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PREFAC

This thesis 1s an acesunt >f work carried out
in the Department of Pharmacsl3gy, Haffkine Institute

£or the degree >f Master >f Pharmacy in Pharmagology of
the University of Bombay.

The Introaduction is a brief sutline o€ the
problem, identificatisn 3£ species, aim and importance

of the problam.

The work is divided into three main parts. The
first part is ooncerned with enzyme studies 2£ the venoin.
It includes intraduction, review >f existing literature

of sei snake enzymes, experimental part and discussiosn.

The second part deals with fractisnation of the
venom and purification 2f the principal tixic e¢mponent.
The physicachemical, immunslogical methdis used are
included in this part.

The third part is eincerned with the pharmaco-
lagical studies >f the purified neurstaxic cmponent from
the venom. Each chapter has its introduetion, review of
literature ani discussion. This 15 £311lowed by commdn
discussisn. Finally, summary and conclusisn of the whole

work and bibliography have been given.
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CHAPT ER eeee 2

INTRODUCT ION




Sorting £ich at the net,
Samesne has bitten,
He never knew,
he folt asleep.
and died.

The snakes that are glmast exclusively aispted ¢o
marine life ére numersus. Many 5f them are venamous and

dangerdus tO> man. They are commonly known as sea snakeS.. -

1.1 Clansification 1

<

Aceording €9 Boulenger (1896), sea snakes are

classified as beldw ¢

Ringdsm - Animalia
Phylum - Chordata
Subphylum = Vertebrata
Class =~ Reptilia
Order = Ophidig
Subbrder = Pratersglypha
' '
Elapidae H%ﬁrsphiidae .
(Lan? snakes) Sea snakes)
'
K L3
H
Hydrophiinae

Laticaudanae /
(purely marine) (Amphibious)



The family Hydrophiidae is one 2f the most
widely distridbuted families in the world. Very little
13 known sbout the evolution of Hydriphiidae, but their
epecialized £o5rm and the fact that all of them are
venomous is tha evidence >f their la;e arrival among the
sarpents (Smith, 1926). They may be derived from cobras
and their allies >f the family Elapidae (Smith, 1926).
Family Hydrophiidae is further divided int> two sube
groups « Hydrophiinae and Laticaudinae. Laticaudinae
snakes are amphibisus and oviparsus in contrast to
Hyiraphiinae snakes which are exclusively >f marine
origin and oviviviparouse The distinction being based
mainly sn the differences in the breadth of the ventral
scales and the position >f the maxillary teeth in
relation to palatine. In Hydrophiinage internasal is
absent and nostrils are situated at the upper part of
the sndut while in case >f Laticaudinse internasal 1s

present and naostrils are situated laterally.

1.2 Geographical distribution

Sea snakes are widely distributed in tropical

and subtropical regiosns 2€ the Indian and Pacific Ogeans.
They are alas® €£ound alang the Asian eoast ranging from

the Peraian Gulf t2 South Japan,through the IndP~Aust£a-

1ian seas. They are alad found among the islands of

Qpeania as far east ag the Samean islands, ne species
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namely Pelamis platurus is found bey>nd this range.

1.3 General characteristics @

The taill »f sea snakes is rudder-like and

distinctly flattened. B2dy is transversely, uniformly
marked with dark'bénds.' Ventral scales are very much

reduced and b>dy scales are less imbricated. Tﬁa head
and eyes are small, Nogtrils are provided with a small

internal valve to prevent the entry of water.

Sea snakes in thelr native habitat are sluggish,
They frequently get entangled in the nets and are caught
along with the fishes. Almaost every cast 5f the net
results in the capture »f several sea snakes. The
£isherman hold them 1nha great contempt picking them up
by catehing their tail and tossing them back in the sea.
Evaenthough sea angkes are sluggish and bite snly unier
provacation (Reid, 1956), thoir bites are quite e>mmon
and deaths are nat unusual among the fisherman frequently
exp?sed t> the sea. TFrequent dgcourrence 2f sea snakes
in the nets and their 92ccasisnal biting constitute a

real osccupational hazard in the fishing €351k,

1.4 Incidence >f Sea snake bite 1

Majority o€ the victims 5f sea snake bites are

figshermen, whd are bitten while working in the sea.



Bathers are rarely bitten by sea snakes. Reid and

Lim (1957) while surveying sea snakes bite cases in

Malaya, varified the great frequency >f poisoning accidents
among fishing £olk. However, as such type 9f survey

has ndt been done in India, 1t is Aifficult td estimate the
exact incidence on Indian cavast. However, at the
Ratnagiri sea coast, it is given t> understand by the
native fishormen that, there are froquent sea snake bite
cases among the fishermen and death cases are also

observed due to sea snake bite poisoning: Barme (1968)
reported 2 to 3 sea snake bites every day at Vietnan.

Bite occurs usually when the fishermen handle their nets

tn the sea and so>rt fishes with which snakes are mixed.

1.5 Sra snake bite -~ Mystery ¢

The chief reason 5f fallure to realise the
frequency of bites may be superstitiosns and myth among
the fishing £9lk. Supcrstitions €orbid fishermen to
rclate casaulities they have witnessed. In Vietnam, the
king of snaken and Genle Of the sea are believed t5 rule
sea snakas. Those whd talk, are liable t9 reprisal,
in the form 2f bites from sne 9f the kings subjects
(Barme, 1968).,

Fishermsn readily praclaim that sea snakes are

numer3us in their country and that a sea snake bite may
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be fatal. But when one is asked whether fatalities

Jecur amang the inhabitants of his tribe or village,

he usually will answer that there are none, but €urther
will add that in the next tribe or village there are many,
Reid (1956) reecorded aommon superstitions generally

present in Malayan and Chinese fishermen as £371lows i

1. Talk about sea snake bite 2ffends the sea
gnakes and may change their timidity to

aggressiveness.

2+ If a victim talks about his bite, he will be

bitten again.

3. If a pregnant waman hears >f a sea snske bite,
‘the victim will die.

4. Presence >f Bomor (medicine man) in village

attracts sea snakes ani cause more bites,

1.6 Mortality 3

It 1s difficult t5 estimate accurately the
death rate among the victims »f sea snakes, £5r many of
these casaulities are not reported, Recent available
data :ega;ding the mortality due to sea snake bites in
Thialand, falaya and Phillipines during the perisd of
1956 to 1969 15 4.5 % (Sawal gt al., 1972). Reid (1973)

repaorted mortality rate about 5,0 %. Howaver, this type



of data is not gvallable 2n the Inéien ¢Jast. However,
twd suaeh historical records are réported sn the Indian
@oaat. In Madras river-mouth (1820), M'kenzie noted an
"epidemic® of sea snake bites. He had described 31 cases
of sea snake bites. Peal (1903) had reported that he
was t314 about 3 t9 4 fishermen being bitten every year
in g fishing village on the Orissa @o2ast and 25 % >f the
vietims d4ied. Since then no report of sea snake bitaes

have been recsrded on the Indian edast.

1.7 . Symptomatdloqy >f 6eg snake aenvensmation ¢

We could not see any sea snake bite case throughe
sut the course of dur study. Hoyever, the clinical study
9f casualties from sep snake bites has been appreciably
advanced by Reid's personal observations in Malayan
fishermon (1957-1962).

The sea snake bite 1s always painless after the

initial prick, which may be the chief mason why many of
the bite cases sften g> unnsticeds There is no 1lacal
swelling, ecchymosis or abnormal bleeding. Sea snake
poisoning £51lows characteristic gencralised myalgia
starting usually half to sne hour after the bite (Reid

and Lim, 1957). Ptosis of ayelids, aches, pains and

stiffness sccur o5n mayving arm, thigh, neck and trunk



muscles, Mydqlobinuris becomes evident sn inspection
three t> six hours after the bite. Early deaths (within
8 hours of »f the bite) are due t> a combination of
respiratory-musele damage, tnhalation »f éomit. and
retentidn 2f secrctions. Most deaths seccur 12 ¢5 24
hours after the bite and thoy are due td respiratory
failure and hyporkalaemia: later deaths uptd 12 days
after the bite, are mainly Aue to renal failure (Reid,
1961). -

1.8 Treatment 3

1.8.1 Traditional mothxis @

Traditisnal methd>is mainly based 9n superstition
and are more frequently employed. In Vietnam, fishermen
used to lay the patient 5n a bed of water-bindweed and
make loud naises in 2rder to arjuse the patient from
sleep (Barme, 1968), Contrary t> this, in Iniia <{shermen
keep patient undisturbed and used to give him as much
wine he could drink (personal esmmunication). The fact
that sea snake bites 42 not always induce death {is

probably the bast explanation 2f the success >f these
meth2ds.

1.8,2 Madern methids 1@

1,8.2.1 Nonspecific therapy s Application »f tourniquet,

incision and suction are the initial first aid measures.



Trachadtmy together with artifictisl respiration can

ba used as a suppdirtive treatment since the death is

due to raespiratory paralysis. T3 encourage excretion of
venom and t2 minimise renal damage; tha patient 1is
allowed to drink'a litre of water and is given rapid
intravensus {nfusion 9f litre >f the mixture >f 25%
glucdse, 10% calefum glueonate and 10% s>ium lactate.
Treatment >f haemaddialysis might be very much effective

t2 cure the patient.

184242 Specific therapy t Intravensus drip of specific

sea snake antivenin (manufactured by Serum Research
Laboratories, Melbsurne, Australia) asppears t> be an

;dequate therapye

1.9 Sea snake species 1

The catalogue o€ snakes in the British Museum
(Boulenger, 1893+96) enumerates.ie species 2f sea sSnakes

distributed in the Indian and Pacific Ocean. Smith
(1926) reecorded 16 genera including S2 species of sea
snakes. Spcoies found aldng the Western coast 3f India

8% far are as £9117w8 1=

1. Enhydring sghistasg (Paudin)
2. Astratia stokesi (Gray)




3. Hydrovhis gdegulesgens (Shaw)
4. Hyirsphis eyanseinctus (Daudin)

S. Hyiraphis lapemdides (Gray)

6. Hydrophis mamillaris (Daudin)

7. Hylrophis osrnatus (Gray)

8. Hydrophis spiralis (Shaw)
9. Lapemis curtus (Shaw)

10, Microcephalophis gracilis (Shaw)
11, Micracephalaphis cantaris (Gunther)

12. Polamis platurus (Linne)

13. Thalasasaphina viperina (Schmidt).

Sea snake Enhyirina schistosa being the moast
e>manly available and the mast dangersus (Reid,1975)

and poisondsus species from the Westaern coast >f India.

1.10 Identification of Enhydrina schistasa @

Specles was identified using the keys f£or the
identification by Smith (1926) and wall (1921). Smith
(1926) has given £31lowing characteristies for the

fdentification 2f E.schistasj.

