquaertiana, It is one third as potent as tubocurarine
intravenously in mice, while being of similar potency in
producing neuromuscular blockade in the cat tibtalis nerve
nuscle preparation. It is of antidepolarising mode of
action since reversal is effected by neostigmine and muscle
contragcture ts absent in guians. It produced marked

hypotension and bradycardiag hence not studied clinically.

k) Conesstne and its derivatives ¢

Conessine (Figure=13) has been reported as a

neuromusculgr blacking agent in 1948 by Stephenson76.
Itg N,N'=dimethyl conesstne was found to be of comparable
potency to d=tubocurarine. In the monkey there appeared to

be a somewhat slower recovery rate than in the cat.

1) Pgravallaridine and its derivgtives ¢

Alkgloid paravallartdine (Figure=-14) obtained

from Pargvallaris microphylla  gshowed curgrizing action
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of the nondepolarizing type which are reversed by
neoattgmtne77. Btsquaternagry 16- =~diacetate was found to be

highly potent.

m) Pyrroltzidine alkalotds ¢

The tertiary pyrroitzidine alkaloids helioirine
(Figure-15) and lastocarpine (Figure-16) were tsolated from
Heliotropium europoenun by Troutner and Neufeld (1949)

and Heltotropium lasiocorpun by Menschikouv (1932), These

alkaloids cgused g neuromuscular block that resembles

decamethonium tnduced block in its effectsagL The N-oxzides

of these alkaloids are inactives

n) Migcellaneous alkgloids ¢

Curare~like activity has been reporited for
papaverinium and the gquaternary salts of the morphine
alkaloids.

Other naturally occuring substances have been
investigated in some detail for their activity at the
neuronusoular junction. Maltoxin, an aromatic, non=
quaterngry base from malt rootlets, has a ‘decame thoniun -
1ike acttonas. Myrexine, the choline ester of urocanic
actd.jPU%ocanylcholine; -(4-tmtdazolyl)acrylylcholine;7
(Figer=17), which is found in the hypobranchial body of
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Hyrex trunculus and gther mollusks, ts a neuromuscular block-
ing agent also with decamethonium like properttesa4 85
Several derivatives of murexine were tested, but 1fttle
tmprovement over the parent compound was found. Jihydro=
murezine, which is more potent in animals, proved to be
almost ingetive in mﬁn. Imidazolebutyrylcholine and
inidagzolepropozycholine hgve o lesser degree of dtde

effects than murexine bdbut have not been tested clinically.

There has been great interest in the fish toxin
tetrodotaztnas, which ts obtained from several tissues,
especially the liver and ovary af various species of
Tetraodontidas (Puﬁfer fish, ocean sunfish, porcupine fzsh)
Tetrodotoxin is a compler ininoperhydroquinagzoline.
Several dertuvatives of tetrodotorin have been prqpa#ed and
tested, but all are very much wegker than the parént
compound. Although the early workers believed that &this
tozin acted much like curare at the neuromuscular
junction87, it has since been reported that the block is
potentiated by both detubocurgrine and succinylcholine,
and is not antagonized.by neostigmine. It ta‘probablé
that this agent acts on both the nerve and the muscle

menbraone at the neuromuscular junction,
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(B) Synthetic Neuronuscular Blocking Agenis 2

-

(a) Sgmple ontum selts ¢

In general, ontum salts effect not only a curare~
like paralysis ot the neuromuscular junction but also show
muscarinic ectivity at parasympathettc nerve endings,
a3 well as ntcotinic activity at sympathetic ganglia77568'89,
The curare-like action of these salts as a class was

predicted by Crum Brown and Fraser.

The most active curare=like onium salts are
tetramethyl and trimethylalkylammoniums. In the lagtter
series the butyl and amyl derivatives are the most active
both being about twice as potent in mice as the teira-
methylammonium salt. In frogs the paralyzing dose of
tetramethyl ammonium is about 10 times that of d=tubo=
curariney however, in this same animal toxicity is sSome~
what reduced with the onium ton. 411 of these compounds

ezhibit ntcotinic and/or muscarinic aotivity and this

‘makes them unsuitable for clinical use as neuromuscular

blocking agents. A4s a matter of fact, tetraethyl-
anmonium was in clinical use for years as an anitihyper-
tensive agent because of its pronounceq_autonomic
ganglioneblocking actiony; % has now been displaced by

newer agents such as guanethidine., Although tetraethyl-



anmontum is such a potent nicotinic blocking agent,

tt 8 o weak curgre-like compound., FWFhen the methyl groups

of tetramethylammonium are successively replaced by ethyl
groups, there ts a decreagseé in activity, the trimethylethyl=
betng about one-third, the dimethyldiethyl - about one
twenty~fifth, the methyliriethyl « and tetraethylanmonium

tons about one-eightieth as potent at the neuromuscular junction

as the parent tetragmethylammonium.

The successive replacement of the methyl groups
with any alkyl groups reduces the muscarintc activity of
the compound, the tetralkyl compounds other than methyl
showing no such activity at all., If the replacement group
is propyl or butyl, only a s8light loss of curagre~like
agotivity is seen, less than observed with ethyl replacement.
¥hen g phenyl alkyl group ie'substttuteé.for one of the
methyl groups a9 in phenethylirimethylammonium, there are
pronounced nuscarinic and nicotinic effectsy however, the
presence of a methyl group to the nitrogen decregsed both
the nicotintc and muscerinic activities, It is of interest
also that triethylbenzyl = and triethylphenethylannonium

salts both are without nuscarinic and nicotinic acttons.

—
Neurine (vinyltrimethylammonium, CHo=CEN (cBglg )

has some curare~-like action bdut is very toxic and possesses
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very pronounced nuscarinic and nicotinic actions. Ethynyle
trimethylannoniun (EC  CN (CHg)y ) appears to be the

only unsaturated alkylammontum fon that has curare-ltke
properties but does not produce either nicotinic or

muscarinic effect,

Betaine (carbozymethyltrimethylanmonium) itself

| | ?7,90,91
ts pharmacologically inert™"*™ 27" 4y gome of the

substituted betaine esters (ethyl, butyl, amyl or benzyl
side chains to nitrogen) do have definite curare=like
activity with little muscarinic or nicotinic effectd?,

In general the simple onitum salts, although
they produce a curare-like paralysis, act o8 depolarizing
ihéy are also agonists at the receptors at which acetyl=
choline acts, since most have musoariﬁtc and nicotinic
effects, However, until recently most agents tested for
curare=~like activity wére tegted or goiency in causing
paralysis only, and not for their mode of action. From
recent studies of aever;l ontun compoundaga'94 it appears
that, o8 the size of the cationic heed is énlarged, the
mode of action of these onium saits changes from the
dqbolari:tng type (agonisttc), as exhibited by tetramethyl

and tetragethylammonium, to the true curare-like competitive
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type (antagonisttc), This latter action is Jound in such

tons as tetrabutylammonium,

' b) Bis=ontun compounds &

1) Galanine and tts analogs ¢ Dyning tests of

the neuromuscular blocking activity of ethers formed from
choline end homologous amino alcohols with phenols and
polyphenols the clinically useful galamine triethiodide
(Figure=18) was discovered. This &rug ts about one=third
as potent a3 d=tubocurarine in the rabbtégs, about three=

ve In cat96'99

Jourth as acti s and about one-=third as active

in man.

In analogs of Figure=18 there vas a decrease
in curareforn activtty as ethyl groqés were replaced
successively with methyl groups. However, there was no
atgnifiéant ioss of activity until at legst two such
substitutions were made. The tris-({trimethylommonium ethozy)
compound had a depolartzing action at the neuromuscular
Jjunction, there being a gradual change from. true competitive
action to a depolarizing one with successive methyl
subsiitutiongs. In a sertes of related N?aubstituied
dertvatives the trimethylammontium derivative was almost

as agetive as gallamine itriethiodide.



2) Succinylcholine ¢ Sucetnylcholine (ftgure-ls)

has became prominent in the clinic as a short=gcting

muscle relazant., It is not antagonizedvby neostignine

and §s antagonistic to dntubocurartna.‘ It appears to play

a dual role at the end plate, first depolarizing and
subsequently setting up a competitive block to acetylcholingoo.
It is about equipotent in man with d=tubocurarine, but it

has about one=tenth the duration of action. This short
durattion ts due to tté susceptibility to hydrolysis by

serum cholinester . Succihylcholtue {s g doubled acetylcholine
molecule, and this fact mey eccount for {ts rapid hydrolysis

by cholinesterases.,

3) Suzethonium ¢ It ngs an ethyl group substituted

for one methyl on e€ach guaternary nitrogen atom, has a
lower activity than succinylcholine., 4 second ethyl
substitution produced a very ma;ked reduction in activity.
The sulfonium analog when tested in radbits is about one=

tenth as potent as succinylcholine; however, it has a

longer duration of action.

4) Decgmethontum ¢  Decamethonium (Figure=-20),

one of the most potent neuromuscular blocking agents kroun,

and one that subsequently stimulated the search for active

agents, was discovered by two independent groupalogoloa.



They studied simple bisquaternary anmmonfium salts for
neuromuscular blocking activity, and observed the pbtant
neuronuscular blocking action of this bisquaternary salts.
Potency tncreased jrom the compound with two methylene groups
tn the linking chain upto the decamethylene compounds

with from 10 to 18 methylene 'groups, poteﬁoy decreased,

The most active compound, decamethonium, was more than twice
as potent as d-tubocurarine in the rabbit head-drop test.
Auygmentation of the contractions of the rat diaphragm muscle
was observed at decamethonium doses that were lower then
that needed for paralysis, and decamethonfum was not
antagonized by neoatigmtn81°4. These odservations have
aince been explained by the fact that this compound has

an agontstic (depolarizing) as well as an antagonistic

action at the end plate of the neuromuscular junctionl00,101,
105,106

5) Carbolonium ¢ Cgrpolonium (Figure~21) is a

depolartzing agent with e marked tendency to producé a

dual block in man $f it is given in large d0868107.

6) Pancurontum ! Pancuronium (Figure=22) ts a

member of o series of bisquaternary ammonium steroids that

were synthesised in 1964, Eztensive pharmacological and



clintcal studies hgve shown that it is approximgtely
Sftve times a9 potent as dwiubocurarine as a competitive

neuromuscular blocking agent, with minimel cardiovascular

and 1ittle or no histamine releasing or hormonal actionsloa

Cltnical uses of the Neuromuscular blocking Agents

Tre neuromuscular blocking agénts find their
principle use in surgerp;. They promote complete muscle
relaxation and pernit major abdominal surgery to be carried
out on patients who are only lightly anaesthetized and
who are therefore spared the hazards which attend deep
anaesthesia. JThey are also of value in orthopaedic
surgery, enabling corrective manipulations to be carried

out with ease.

The painful muscle spasms of tetanus can be
reduced in intensity by neuromuscular blocking agents.
The drugs have also been used in the treatment of status
eptlepticus and for attenuative the violent sefzures which
othe rwise acconmpany electroconvulsive therapy. In these
conditions it ts useful to administer the muscle relarant
in conjuction with an appropriate anaesthetic., Antidepolar-
tzing agents are sometimes used in diagnosis of nyasthenia

gravis.