"Eyes m>derate, rostral higher than broad,

prefrontals very much narrowed anteriorilys frontal

smgll, shorter than its distangce from the end 2f the



Snakes gollected in Tg
Sea Coast
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snduty 1 pre and 2 past dcularsy 7 to 8 supralabials,
the 3rd and 4th touching the eye, the last 2 t> 3 very
smalls usually a single anterior temporals mental narrow,
elsngate, partly hidden in a groove in the symphysis,

40 t2 52 scale=rows on the neck in males, 42 t> 5S in
femalas, 49 t2 60 on the bady in males, 51 to 66 in
females, the scales imbricate with a short central keel;
ventrals 239 to 322, Aistinet throughout, a little
broader than the adjacent scales: preanals feebly enlarged.®
The y’ung 2nes are qgrey °r bluishegrey absve and whitish
beldw in c2loupr with black annuli broadest Adorsally;
these markings usually disappear in the adult. Average
total length 3£ adult 1ig 1400 mm, tail 180 mm,

1.11 Importance of sea snake venom research t

Sea snake ven)n is s heterigenids nmixture of
proteins, many >f which pJssess enzymatic activities,
non-enzymatic polypeptides, non-protein comtents, insrganie
io5ng anl many Sther unknown substances secretei through
a venin gland which is a m>1ified salivary gland lying
immediately behind the eyes.

Sea snake venwma (studied s> far) aeontain potent
neurstoxins which are remarkably similar to that 9f adbra
neurstoxins and  ~bungarotixin, The extremely specific

action o°f£ snake venom neurstoxins on Ailfferent stages in
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the complex mechanisms 3f signal eonductance between
nerve cells and the target srgans have made them a
valuagble t29]1 i{n the hands 2f neursbislagist. Neuro~
toxins from all species >f sea snakes have nit been
{investigated. Continued {nvestigatiosns on sea snake
neur>toxins may clear the evolutionary aspects 9f seca
snakes. Neurstoxins may alsd be usaful in the
investigation 5f certain neurspathiological e>nditions.

Basides neurstoxins, sea snake venom als?

contains several enzymes. Snake venm enzymes have
very much important application in the research. Exd>=
nucledlytic phasphoitiesterase and endonucleslytic
dedxyribonuclease were shdowed t> be very much ugseful in
determining the nuclestide sequence in aligonuclestides
(Razzell and Khorana, 1958). Phosphomanodesterase have
becn used £5r quantitative analysis of sligonuclestides
(Rnorred gt al., 1973). Phospholipase A have been used
td2 study the bischemistry 2f subcellular particles
(Habermann, 1968) and als> in studying the transpoart
mechanism acrass the cell membrane (Larson and Wolff,
1968) . The ven>m protease have been used for amind acid

sequence determinatisn in proteins (Mella et gl., 1967).

Sea snake bite cases are very less as c>mpared to

land snakes, but they 4> exiét and death are als> possible.
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Therefore, t> wipe Sut the universal fear 7f sea snakes
and £9r precautionary measures it is necessary t>
prepare sea snake antivenin in our eountry. Continued
studies on sea snake ven>m may leal to useful pharma=~
a%logically active new moleties:. Some specific enzymes
may als> prave usaful in basic studies on cellular
matabslism and pharmacalogical mechanisms and emld

ultimately lead t> valuable discoveries.

1.12 Aims and obiects 1

Tw? separate qroups reported different results

o€ the fractionation of Eegchistasa venom from the same
gedgraphical regisn i.e.. Strait of Malagcca (fu and

Toom, 1971 Karlsson gt al., 1972). Mirania gt 3l. (1970)
reported the difference in the toxins o¢ the same apeccies
ani 2eller (1948) reported the adnsiderable variastions

in the venom >f the same species collected from different

ge>graphical origin.

The work 9n sea snake venim is very much scanty
in India. It 18, therefdre, very interesting to study

the same ven-m from the Indian goast.

Sea snake antiserum 1is tﬁe only specific therapy

£or sea snake bite poisoning. At present it is only



13

available from Serum Research Labdrataries, Melbourne,
Australia. It ia, therefore, the present neecd 2f osup

country t9 prepare indigendus sea snake anétvenin.

In pursuance >f the abdve sbjectives pharma-
eological, bischemical and {mmunalsgical studies were
carried out on the venom of Enhyirina schistosa (gommon
sea shake). Being the pioneering work, 1ot of difficulties
ware faced right from the agdlleration of sea snakes,
their handling, identification and extraction »f venom,

An experimental sea snake antivenin (monovalent) is
prepared by immunizing rabbits, Attempts were made t?2
study enzymatic activities of the crude venom, td
fractionate the venom by using mild .physicschenical
mothods and t3 {3olate and purify pharmacologically active
eomponent. The active ¢omponent was further studied

£5r 1ts pharmacolagical action,



CHAPTER «ase II

ENZYME STUDIES
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2.1 Intr;duatian T

Enzymes are protein catalysts £or specific
chemical reaotisns in bioslogic system. Enzymes are of

universal sccurrence in bioslogical materials and life
itsalf depends on a complex network of chemical reactisns
brought absut by specific enzymes. The functiosns of
this bislagic catalyst 18 ¢2> influence the rate of
chemical reactisn but is not itself used up during the

_ process and can in 43eal cases ba recovered at the end
of the reactisn. Thay 5ften serve as the £ocal print

£5r the regulatiosn 9f bady funetion.

22 Enzimes in sea snake vendSm ¢

The prosence >f large variety >f enzymes,
mostly hyd::luses'la sutstanding characteristic of the
chomical eampoasitisn of snake venoams, The enzymes Sf
shake venons and their bi-sloanical significance have been
reviewad by Zeller i1948. 1951), Meldrum (1965a),
Boquet (1964, 1966), Sarkar and Devi (1968) and Tu (1974).

In comparison with the terrestrial snake venoma,
sea snakes are much simpler in eomposition eontaining
fewer enzymes as evidenced from isdelectric £ocusing
digtributiosn patterns (Toom et al., 1969). TFollowing

enzymes have been reported t> be present in gea snake



venims, namaly, phospholipase A (EC 3.1.1.4),
phasphadiesterase . (exsnuclease) (EC 3.1.4.7),

S'Nuclestidase (EC 3.1.3.5), phasphomonoesterase (EC 3.1.3.2)
acetylcholinesterase (EC 3.1.1.7), dedxyribonuclease

(fx: 3.1.4.6), adenine triphosphatase (EC 34641.8),
hyaluronidase (EC 3.2.1.36).°

Tt has been raparted that venmm >f Enhyirina

schistosy lacks pratedlytic activity and arginine ester

hydrolysing activity (Toom et al., 1969). E.schistosa
venom have been repdorted to have £ollowing enzyme

agtivities, r{amely. fibrinagen clotting activity, hyalue
ronidase, alkaline phogphatase, phosphoiiesterase,
deoxyribonuclease, acetylecholinesterase ani leucine

anind peptidase {ru and Toom, 1971),

2.3 Literature roview

243,1 Phiospholipase A {EC 3,1.1.4) 3 Condrea and

DeVries (1965), Meldrum (1965a) have reviewed the snake
ven>m phospholipase A. 'rhq praesence >f phospholipase A
in the venom 5f B.schistdsa was first recognised by Carey
and Wright (1960). This enzyme was isslated in purified
form from the venom 5f Laticauda semifacista (fu and

Passey, 19717 Tu et al., 19707 Uwatoko=-Setoguchi and
Obo, 1969: UwatokowSetoguchi, 1968).
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The phospholipase A exhibits pasitional and
stearic specificity in catalysing the hvirolysis >f the
fatty acyl ester bond at the ? «pasition € phosphatide
mdlecules with the £ormatisn of lysophosphatides and

relecase >f free fatty acids, mastly unsaturated.

Ibrahim {(1570) made an attempt to study the
mode of action o€ phospholipase A in heated E.gghistosg
venosm on purified phosphoiiplds. plasma phﬁsphalipids
and intact muscle cells. He showed that deoxycholate
15 required £5r the activation f phospholipase A t2
achieve maximal hydrolysis of purified lecithin. The
chaline, serine and ethanoslamine phasphatides € the

intact muscle cells were als> hydrolysed by this enzyma.

Phospholipase A from L.gsemifaciata was isolated
and purified by CMwcellulose edlumn chromatoqraphy
£2llowed by DEAE cellulose chromatography (Pu and Passey,
1971). The mdolecular weight was found t2 be 11,000 by
the combination of sedimentatisn coefficient and Aiffusion
eonstant, 10,700 by gel filtration methdd. Selectively
1= =lecithin was hydrslysed by this enzyme. This enzyme
exhibited haemdlytic activity which was greatly intensi-
fied by the addition o€ lecithin and relatively little
activity on mouse embrys cells and very weak my>1lytic

activity (ru and Passey, 1971).



17

Phospholipase A activity of snake venoms is
eonsidered t2 be responsible £or many 5£ the bislogical
actisns, such as haemdlytic actisn (Conirea gt al., 1964),
the release of histamine, adrenaline, acetylchdoline and
bradykinin from tissue cells (Lewis and ustad, 1965),
edaqulant affect (Kiraschmann st al., 1965), neurstoxic
effect (Wweil, 19307 Braganca and Questel, 1953), direct
actisn on muscle cells (Houssay et gl., 1922) and anti-
bacterial activity (Dorey and “orth, 1960).

2.3.2 Acetylcholinesterase (EC 3.1.1.8) 3 Hydrolysis

of acetylchaline by snake venom was first demonstrated

by Iyendar et ale, (1938), The enzyme capable 9f hydro-
lysing varfiety 9f acetic esters was chserved in variety
of ‘.snake venims (Zeller et al., 19497 Boquet, 1964).

Tu ani Toom (1971) detected acetyleholinesterase activity
in Beschistisg venom, but this activity was not shserved

in L. semifaciata venom (Uwatoks et al., 1966a, 1966b).

Z2eller (1948) 414 not £ind acetylahslinasterase activity
in E.gchistaosg venom which was 50 years 514 and impure.
Bacause 2£ the role of acetylechaline in the transmisgsion
9f nerve impulses, the presence 9¢ acetylcholinesterase
in elapid anl few hydropheid venoms, stimulated the
interest 9f many investigators t> search the evidence

Df pdssible action of this enzyme in the transmission ¢

nerve impulses.
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2.3.3 Phosphatases ¢t various types of phosphatases

have been reported in snake venoms (Sarkar and Devi,
1968) ., Phosphatases are the 7roup >f enzymes capsble of
hyirolysing phosphate: esters or anhyiride honds in mono

or palynuclestides with a variable degree of specifiecity
(Yang gg_a;.. 19587 Meldrum, 1965). Among phosphatases
present in snake venoms, 5'nuclestidase, exonuclease
(phosphoiiesterase), dedaxyribsonuclease, nonspecific
phosphominoesterase were repdrted t> be present in
Be_schistasa venom (Tu and Toom, 1971). Phosphadicsterase
ani phosphomondesterase were alss reported in L.semi-

faciata vensm (Uwatokoa-Setsguchi, 1970).