STRUCTURE OF NE UROMUSCULAR BLOCKING
AGENTS ,

Fig. 2 ¢ (a) R = R' = OH <-Toxiferin I

(b) B =R'=a H - CeDihydrotoxiferine I
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One of the problems continually facing phytochemist
ts the separation and purification of one or more natural
compounds from @ mixture of such compounds, One of the
most convenient methods for achieving such separations I8
the use of cheomatographic technigques., Such techniques
can be used for the separation of large amounts or smgll
anounts of material. ZThe selection of a particular form
of chromatography to achieve a separation is dependent
on the material to be isolated, and often several
chromatographic methods may be used sequentially to achieve

the purification of a compound.

When chromatographic methods using column as a device
Jail to achieve the isolation of a compound from the
mirture, the technique, thin layer chromatography of
preparative grade is particularly useful.

Thin lager chromatography was described as long
a8 25 years ago but it has become of general value only
in the last few years. In 1938, N,A.Ismatlov and 4.5,
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Shraiber applied the method to the separation and

characterization of the exiracts of medicinal plants.

In 1951 Kirchner, gj,g;.loacoated glass strips with

a slurry of silicic acid nixed with stapch as a binding
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agent and succeeded in separating a nunber of terpines

by ascending chromatography. Little attention was paid

to this development because of the great interest in
paper chromatography at the time., It was generally
recognized that lipophilic compounds uere better separated
by adsorption techniques, and attempts were made to adapt
paper strips to adsorption processes by using acetylated
cellulose and by impregnating the paper with aluming.
These modifications were not too successful, and packed
columns generally provided a betiter solution to these

problems.

About 5 years'later Stahllog in Vest Gernany
revived the technique of thinelayer chromatography (ILC)
and demonstrated its usefulness in many different appli-
cations. He prepared 250 u layers of stlica gel on glass
platés using plaster of Paris as a binder and standardized
his equipment ﬁnd coatings to the point where they were

mgde available commercially.

The ILC technigue offers congzderable advantages
over both column and pgper chromatography. In column
chromatography tailing and poor resolution occur unless the
flow rate i3 well controlled, Among other reasons, this

can occur because fluids flowing through a tube have a
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greater flow velocity at the centre, due to frictional
resistance at the sides. Additional problems arise from
'jiow resistance and irregularities in the packing of the
stationary phase itself,

In ILC these problems gre minimized because the
solvent flow occurs on a planar surface. Although many
features of ILC gre similar to paper chromatography,. ILC
is extremely more versatile because of the large number of
materials available as stationary phase sorbents. ZXor
is spreading of solutes as severe because of the quanti=
tative differences between the fibrous structure of paper
and the particulate nature of ITLC coatings. This permits
lower solute detection thresholds in ILC and considerably

shortened development time,

Sorbents and solvents ¢ The guailability of many

sorbents in particle sizes suitable for thin-layer preparati-
on makes many chromatographic principles adaptable to ILC,
Absorption, partition, ion exchange, ligand-exchange, gel
fitltration, and electrophoresis may all be performed on

thin layer plates. These techniques are 1listed in the

Table below along with some commonly used sorbents and

developing solvents.
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Sorbents and solvents used in various TLC techniques.

Technique

Sorbents

Solvents

Adsorption ILC
Pgrtition ILC

Reyersed=-phase
partition ILC

lon=ezxchange
ILe

Ligand~
ezchange ILC

Gel=filtration
e .

Thin-dayer
electrophoresis

Silica gel
Aluminium oxtde
Calcium phosphate
Eieselguhr

Cellulose
Kieselguhr

Silica gel
Superfine sephadex

Paraffin and Silicone

oils impregnated on
stlica gel or
Kteselguhr
4cetylated=-cellulose
Polyanides

Hodj fied ton=
exchange resinsg

DE fi«cellulose
Acetylated-cellulose

Silica gel or
kieselguhr
inpregnated with
AgNO », tengstates,
btsuffite

Superfine sephadex,
G=25 to G=200

Silica gel

Cellulose

superfine Sephadex
Agar

Organic solvents
usuaglly as nixtures

Uiztures of organic'
and agqueous solvents

Uixrtures of organic
and aqueous solvents

Dtlute acids, bases,
and buffers.

Organic or organic-
aqueous miztures

Dilute acids,
bases, salts,
buffers

Agueous buffers.
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Adsorption ILC is highly versatile and useful in
the separation of a great many classes of compounds. It
is the most commonly used form of ILC, The polarity of
the substances to be separated dictates the combination

of sorbent and solvent to be used,

Silica gel {silicic acid) is slightly acidic and
therefore is best applied to the separation of neutrol
and acidic substances., Alunina (aluminium oxide), on the
other hand, is basic and should be used for the separation
of basic compounds., Alternatively, silica gel can be used
for the separation of basic compounds if a dilute base
(as ammonia) is added to the developing soluvent, Silica
gel and alumina are the most actiuve (powerful) adsorbents;
less active are calcium phosphate, calctum carbonate, and
kieselguhr. The activity of silica gel or aluminag can
be reduced by mizing with kiecselguhr. The most active
sorbents are used with the most nonpolar compounds and

the more inagctive ones with polar molecules.

4 third variable in selecting chromatographic
conditions = the solvent system - gives a great flexibility
to the method. 4n excellent and rapid manner for the

selection of a solvent system is to place spots of the



a4

sample on several locations on ILC plates prepgred

with various sorbents. 4 capillary filled with pure
solvent is applied to the gel in the middle of the sample
spot. Jhe soluvent develops a small, éircular chromato=

gram with the mtgratihg solutes arranged in concentric

circles Qbout the origin.

Using a se?ies of polar to nonpolar solvents or
solvent miztures produces at least one sorbent-solvent
combination where the solute of'interest migrates about
hal fway between the origin and solvent frént. This
combination should yield good ﬂ50~sepcrattons. Cellulose
is the most commonly employed sorbent for partition ILC,
The same sorbents and procedures which aqre used in paper
chromatography mey be successfully applied to ILC, The
low adsorgtive power of kieselguhr also makes it easily
adapted t& this method. In addition, silica gel leyers
have been used for partition where the gqueous solvents
decrease its adsorptive power. However, both adsorption

and partition forces probably are involuved,

The selection of gel~filtration and ion-exchange
sorbents ts. made on the basis of considerations analogous

to those required for column applications. ZThe choice of

thin=layer electrophoresis sorbents is usually mede on the
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basis of the substances to be separated. For ezample,
siltca gel lgyers have been used to separate amnino acids,
amines, phenols, and inorganioc ions., Sephadez and agar
gels have been applied to the separation of proteins,

mucopolysaccharides, nucleic acids and viruses,

Preparation of Flates t Ty ypgyre o physically

stable layer which does not flake, binders may be added

to the sorbents. Calcium sulfate, starch, and carbozy=
methylcellulose are commonly applied for this purpose,
Actds or buffers also may de added to the sorbents, and
fluorescent indicators may be incorporated to permit
detection of ultraviolet=absorbing compounds. Commerciglly
available sorbents gre supplied either with or without

binders and indicators.

4 slurry of the sorbent mizture is made by the
addition of water or in some cases an organic soluvent,
This ts poured into a spreading device which is draun
across a series of 5 X 20 or 20 X 20 cm glass plates,
depositing a uniform coating on them. A4lternatively,
reasonably good ITLC plates may be made by placing iwo or
three layers of adhesive tape along the edges of the
glass plates, placing some slurry on each, and drawing

a glass rod across them, supported by the tgpé. Gradient~



o6

making applicaetors also arée available,

- Bather than coasting @ plate with one sorbent, two
di fferent sorbents may be applied simultaneously so that
the layer is made of a gradient mizxture of both. For
example, silica gel and alumina may be used to prepare a
PE gradient across the width of the platce., This nmay yield

separations which otherwise would.not be possible,

The binder usually sets within a few minutes of
being poured and the plates are allowed to air dry in a
level position for about an hour. JFlates for adsorption
TLC gre gctivated by drying in an oven around 100°C for an
hour. 4dditional heating is required for eluming plates.

They are then stored over g desiccant until used,

Plagtes for reversed-phase ILC glso must be thore
oughly dried before impregnation with the stationary
phase. This is best done by placing the plate into a
shallow trough containing an organic solution of the
stationary phase, anrnd permitting the solution to migrate
up the plate, JFlates for normalqpartion'TZb may be used
while still moist from preparation or moistened at a later
time over boiling water. Gel=filtration and electrophoresis

plates also must be moistened before use; better, they are
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used while still moist from preparation. Commercially
prepared plates containing binder aré aguailable with glass,
plastic, or aluniniunm backing.

4

Development and Detcction Techniques ¢  Samples,

which may range from a few micrograms to milligrams, are
applied at points about 1.5 cm from one edge of the plate,
For ascending development, the plate is placed into a
rectangulaer=-shaped tank with the developing solvent
covering the bottom to o depth of about 0.5 cm. ZThe
inside of the jar is lined with filter paper to insure
that the solvent will completely -saturate the ginosphere.
Tne cover is replaced gnd the solvent rises through the
layer producing the chromatogram by elution development. -
The run is usually stopped when the solvent front trans-
verses gbout 3/4 of the plate. Bather than using o filter
paper~lined jar, "sandwich-type" tanks may be used where

the jar edges agre very nearly in contact with the plate.

Descending techniques are less commonly used but
may be of particular value in sepagrating slowly moving
compounds. Solvent is delivered to the plate by filter
paper strips which saturate the layer. Solvent is

permitied to drip from the end of the plate until solutes

of tnterest are resolved or about to be eluted. The



descending technique is essential in gel=-filtration ILC,
Gradient development also is possible using special tanks
which facilitate a continual change in the solvent

composition.

Two=dimensional ILC i3 easily executed aqs is ILC
fingerprinting. 4 variation of fingerprinting is possible
on TLC wphere gel filtration is performed in one dimension

and electrophoresis in the other.

After the solvent has evaporated, plates nay be
ezamined under ultraguiolet light ot 366 mu for the presence
of fluorescent compounds or at 254 my for ulirauiolet~
absorbing ones. dIn the latter case the compounds appear as
dqu spots agatnst a highly fluorescent background which
is produced by an indicator added to the ;orbent. 4 gregt
many chenical reagents nay be applied to the laysr by
either apraying or dipping, just as in pgper chromatography.
Thin=layer plates are especially vaeluable where corrosive
reagents agre required, such as todine vgpors or sulfuric

acid, which detect most organic compounds.

Radioactive compounds may be detected either

directly by a scanning device which moves the plate under
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a G-l tube and records the resulting increase in counting
rate or by physically removing sectiong and determining

the radioactivity present by liquid scintillation counting.
The 1atter method gives great quantitative accuracy and

pernits the simultaneous detection of two or three isotopes.

4 conbination of this method with ultraviolet
detection is used to characterize unknown drug metabolites,
4 solution of trace amounts of radioactive metabolites
is mized with reference compounds of known structure and
chromgtographed. The reference compounds are detected by
liquid-scintillation spectrometry. Gbrrespbndence bet=
ween radioactive and ulirguiolet absorbing peaks indicagtes

tdentity.

In case of prepargtive TLC, thick layers of sorbents
‘may be prepared to separate several hundred milligrans
on a single 20 £ 20 cn plate. However, if the layer is
much thicker then 2 nm, solvent flow becomes more column=
1tke gnd the advantages of TLC gre lost. Samples gre
unt formly strecked agcross the entire width of the plate
and development produces a series of solute bands which

may be eluted for additional characterization.
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Becent gdvances in technology also make it possible

to obtain infre-red, NMR and mass spectra dats on very
small semples. Zhis may be eluted directly from ILC
plates,



Se cti on LA I B IV

SPECIROSCOPY AND STRUCTIRE
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Deterninagtion of structure @

Phytochenist when he is confronted with an unknown
compound, takes the various steps ¢ determination of molew=
cular wetght'and molecular formula ¢ detection of,presencé -
or absence = of certain functional groups, conversion into
dertvatives; synthesis by an unambiguous route in order to

find the answer to the questton ¢ What is it 2

At every stage of structure determination from
the isolation and purification of the unknown substance

to its final comparison with an authentic sample = the use

of instruments has, since lgst few decades revolutionized
phytochenical practice, Ingtruments not only help a
phytochenist to do what he does faster but, more important,
let him do what could not be done at all before to analysis
complicated mizture of closely related compounds, to
describe the structure of the molecules in detall never

imggined before,

The instruments most directly concerned with
our primaty interest, molecular structure, are the

spectrometers - meagsurers of spectrae.



_ The major advantages of these techniques are ¢
that usually they do not degrade the molecules studied, and
that they are highly refined and automated, These
advantages are also of importance to the pharmacologist.

In addition, these techniques enable éxtremely small
quantities of matertal to be studied, even in relatively

Iimpure systemns.

The ultraviolet spectrum 3

The ultraviolet spectrometers commonly used
measure absorption of light in the visible and 'near’
ultrgviolet region, that is, in the 200=750 ny range.

This light is of higher fregquency (and greater energy) than
infrared light and, when it is absorbed by a molecule, the
changes 1t produces are, naturally, ones that require

greater energy 3 changes in electronic states.

In a transition to a higher electronic level,
a molecule can go from any of a number of sub-levels =
corresponding to various vibrational and rotat;onal states
to any of a number of sub=levelsy as a result, ultraviolet
absorption bands are broad. ¥here an infrared specirum
shows many sharp pecks, ¢ typicel uliraviolet specirum

ghows only a few broad humps. One can conveniently describe
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such a spectrum in terms of the position of the top of the
hump ( )\ maz) and the intensity of that absorption ( € maz,
the extinction coeffictent).

"hen one speaks of a molecule as being raised
to a higher electronic level, one means that an electiron
has been changed from one orbital to another orbital of
higher energy. This elcctron can be of any of the kinds one
has encountered; a 6 electiron, a 7~ eleciron, or an
n electrbn ( a non=bonding electron, that is, one of an
unshared pair). AG electron is held tightly, and a good
deal of energy is requived to excite ity energy corresponding
to ultra?iolet light of short wavelength, in a region =
"oar" ultraviolet - outside tae range of the usuael spectro-
meter., It is chiefly excitation of the comparatively loosely
held n endyx electrons that appear in the (near) ultra-
violet spectrum, and, of these, only jumps to the lower =

more stable -~ excited states.

The electronic transitions of most concern to
the organic chemist gre ¢~ (a) n-> ¥, in which the
electron of an unshared pair goes to an unstable (antibonding)
orbital, as, for erxample,

‘.

and (b) 73 ====m= <%, in which an electron goes from a stable



64

(bonding) orbital to an unstable orbitel, as for exaqmple,

N e P

/0:0',------ €—0» [ P — 7‘*

Conjugation of double bonds, however, lowers
the energy requiréd for the transition, and absorption
moves to longe€r wagvelengths, where ti can be more conven=
tently measured. If there are enough double bonds in
cqnjugatidn, absorption will more into the visible region,

and the compound will be coloured.

The ultrguviolet spectrum is not used primarily
to show the presence of individual functional groups, but
rather to show relationships between functional groups,
chiefly conjugationy conjugation between two or more carbone-
carbon double (or triple) bonds; between caerbon=-carbon and
carbon-ozygen double bonds; between double bonds and an
aromatic ring; and even the presence of an aromagtic ring
ttself. It can, in agddition, reveal the number and location
of substituents attached to the carbons of the conjugated

aysten.,

The infrared spectrum ?

0f all the properties of an organic compound, the
one that, by itself, gives the most information about the

compound's structure is its infrared specirum.



4 nolecule is constantly vibrating; its bonds
streteh ( and contract), and bend with respect to each |
other. Changes in vibrations of a molecuyle are caused by
absorption of infrared light; light lying beyond (louwer
frequency, longer wguve~length, less energy) the red end

of the visible specirum,

Lixe the mass spectrum, an infrared spectrum is
a highly characteristic property of an organic compound and
con be used both to estagblish the identity of itwo compounds

aﬁd to revegl the structure of a new compound.

The tnfrared spectrae of a molecule are gbsolutely
specific and since this allows the molecules to beé charact=
erised, the term "fingerprint" is used to describe the
characteristic infrared pattern observed. It is not
difficult to assign the absorption bands of simplé molecules
such as carbon dioxide and water, but phytochenisis are

usually interested in large compler moleculés,

Certain bands which regularly appear near the
sameé wavelength may be assigned to specific molecular
groupings, in the sgme way as for chronephones which absord
in the ultraouiolet region. These group fregquencies are of

great vaelue in diagnosiic work. When the bonding force
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between two atoms increases i.€., the wgvelength absordbed
decregses., When the reduced mass Mg—Hp/Mg *+ Up

(M = qtonic weights of the atoms @ and b involuved in a
bond increases, the vibration frequency decregses and
hence the wavelength absorbed increases. For any given
bond, bending vibrations occur at much lower frequencies

than stretching vibrations.

The infrared spectrum helps to reveal the
structure of a new compound by telling us what groups are
present in or gbsent from the molecule. 4 particular group
of atoms gives rise to characteristic absorption bands;
that is to say, a particular group absordbs light of certain
grequencies that are much the same from compound to compound.
For example, the =0H group of alcohols ghsorbs strongly

at 32003600 cm‘l; the C=0 group of ketones at 1710 cm™

1,
’
the «C= N group, at 2250 en~1; the «CHg group at 1450 and

1375 em~2,

Interpretation of an infrared spectrum is not
a simple matter. It is usually used in conjuction with

such techniques as n.m.r. spectroscopy and mass spectrometiy.

-+ -

Nyclear magnetic resonance spectrum i

This technique is used for detecting agtoms which
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have nuclei that possess g megnetic moment, These gre
usually atoms containing an odd number of charges (protons)

in their nuclei,

Since protons possess both spin and charge they
behagve 1ltke small magnets i.€¢., they have magnetic movements
like electrons, but approximately 2000 times smaller, Thus,
in the presence of a magnetic fiteld a proton and other
nucled with e nuclear spin value of 1/2 can exist in two
states t.e., €ither in a low energy state with their nuclear
spin gligned parallel with the field or in a higher energy
state antiparallel to the field. In order to change from low
energy state such nuclei must absorb the appropriate quantun
of energy. In a magnetic field of several hundred millitesia
(several thousand gauss) such nuclet absorb radiation in
the radio-wgve region of the elecitromagnetic spectrun,
giving rise to the phenomenon known as nucleer nagnetic
resonance (neme.r.). Host studies are conducted using the
lightest isotope of hydrogen, Iy, This nucleus possess
a nuclear spin value of 1/8, Other nuclei common in mole=
cules, such as 130, 16¢g possess zero spin and hence lack a

nagnetic moment and do not give n.m.T, 8ignals.

The frequency of the radio waves absorbed during

n.m.r, depends on both the isotope being studied and the
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i)
magnitude of the applicd magnetic field. These spectra are
usuglly plotted as energy absorbed against the magnetic
field strength applied (not wavelength or frequency).

The actual field seen by a proton in a particular
compound depends upon its molecular environment since the
applied field induces secondary fields by interacting with
the bonding electrons adjuscent to the ﬁroton. If this
induced field opposes the applied field, a slightly higher
field nust be applied to make the nucleus resonate. Such
nuclei are seid to be shielded. The magnitude of the
shielding decreases with increasing electron wi thdrawing
power of nearby substituents. If the induced field augments
the applied field, the nucleus is said to be deshielded
and g smaller applied field is required to achicve resonance;

such a displacements in the speciral line gre known a8

Ig.ch, ,ete.

chemical shiefte. JThe presence of IH;O-, IEhCH,
may be detected by the occurrence of particular peaks in

the momor. spectrum. In addition, the relative number of “H
atonms in each type of chemical group within the sample is
indicated by the intensity bf the qpprqpriate absorption

peaks, t.€., by the areas under those Deaks.

Nyclear magnetic resonance spectra are Sfurther

complicated by interaction between like or different spins
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through the bonding electrons. This spin=-spin coupling
nay extend to nuclei which aré 4=~5 bonds apart. It is
mantfested as a splitting of the absorption peaks alrcady
separated by the chemical shift (hyperfine splitting).
Intense nagnetic fields are reguired to resolve the lines

produced by this hyperfine splitiing.

Lixe I,B,, n.m.r. spectra are of great use in
the study of chemical structures., The chemical shieft
yields qualitative information and the intensity of any
peak yields quantitative information about groups present
in the compound., In addition, the hyperfine siructure
yields information about adjacent nuclei gnd the magnitude
of the hyperfine splitting yields information about geo=
me trical relationaﬂtpa within the molecule, However, as
with {.r. spectra, n. m, r., spectra are compler and require

expert interpretation.

Ugss spectrum ¢ Lgss spectrometry can sometimes provide all

af the information required for the elucidation of a
molecular structure. It is particularly valuable to phyto-
chemists since it often enables a complete molecular structure

to be deduced from only 106 t0 2077 g of material.
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4 mass spectrum may be shown as a plot of the
abundance of ton against mass, and hencé t8 not at all
like the various types of electromagnetic spectra.
Unfortunately, unlike electromagnetic specéral techniques,
mass spectrometry is a destructive technique, but fortunately,

the amounts of material consumed aqre very small,

FPrinciple ¢ Mgss spectrometry involves the
production from o compound of an ionized form of the parent
compound (parent molecular ion) and ifonised fragments
(fragment tons). These gre gll pogttively charged ions and
are geparated on the basis of their different mass/charge
(n/c) values, ond their masses may be determined to one part

in 106.

The nmagjority of ions produced du;ing the initial
tonisaiion procedure‘habe a single positive charge, i.€.,
one electron is removed from the molecule or fragment,
Thus, the tons produced differ only in theif mass .
Occasionally, however, molecules lose more than one electron
and multicharged - ions are prdduced. Fhen two electrons
have been lost, the ton exhibits an qpparen% nass to charge
ratio one half that of the corresponding single charged fon.
When producing ions by electronic bambardment the degree

of fragmentation of molecule depends on the energy of the
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bambarding electrons. A4t low energies (1=2 X'10'127

only one electron is removed from the molecule, The
resulting posttively charged molecule ion has a m/c value
corresponding to the molecular weights of the parent
compound., At the usugl operating electron beam energy

of 10'17 J, the molecules are cleguved into positively
charged fragments of different masses., The way in which
compound fragments to give a mass spectrum is characteristic
of the compound being analysed and is called the cracking
pattern. From this pattern the structure of the molecules

can be deduced.,

The mass spectra show a series of peaks or lines
corresponding to the m/e values of the positive ions
produced from the compound., The height of the peaks
corresponds to the relative agdbundance of the ions. The

parent ion is the peak with the greatest mass.
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| ZUBRS OF DI0SO0RS4 EISPIDA TARTSTY Dagon
-'fvh—_—_—*____—é



WATERIALS AND METHODS :

Identification ¢ The tuber (Figure=1) was
tdentified as Dioscoreg hispidg Dennat variety DAEMONA (Bozb)

on the basis of botanical characteristics with the help of
Prof, P, V. Bole, St. Xgvier College, Bombay.