2+3.3:1 S'Muclestidase (EC.' 301.3'5) S 5'“!1616%1689@

(AtfPase) 1s known td occur in all snake venoms s> far
tested (Gulland and Jackson, 1938b: Zeller," 19503
Sulkowski gt gl., 1963). 5'Muclestidase hyirolyses the
terminal phosphate from adenylic adid. It is the most
active enzyme amdong all phosphatases. This enzyme along
with phosphodiesterase have been used in the determina-

tion of nucleie actids,

2.3.3.2 Exonuclease (Phasphaifesterage) (EC 3.1.4.1) 1

It was Uzawa (1937) who first time recognised

this enzyme in the snake venom, Phosphailesterase performs

stepwise exonhclealytic degradation of palynucledstide
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moleculs, starting at the mononucleotide that has a

frae 3'~hydroxyl group (Felix et al., 19607 Williams

at al., 19607 Bjork, 1961). This enzyme has been widely
employed t? determine the nucleotide sequence and to
study structure 5f RNA and DNA (Razzell and Khorana,
1959ay 1959b). It has been suggested that this enzyme
may be responsible £ir the immediate fall in bhlood
pressure £311lswing intravenous injectisn of venom

(Meddrum, 1965a).

2.3.3.3 Nonspecifiac phosphominoesterase (EC 3.1.3.1) 1@

This enzyme was detacted in variety o€ snake
vensms (Gulland and Jackson, 1938a). This enzyme hyiroe
lyses monsphenylphosphate and phendsl is liberated. This
can be distinguished from phasphodiesterase in its pH
optimum and by releasing 3'-nuclestides. HNothing is
knawn about the pharmacalogical properties of the venom-
phosphamanoesterase.

2.3.3.4 Dedyribonuclease t

It 15 a heat stable end”’nuclease capable of
hydrolysing dedxyribonuclease (DNA) or ribsonuclease (RNA)
yielding tri or higher 3'-phosphate terminated 2ligo-

nugleotides (Georgatsos and Laskowaski, 1962).
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2.3.4 ‘Hzglurantdase (RC 3.2.1.36) 1

This enzyme have been detected in all snake
venoms s3 far examined (Zeller, 1948; Russell, 1967:

Barme, 1968). The enzyme specifically depolymerizes
hyaluronic acid, a mueopolysaccharide which appears to
bind water in the interstitial spaces and to hold cells
together in a gels Hyaluranie acid, while allowing
motabolites to pass through, it has the impartant function
of offering resistance to penatratisn by £soreign matter
including agents of infeatisus diseases. This inhibition
w#s broken by the hyalursnidase, This break down allow
other venom fractions to penetrate the inv:lvéd tiscsues.
This enzyme has been related t> the edema and swelling
caused by the venim (Russell, 1971).

2.3.5 Proteases (Endopeptidases and Exdpeptidases) 1

In 1881, Lacerda first demdnstrated the presence
of prateslytic activity in snake venom. Hyiropheid venoms
either have nd or very little proteslytie activity
(Sarkar and Devi, 19687 Robertasn et al., 1969}, Venoms
that are rich in protease produce marked tissue changes
ani1 deatruction. The anticoagulant effect of several
snake venoms may be attributable in part t2 the pratede
lytic disintegratisn of the fibrinogen. Protedlytic

activity was not found in L.semifaciata (Uwatoko et al.,

1966as 1966b). Tu gt gl. (1966b) studied the proteslytic



activity in hydropheid venom an? eoncluded that hydro-
pheid venom 444 not hydrolyse either TAME (p-Toluene
gulfonyl-Lwarginine methyl ester) or BAEE (Benzoyl arginine
othyl ester) nor BTRE (N=benzoyleLetyrssine ethyl ester)

or ATEE (Neacetyl~Letyrosine ethyl ester).

2.3.6 L-Amino acid oxidase s (P2 1,4.3.2) 1

The L-amin3y acid dxidase was €irst reported t»
be present in the vensm by Zeller (1944), ani Zellor
and Maritz (1944)., The enzyme attacks the L-isomers of
most amind acids by oxidative deaminatiosn resulting in
the formatisn of corresponding Leketn acids. The enzyme
of snake vendm is a flavopratein and the yellow eolour
of the venim is attributed ¢t ribsflavin content >f this
enzyma., However, this enzyme has nat been detected so far
in hydropheid venom, Zeller (1951) reported that tho
enzyme is probably integrated with the digestive function

of the venom,

2s3.7 Coagulase (Blood clotting activity)

Samae snake ven-ma contain substances that

accelerates the coagulation pracess. Denson gt al.f1972)
have characterized the coaqulant activity of s-me anake

venoms. Vendm 9f Enhydrina schistosa did not £4nd any

affect on blood glotting (Reid, 1956b) while Tu et al.



(1966b) reported slight direct eoaqulant action on
fibrinogen in the venom of L.galubring. Fibrinsgen
clotting activity was also reported to» bg present in
Eeschistosa venom (ru and Toom, 1971).

2.3.8 Antiadaqulage ¢

The factor that delays the coagulation was
reported in some snake venoms (Krause and Dam, 1950).
Barme (1968) raported slight antieoagulant activity in
the venim of sea snake Lapemis hardwickif. However, this
action has not becn repdrted yet in E.schistdsa venom,

244 Materials ¢

24,1 Enhyirina schistasa 1

Snakaes were c%llected from Bombay sea ¢dast from
the local fishermen in the month 2€ Marceh/April 1975.
Species were fdentified using keys £or the i1dentification
described by Smith (1926) and Wall (1921).

24442  Crude dried venom 3

Snakes were anaesthetised with pentobarbitone
s>dium 15 mg/kg (I.P.). Venoim glanis were dissected out,
homagenised with hand homogeniser at 4°C in distilled

water. The suspension was centrifuged at 4000 r,p.m. for

15 minutes and the supernatant l1quid was lyophtlized.

The lyophilized powder was used as crude dried venom.



The vensm preparation was kept in the desiccatar wer
caleium chloride until use. About 2 g >€ vensm was

obtained from abaut 170 snakes.

2.4.3 Enzyme assays 3

For enzyme assays £31lowing substrates were
useds Casein (BDH), Calcium di-p=nitrophenyl phosphate
(Fluka), S>3tum Ai=penitrophenyl phosphate (E.Merck),
_Adenosine mandphosphate (E.Merck), Acetylcholine chloride
(k2ch Light), 2:6=Dichlarophenol indophensl (DCIP,
E.Merack), LeLoucine (E.Merck). Benzoyl-arginine ethyl
ester (BAEE, Koch Light), All sther chemicals and reacents
used were of analytical and reagent grade. All solutions

ware majde in distilled water.

2.5 Methods

2.5.1 Agsay 9f phospholipase A activity 1

Phaspholipase A activity was determined quanti-
tatively by turbidimetric methad (Marinetti, 1965). The
enzymo phospholipase A breaks dan the phaspholipids
(lecithin) present in the egq yslk resulting int> clearing
2f agg y9lk suspension. Intensity 9f the clearing depends

upon degree 9f€ the esncentration 5f enzyme. A stock eqq
Y21k suspansion was prepared in 0.9 % sadium chloriga,

Warking solutisn was prepared from this stock by diluting
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with 0.9 ¥ s>3{um chloriie in such a way that the
absorbance 3£ this warking suspensisn at 925 nm was

around 1.2 . Different concentratisns of the venom (0.1 ml)
was incubated with 2.0 ml >f the wirking solution at

371°¢ £or 20 minutes. The blank contained 2.0 ml of working
solutisn only. The reaction was stopped by addiing 3.0 ml
of chilled 0.9 % sadium chloride and optical density was
moasured at the same wave length f.e. 925 nm against

0.9 % sodium chloride. One unit >f the activity is

" defined as the amdunt 5f enzynme vhich produces a decreate

in 1 m unit of abssrbane at 925 nm por minute.

2.5.2  Assay of prateslytic activity @

The protes’lytic aotivityﬂwaa dotermined acaoording
to the mothad of Murata ot gl. (1963) using cesein and
denatured haendglobin as a substrate. The enzyme protease
hydralyses casein and denatured haemoglobin t9 liberate
free anind acids, tho cdncentratisn € which can be
detected by modified Lowry's mathsd. Colour intensity

baing vartes with the degree 3f enzyma osnoentration,

2.5.2.1 Cagein AigestiIn 1 The casein s2lutisn was

prepared by suspending 2.0 g of casein i{n 100 ml 2f 0.4M
Tris-HC1 buffer at pH 845 and heating for 15 minutes in a
botling water-hath to> form a eomplete solutiosn, 0.5 ml

of the venom sdlution of varying asncentrations and 1,0 ml



of cageln solution were incubated at 37°C for 15 minutes.
The reacti>n was stopped by adriing 1.0 ml of 0.44
trichloroacetie 2eid (TCA) and after standing €or 30 minutes
tho mtxturé was filtered. T2 0.5 ml of the filtrate,

2.5 ml 5f O.4M Na,C03 and 0,5 ml of Polin-Ciocaltou
reagent (Centrosn) was added and the optieal density was

. measured at 660 nm. One unit >f protease is defined

as the amount of enzyme which yleld a eolaur equivalent

£9 1 ug of tyrssine per minute under the abova e’nditisns.

245.2.2 Denatured haemdglobin digestisn t  Haemoglobin

sslution was prepared by dissilving 1.0 vg 9f hacmow

glshin in 40 ml of water and was denatured by heating for
30 minutes at 80°C. pH 9f the sslutisn was adjusted to

845 with 0.1N NaQils The same assay pracedure was £91ldwed
as deseribed abave in casein Aigestisn roplacing casein

with haemoglobin,

2.5.3 Assay of phasphdiiesterase (exdnuclease) aativity

The phisphadiesterase activity was determined

aceording €5 the method of Sulkowski et al, (1963) using
e¢alcium di-p=nitriphenyl phosphate (Fluka) as a substrate.
The enzyme hydralyse the substrate t2 liberate p=nitro-

phensl which has yellay enlour, which can be moasured

eolarimetrically. Intensity of the colour depends upan

the degrec ¢ eoncentration o>f the enzymas
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The reaction mixture edntained 1.0 ml of
O.1M Tris-HC1l buffer at pH 8.9, 1,2 ml 9f 0.001M calecium

diep=-nitriphenyl phosphate, 0.2 ml 2f venom salution

(o€ varying @oncentration )} and distilled water t2 maoke
3,0 ml. Tho reactisn mixture was incubated at 37°C and
the reactiosn was stopped by alding 3.0 ml of 0,05V NAOH.
The absorbance was measured at 400 nm snainst the blank
that eontained all the reagents but the vensm s’lution.
One unit 9f phosphadiesterase activity was defined as the
amount 9f enzyme which liberated 1 u male 9f penitriphensl

per minute under the above ¢onditions,

2.5.4 Ansay 2f nhogphmmaesterade activity ¢

The phosphamindesterase activity was estimated
according t> the method of Sulkowski et al. (1963) using

8934um=d{=p~nitrophenyl phosphate as a substrate. Principle
af this method is the same as in phosphadicesterase.