Collection, Drying and Storage ? fp, fresh

tubers of Dioscorea htapidg_(e gunny bags) were collected

fron Dapoli District of Konkan area, in the monvh of
December, 1975, The tubers uere washed to make them free
Srom soil and cut into slices by the sharp steel knife.
The sltcés were dried at ambient temperagture (32°¢) for
overnight and milled to a cogrse powder in a grindiné
nachine., The semidried powder was subjected to complete
drying at 31°C in shed. The dried powder was stored in a

wooden drum in a dry place. Some fresh yams were also stored
¢n the cool shed under dry earth without deteriorating

the tubers.

Eztraction ¢ The fine coarse powder (60 to
100 mesh) was wetted with 500 ml of solvent and imbidbed for
four hours in a closed container. Inbibed powder was packed

unt formly in a Sozhlet apparatus and macerated for overnighte.
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ezt day more solvent was added and waes ezhaustively
extracted with petroleun ether (40-60°, 3 litres), ether
(8 1ttres), chloroform (2.5 1itres) and ethyl alcohol 90%
(2,5 11tres) in successton. The solvent from the extracts
were removed under reduced pressure. ZThe marc after
Sozhlet extraction was macerated with chloroform water
for 24 hours. It was concentrated under vacuum evaporator

and dried in o vacuum desiccator.

RBecovered solvents were reused for extraction and
all five extracts were subjected to prelimingry pharna=-
cological studies. This solvent system was replaced by
me thanol alone and the large quantidy methanolic exiract
wgs prepared, methanol removed by distillation and crude
eztract was stored in an amber coloured bottle., This
extract was further subjected to the isolation of total
alkaloid.

Isolation of total alkaloid present in the tubers ¢

Hyndred grammes of methanolic crude extract clmost free
Jrom methanol was diluted with two litres of chiiled

water gnd made alkaline to pH 10,5 to 11,0 by adding slowly
and carefully the strong ammonia with constant stirring by

means of magnetic stirrer for 15 minutes. Aliquot portion
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of chilled preparation was transferred to a two litre
capacity separgting funnel and was shaken with 500 ml
of chloroform. When the liquids were shaken in the
separating funnel, enulsification occurred between the
chloroform and the aqueous solution, making it exceedingly
di fficult or impossible to separate the liquid. The
formnation of emulsion could frequently be auvoided by
rotating the separating funnel slowly and occassionally
inverting in place of shaking vigorously. Emulsion occurred
during this procedure was broken by the following
processes !¢

1, addition of more of the chloroform,

2, gentle stirring with the glass rod,and

3. drawing of the separated solvent as rapidly

as it was separated.

Chlorofornm washings were given till final wash contain

negligible quantity of alkaloid.

411 chloroforn washings were pulled together
and chloroform was recovered by distillation. Zhe traces
of chloroform from the residue were best removed by
treating the residue with few ml of ethanol and evaporating
the solution to dryness again. The crude alkaloid was

subjected to preparative thin layer chromatography.
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Preparative Thin Layer Chromatography ¢ Tpe

method of the preparative thin layer chromatography with

some modifications was used for isolation of the alkaloids.

4 glass sheet of 45 X 45 cm. was covered by a
uniforn thin layer of an adsorbent silica gel G containing
calciun sulphate as a binding agent which faciliitated the
adsorbent sticking to the plate. The plate was prepared
by spreading a slurry of an adsorbent in water (125 g of
silica gel in 250 ml of glass distilled water) over it by
meagns of clecan uniform glass rod starting at one end and
moving progressively to the other and then allowed to dry
for an overnight at room temperature and cctivated in the
next morning by heating in an electric even at 100°¢c for
one hour. Drying served to remove water and to leauve ¢
coating of thickness 2 mm of adsorbent on the plate. The
plate was allowed to cool gradually (2 nhours) and used for

separation immediately.

The crude alkaloid was applied to the plate by
a tuberculin syringe having needle (26 gauge) at least
‘four centineters from the edge. The chloroformn was removed
from the sample, by use of an air blower allowing further

material, till total material had becomeé 100 mgs, to Dbe
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applied to the band, Care was taken to ensure that the
adsorbent did not flake off the sample application band.

Separation took place in a chromatography glass
tank (50 X 55 X 15 cms.) which contained the developing
solvent methanol and chloroform in proportion of 10 to
90 to a depth of 3 ems. This solvent system was found to
be the best gmong (1) benzene * ethanol (absolute) in
different proportionsy (2) benzene + petroleum ether *

nethanol (20%20%20); (3) Petroleum ether * Acctone *

Hethanol (20+70%10); and (4) Cnloroform * UHethanol in different
proportions - 99:1, 90:10, 75825, 50:50, 25:75, 10:90 and
2:99, This was allowed tz stand for at least 6 hours with
a cover of glass plate over the top of the tank Yo ensure
that the atmosphere within the tank became satureted with
solvent vapour., Unless this was done, irregular running
of the solvent with poor separation was observed. i'hen
equilibrium was occurrcd the cover-plate was remouved and
the plate was placed vertically in the tank so that it
stood in the solvent. ZThe cover plate was removed after
10 hours i.6., after reaching the solvent to <he top, the
plate was carefully taken out of the tank and dried in an
electric oven at 60°C to remove all the vapours of the

developing solvent.
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Detection of alkaloids ? In g fume=hood the

plate was gently and evenly sprayed with Dragondorff
reagent by atomizer. The alkaloids were named as

Fraction I, II, III gnd IV from bottom to top.

Recovery of sampleés ¢ Fpactionwise the relevant

ares of silica gel were scrapped off the plate with a

spatula and collected in the amber coloured bottles.

Thus, twenty=-five plates were prepared and the
" material was collected in the respective bottles. After
collecting sufficient amount of screapped material, it
wgs subjected to the following procedure in order to

elute the marimum amount of free base from the adsorded

alkalotdal complex. .

Hyndred grammes of stlica gel was treated with .
500 ml of chloroform with constant stirring on a magnetic
stirrer till dispersed uniformly. Dilute agmmonia was
added slowly until yellow colour of silica gel was
completely disappeared. The mizture was filtered through
whatman paper and chloroform elute was collected. Alkaloid
was obtained jfrom thé elute by evaporating the solvent
in a flash evaporator. ZThis procedure was repeated for

all fractions.
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These were further subjected to thin layer
chromatography in order to see whether the fractions
thus collected of the alkaloids were single or a mizture

of alkalotds.

Identiftcation of single spot on thin layer
chromatography ¢

Preparation of thin layer platés ¢ The glgss

plates were coated (20 X 20 cms) with o thin layer of
silica gel (250 mu thickness) with the help of mouvagble
spreader., The plates were allowed to dry at room tempera-

ture and activated in a oven at 110°C for 80 minutes.

Application of test solutions ¢ ..+ 10 ng of

each fraction was dissolved in 10 ml of methanol and
approxinately 10 4 ml of the solution was applied as a
single spot 2 cm from one end of the glass plate and
2.5 om away from each other with the help of lamda

Dipette,

Separation chamber and development of

chromatogram ¢ The glass chamber of 21 X 21 X 9 cms.

specially made for ILC was filled with different develop=-

ing solvent system to a depth of about 1 cme. After 3 hours
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the spotied glass platc was placed carefully in the
chamber and covered with the lead, W¥hen the solvent

front had moved for about 15 to 16 cms, the plate was

taken out of the chamber and dried at room temperature.

The plate was then sprayed with Dragondorff reagent and the

number of spots whe the r single or mizture were confirmed.

Solvents used ¢

Benzene * Ethyl acetate (70 * 50)

Chloroform * Methanol (90 *+ 10)

Chloroform * Hethanol * acetic acid (120 * 20 * 3)
Chloroform * Hethanol * Ammonium hydrozide (120*20+2).

Crystallization Attempts were made to

crystallise Fraction II and Frgction III in different
solvent systems such as methanol, methanol-chloroform mizture,

me thanol=-petroleun ether, ether, ethanol.

Fraction II was purified by recrystallisation in
me thanol=chloroform (25:75). Fraction III was purified by

preparing its hydrochloride and base repeatedly.

Sagme procedure was repeated for Fraction I and

Fpaction IV,
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Helting point ¢ Melting point of crystallised
Fraction II was studied on an electrically heated melting
point apparatus till it reproduced sharp and constant

melting point.

Elemental analysis ¢ The following test was
performed for the detection of nitrogen, halogens and

sulphur.

Sodium_fusion test ¢ (Lgssalgne's test)

The short tube of hard glass (6-7 cm X 1 cm) was
taken,to it a dry clean piece of éodium was droppec and
heated it. When fused, a little of substance dropped
over it and heated the tube at first gently. Further
small quantity of the substance was added and then heated
to redness for threec minutes. ZThe tube was broken in
distilled water tﬁ a dish. Concentrated by bdoiling and
filtered. The filtrate was divided into portions and

tested as jfollows ¢

Test for nitrogen ¢

(a) 20 m1 of the filtrate added to 5 ml of
saturated ferrous sulphate and one drop of 55 sodium hydroxide,

botled for two minuteés, added two drops of saturated solution



of ferric chloride, cooled and acidified with concentrated
hydrochloric acld,

_(b) Test for sulphur ¢ To the 2 ml of the

filtrate, added one drop of 5% godiun hydrozxide solution
Jollowed by four drops of fresh sodium nitroprusside
solution (1%).

(¢) Test for halides ¢ 5,0 nl of filtrate was

acidified with dilute sulphuric acid, boiled for 5 minutes
and then gdded a few drops of dilute nitric acid and

silver nitrate.,

Yicro-gnalysis @

Utraviolet spectra ! The ultraviolet spectrunm

of alkaloid 4 and alkaloid B were recorded by means of
Ultraviolet Vistble, Perkin-blmer, 402,

Specifications Alkalotd-4 Alkaloid-B
Concentration 0.1 ng/nl 0.1 ng/ml
Solvent Chloroform Chlorofornm
Range 200 to 400 mu 200 to 400 mu

Cell 1 em bredth 1 cm bredth.
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Infrared spectra ¢

Specifications Alkaloid=4

Preparation of KBy Dige
sample

Concentration 2 mg/disc

Scan speed Hazimun

S1it width Hormal

Vavenumber 6254000 cm~1

The infrared spectra of
alkaloid 4 and alkaloid B were recorded by means of

Perrin-Elner Grating Infra=red Spectrophotometer, Yodel 257,

Alkagloid-B

Solution in
chioroform

1 ng/ml
Hazinum
Nornal
625-4000 cn~L.

Nyclear magnetic Besonance ¢

The nuclear magnetic

resonance of alkaloid 4 and alkaloid B were recorded by

means of varian 60 NHz N M R,

Speci fications

Sweep offset (Hg)
Spectrun anplitude
Integral anmplitude
Spinning rate (RPS)
Sweep time (Seconds)
Sweep width (Hg)
Filter

R power level
Solvent

Alkaloid-4

500
16
415
60

250
500
0.05

Carbon tetrag=-

chloride

Alkaloid=B

250
500

1
0.075

Carbon tetra=

chloride *

Chloroforn.
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Tests for lactone ring :

1. Freshly prepared 1% alkaline sodium nitro-
brusgide solution was added to the 5 mg of alkaloid=4 and

alkaloid=B, Changes in colour were noted.

2, One mg of potassium todate (4nalaR) and
one drop of concentrated sulphuric gcid were added to the

5 mg of each alkaloid taken on a white tile. Colour

reactions were recorded,

Mass spectra ¢ Mass spectra of alkaloid-4 and
alkaloid~B were taken.

Specifications Alkgloid-4 Alkaloid=B
Temperature of inlet 130 70
Energy 70 70

Ionising current 20 20
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RESULTS :

Exhaustive extraction of 4000 g of dried powder
with solvents - gftroloum ether, ether, chloroforn, ethyl
alcohol (90%) in succession and maceration with chloroforn
watetjiroduced‘corresponding crude extracts weighing 4 g,
3.5/5, 10 g, 25 g and 60 g, respectively, Preliminary
pﬂbrmacologtcal studies (on chicken gnd rat Phrenic nerve
diaphtagm) indicated the presence of potent depolarising
type of neuromuscular blocking agent in all the above extracts.
Preliminary phytochenical studies suggested that all the
extracts may contain an alkaloid as one of the major

constituent on the following chemical reactions.

(a) Ptnk colour to Dragondorff reagent.
(b) Yellow colour to Wagner reagent , and

(¢) Wnite precipitate to Yayer's reagent.

Petroleum ether contains sterold in addition to the alkaloid.

Thts procedure of sequential extraction was a
time consuming, hence solvent sysitem was modified so that
complete extraction of an active constituent f.€., Nemab.
agent could be possible. HMethanol alone proved to be the

best, Aqueous ezxiract after Soxhlet extraction with
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methanol did not show g neuromuscular blocking activity
and aglso failed to produce colour test to Dragondorff
reagent and Vagner reagent and white precipitate to Ugyer's

reagent.

v

vxi Hethanolic extract ¢ 400 g. extract was obtained
fy6; 4 kg. and dried powder, The ertract was brownish,
/ﬁésinous senigsolid. It was less soluble in water, ethyl
//;alcohol, ethyl acetate and sparingly soluble in carbon

tetrachloride, benzene and petroleum.

Crude_alkaloid ! Total yield was 103 of the

methgnolic extract. It is hygroscopic, deteriorable at

higher temperature (more than 250°C).

Preparative thin layer chromatography ¢ The

crude alkaloid was resolved into four main fractions. These
were located by the Dpragondorff reagent as the pink areas.
It indicated that Fraction-II and Fraction-III were the
major ones, while Frgction=I and Fraction IV were the minor

alkaloids,
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RBecovery of the alkaloids ¢

Total crude alkaloid loaded ¢ 2,5 gnms,

Frgetion Fractions % Composition,
obtained in
ng.
y / Fraction-I 75 . _ 3.0
: Fraction=II 187.5 7e5
/y// Fraction=III 187.5 7.5
‘ Fraction=IV ~  100.0 4.0

Thin layer chromatography 3

Fraction No, of the spots.
Fraction=I 8 to 4
Fraction-II single
Fraction-ill single
Fraction=IV 2

Phys ical studies ¢

Fraction=I ¢ The mgterial was not separated

in pure form as the amounts were louw.

Fraction=Il ¢ It {s named as alkaloid-4, is a
odorless, yellowish white crystelline compound having melting
point 89°C sharp. It is insoluble in water, soluble in

nethanol, chloroform and aceétoné.



MASS SPECTRUM OF COMPOUND-A

MASS SPECTRUM OF COMPOUND-B
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Fraction=III ¢ It {g named as alkaloid~B, is a

semisolid yellowish brown could not be crystallized,

characteristic odour, soluble in water, me thanol, chloroform,

acetone, .

Frgetion=IV ¢  Broun viscous semisolid.

Elemeptal analysis !

v
5

Nitrogen Sulphur Hglides

Fpaction=I + - -
Fraction=Il + - -
Fraction=-IIlI ® - -
Fraction=IV + - -
UHicro=analysia 3
Elements AlkaloideA Alkaloid=-B  Calaulated
Carbon () 70410 70.3 70,6
Hydrogen () 8,82 8.7 8.6
Nitrogen (59 6,28 6,25 6.3
Ozygen (%) 14.8 14,75 14,5

Mgss spectra indicate that both alkaloids are
having the same molecular weight i.€. 221, Molecular formula

on the basis of microanalysis and mass specira can be suggested

as C5 1504



INFRA-RED SPECTRA

[ ]
SAMPLE-A

4000 3500 3000 2500 2000 4800 600 1400 4200 1000 800C 625

SAMPLE-B

4000 3500 3000 2500 2000 1800 1600 4400 1200 #0000 800 625

NUCLEAR MAGNETIC RESONANCE SPECTRA
—— :

b e e e A S A AL e

T

SAMPLE —A

SAMPLE-B

—




88

Spectronic studies ¢

Oltraviolet spectra ¢ Ultrguviolet spectra of

alkaloids-4 agnd B showed the single absorption mazima at
2470°4 indicating the presence of an ethylenic bond

conjugated with carbonyl group of a lactone ring.

Infrared spectra ¢ Ipfrared spectra of 4 and B

alkaloids showed the carbon=carbon stretching at 1690°4

indicates the presence of six membered lactone ring.

Nuclear magnetic Resonance ! WNyclear magnetic

resonance of both compounds indicaie the presence of
AN
C=0 group in the both compounds.
!

¢
o

Both alkaloids produced reddish violet colour with
alkaline sodium nitroprusside agnd violet colour with
potassium iodate and sulphuric acid indicated the presence

of lactone ring.

Reggents used @

Dragondorff's Beagent ¢

Stock solution ¢ 4 mixture of 25 ml agcetic acid,

2.6 g basic bismuth carbonate and 7.0 g sodium iodide is
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boiled for few minutes., Thecopious precipitate of sodium

acetate is filtered off through a sintered glass filter ,

after about 12 hours 20 ml of the clear red=brown filtrate
are mized with 80 ml of ethyl acetate and 0.5 nl water

ts added. This solution was stored in ambered colour bottle,

Spray Beagent ¢ A nyrture ts made of 10 ml of

stock solution, 100 ml acetic agcid and 240 ml ethyl acctate.

’

Zagner reagent ¢ 1,0 g iodine and io'g of potass=

itun i{odide are dissolved in 50 ml water by warning gnd 2 ml

acetic actd added, The solution is made upto 100 ml with

varer <Q\"O'j2.'4 63‘1"&‘ 1o mvagnthe. s

.~ Mayer's reagent ¢ 3 s55 g of Hercuric chloride -
dissolved in 60 ml of wdter, and S g of potassium iodide
dissolved in ;5 nl of water, mized and diluted with water
to 100 ml.
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MAIEGRIALS AND METHODS :

The pharmacological studies of the crude extract

In vivo and in vitro preparations were carried out.

In vivo effects ¢ In these studies the crude

alkaloid in the form of suspension was administered to

different experimental animals and the effects were noted,.

In vitro effects ¢ Fpom the observations of

in vivo effects, one gets an indication of the type of
action produced and agccordingly different tissues were
selectively studied for the drug action. Since the major
effect was a8 the neuraemuscular junction as a prinary

site of action, following tissues were selected for further

study é-

(1) Isolated rat phrenic nerve diaphragm preparation,
(2) Frog rectus abdominis muscle preparation,

(3) Isolated chick biventer cervicis muscle
preparation.

In vivo _studies ¢ White male leghorn (Gallus-

gallua) chicks weighing about 25 to 30 gms and I-5 days

0ld were injected with a crude alkaloid through the neck
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vein in doses of 10 to 15 ug per bird. Crude glkaloid
was also administered orally in dose range of 1 to 2 mg

per bird,

Kqsauli mice (either sezx) weighing 18 to 20 gms
were adnministered crude alkaloid in doses of 100 to 150 ug

per animal intravenously and 200 mg per kg orally.

Albino rats (either sez) weighing 150 to 200 gnms
were gdministered crude alkaloid in doses of 1-mg to 2 mg
per animal by intravenous route and 200 mgs/kg by oral

route,

Guineag=pigs (either sex) weighing 200 to 250 gms
were adnintstered crude alkaloid in dose of 3 mg/kg by

intravenous route.

Rabbits (either sex) weighing 1.5 to 3 kg were
adninistered crude alkaloid in dose of 2 to 3 mg/kg by
intravenously and 40 to 50 mg/kg by orally.

Stray cats of either sex weighing 2 to 3.5 kg
were adninistered crude alkalo$d in doses of 1 mg per kg

intravenously.
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Monkeys (Huceucea mulata ) of either sex

weighing 3 to 4.5 kg were agdministered crude extract in

doses of 3 mg/kg tntravenously and 24 mg/kg orallj.

LD&Q ¢ White male legﬁorn chicks weighing 25 to

30 gne of 1 to 5 days old were selected agnd grouped with
six birds in each group. Birds in each group were
adninistered specific doses of crude exitrget intravenously
through neck vein ranging from 10 to 100 ug so that no two
groups with consecutive doses showed 0 % or 1005 effectse
at the end of 24 hours for each group. JPercentage of
surviving animals corresponding to the dose raenge was

found out for each group and then LDg, velue was calculated

by the method of Vilcozin et al. 110,

Cat tibialis anterior nerve muscle

11
preparatio% ¢ A cat weighing about 2.5 kg to 3.5 kg was

anaesthetised with intraperitoneal injection of 40 ng/kg
of pentobarbitone sodtum, when the animal was anaesthetised,
trachea was exposed and ¢ metal canula was inserted into
and firmly tied in the place. The animel was kept on the

artificial respiration.

Femoral vein was canulated with a polythene

canula. Another polythene canula was inserted into the



femoral artery upto the bifurcation of abdominal aorte
(which was éonfirmed at the end of experiment by dissect=
ion). The other end of the canula was connected to a
three way connection and the whole unit was filled in
with saline, which was hepariniaed to preuent'clqtting.
The lateral peroneal nerve in left side was dissected
free and a pair of platinum electrodes were agpplied and
the nerve protected with cotton soaked in liquid paraffin.