Activity was determined using changes in the sgbsarption >f
p-nitrophensl liberated at 400 mm during 15 minutes »f
incubation at 37°C. The reactisn mixture esntained 1.0 ml
of 0.1 M glycine NalH buffer pH 9.3, 1.2 ml 9f OC.1IM MaCl,,
0.1 ml 9€ venam s3lution (57 varying e ncentration) and
water t2 make 3.0 ml. The reaction was stopped by alding
3,0 ml of 0.05N NaOH, The absarbance was read at 400 nm
against the blank fhat eontained all the reagents except

venam sdlution. One unit 2f activity was defined as the
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amount Of enzyme which liborated 1 u mole 9f pwnitro=

phensl per minute under the above eonditions,

2,5.5 Assay 9f 5'-Nucledtidase activity 1

The S5'=Mucledtidase activity was determined by
the methai of Sinsheimer and Koerner (1932) as modified
by Sulkowskl et al. (1963) using adendsine manophasphate
{AMP) as a substrate. The S5'«nuclestidase hydrdlyses
the substrate adendaine monaphosphate to liberate
phosphates The liberated phosphate was determined by the
method of Fiske and Subba Row (1925). Colour intensity
being depending upon the degree 9f enzyme csncentration.
The reactiosn mixture esntained 0.1 ml >f IM glycine
buffer pH 9.0, 0.1 ml 9f O.1M MgCl,, 0.3 ml o€ 0.01M
adenssine monaphosphate (AMP), O«1 ml >f the venom sdslution
(of varylng coneentratiosn) and water to make 1 ml. The
reactisn mixture was incubated £3r 15 minutes at 37°Ca
Determination 9f phosphdrus depends entirely upsn the
reductisn >f phosphomslybdic acid t5 a blue pigment, which
has a absorption range around 700-725 mm. “ne unit >f
5'wnucledtidase activity was defined as the amdsunt of enzyme
liberated 1 u male of indrganie phosphate per minute under
the above conditions,

2.5.6 Agsay °f cholinaesterase activity ¢

Cholinesterase activity was determined by colori-

metric method of Huergs et gle (1932) usin~ acetylchsline
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chloride as substrate. The unhydrolysed acetylcholine

i3 eonverted with hydraxylamtne to acetyl hyiroxamic
acid, which can be dotermined as a brown ferric complex.
The reactisn mixture contained 2.0 ml of acetylchdiline
buffer salt mixture {(gontaining 8 volume >f veronal
buffer, 0.1M, pH 8.27 1 volume 95f 0.5M acetyleholine
chlorider 1 valume‘of mixture of 0.44 M Mgc:}.2 and 0,03M
KCl) and 0.2 ml o€ venam solutisn (of varying concentratisn)
After incubatisn £or one hour at 37°C, 2.0 ml of alkaline
hyiroxyalamine solution (prepared just before use by
mixing equal volumes 9f 14% wAr hydroxylamine (Sigma)

and 14% w/v NaOH) was alded. After one minute, 6.0 ml

of 04.5N HC1l was added by shaking thorsughly., Acetyl-
hydroxamic acld {s farmed from the unhyirslysed acetyle
choline. From the sample and c¢2ntrol tubes 0.5 ml
hydroxamic acid was pipetted int» centrifuge tubes
eontaining 10 ml o€ ferric chlartde (1 % wAr) sslution
and was centrifuged €or 5 minutes at 2000 r.pe.m. and

the supernatant wag measured cslorimetrically at 540 nm.

248.7 Asgsay 2f Leamind acid oxidase activitys

The L-amind® acid 7xidase activity was determined
by measuring the rate 5f reductisn of 2:16wdichloraophensl
indophens?l (DCIP) at 600 nm ace>rding to> the method of

Shaham and B3dolah (1973). The reaction mixture eontained

7.5 mM L-leucine, O.1 mM DCIP, 0.05M Tris-HC1l buffer
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pH 7.4 and 0.5 M KC1 4n a final valume 9f 1.0 ml.
The reaction mixture was preincubated £or 2 ¢3> 3 minutes
bafore the aiddition 5f leucine in srder t> check endsgen-

ed’us activity.

2.5.8 Assay of amind acid esterase activity i

| Aﬁlns acid‘eaterase activity.was determined by
using the meth> of Toom and Chan (1972) with slight
madificationg to e¢omply with sur labsratory eosnditions.
The enzyme esterase hyirolyses synthetic émino acid
esters to liberate free aminos acids which can be titrated
with 0.08N NaOH using phendsl red as an indicator.
15 u mole °f BAEE in 4 ml of dlstilled water was incubated
with 1,0 ml 2£ vensm s>lutisn (1 mg/ml) at 35°C in
esnstant temperature bathe The acid liberated was
titrated using miceoburette with 0,05N NaOH at‘pH B.5.

2.6 Resultsas

The activities of varisus enzymes in the crude .
vensm were determined according ¢ the methads given
in Sectisn (2.5). Staniard curves £5r acetylcholine
chloride, p-nitesphensl and L-tyrosina are given in the
figures 1 t3 3 respectively,

The plats, c¢oncentratisn 2f venom against

absorbance £3r the enzymes phdsphdlipase A, phosphodi-
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esterase, phosphimdinoesterase ani 5'«nuclestidase

are given in the Fiqgure 4.

Specific activitias were expressed in Units/mg
of lysphilized venom, Tho results are listed in Table 1.

TABLE - }

Enzymatic activities 5f E,schistasa venom.

Enzyme Specific activity
(Units /ng)
1. Phﬂﬂph')llpas‘ A (BC 3.1.1.4) 78,50
24 5"Imc189t15880 (EC 3.1.3.5) 0.15
3. Phogphdilesterase (exdonuclease) 0,08
(BC 3.1.4.5)
4. Phasphomannestorase (X 3.1.3.2) 0.15
5, Acetylcholinesterase(pC 3,1.1.7) 7.60

6, LeAming acid oxidase (EC 1.4.3.2) Ni)
7. Protease 12.00

8, Amino acid esterase Nil
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2.7 Discuss {9 n

Sea snake vendm is a hetersgeneous mixture ¢
proteins, many of which psssess enzyme sctivities.
Engymes are important and essential component >f
bislogical system, Their functiosn being to> catalyse the
chemical reactions that are essential to5 life. Mainly
hydrolytie enzymes are present in snake venoms. Sinee
the venim enzymes have very spocific substrate require-
ments, they £ound very important to51 as a reagent in
the elucidation 3f tha cdmplex structures £ natural
praducts and {n the determinatisn of finer points in the

structure 2f nucleic acid (Razzell and Khorana, (1958).

Several earlier investigators have tried ¢o
correlate the toxieity 9f snake venim with thelr enzyme
activities (Iyengar et al., 1938; Bovet and Bovet,1943;
Taborda g& ale. 19521"} Braganca and Quastel, 1952a)

Slotta anid Fraankel=Conrat, 19382 Faqle, 1937 Deutsh

and Diniz, 1955). However, wigh the pragress'ln new
techniques 3f protein chemistry, snake venoms were
fractionated and their lethal actions and enzyme activities
wore Separated (Yang et gl., 1959¢ Ghosh and Sarkar, 1956).

Zeller (1948) showed the considerable variatinn

in venom composition of the same species from different
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gedgraphical areas. The studies dSn sea snake venom
from the Indian @oast are very much seanty in India,.
Our sbjectives was t> study the aenzymatic eompasitisn of
the venam of RB.schiastasa from the Western cdast of India.

Tu gand Toom (1971) tested enzyme activities >f
the venwm 9f E.gehistdsg obtained from Malaya ani detected
£511owing enzymes namely, hyalursnidase, clotting activiey,
alkaline phosphatase, phosphaiiesterase, desxyribonuclease,
acetylohalinesterase and leucine amind peptidase. Our
studies showed that same venom ohtained from the Wastern
a%ast of India, in ai1itisn to phoasovhdriiesterase (exdo~
nuclease), phosphomondesterase, acetylecholinesterase and
phosphslipase A contain S'-nucleotidase and prateslytic

activity.

reotedlytic activity was studied by using casein
and denaturated haemsglobin as substrates. This activity
waa reported ¢o be absent i{n the venom of same species
from Malaya (Tu ani Tomm, 1971). This Atfference may be
due t7 the difference in the methdi »% extraction of
venom or this may be due €3 the variation in the eomposie

tion of venom ohtained from different gedgraphical regions.

Formerly it was believed that the hydralysing

activity with synthetic substrates, BAEE and ATEE were
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present together with protease actiw}tty. But Murata

et al. (1963) ani,Soh and Chan (1974) showed that the
enzyme responsible Eog asterolytic activity is 4ifferent
from protease enzyma. We £ound that in RB.gchistdsg venom
amind acid esterase activity with BAEE as 3 substrate is
absent while the pratease activity with easein and

denatured haemaglobin as substrates was present.

Presence 2f phosphalipase A in Be.aghistssgy venom
was showed by Carey and wright (1961), Tu and Toom (197%1).
We estimated thian ewti';rity using eqqg yolk clearing assay.
This activity was found €2 be very rich in this venom.
Bee venam and cobra vendm {(Condrea ani DeVries, 1965)
and krait ven-m (Chhatwal, 1974) are among the richest
sourges 9f this enzyme. r studies indicate that

Enhydrina schistisa venom may be andther rich source of
phaspholipase As
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3.1 Intzoduection

Pharmacdlogically, actions 3f snake venims are
;ery eomplex, as it is elearly indicated by the knowledge
of Qymptams and signs >f envenamatian. The ¢mplexity
of venom action has been demonstrated to be mainly due
to combined effects 9f different components contained
in the same venom. The pharmacological events taking
place in a victim 5f anake bite will be fully understood
only when the pharmacdslagical activity of each 1nd£vlduél
constituent of the venom is well knowm. It is wall known
that the neurstoxins, 1f not alone, but thé main and the

most lethal factor present in the sea snake venoms.

3.2 Sea snake neurstdxins

Sea snake neurstoxing are among the best

chemically and pharmacsligically characterized snake
venom constituents. They are remarkably similar in their
chemical strustures and identical to5 their mode a£'
actisn with that 2€ eobre neurstoxins and o ~bungaro-
tnxin and therefore, admetimes racagnised as "Isa>toxins”
(Lea, 1972)., Sea snake neurstoxins eould be fegarded as
one >f the most toxie substances in the world (ru, 1974).
It 15 remarkable that the venoms of tw> types 9f snakess
hydropheids and elapids possess similar structure

and neurotosxic action, although the former spend their



entire 1ifo in the sea while the later live on the
lana ‘mo 19”4,0

3.2.1 Literature review ‘

Toxins from otight varieties 5f sea snakes have
been ianlated 85 far, £ar hyirophilnae and £sur lati-
caudinas by difforent investigatars €rom Aifforent
laboratories. In some casés. ne venim has been
similtanesusly studied at several Aifferent labdratories,
Thorefare, it is not unusual to £ind differont namas
assigned £or tho same tIxin. Por instance, the latiede
taxin IIT and latiostoxin IV fsolated f£rom Loticauds
semifascliata by Uwatoko gt al. (1966) {s identical with
erabutixin a and arabutmin b isolated by Tamiya and
Arol (1966).