The electrodes were firmly placed in contact with nerve,

The tendon of tibialis anterior was then freed
from its attachment and the skin was incised from tibialis
to the head of tibia. ZThe transverse ligament of the ankle
was cut and the muscle was freed and raised from underlying
extensor longus digitorum. A4n incision was made from the
bone knod along the front of leg nearly to the knee, The
animal was fized on the stand by drills through the lower
end of tibia and condyles of the femur. The tendon was then
disgsected upto bLelly of tibialis anterior nuscle and the
tendon was attached to isometric myographic lever. The
belly of muscle was freed from connective tissue gnd the
exposed tissue was noistened with paraffin to minimize
dehydration. The contractions of the muscle were recorded
on stimulation with supramarimal voltage of about 10 volts

at frequency 0.1 Bz and duration of stimulation 0.5 m.second.
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The gastrocnemius sciatic muscle nerve

112
preparation of cat ¢ 4 cet weighing 2.5 to 3 kg was

angesthetized with chlorolose 40 mg/kg intraperitoneally.
4ninal was placed on its baock on a table. The fur on the
dorsal aspect of the thigh and lower leg was renoved,
The trachea and femoral vein were canulated. 4 vertical
incision was mgde from the knob of bone on the inside of the
foot along the front of the leg nearly to the knee, to
ezpose subcutaneous fat and nuscle, All the vessels were
carefully ligated and the gap between the two major groups
of muscles were opened up gently to cxpose the sciatic
nerve, JThe nerve supplying the gastrocnemius muscle was
carefully isolated and a loose ligature placed under it.
A steel pin was friven through the lower end of the femur
to fix the knee joint. fhe.muscle was freed of its
surrounding structures gnd tendon of insertion located on
the anterior gspect of the gnkle. The tendon was ligated
ond the suture led over a pulley to be atteched to the
bar of a palmer isometric lever. For close intre-arterial
injection of drugs, the femoral artery was cannulated.
The cannula was tied securely in place. Bipolar electrode
was placed on the nerve to gastrocnemius nuscle stimulagted
at the ragte of six shdcks per minute at 15 volts by square

wave pulses of agbout 0.5 millisecond duration,
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In vitro studies :

Isolated rat phrenic nerve diaphragm

113 '
preparation ¢ Adult elbino rat weighing about 150 to

200 gms was killed and bled cut. Thorar was opened on
left side and sternun and its frontal paert wes removed.

4 cut was made at frontal insertion of the digphragm.,
Lung lobes were removed, 4 digphragm along with phrenic
nerve was now cut. JThe digphragm was then cut in ¢ fin=

1ike manner and the preparation was fired on the electrode,

meant for the purpose. The nerve wqs Placed on platinunm

electrodes and the preparation was then placed in Xreb's
solution. The solution was bubbled with carbogen (953
oxygen plus 5% carbon diozide) in @ bath of about 30 ml
maintained at a temperature of 37°C, Depending on the
purpose of the experiment, the preparation was stimulated
at a specific voltage, amplitude and pulsé width as
described below ¢

a) Normally the preparation was stimulated
indirectly at a supramgzimal voltage of 2 to 4 volts with

0.5 millisecond duration at a frequency of 0.2 Hz,

Fhile studying the effect of crude alkaloid

it was adrinistered in dose range of S0 to 200 micrograen/ml
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and the time taken for complete blockade of responses

to indirect stimulation was noted in each dose, respectively.

b) After complete block to the responses of
indirect stimulation, direct muscle stimulation was
recorded at 100 volts with 5 millisecond duration at a

frequency of 0.2 Hz,

o) The effect of neostigmine at inittal agnd final
stages of the block were recorded at the doses of 2 to

4 ug/ml.

Frog rectus abdominis muscle preparation : Frog

(chg zigring) wetighing about 100 to 200 gms was used,

The rectus abdominis muscle was isolated and isotonic

contractions were recorded on a smoked drunm.

The tension on the MUSCLlE .cevevses 1.5 g

Hagnt fication of contraction seeeee 10=12 tines

The recorded maximal contractions varied from

2 to 8 centinmeters.,

After administration of drug, coniractions were

recorded for 90 seconds. The drum was kept static during
contractions and the nuscle was washed twice or thrice



for 10 to 15 minutes with Binger's solution till it con-
pletely relazxed,

Dose response curve for acetylcholine in doses
of 0.5 to 1 ug per ml were taken. Crude alkaloid was
added to the bath. For every dose of crude alkaloid,
dose response curve for acetyl-choline was repeated and

percentage block was noted.

Isolated guinea=pig tleum ¢ Tne qdult guinea

ptg weighing about 200 to 300 gms was killed by a blow
on head and bled out. The ileunm was taken out. To a
piece of ileum measuring about 2 to 4 centimeters, a

thread was attached on both the sides agnd the preparation
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was then mounted in a bath of 10 ml capacity , filled with

Tyrode solution. A thread attached to upper end of the
ptece was connected to a frontal writing lever and

contractions recorded,

Dose respongse curve for acetylcholine were

recorded.,

After administration of crude alkaloid in the
concentration of 50 to 100 ug/ml, the dose response curve

was repeated and change, if any, noted.
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The weight applied t0 the 1ever seee 0.5 gnms.
Magni fication of the lever....ees.ss J10=12 times,

The contractions were recorded for 30 seconds.

Isolated chick btventer cervicis muscle ¢

114

preparation ¢ Wnite leghorn chick weighing about

50 gms and of 15 to 21 days old were angsthetised with
urethane chloralose anaesthesia by intraperitoneally
route (urethane 250 microgram/ml * chlorelose 15 micro=
gram/ml) by 0.1 nl of intraperitoneal injection, The
back of the neck was plucked and the skin incised along
the midline from the skull to below the neck, exposing
the two biventer cervicis muscles on either side of the
midline, 4 thread was tied around the upper belly of one
of the muscles which was then cut free from its acttachment
to the skull, By pulling the thread gently, the muscle
was separated from the underlying senmispinalils cervicis
muscle, The upper tendon and muscle was carefully removed

together with the lower tendon,

The electrode for stimulation was prepared by
using two platinum wires with coiled ends fired on the

other to an aeration tube, Ihe lower end of the other to an
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aeration tube. ZThe lower end of the muscle was tied to
the ageration tube and the muscle was smoothly passed

through the cotled ends of platinum wires,.

The tiss‘de was placéd in an organ bath filled
with 30 to 50 nl of £red's solution, maintained ot a
constant temperature of 37°C, Carbogen gas (95 & ozygen
plus 5% carbon dioxtde) was bubbled into it. The upper
end of the tendon was attached to @ starling lever and
the contractions recorded on a smoked drum. The
preparation was stinmulated gt a frequency of 0.1 Hz gt

20 volts with pulse width of 0.5 milliseconds.
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RESULTS

In vivo ¢

Fhite male leghorn chicks ¢ Bipds went in

spastic paralysis immedigiely after'tntravenous adnini-
stration of crude alkaloid, Btrd'showed abrupt recovery
within 10 minutes. Oral administration of alkalotd (crude)
produced paralysts after 5 to 7 minutes. Effect lasted

for about 1 hour.

At higher doses onset was gquicker, the duration
wes more and at still higher dose animgl died due to
respiratory fatlure, The deep respiration was preceded
by hind limb paralysis at lower doses where as at higher

doses the respiratory failure resulied in death.

Xasguli mice ! Depending on the dose of crude

alkaloid, administered intravenously the gnimals shoued
nuscle paralysis, and tremors. &espiratory rate was
tncreased and cyanosis was observed. 4nimals died due to
respiratory paraiyais, while heart beats continued even

after death for some timé., The animals showed miciuration

and de faecation just after ingjection.,
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The sane effects were observed on oral
adninistration at doses of 200 mg per kg. Onset of
action was after 10 minutes and effect lasted for 45 to

S50 minutes.

Albino rats ! The symptoms after administration
of the cfude alkaloid, tntravenously and orally, in general,
resembled to those observed in case of mice. The animal
died due to marked convulsions. Lethal dose was 2 mg per

animal intragvenously agnd 40 mg orally.

Guinea ptgs ¥ 4g jower doses, it showed paralysis

while at higher doses tremors followed by convulsions gnd

death were observed, Lethal dose - 3 mg/kg.

Babbits ! Rgpbbit showed flaccid paralysis,

salivation, tremors and convulsions at doses of 1.5 to
3 mg/kg. Aninal survived till doses of 1.5 mg/kg.

RBecovery was seen after 3 to 4 hours,

Same effects were observed on oral adninistra-
tion at higher doses. 4ntmal recovered completely from

paralysis after 8 to 10 hours.
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Sats ¢ It showed paralysis at doses of 1 mg/kg
Deep resptration, relaxzation of nictating membrane,
heavy salivation, relazation of limb muscles, micturation
and convulstons were observed, JTwitchings lasted for

about 10 minutes after death,

Lethal dose = 1 mg/kg.

HonquA(Huceaca nulata ) Hind 1imb paralysis,

decp respiration, tremors and convulsions were noted,

At higher doses (3-4 mg/kg) convulsions Sfollowed the death.
Monkey survived upto 2 mg/kg intravenously. It

did not exhibit aﬁy effect upto doses of 24 mg/kg on oral

adninistration.

LDSO (chtck) intravenous rodte':

0.62 (0.51 to 0.73) milligrems/kg.

Al1 these observations suggest that the absorption
of neuronuscular blocking agent from gastrointestinal tract
is better in rabbits than in the other animals. The
relationship betﬁéen intravenous and oral minimum effecttve

dose is given in the Table .



CAT Gwmomuzw UIBCLE FREp
ug? Crude Alkglo td, Close I,
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Table

Belationship between intravenous and oral minimum effrecttve
dose In different species.

SPyCIES Hinimu Ef e

tive Dose
e 5 y Ratio of
ne/rg
\ tovo/oral dose
Intravenous Oral
route route
Chicks 0.4 40 1/ 100
(Avian)
Utce and Rats 5.0 200 1/ 40
(Radent)
Rabbits 2.0 40 1/ 20
(Mammals)

Cat tibialis anterior neruve muscle

preparation ¢

The crude alkaloid at a dose of 1,5 mg
given close inira-arierially in cat tibialis anterior nerve
nuscle preparation produced initial fasciculations

followed by a progressive neuromuscular block. This effect
was not antagonised by neostigmine but blockade was

complately reversible by itself,

Cat gastrocnenus muscle preparation ¢ [pen the

drug was administered at doses of 1.5 mg/kg, close intra=-
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arterially it produced biphasic neuronuscular block,
viz. @ sudden block upto 50% followed by steady block

which was completely reversible after two hours,

In vitro @

Isolated rat phrenic nerve diaphragn preparation @

It was observed that after administration of crude alkaloid
100 ug/ml the responses to indirect stimulation of the
nerve muscle preparation progressively reduced, After
complete blockade to responses indirect stimulation, the
résponses to direct muscle stimulation were not affected,
The time taken for complete development of the block was
dependent on the dose of crude alkaloid given., Higher

the dose the quicker the block. Single washing of a

blocked preparation showed complete recovery,

&

Antagonism to neostigmine ¢ Neostigmine in the

dose range of 2 to 4 ug/ml temporarily antagonised the
neuronuscular block produced by the crude alkaloid at

the initial stages while deepened aqt the lagter stages.

Frog rectus abdominis muscle preparation : Cprude

alkaloid produced 40 to 80% block of the rectus abdominis
muscle preparation of frog at doses of 15 to 60 ,ug/ml.



: Orw Alkalotd, 20 ug/nl.
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It exhibited contractions by itself at higher doses

than 100 ug/ml.

Isolated guinea=plg ileum ¢ o0p y501gted guineg-

ptg itleum, the crude alkaloid produceéd a dose dependent
contraction in dose range of 50 to 100 ug/ml.

Isolated chick biventer cervicis muscle

preparation ! The crude alkaloid produced sudden contra-

ction of this preparation at doses of 1 to 10 ug/ml,
Jollowed by complete block to indirect stimulation., It

was completely reversible after wash.