Carey and uright (19603) showed that the toxte
campanent 9f E.oghistisg venim was dialysabloe The
neurstixic eomponent present in the dlalysate was further
purified by CMecellulsse @rlunn ohramatography, which

was four times more pitent than the erudo vanime

T™u and T2om (1971) iasslated majsr toxin from

the samo spagies by Clegellulose cslumn chromatsgraphy

£rom Strailt of !Malaceas The toxic gxaponant was shown

t2 be homogensus by zanal eleatraphoresis, ultracentrie



36

fugation, isoelcctric ficusing and gel filtration,
amino acid compoisitisn 2f the toxin revealed 62 amino
acid residues with the molecular weldht 6981. Further,
Tu and Toom (1971) demanstrated that the eompound
Nebramosuccinimide aompletely destro?ed the toxicity
of the preparation 1ndiqat£ng that tryptophan 1is

negessary £or the toxie actisn 3£ this venom.

Karlsson et al. (1972) reported the isslation
of two prineipal neurstoxins schistosa 4 and schistosa §
from E.gchistasa venam f£rom the same geagraphical origin
i.e., Strait of Malacea by Sephadex-gel filtration
£71lowed by gradient ghr:matography an BioeRax 70.

Fryklund et al. (1972) eluecidated cdomplete
amino acid saquenves »f schiatosa 4 and schistosa S.
Bath the toxins ¢ansisted >f single peptide chain >f 60
amin® acid residues cross linked by f£our Aisulfide bridqges
and oontain a "masked® «SH group which can be alkylated
with {oddacetate in 8 M urea withdut {nactivation. The
gradient pattern provided chromatagraphie evidence
indicating the presence 2f 14 >r more different toxins

in sddition to schistIsa 4 and schista3a 5 (Karlsson

S£ 2}." 1972) "
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Uwatoko gt al. (1966b) isolated twd major
toxins and three mindr toxins from the venim 9f Laticgudg
semifaseiata « FPFurther, twd major toxins were isolated
in crystalline £orm designated as Laticotoxin IYII and
Latigotoxin IV,

Tamiya and Arail (1966) isolated four taixins
from the same venim by CMecallulose chromatagraphy.
Twd £ them were further characterized and called
erabutoxins a and erabutoxin b. Direct e¢Imparison of
chramatograms obtained from the twd laborataries indicates
that crystal latiestoxin IIT and laticotoxin IV similar
to erabutoxin a and erabutoxin b. Each 2£ these toxins

consist of 62 amino acid residues.

A third companent erabutsxin ¢ was alsd 18?lateﬂ
from the ssme Laticauda semifgsciasta vensm in the aryst-
alline f£orm (UwatokoeSetaguchi, 1970; Tamiya an? Abe,
1972). %oxins of identical amind actd compositisn and

pharmacalagleal actisn were isolated in the erystalline -

form from Laticquda laticaudgty and Lgticaudg golubrinag

were therefore given ¢5mman name “%Laticotaxin® (Sat>
et als, 1969). Laticotixins like erabutoxin a amd

erabutoxin b contain 62 aminod acid residues.

Tu gt al. (1971) reported the isalation 9f twd

toxins 'a' and 'b' from Laticauda semifasciata from the
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Philippines by sephadex gel filtration £sllowed by
CMecalluldse column chromastagraphy. Toxins a and b
eontain 62 and 61 amind acid residues respectively.
There are slight 41 fferences in amindo acid compasitisnsg
from the toxing >f the same species 2f Japanese origin.
This showed that the snske from Philippines may be a
different subspecies (m%: iéﬁé, 1971) .

Tu & Hong (1971) fsslated major toxin {n

purified form from the venom of_Lapemts hardwickii by
a four step purificatisn procedure using sephadex gel
filtration £511lowed by CM=nelluladse cslumn chromatdgraphy.

Liu gt al. (1973) fractisnated Hyidrdphis cyande
ginatus venom by CMe=cellulsse e2lumn chromatagraphy.

The mast retarded fraction hydrsphitoxin 3 was further
studied £or amind acid ¢ompositisn and shawed that hyiroe
phitoxin a was aimilar t> ather sea snake neurstoxins

89 far investigatad.

A woak an? reversibly acting neurstoxic component

Ls IIY is2latel from Laticauls gsemifascinta venom by
CHwcellulsse chramatography (Maeda and Tamiya, 1974).

The component Ls IIX ghawed to contain 66 amind acld
residues and five disulfide bridges. Thia is the only

sea snake neurstoxin having five disulfide bridges so far

isolated.,
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S et al.{1975) is2lated major neurstoxin
(toxin a) from Pelamis platurus from Philippines by
Sephadex gel filtration and CMecellulose aslumn chroe
matography. The amind acid ecompasition revealed 535

aming acid restdues.

Liu gt al. (1975) reported the isolation of
major tixic eomponent pelamitoxin a from the same venom
of Pelamis platurus from the Farmosa water by CM-celluldse
chromatagraphy with linear concentratisn gradient of
ammonium acetate buffer pH 6.5. Its amino® acid eomposi-
tion revealed that it 4s identtfecal t5 that >f hydrophi-

toxin b from Hyiraphis cyanoeinetus venoam (Liu et al.,

1974) and schistasa 8 from the vensm >f E.gehistdss
(F!.'Yklﬁﬂd et al., 1972).

Recently three neurotaxic c¢omponents a, b amd ¢

wore isolated in purified form from Aipysurus laavis

(Maeda and Tamiya, 1976)« Fractionatisn was performed

by CM=cellulsse chromatsgraphy £9119%ed by Bid«Rex 70.

Yu et al.(1975) studied pure toxins 13slated
from E.sghistossy and Lapemis hardwickii by laser Raman
spectrosceapy to elucidate further the structure-functi~n

relati»nship >f neurstixins,
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3.2.2 Classification ¢
Neurotoxina, in general, are classified

pharmacologically into twd distinct groups (Lee, 1970:
1972), The first group ﬁraduces a nin-depalarizing

N«M block by acting on the post-junctiosnal membrane of
the motor end plate similar to curare amd §1Eferent £rom
curare in its slow development, in the imperfect anta-
gonism by neostigmine and in the absence or slowness of
reversibility (Jimenez-Pdo>rras, 1968), whereas the seeond
group praduces a N-M bidck by acting presyneptically

on the moto5y nerve endings, leaving the sensitivity of
the end plate to acetylcholine (Ach) unaffected. Sea
snake neurstaxins (Tamiya and Aral, 1966: Satdo gt al.,
1969; Liu gt al., 1973: 1975: Tu et al., 19767 Maeda
and Tamiya, 1976), oL ~bungarstoxin (Lee, 1970) ani most
of the elapid neurstoxins belong t¢> the f£irst group
(Lea, 1972).

Nourstoxins belanging t» the first group can
be further classified into three sub-groups acerrding
to thelr amino acid eompasitisns, namely, shirt chain
toxins composed 9f 60 t2 62 amino acid residues of
1S ¢5 16 amin9® acids {n a single peptide chaln ersss
linked by f£our disulfide bridges, medium length chain
toxin with 66 amin> acid reosidues and five disulfide

bridges (Maeda and Tamiya, 1974) an3 third, long chain



toxins consist 9f 71 €3 74 amino actd residues of 17

t> 18 amino acids with five Aisulfide bridges. All

9f the sea snake nourstoxins sd far investigated belong
£ the first short chaln toxin group (Tamiya and Arat,.
1966y Sato et al., 19697 Tu and Hong, 1971y Tu and Toom,
1971 Tu gt a1.,1971; Liu gt al., 19737 19755 Tu gt al.,
1975; Maecda and Temiya, 1976) and sne medium length
chain toxin group (Maeda an? Tamiya.-1?74).

3,23 Egtablisiment 2f hamdgeneity @

Purity of the toxins isd2lated from venom is
genorally established by dise electronhoresis, ultra-
‘ceﬂttifugatibn, {soeleotric focusing, immundelectro-
phaoresis, immund gel diffusisn and qgel filtration,
Three or more different methods ware used £ar the

detaermination »f homogeneity.

3.2,4 M3lecular weight s

The difference in tho molecular sizes among
the d1fferont snakes has a aignificant implication in
sea shake poisoning effect {(Tu ;g;@..wm. The ansat
9f gystemic symptaoms due t5 envenamation 9% neurotoxing
an se@a snakes ig extremely rapid. Rapid actiosn may be
due to their smaller size, which diffuse intd vital target
osrgans much faster causing the quicker toxic aection

(Tu, 1973). 1In general, malecular weight is determined



by three methods namely, amind acid emposition,
sedimentation equilibrium, sedimentation crefficient,
ani gel filtration. Molecular weights o9f the sea snake

neurotIxins so far isdlated are summarised in Table 2.

3.3 Immnnbchemiatry 3

Peal (1903) was the first to report the use of
antivenin in sea snake bite. Caray and wWright (1960)
prapared anti E.sghist2sa serum in g2at. They shoved
by immunselectriphiresis and gel diffusion that there is
a distinet relationship between the vensm of R.schistaga
andt osther members 3f the Hyiraphiinae namely, Kerilias
Jerdoni, Hyirophis cyandeinctus, Micracephalophis gracilis,

Lapemis hardwickii, Hydrophis spiralis. Carey and

wright (1960) further reported that antivenin against

cobra, krait, Russell's viper and Echis exhibited only

negligible neutralizati’n against E.schistisa venom ,

Reid (1962) demanstrated the clinical efficacy
of eommercial E.schistdsa antivenin, prepared by the
Commanwealth Serum Labsratories, Melbourne, Australia
against bites by the hamdlagous species. He reported that
bafsre sea snake antivenin become available out 2f 11
cases °f serisus poisodning 6 died, subsequently 10 casges
serisus paisoning received specific sea snake antivenin,

anly tw> patients died ani eight recdovered dramatically.



TABLE - 2
Molecular welght >f purified neurcotoxin from the venoms of sea snakes

&!E_Srm hiidac)

Methods )
ac

tation filtra- S and D
caMpo- 11ib~
citlion clum tion

HYDROPHIINAE
Enhydrina Stratt »f Toxin €878 - - 7300 Tuo & Toom (1971)
“—zdg—— H
schistosa alacca Sehistasa-d 6689 - - - Rarlsson et al. (1972)
Schistosa-5 6679 - - - Rarlsson et al. (1972)
Hydrophis - Pormosa Hydrophitoxinea 6635 - - - Liu ot al. (1972)
gyandeinctus Hydrophitoxineb - - - - Liu gt al. (1972)
Lapemis Gulf >f Toxin 6774 6800 - 6800 Tu & Hong (1971)
hardwickis Thialand
Pglamis Formosa Toxin 6222 - 6600 - Tu ot gl. (1975)
platurus
Pelamitoxin 7000 - - - Liu et al.(1975)
(approx.)
Contdeecees

£y



TABLE «» 2 (Contd...)