Fraction - I

In viveo ¢

paralysis at dose range of 0.5 ug to S5 ug intravenously.
The onset was immedigte and e ffect lasted for 5 to 7 minutes.

Bird showed abrupt recovery.

Higher doses upto 50 ug were reguired to produce
complete paralysis by oral route. JFaralysis was seen
after 5 to ? minutes. Effect remained for 10 to 20 minutes.,

Birds survived upio S0 ug.
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Albino mice ¢ Mice showed flaccid paralysis on

intravenous agdninistration at dose of 10 ug/animal.

Gasping was observed at this dose,

At higher doses animal showed nild tremors and

died due to respiratory failure,

Cat tibialis anterior nerve nuscle preparation

Fractton I produced complete block of tibialis
antertor nerve muscle of cat at dose of 100 ug given close
intra=arterially. This block was completely reversible

by itself,

In vitro ¢

Isolated rat phrenic nerve diaphragm preparation 3

The responses to indirect stimulation of the neruve nuscle

preparation were reduced after administration of Fraction-I

at doses of 10 to 20 pg/ml.

Frog rectus abdominis muscle preparation ¢ p. o iional

gntagonised the effect of acetylcholine at lower doses
iees, 1 to 2 ug/ml on frog rectus abdominis muscle prepaera-
tion., JItself contractions were produced at doses higher

than 5 ug/ml.
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Fraction = II (Alkaloid=4) @

In vivo ¢

White male leghorn chicks8 ?* Alkalotd=-4 did not

exhibit paralysis tn chicks upto doses of 1 mg/chick on

intravenous agdmninistration,

Cat tibialts gnterior nerve muscle preparation ¢

It failed to produce block in tibialls anterior nerve
nuscle preparation of cat upto 2 mgs by close intra-arter=-

iaglly.

In vitro 2

Isolated rat phrenic nerve diaphragm ! It pgs

observed that Alkaloid=A blocked the responses to indirect
stimulation of the nerve muscle preparation. It did not
affect direct muscle stimulation after complete blockade
to indirect stimulation. Anticholinesterase neogtigmine
at a dose of 2 ug/ml partially antagonised the blocking
effect of the drug, The block was completely reversible

after washings.

Frog rectus agbdominis nuscle preparation ¢ Ajxglotd-4

s ——

produced dose dependent inhibition of acetylcholine

‘contractions of rectus abdominis muscle preparation of frog



FROG RECTUS ABDOMINIS MUSCLL PREPARATION

ACh ¢ 100 ng/ml,
1 ¢ Fraction III 100 ug/ml
2 ° Fraction III 200 ug/nl,
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in a dose range of 50 to 200 ug/ml.

Fraction = III (Alkaloid=B) :

In vivo @

Whtte nale leghorn chicks ¢ Alkaloid-B exhibited

hyper excitation in chicks at lower doses and spastic
paralysts and excitation at higher doses, PFaralysis
remained for a few seconds, while excitation lasted for

a long time gnd the animal died,

Cat tiblalis anterior nerve muscle preparation @

Alkaloid-B failed to produce block in tibialis anterior

nerve nuscle preparation of cat upto 2 mgs.

In vitro ¢

Isolated rat phrenic nerve diaphragm preparation ¢

Alkaloid=B produced the complete block at doses of

200 ug/ml on the rat phrenic nerve muscle preparation.

The effects were partially reversed by neostigmine at a
dose of 2 ug/ml. The block was completely reversible after

washings. -

Frog rectus alidominis muscle preparation ¢ Alkaloid-

B gntagonised the effect cf acetylcholine on frog rectus
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abdoninis preparation at a dose of 100 ug/ml.

Fragction = IV ¢

In vivo ¢

Fhite male leghorn chicks ¢ The bpird did not

exhibit the paralysis upto 1 mg intravenously.

Cat tibtalis anterior nerve muscle preparation 2

It did not produce the neuyromuscular blockade upto 2 mgs.

In vitro ¢

Isolated rat phrenic nerve diaphragm preparation ¢

It was observed that after administration of fraction-IV,
200 ug/ml, the responses to indirect stimulation of the
nerve muscle preparation progressively reduced. After
complete blockade to responses to indirect stimulation, the

responses to direct nuscle stimulation were not affected

Neostigmine in the dose of 2 ug/ml did not anta-
gonise the neuromuscular block produced by the Fraction=IV,

The block was reversed after washings.

Frog rectus abdominis muscle preparation & Fractione

IV potentiated the effect of acetylcholine on the frog rectss

abdominis muscle preparation at doses of J100=200 ug/mle
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DRUZS AND CHEMICALS IWSED

1, d=Tubocurarine chloride (Burroughs Wellcome & Co,)
2, Suyccinylcholine chloride ( Burroughs Wellcome & Co.,)
3. Pecamethonium bromide  ( " " ")
4, Neostignine bromide (Roche)
5, Sodium chloride (B.D.H,)
6., Sodium bicarbonate (Sarabhai Y. Chemicals)
7. Glucose (Prizer)
8. Potassium chloride (B,DH,)
9, Calcium chloride (B,D.H,)
10. Potassium dihydrogen phosphate (Sarabhai M, Chenicals)
11, Mggnesium sulphate (Sarabhat Y. Chemicals)
12, Hagnesium chloride (Sarabhai U, Chenicals).
Constitution of Physiological Solutions ?
KREB'S SOLUTION
¥o, Ingradients Cuantity in
grams/litre.
1, Sodium chloride 6.9
2, Sodium bicarbonate 2.1
8. Glucose 2,0
4, Potassium chloride 0.4
5. Calctum chloride ' 0.28
6. Potassium dihydrogen phosphate 0,16

7. Hggnesium sulphate 0.14




TYRODE SOLUTION
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o, Ingredients Quantity in

grans/1itre
1. Sodium chloride 8,00
2. Sodium bicarbonate 1,00
3. Glucose 2,00
4, Potassium chloride 0.20
Sa Calcium chloride 0.20
6, Sodium dihydrogen phosphate 0,05
Pe Uagnesium chloride 0.01

FROG-RINGER SOL UTION

No. Ingredients Yuantity in

grans/litre
Is Sodiun chloride 6.40
2 Sodiun bicardonate 0.35
30 Gl ucose 0. 70
4, Potassiun chloride 0.30
5, Calcium chloride 0.17
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PHYTOCHEUISTRY @

Dragondoryff's reagent (potassium-bismuth iodide),
Wagner's reagent (potassium iodide with a solution of
todine), Uagyer's reagent produce definite chemical compounds
with alkaloids resulting into change in colour or forna-
tion of precipitete. All extractives and fractions obtained
from‘preparatite ILC produced change in co;our and
precipttation with these reaqgents as shouwn in the Table-1,

suggest that all nmay contain alkaloid.

Isolation by preparative thin layer chromatography
reveagled the presence of mininum four alkaloids since crude

alkaloid resolved into four fractions on the plate.

The thinelayer chromatographic satudies of these
fractions suggest that two [fractions i.e., Fraction I and
Fragction Il gre single, homogeneous alkaloids. It can be
clearly said on the basis of average Bf value that is
0.38 and 0.55 for Fraction II and Frgction III in the
developing solvent system that they are different, Fraction I
and Fraction IV are found to mizture of three to four and
two alkaloids, respectively (86 page). Averasge content
of Fraction I, Fraction II, Fraction III and Fraction IV
was found to be 0.03, 0.075, 0,075 and 0,04 % respectively.
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From the above percent composition, tt can be

sald that Fraction I and Fraction II are the major

constituents while rest qgre ninor.

Spectral and chemical studies of these alkaloids
tndicate the presence of lactone ring on the following

evidences 3=

1, U,V - 8ingle moximum at 2470%°4 indicate
the presence of C=0 group in conjuction with

ethylenic or lactone group.

2, I,B == Stretching at 1690%°4 indicate the presence

of six membered ring.

3, N U,R, == Pegks between 7?2 agnd 73 indicates the

presence of -%;o attached to ethylenic group.

4, Reddish violet colour to alkaline sodium nitro-
prusside and violet colouration to potassium
lodate and sulphuric aecid ¢ndicate the presence

of lactone ring (page No. 83).

Hgss spectra and microanalysis suggest the same

molecular weight 3.6, 221 for both the alkaloids - Fraction II

and Fraction III - Their molecular formula can be suggested
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Table=-1
Tegts for Alkaloids

Nazmiztg{i:ge ggagondorff 's Vaguer's Uayer's Beagent Inference
agent Reggent
Petroleum ether Pink Yellow , ¥rite ppt. Alkaloid present
Ether Brounish pink " o B .oon n
Chloroforn Pink " oo ] | " "
Ethyl alcohol Pink " wooow " "
Vater FPink L " " " ”
Me thanol Pink " n o ‘ " "
Fraction I Brown " n 7 n "
Frgction I1 Pink " n " | " n
Fragction III Pink n ” 7 ) . n
n n n n "

Frgction IV Pink
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as CﬁsﬂiQQQH cn the spectral and microanalysis studies.

Uv, IR gpectral and microanalysis suggest the
sintlritics Ddetween dioaoérine and the alkaloids which
we have isolated. NUR and nass spectrum of Dioscorine is
not available hence differences of Dioscorine from alkaloid
isolated by us on the besis of these criteria is not
evident, But dissimtlarities in physical properties given
in Tgble-2 gre clearly suggestive of their individual

existence,

Tagblew2

Phgsical characteristics of alkgloids.

No, Alkaloid Colour and State Solubtlity  U.p.°C
-y e T S S e et v Rt M B G R e e Gher Sk G ~-—-“---22-99335'---~------‘
1, Alkaloid=4 Pale yellowish, Insoluble 89
Crystalline
2, Alkaloid=B Brownish, sent~- Soluble -
solid nass
3. Dioscorine Greenish Yellow Soluble 54=55
Crystalline

In short, all these studies clarify that the

alkaloids whtch we have isolated are similar to Dioscorine
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vhich was isolated by the former workers but aré not

Dioscorine,

FHARMACOLOGY 2

Crude alkaloid contains an ggent blocking the neuro=

nuscular transmission on the following evidencesi-

(1) Spastic paralysis and deep respirgtion in

chicks on i/v and oral adninistration with abrupt recovery,

(2) Flaccid paralysis and deep respiration in
mice, rats, guineg pigs, rabbits, cats and monkeéys on

i/v edninistration,

(3) Block of response to indirect stinulation
wi thout affecting the direct muscle stimulation of isolated
rat phrenic nerve diaphragn preparation and potentiation

of neuronuscular block by neostigmine at later stages.

(4) Progressive neuromuscular blockade of cot
tibialis anterior nerve muscle preparation and cet gestro=
cnemus muscle preparation with initial fesciculetions
and no gntagonism by neostignmine and completely reversible

by ttselfs
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(5) Inhibition of rcsponses of acetylcholine
on frog rectus gbdominis muscle preparation at lower

doses and itself contraction at higher doses.

(6) Sudden contracture followed by progressive
block on isolated chick biventer cervicis nuscle prepura=

tion and completely reversible after mere washings.

411 these observations suggest that the crude
alkaloid contains neuromuscular blocking agent of depolar=
tsing type resembling to decamethonium. However, it

differs from decamethonium in its absorption by oral route.