Met hods
Snake Origin Toxin Amino  Sedimen Gel REFERENCE

acid tatisn file- S am@ D
e~ equilib- ration
sttion rium

LAT YCAUDINAE
Laticauda Okinawa Laticotsxin-~-TII - - 7000 - Wratsko-Setaguchi (1970)
semifasciata Erabutsxin-a 6850 7430 - - Sat> gt al. (1969)
‘Laticotonin-IV - - 7000 - Uwatsk>=Setaguchi (1970)
Erabutoxin-b 6870 7430 - - Sato et gl. (1969)
Erabutoxin-c - - 7000 - Gwatskd>=Setagucht (1970)
6847 - 7000 - Tamiya & Abe (1972)
South - Toxin-a 6840 6800 6600 - Hong (1970) ,Tu et al. (1971)
China Sea roxin.p 6677 6500 6400 - Hong (1970) ,Tu at 3l. (1971)
Laticauda Okinawa Laticotoxin-a 6970 - - - Sat»> et al. (1969)
c2lubring
Laticauda kinawa Laticotoxin-a 6970 6520 - - Sat» et al. (1969)
Laticaudata _
Alpysurus Australia Toxin-a - - - - Maada and Tamiya (1976)
laevis Toxineb - - 7000 - Maeda and Tamiyzs (1976)
Toxin-¢ - - - - Maeda and Tamiya (1976)




Barme (1963) reported that antivenin against Lapemis

hardwickii mamufacturel in Vietnam effectively neutralised
the venoms o€ g.schistasa and Hy.cyandecinctus.

Minton (1967) reported that different cobra
vensms are neutralised by E.schistdsg antivenin, Tu and
Ganthavorn (1969) demonstrated that vendms £ Hydraphis
gyanscinetus, Pglamis platurus and Lapemis hardwickii
cross reacted immunslogiaally with anti E.schistoga serum.
Sato and Tamiys (1970) reported that eventhough erabutoxins
a and b of L.gemifasqaiats differ slightly, they £ormed
fused p:e&ipit'ation line with anti erabutoxin b.

Tu et al. (1971) showed éhat the detoxified
neurstoxina formed a precipitin line with antibady made
from the ordginal vensm, Rankonkar et gl. (1972) studied
the efficacy of Haffkine Institute’s polyvalent antivenin
and shayed that it {s ineffective against Malayan
E«schisgtosa vendm.

Baxter and Gallicho (1974) showed oross neutralie
‘zation of Natechis goutatus (Tiger snake) antivenin and

Essghistosa antivenin against several sea snake vendims.
Tu and Salafranca (1974) repsrted that venims of Lat{gauda

semifasciata and &z_arttcauda laticaudata 414 not £orm
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preeipitin lines with anti E.schist2sg serum.

Tu and Salafranca (1974) further reported that the
commareial antiveniq far E.sdhistosg venim manufactured

at the Gommonwealth Serum Laboratory, Melbsurne, Australia
1s effective £or the neutralising the venoms 2f sea snakes
Pelamis platurus from Central America, L.semifasciata

£rom Philippines and L.laticaudata from Japan.

3.4 Materials and Methads 3

3.4.1 Protein estimation 3

The £911%wing methads were used £5r the estimae

tion >f proteins,

3.4.1.1 Direct spectrophatimoteic determination ¢

Direct measurcment o€ the absosrbance at 280 nm
was used £or the rapid estimation o€ pratein in the
individual fractions. The tatal protein concentratisn
5f the erude venon and 9f individual proteins were
datermined by tho methdd described by Kalckar (1947)
using the €ormula

Protein mg/ml = 1.45 Ejygg =~ 0.74 Ezgq

3.441.2 Pratein determination by FolineLowry methdd :

Phis 18 the most sensitive methad faor the
estimatisn of pratein. The meth>d proposed by Lowry
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gt al. (1951) using Folin-Ciscalteu (Centron) reagent
was f£ollowed. The principle of this methad 15 that a
copper tartarate e¢dmplex is allowed ¢9 react with the
proteins %n alkaline saslution. Thé protein oopper
complex ¢an then reduce phosphimdlybdate t2 £59rm a blue
substance with a broad absorptiosn peak around 750 nm.

3.4.2 Fractionation techniques 1

Methoads like dialysis, salt fractismatisn and
solvent fractisnation have been successfully empl@yaa
by many workers £3r the separation of priteins {Michael
and Jung, 1936y Carey and Wright, 1960arncggﬁéhury. 1943y
Mafe and Piantanida, 19553 Doery, 1988). Howevar, with
the advent 2f protein chemisgtry, new techniques have
been developed. Gel filtration and ion exchange chromae
tagraphy have become the methad 9f cholge f£or the

fractionation of vensm proteins,

In the present investigation gel £iltration and

CM-gallulose chromatagraphy were used.

3.4.2.1 Gei;filtration 0:hramatggtaghz on crass linked
dextran gels t Sephadex)

Gel chromatography 1s the technique employed for
tha semaration of substances aceording to their molecular
size. Large mdolecules will emerge £irst from the bed,

while smaller m>lecules are retarded. The term *Mslecular
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sleving® was intraduced by MeBain (1926), but the term
»gel £iltration* (Porath and Pladin, 1959) is sften used.

Varisus types of gels are commercially availe
able, namely, desttran gel, polyacrylamide gel (Bio gel)o
agar gel and agar2se gol (Seravac), crsss linked dextrans
1.04, Sephadex {Pharmacia) gels are particularly very
useful £or the separatiosn >f subatances 5f bislagical
origin vwith the malecular weight from several hyndred
t2 geveral hundred thousand. Different types of
Sephadex grades are avallable commereially which differ
in degree of crdss linkage and 39 the swelling praperties.

Mslecules larger than the largest pores of
the swallen Sephadex i.e., abdve the exclusion limit,
cannst penetrate the gel particles and therefosre they
pass through bed in the liquid phase sutside the particles
and are eluted f£irst. Smaller mdlecules,hwever, pens=-
trate the gel particles t9 a varying extent depending
on their size and shape and are eluted from a Sephadex
bed in order »f decreasing molecular size. The chaice
of the appropriate Sephadex type depends upon the
malecular size and the chemical properties of the substances

éo be separated.

In the present work various types 2f Sgphadex

grades were used, The column dimensions and eluents were
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als> different depending upon the natuzé 5f the golute
to ba filtered, The details >f the particular expori-

ments were given in the experimental section.

3.4.2.1.1 Gene:alAPraeedu:e ]

Sephadex gels were allwed to swell in the
buffer f£or the perisd of 3 hours t» 3 days at room
temperature depending upsn the type >f grade used. The
gel and the supernatant were mixed gently t» £orm a
slurry £ uniform esnsistency £o5r packing the bed. G524
separation depend upon the unifsrm packing. In Jur work
columns were packed acesrding to mamufacturer'’s suggestion .

After completion of the packing, the co>lumn was
equilibrated with the same buffer by allowing t5 £flow
:the buffer over-night through the bed. Flow was requlated
by gravity feed ani by keaping the buffer reservoir at
higher level, As the separation results are enttreiy
dependant on the quality 9f ¢olumn packing, bed was
chacked before usa. °For this purpose Blue dextran
(Pharmacia) was usel. All experiments were performed
at 2-57C, The sample was dissolved in the elutisn buffer
eontaining sucrasse (1%) and applied t> the top of the
eslumn withsut disturbing the gel surface. Small amount

of eluent was carefully filled and the eluent reservoir



was ¢onnccted. Practions of 3 ml each were ¢dllected
at the rate 9f 18 ml per hour. The fractisns obtalned
were measured at 280 mm 9n Carle2éiss spectrophotometer.
The fractisns under each protein peak were pooled, and
their pratein content was determined and used further

£or festing toxicity and pharmacdlogical activiey.

3¢4.2.2 cChromatdgraphy on cellulose 12n exchangers @

Petarson and Sober (1956) were the first ¢9
intr>duce the cellulose ion exchanger in separation of
larger pdlypeptides auch as priyteins and nueleic acids.
The separation of proteins sn cellulase ion exahangers
is believed t> bo depend mainly o5n the eleetrostatic
interactisng of the pilyelectrslytic protein with the
oppositoly charged adsorbent. The relative affinity of
éiprotein. therefore, depends sn its charge density.

This affinity can be madified a) by altering the charge
of solute and/or that 5f the adsorbent and b) by increas~
ing the aoncentratiosn of the buffer salts where ions

als? have affinities £or the adsorbents. Proteins exhibit
an absorption equilibrium between the adsasrbent and the
cluent of a fixed buffer ewmposition, For this reason,
chromatography of proteins 1s »ften carried csut under

the conditions nearly approaching t2 that >f all or none
absorptisn by elther a stepwise o5r a gradient increase

of eluent.



3.4.2.2.1 tivation procedure ¢ =
CMecellulose CM=II (whatman), 0.7 m equiv/bm
{carboxymethyl group edntent) was used (Te Palo King,
1968). 15 g 9f dry celluldse was suspended in 600 nml of
1.0N.NaOB and 1.,0NNaCl. The suspensisn was dispersed
with the magnetic stirrer until free 9f trapped alr
bubbles. After setting £or absut 30 minutes the superw
natant was decanted and the celluldse was resuspended
in 600 ml of 1.0N NaCl and filtered by suction osn a
Buchner funnel and washed with about 2 litres of 1IN Nacl.
The m2ist dake was suspended in 600 ml of 1IN HCl just
£or cne minute énﬁ immediastely filtered by suctisn and
washed with water until the washed solutisn was near
noutral. The 1lon exchanger was then braught to> the
desired pH by three cynles >f resuspensisn and washing
in 600 ml 2f concentrated solutiosn 2€ the starting buffer.
After decantation 2f the extess >f ¢oincentrated buffer,
the cellulsse was resuspended in 600 ml 2f the starting

buffer and stored in the same buffer.

3.4.2.2.2 General prigedure 3

The e¢2lumn (1X 30 om) was used for an ion
exchange chromatoagraphy. Packing °f the e¢>lumn 48 similar
to that of gel filtration. Gradient increase in the
concentration >f buffer was achieved by using linear

gradient mixer. The linear gradient inerease and stepwise



increase in the concentratiosn of buffer salt was used
for elutisn. The fractisn of 3 ml cach were @ollected
at the fliw rate of 18 ml per hour and the absdorbance
o€ cach fraction was measured at 280 nm on Carl-Zeiss
spectrophotometer. The fractions belonging to the same
peak were p7dled and desalted. Pratein contont 3¢ the
desalted fractisns were datermined and further used for

toxieity and pharmac>logical studies.

3.4.3 Desalting of priteins @

Sephadex G-15 (Pharmacia) was used for the
desalting of venom prateins. In this method the large
moleculaes {(i.a., proteins) move with the va1d volume
and are separated from the low molecular weight salts,
Sephadax G=15 was packed {n the cdolumn (1 X 25 cm)
aceording t9 the pracedure given in Sectiosn (3.4.2.1.1).
Distilled water being used as an eluent. Sample volumes

upto 30% 2f the total bed vilume was used for desalting.

3.4.4 Testing 3£ homogeneity of purified toxic
fraction 3

The testing of homageneity is very important
otep in the purification of proteins from the complex

mixture. Various methods have been used £or this purpose

viz., disc electrophoresis, immunoelectrophoresis, gel

Aiffusion and gel filtratisn. Out >f thesa Alsc electro-



phoresis and immunselectrophdresis are widely used
for testing the homogenelity.

3

34444.1 Polyacrylamide dise gel electrophoresis 3

This methad has been pioneered by Ornstein

and Davis (1964) and i3 the meth>d of chaice for high
resolutisn in the separatisn of ¢omponents 5f the pratein

nixtures and £or testing their homogencity.