Death due to the respiratory failure is noted which
is supposcd to be the consequences of neuromuscular blockeds.
Hegrt beat continued for few minutes even after the death,
tn different aninals indicating that the primary lethal

effects are not at cardiovegcular system.

Tremors and conuvulstons are observed in all
animals ezcept chicks. They may be indicative of the effect

of central nervous system stimulation.

Salivation, micturation, lacrimaticn in all the

animals and itself contraction of isolated guineag-pig ileun
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indicate that the crude alkaloid may contain the
parasympathetic agent.

Frgctton I ¢ Frgetion I produced spastic para=
lysis in chicks, flaccid paralysis in mice, complete
dlock of tibialis anterior nerve muscle preparation of cat,

reduction of responses to indirect stimulation of rat

phrentc nerve diaphragm preparation and inhtbition of frog
rectus abdominis preparation at average of 10 to 15 times.

Lower doses indicate that it is the potent neuromuscular

blocking agent of depolarizing type.

Fraction II ¢ Fpgction II blocks the responses
to indirect stimulation of rat phrenic nerve diaphragnm
preparation without affecting direct muscle stinulation
and partially is antagonised by neostigmine indicating the
antideﬁolaristng type of action. It inhibits the responses
of acetylcholine of frog rectus abdominis muscle prepagration
without itself causing contraction. IThe block is reversible
after washing. This suggest that the alkalotd 4 ezhidbit
antidepolarising type of action.

Frgetion II1 ¢  Fpgotion III cguses hyper

excitation, defaecation in chicks. It causes tremors
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and convulsions in mice gnd rats indicating the central
nervous systém effects, It causes spastic paralysis
in chicks at very high doses which lasted for ¢ fraction

of second,

Frgetion III cquses the neuromuscular blockade of
isolated rat phrenic nerve diaphragm preparation, It does
not affect the direct muscle stinulation and block is
partially reversed by neostigmine, It causes the dose
dependent inhibition of frog rectus abdominis muscle

preparation,

These observations suggest that the Fraction III
has the mired type of action

Fraction IV ¢ Limgted gmount of fraction IV

studtes indicated that it had no activity in chicks upto
doses of 1 mg. In vitro studies as compared to fraction I
showed that fraction IV is 20-times less getive in its

capacity to irduce neuromuscular blockade.

It geemed to be gualitatively different from the

observationa that neostigmine could not antagonise it while

mere washings reversed the block.
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It potentiated the effcct of acetylcholine on

Jrog rectus abdominis musclée preparation.

These observations i.e., potentiation of acetyl=

choline effect in presence of fraction IV and in vitro

studies on rat phrenic nerve diaphragm preparation are in-
dicating of the fact that it may have mized type of
neuromuscular blocking activity. However, this fraction
containg two alkalotds each of which may possesses

different types of activity..

Alkaloid Dioscorine is reported to have picrotoxic
like action. Fraction III resembles to some aspects of

alkaloid dioscorine. 411 other alkaloids exhibited the
effects differing from Dioscorine,

Chenmtcal studies suggest that the alkaloidslosses
tropane nucleus in the ring. The tropane derivatives
are known to have aentimuscarinic actiutty114. Our studies
indicated that tropane derivatives investigated in present
studies exhibit antinicotinic activity. Further puri-
fication and structure elucidation of these itropane
derivatives and the studies of their structure activity
relationship regarding antinicotinic activity may indicate

a nego tropane lead. JThe postulated new lead may yield a
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new series of nicotinic receptor blocker. 4lso tt may
give a new insight into mechanism of neuromusculagr

blockade,

Since the compound is orally absorbed, it may find
some use in spgstic conditions as well aé parkinsoniém.
For this clinical studies to assess its safety as well as

utility are necessary.

Our studies indicate that Fraction I is orally
absorbed and has got depolarising type of neuromuscular

blocking activity. It ls potent as compared to decamethonium.
To the best of our knowledge this is the first
group of naturally occuring compound having depolarising

type of neyromuscular blocking activity and also effective

orallye.
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SYNOPSIS

Dioscorea consists of nine genera gnd over 650
species of which about 600 species belong to the cosmopolitan
genus Dioscorea. About 50 specites of Dioscorea are knoun

to occur in Indtal é

4 few species of Dioscorea are largely cultivated
since they have gained considerable economic importance as
a source of the steroidal sapogenin diosgenin, which ts used
connercially as a precursor of the many medicanally active

sterotds.,

Some wild species of Dioscorea are well known for
their edible large tubers popularly known as Yams. Dio-
scoreg hispida is one of them, It is distributed throughout
India. In Konkan area, the people use the tubers as a
famine food after processing. They wash the tubers, boil
ti11 it is softened and peeled. The softened mgss is sliced
and placed in a wicker basket and immersed in g running
stream of water for 2-3 days. Finally they dry it and eat
it after baking. Dymock, 7arden and Hooperg‘pointed out
that the tubers of the D.,hispidg were so poisonous that a
ptece of sitze of an apple would bring death in a man in

6 hours. It causes intense irritation in the mouth, throat,



also the sense of suffocation followed by drowsiness and

finally exhaustion. Its juice $s used as an arrow poisonsn

The present studies were undertgken to isolate and
characterize it toxic fractions causing neuromuscular block.
Our ancillary aim was to find out the constituenté other
than steroidal sepogenin, diosgenin which may have importance

as a by=product of the steroidal industries.

The study was devided into two parts - 1) Phytoe-

chentstry ;3 2) Pharmacology.

PHYTOCHEMISTRY &

The fresh tubers were collected from the Konkan
area, milled to a coarse powder énd dried under shade. The
dried powder (4 kg) was subjected to sequential soxhlet
extraction using solvents petroleunm ether (6 1lit., 40-60°),
ether (6 11t.), chloroforn (5 11%.), methanol (5 1it.) and
vater. The preliminary pharmacological studies were carried out
and it wgs observed that the magzimum neuronuscular blocking
activity was obtained in methanolic extract. Hence methgnolic
extract wes prepared in large quantity (1 kg) and was

alkalined by strong ammonia and then taken into chlorofornm.
The gubotance (100 g) thus obtained was & crude alkaloidal



mizture which was highly potent. The alkaloidal mizture
(200 mg/plate) was further subjected to preparative thin
layer chromatography (2 mm. thickness) with resolving

media stlica gel ¢ in a solvent systen chloroform ¢ methanol
(9:1). The alkaloidal fractions were located and eluted
with chloroform, The fractions were named starting from
bottom to top as I (3%), II (7.5 &), III (7,5 3) and

Iv (4.08).

The melting point, microanalysis (C, H, 0, N),
infrared spectra nuclear nagnetic resonance gnd mass specira

of pure alkaloids II agnd III were studted.

Fraction II is yellowish white needle shgped
crystalline alkalotd having melting point 89°C, Fraction
III ig brownish semisolid alkaloid. The infra red, nuclegr
ragnetic resonance and mass spectra of these compounds
indicate the presence of tropane and unsaturated lactone
ring. The micro-analysis and spectral studies suggest that
both compounds having same molecular weight (221), are

unsaturated and related to Dioscorine but are not Dioscorine,



PHARMACOLOGY :

The crude extract and the purified alkeloids were
tested for their neuromuscular blocking activity doth in
in wvive and in vitro.

The extract was studied in albino mice weighing
16=-22 gns. and young white leg horn mgle chicks weighing
25-30 gms. The extract was gtven intravenously. The

effect of extract on oral administration was also studied.

Cats weighing between 2.5 to 8.5 kg were used for
tibialis anterior nerve muscle preparation as described

by Brouwn?,

The isolated phrenic nerve diaphragm preparation

was set up as descrided by Bulbrtngs.

The rectus abdominis muscle of frog Rang tigring

was also used to éhcracterise the fractions.

Crude extract in the dose of 200 ng/kg orally and
10 ng/kg $.v. ezhibited paralysis in mice. The crtract in
a dose of 10 ug intravenously produced spastic paralysis

in chicks. ZThe onset of action was immedigtc and complete



recovery was observed within 10 mninutes., Oral adnintstrg-
tion of extract produced paralysis at dose 40 mg/kg.
The onset of action was about S to 7 minutes and effect

lasted for about 1 hr,

At higher doses onset was quicker, the duration
was more and gninmal died due to respiratory fatlure., The
deep regpiration was preceded dy hind limb‘paralysis at
lower doses whereas at higher doses the respiratory failure

was observed leading to death,

The extract at a dose of 1,5 mg gtven close intra=

arterially in cat tibialis anterior nerve muscle preparation

produced initial fasciculations followed by o progressiuve
neuronmuscular block. This effect was not antagonised by

necostigmine but blockade was completely reversible by ttself.

On isolated phrenic nerve diaphragm preparation
of rat the crude extract in the dose of 100 ug/ml. produced
neuronmugscular block without affecting the response to direct
mus&le sttmulatton.v It was partially antagonised at initial

stages while deepened at later stages by neostignmine in

dose of 2 ug/ml.

The extraqct exhibited dose dependent conitraction

on the rectus abdominis nuscle preparation of Jrog in a dose



range of 15-60 ug/ml.

Frgctton I produced similar effect as crude exiract
at lower doses. It showed spastic paralysis in chicks in

doses 0.5 ug t.ve. and 50 ug orally.

Fraction II did not exhibit paralysis in chicks
upto doses 1 mg/chick intravenously. It also failed to
produce block in tibialis anterior nerve nuscle preparation
of cat upto 2 mge On isolated phrenic nerve diaphragn
preparation of rat ;t produced neuromuscular block at a
dose of 200 ug/ml. PNeostigmine partially antagonised
blocking effect. ACh induced responses were antagnnised by
Fraction II (100 ug/ml) on frog rectus abdominis muscle

preparation.

Fraction III exhibited sim lar effect to Fraction I{
except excitation in chicks at lower doses and spastic
paralysis and excitation at higher doses. Paralysia
remained for few seconds, while excitation lasted for long

time agnd aninal died.

Fraction IV was inactive in chicks upto 1 mg
intravenously and upto 2 mg in tibialis anterior nerve

nuscle preparation of cat. On rat phrenic nerve diaphragn



preparation the neuromusculir block produced at a dose of
200 ug/ml. It potentiated the effect of ACh on frog

rectus abdominis muscle preparation,

DISCUSSION :

The present studies indicate that the methanolic
extract of Dioscorea=hispida has a potent ncuromuscular
blocking activity than the other extracts. It is found
to be an alkaloidal mizture which can be resoluved in minimun
four fractions. Fractions II and III are pure alkeloids.
The crude extract as well as fraction I produced depolar-
ising type of neuronuscular blocking activity with the

following evidences i=

i) spastic paralysis in chicks; ii) initial
fasciculations with progressive block in tibialis anterior
nerve muscle preparation of caty - iii) potentiation of
neuronuscular blocking activity by neostigmine and iv)

contractions of the frog rectus abdominis nuscle prepgration.

The fractions II and III exhibited curaere type of
neuronuscular block in frog rectus abdoninis muscle prepara=

tion and phrenic nerve diaphragm preparation of rat.



411 these observations suggest that the plant

contains a mizture of depolarising and antidepolarising

type of neuromuscular blocking agents. To the best of

our knowledge this is the first natural occuring group of

compounds having depolarising action and also effective

orally.
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