Pringiple ¢+ This is achieved by taking
advantage 9f the Kohlraush ®requlatary function * (1897).
If one layer >f sdlutisn 9¢ a sliwer moving 1on dver a
golutiosn 9f a faster moving i5n 2£ the same charge,
the boundary between the two {9ns will be maintained
under the gonditions 9€ Kohlrguach's regulatory funetion,
If a s2lutisn 2f a third {o5n >f the same charge but of
intermediaste mobility 1s placed in the solution, 1t will
assume a pasition at the boundary botween the first two

15ns8 and will be "sandwitehed” int? a narrow 29ne.

The catisnie system of Resfield gt al. (1962)
using 15% running gel which stacks at pH 5.0 and runs
at pH 3.8 was £allowed. All the reagents used in this

experimeont were purchased from EZastman Chemical Coe.



The perfectly cleaned and 4ried tubes were
hold in a vertical plane by placing them in a rubber
stopper, The running gel sslution which was composged
of a suffictent aoncentration of polyacrylamide to
effectively siove the molecules, iwas prepared and care~
fully lavered by water, which was drained off by tilting
the tubes when the running gel was completely polymciized.
Spacer gel galutisn then placed over the running ael.
The tubes were placed directly under the daylight
fluorescent light to photopolymerize the spacer gel,
The sample (50 €9 200 ug) was mixed with about 0,15 o
0.2 ml of the sample ael working solutisn and carefully
placed over the photopslymerized spacer gel. Sample
gel was then allowed to photopolymerize. Rubber stoppers
were then removed carefully without disturbing the gel
column, The tubes were then placed in the apparatus.
Réservoirs were filled with the buffers, 0.1 5 methyl
green was used as reference marker stirrer into the

upper reservoir buffer,

The electrophoresis was carried at 4°b.
The current of 4 mA per tube was passed for 90 minutes.
The gels were remdoved from the tubes and were stained
with 1% Amido black 10 B in 7% acetic acid. The emoeas
dye was removed by washing with 7% acetic acid. The gels

were stored in 7% acetic acide



3.4,4.2 Immunogel diffusion

Gel diffusion reactions are dependant on

the higher water content - (99%) of the gelatinous support-
ing media. This permits the antigens and antibodies

to migrate through the gel by diffusion £ollowing the
Mok's law -

dx/at = palc/ae?

where C represents the ¢oncentration of
diffusing agent, ¢t the Aiffusion time, x the distance
of diffusion and D the c¢oefficient of diffusion,

This method was introiuced by Oudin (1946).
This 15 a simple and widely used method for the examinge
tion of anttigenic ecompositions of unknown samples as
well as for the evaluation of the antigenie relationship
between different protein antigens. wWhen antigen anmd
antibady are allowed to diffuse i{n opposite Airection
through anar gel, preeipitin line appears at the point
of equivalence where the proportion of twd substances
i{s optimal €or flocculation. Each precipitation line
represents the presence of one antiqen and {ts specific

antibody,

Experiment was performed acedrding to Ouchtore
lony's technique (1948), 1.0% w/v agar (Difeo) was

ot



prepared by heating the agar in 0.9% (w/v) sodium
chloride to which 0,1% s2dium azide was added an a
preservative. The agar was filtered hot through moist
ootton and 20 ml of this agar sslutisn was pdoured into
a petri dish (10 om in diameter) in which cups (5 to
7 mm diameter) has arranged at equal Aistances of 1 em
from central eup, The ggar was allowed to set. Cups
were then removed and hottoms of the wells were scealed
with 1 or 2 drops of melted agar. Central well was
filled with the antiserum while the surrsunding wells

wore £illed with the venom and €ractions,

For micro qel 4iffugion clear microscopie
alides (2.5 X 7.5 em) were used, 3 ml of 1% melted agar
solution (prepared as above) was poured over the slide
and allowed to s0olidify. wWells of 2 mm Atameter were
made into the agar at equal d{stance from the central
wall, 1 to 2 drops of appropriate sample 9f antigen
and antibody ware carefully placed in the well by Pasteur
pipatte,

3.,4.4.2.1 Washing and Staining ¢

After asmplete develspment of precipitation
lines (48+72 hours £or macro and 24 hours for micro) the

agar was washed for 5 to 6 days with normal saline. The

€inal washing was done with distilled water and gel was

H6



dried, Staining of the gel was carried out aceording

to the method of Graber (1959) with 0.5 % Amido black
10B (E.Merck) in mothandleacetie acid-water (40110150).
Patri dish 9r slide was kept in the stain for 10 minutes.
The excess stailn was removed by washing with 2% glacial
acetic acid solution, The final washing was done with
15 % glycerol solution whieh prevents the anar from
eracking and the slide can be preserved {ndefinitely,

3.4.4.3 Immunoelectrophoresis 1

This method was introduced by CGraber and
willtems (1955) and Scheidegger (1955). Tt aonsists of
a ambination of elestronhoresia and {mmunogel Aiffusion,
The aomplex antigenic mixtures may be separated because
of the additional resalving power dbtainé& through the
electrophoretic step,

Agar (Difeo) was used az a medium in the
experiment, One percent éqar golutinn was prepared 4n
Veranal acctate buffer, 0.025M, pH 8.6. Melted anar
(3.0 m1) was puufed an a suitabl? levelled microslide
provisusly washed and dried. when the anar solidifieqd,

a hole (2 mm d1a.) was made in the centre. The slide was
then trénsferred ¢0 the electrophoretic chamber and

kept in a perfectly lovelled eonditiong, The chambers

were then filled with buffer (0.05M Veronal buffer, pH 8.6)

The test sample was poured in the well and the slide was



subjected to electrophoresis for 3 hours at 3.5 mA
surrent per slide. At the end of the eleatrophoresis,
2 mnm wide trepch was cut 2n either sides of the point
of application of the sample. The trenches were made
lengthwise and kept at equal distance from the sample
on etther side « The antiserum was then carefully
placed in these trenches. The gslides were kept under
moist eandition (by keeping water soaked cotton around
the slide in the petri 4ish) for the development 3t
precipitation lines. The lines were formed within

48 hours, The washing and staining were carried out as
given in Seation (3.4.4,2.1).

3.4.5 Preparation 5¢ monovalent antisera s

Monovalent antiserum aaaingt the wenom of
Enhvdrina gehistadsa (common sea snake) was prepared by
immunising rabbits, Albino rabbits of 2 to 2.5 kg were
selested. A stack solution 3f 1.0% (wAY) venom in
glycerdl was prepared and sterilised by millipore
flltration. Primary immunization was carried out by
admintstration of twd subcutanes’us fnjeectisns, 1st and
8th dav of 1.0 ug of the venom solution, Then at weekly
1ntaz:val.s. supplemantal subcutanagsus infections of ineareas-
ing doses of venom emulsified with equal volumes of
Freund's ingomplete adjuvant (Liquid paraffin 82% +

Lanolin 15% + Aluminium monostearate 3%) were givena



Preund's complote adjuvant (Difed) was use? £92¢ last three
doges (1000 pg to 1500 pg).  Rabbits were bled 7th day
after 9th, 12th, 14th, 16th and last injections, Thelr

serum was edllected and freeze-dried.until use.

TABLE - 3

Immunizing schedule 9f the rabbits with the Enhyiring

gehistosa venom,

No., Day Dose 2f Volume Route »f Adjuvant

vensm Injection
( uvg) {m1)
1 18t 1.0 1 Suboutanesus -
2 8th 1.0 1 30~ -
3 15th 2.0 1 . [ -
4 22nd 4.0 1 - -
5 29¢h 10.0 1 odb- -
6 36th 20.0 1 ol D Freund's
incomplete
7  43rd 40,0 1 1% -l O
8 soth 40.0 1 9= 0=
9" s7en 80.0 1 30w 3w
10 67th 80,0 1 30 -
11 74¢th 150,0 1 D . .
12* Bist 150,0 1 wdOu 10w
13 91st 300.0 1 D ] B
14* 98th 500.0 1 0 -l O
15 108th  1000.0 1 iD= Freund's
Complete
16* 115th  1000.0 1 O ] O
17* 125¢h  1500.0 1 i} Pee ST

* Rahbits bled after these ddses.
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3.4.6 Msolecular weight determination 1@

The molecular weight of the purified toxie
fraction separated from E.gchistosa venom was Aetermined
by the method described by Andrews (1964) using gel
£iltration,

Pravisusly washed and equilibrated Sephadex

G~78 (Pharmacia) was suspended in 0.05M Tris~HCl buffer
(pH ‘7.8), The ¢olumn (2.5 X 50 em) was packed acadrding
t> the prosedure given in Sectiosn (3.4.2.1.1). After
packing, the e¢olumn was equilibrated with the same
buffer svernight. Dperiments were carried osut at
5.8%¢, Blue dextran 2000 (Pharmacia) was uged to

determine v31id valume.

The prateins were dissdlved in the elution
buffer (2.0 ml) edntaining § ng suersse and applied to
the eolumn. The e2lumn was tﬁ_e‘n eluted with the same
buffer. Fractions of 3 ml each were adollected at the
rate 5 18 ml per hour. The e3lumn was oslibrated
against the proteins of knowmn molecular weights,

Standard proteins used for the calibration were Insulin
(Bosta Pure Drugs), Cytochrome C (Sigma)‘. Trypsin (Mutri-
t15n Biochem.CO®.) and Pepsin iMet. NDrugs). The elution
volume (,vg)_fa: each of the standard prateins were

determined and plotted againat the 1log molecular weight.
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3.8 Exparinental and Resultsg

3.5.1 Pratein estimatisn of the venom 1

The protein eoncentration of the lyophilized

E.gchistssy venim gland extract was determined by direct
speatriphotonetric nmothod and by PolineLowry'as method
as described {n the Section (3.4.1), The results ¢ these

experiments are gqiven in Table 4.

TABLE - 4
Protein eontent >f E.sdhistosg venm

Method Protein (%)
1. Direct Spectraphotometri 900
Methad .
2. Lowry's Methad 92.6
3.5.2 Protein components of E.schistosa venom 3

Lyophtilized vanom gland extract was subjected
to electr\ipharesia on palyat;rylamide gel according ¢o the
pracedure deserihed in Section (3.4.4;1). riqure S
shows the protein pattern of the venom, The E.schistoag

' wanom showed as many as 8 t2 9 visible handa.



Figs 5 : Disc Electr is of the crude venam
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3.5.3 Antigenic gomnosition >f the venom

Antigenic composition o5f the E.Schistosa venom
was determined by gel 4iffusion and immundelectrophoresis.
Figure 6 and Plgure 7 shae the gel A1 ffusisn and fmmMunow
electrophoraetic patterns of E.gchistdsg venom against
experimental monovalent E.schistysa antiserum prepared
in rabbits,

3.5.4 Purification of bislogically aetive emponent
from E.schistisa vanom s

The venam was fractionsted by CMecellulose

chromatography £5llowed by gel €iltration on Sephadex G-80.

3.544.1 CMecellulose chriamatography 3

Previsusly washed and astivated CM-celluldse
was equilibrated with the initial buffer 0,005M ammonium
acetate (pH 5.0). The equilibrated CMe-celluldse was
packed in a qlas.;s @2lumn (1 X 30 em). The flow rate was
sdjusted to> 18 ml per hour, The o2lumn was l2aded with
S0 mg of ths venom dissdlved i{n 2.0 ml 9€¢ starting buffer
(0.005M4 ammonium scetate, pH 5.0)« Fractions o€ 3 ml
each were @sllected. All Jperations were carried sut
at ©51d room temperature (4 t> 8%C). The abssrbance of
each tube was measured at 280 nm on KarleZsiss spootrd-
photometer. The fractions from each protein peaks were
pao2led, desalted on Sephadex G-15 and lyophilized, the



Figs 7 Inmunoelectrophoretic pattern of the crude
venom against Anti E.schistosa serum.
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toxicity of each fraction was determined. Both the
methods, gradient inerease and stepmrise increase in
the goncentration of the buffer, were used. Advantage
of step~wise method aver qgradient increase 1s that
fractisng are ohtained in the congentrated form. Venom
was separated into four major peaks as shown in the
Plgure 8 and Figure 9. The fractiosn CM«IV was the most
toxic and had 1Dg, {1.m.) in mice .07. mg/kg of bady
welght, Fractisns CM«I, CM=II and CM-ITI were nontoxic
to mice even in the doges 2¢ 100 pq/hause. The £ractian
CM«IV was the only toxic ani contatned about 70 % of
the recovered protein. Fraetion was further purified

by gel £iltratisn on Sephadex G50,

3.5.4.2 Gel chromataography o°f fractisn CM=IV 3n
Sephadex G+50 1

Sephadex G-50, previsusly swelled in Atstilled
wvater and washed with buffer (0.08M Tris-hyirschloride,
pH 8,0) was packed in a glass cdlumn (1.8 X 51 em) and
equilibrated £or svernight with the same buffer. Lyo-
philized fractisn CM-IV (26.9 mg) Qas Aissdlved in
1.0 ml of Tris-HC1 buffer (0.05M, pH 8.0) and applied to
the ¢21lumn, Flow rate was adjusted t2 18 ml per hour
and fractions of 3 ml each were ¢dllectei. All operations
were carried sut at 4 to 8°C. Ahsorbaney was measured

at 280 nm 9n KarleZaeisgs gpectriphotmater.
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Praction CM=IV was separated ints twd
fragtions CM«IV-Sg anl CM«IV-Sb, The elution prrfile
is shown in figure 10. The fractisn CM«IV«Sh was NonNw
toxic t2 mice avan at the d%ses upts 100 mg/mouse, while
fractisn CM-IV-Sa was £3und t> be three times ags toxic
as the original venom. Toxicity of the purified fraction
CM=1IV-S3 15 given in Table 5.

TABLE - §

Toxicity of purified fractiosn CMeIV-Sa from E.schistosa

venim by CMwcelluldse chromatoqraphy and
Sephadex qgel filtration,

Fraction Protein Recovery Toxieity Apparent
9¢ protein  Iigg(t.m:) purifica-
ti3n,
{rey) (%) (mg/kq)

Vanom 50 100 0.210 1.00
CM-T 1.6 3.2 Nantneic® 0.00
CM=TT Se2 10.4 Nan=toxic” 0.00
CH-IXI 1.2 2.4 Nonetoxie* 0,00
CM=IV 26,9 53.8 ‘0,078 - 2.80
Roaovery 34.9 69.8

CHeIV-58 19.0 38.0 0.070 3.00
CMwIB«Sh 1.5 3.0 Won-vt:)xid* 0.00

* All the mice survived by intravenmus injections
of 100 ug of fraction per mouses
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3.5.,4.3 Homoganeity 2f the toxic fraction CMeYVeSa 1

The homogeneiety 3f the toxle fractiosn was detere
mined by the £51lowing methods.

3.5.4.3,1 Palyacrylamide disc electrophoresis 3

Figure 1la and Pigure 11b show disc electroe
phoretie pattern of coruie venym and the purified toxic
aomponent CM-IV-Sa (25 ua) at pH 4.4 on 15 % polyacryla=
nide gel. Crude veni shiwed 8 €7 9 bands while tha
toxic eomponent revealed a single band {ailcating that

the toxic component {s reasdnably homdgenous,

3.5.4.3.2 Irmundoelectrimhoresis @

Flquras 12 and 13 show the {immundselectropho-
retic patterns for ecrude F.schistdsg venom and the
purified toxic oompdInent against experimental monsvalent
antigerum, Only ane précipitin line was Ibtalned with
the toxie eo>mponent while vensm showed 3 9 4 preeipitin

11nga.

3.5.4.3,3 Immunogel diffusisn 1

Figures 6 and 14 show qgel A1ffusisn pattern
£5r erude vensm and the toxic component against experi-

mental monsvalent antiserum.



Figure - }_1_9_’

Figure~12 : Immundelectrophoresis 2f Crude Venom against
Anti E.schistosa Venom.

Figure-13 : mrml.tronh»au of the Taxin CMeIV-Sa
agains E«Schistosa Venom.




66

3,5+4.3.4 Gel filtration @

- Gal filtratiosn was used as an additional
eriterion £or the homdgeneity >f the toxic eomponent.
As shawn in the Pigure 15, the taxie oomponent was
eluted as a single peak o1 Sephadex G=50 using Tris-HCl
buffer at pH 8.0,

3.5.%8 Molecular welght 3£ the purified toxic eo>mponent:

Mslacular weight 5f the toxic emponent
CM«1IV«Sa was determined by qel £iltration seccording to
the pracedure described in Section (3,4.6). The mdlecular
welght was calculated from the standard araph 9f 1ag
molecular weight asgainst elutisn volume (Ve) as shown in
Plgure 16. It was found t9 be 7000 (approximately).

3.6 Disocoussasisn

The literature reviewed in Section (3.2.1)
clearly showed that neurotoxins are the main and maot
powerful lethal factors present in the sea snake venoms
studied s> far, inspite o€ the presence >f large number

2f onzymes which are shown t2 be non-toxic.

Our objcetive was t9 fractionate the venom and
to isdlate and characterize biosloqgically active eamponent

from the venim 2f E.schistaisn from the “Yestern cdast of
India,
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Tu and Toam (1971) {437lated the toxie

exponent £rom the vensm 5f Bnhyirinag gchistosa from

the Strait of Malacca by twd-step purificatisn procedure.
500 mg of venom was applied t5 CM-celluladse cHlumn and
fractisnatisn was carried sut by stepwise increase in

salt congentratisn in 0.01M sodium phosphate huffer,

pH 7.5, The venam was separated int» eight protein

peaks four of which were highly toxic. The mast toxic
fraction (fractisn V) was further purified by re-
chromatography on gsecond CHecellulsse odlumn previsusly
equilibrated with 0,01M glyeine buffér.vpﬂ 9.7. Practions
were eluted by increasing salt concentrations. The most
toaxic fraction was shown t7 be homigenesus by zonal
electrophoresis, ultracentrifugatiosn, isselectric ficusing
and gel filtration. The tiin aconunted £9r about 30%

af the total venom proteins. The milecular welaht of

the toxin was 7300 by seiimentatiosn velocity and Aiffusion
experiments, The anin® acid analysis £ the toxin showed
that the toxin cansists of 62 amind actds with a mdle-

cular weight 6981,

Karlsaon at al. (1972) fractisnated the same
vanom sbtalned from the same regisn i.,e., Strait »f
Malacca by gel filtratisn £31lowed by qradient chromatse
graphy on BideRex 70 in ammonium acetate buffers. The

vanam was Separated ints seven pratein fractisns by qel
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filtration on Sephadex G=75 using ammonium acetate
buffer (0,24, pH 7.3). The toxic fraction was further
separated by gradient chromatography on BidseRex 70

{n ammonium acetate buffer (0.06M vs 1.4M, pH 7,3)
showed that the vensm protein might e>ntain 16 or more
different neurstoxins, The twd principal neurstaxins
schistasa 4 and schiastosa S together accdunted for 39%
(14% and 25% respcotively) 2f the soluble vensm nproteins,
The amino arid anslysis 9f the toxins revealed that
toxins 4 and § consist 5f a single peptide chain of 60
amino acids ¢ross linked by f£our digulfide bridges with
the molecplar walghts 6689 and 6679 respectively. The
toxins schistosa 4 and 5 had LDgq towards mice 85 ag/kqg
of bady weight.

We is2lated the toxtic component €rom E.gchistoasa
venam from the Western cdast 9f India by twiestep
purification procedures CM-ecellulose chromatsqraphy
£511owed by gel filtration sn Sephadex G=50. The bhest
separat{sn into ité cmponent fractisns was achleved
by CMecellulase chromatoqranhy using graiient {ncrease
in the concentratisn 5f ammonium acetate buffer (0.008M
to 1,0M) at pH 5.0. The vendom was separated int> four
major fractions., The most retarded and the mast toiele

fraction (CM«IV) was accounted £5r about 70 % 2€ the
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recovered proteins. The toxic fractisn was further
purified by gel filtration 9n Sephadex G50 using
Tris<HCl buffer, pH 8,0, The preparatisn was shown t2
be hamigenesus by Aise electrophiresis, {mmundelectro-
phoresis, gel diffusion and qel filtration, The
molecular wolght o€ the toxin CMeIVeSa was determined
by gel filtratisn and waa £ound to0 be approximately
7000 and had Lhgq towards mice 70 ng/kg 2€ briy welght,
The toxin CM-IV.8a was acedunted for about 38 % of the

tatal venom protelins.

Mslecular weight & the toxloity 9f the toxin
CMelVsSa is compared with the toxing isolated from the
same spaclaes from Strait »f Malacca (reble 6).

TABLE - 6

Comparison 2f the mdlecular weight and the toxtleity of
the toxing from the E.gehistisg vensm.

Origin Name IDgg Malecular welaqht

Ty Athors
| (ma/ka) yre methad
Stralt of Toxin 0,044 6978 7300 Tu & Toom
Malaeeca (1971)
Stralt of Schistdsa-4 0,085 6689 - Rarlsson gt ;:
Malaaca (1972)
Sehistosa-8 0,085 66‘?9 - o] e
Restern CMTV=Sa 0.070 - 7000 Gawade &
goast of BhiAde (1976)

India
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On oomparison, the toxicity and the molecular
welght, the toxin CMeIVeSa appears t3 bg slightly
difteront from the toxin {(ru and Taom.'léjl) anﬁ two
nourstoxins schistosa 4 and sehistosa 8 (Karlsson gt al.,
1973) 1sdlated from the same vensm from the Stralt of
Malacca. However, this difference may be due t2 diferent
lahoratory eonditions or variations in the animals used
2r the speales of R.sghistosa available along the_

Wesntarn adast 7€ India may be from di{fferent subspcoies.
The variation in toxins 2f the given species from
difforent gedgraphical areas has alrealy been demdnstra-
ted by Miranda gt al. (1970). Howmver, it is to0 carly

ts conelude gnything at this stage. Purther wark regarding
amins actd analysis, I.R., N,M.R. and mass spectrascopy

may reveal tha exaot nature of the tnxin,



CHAPTER soas IV

PHARMACOLGICAL STUDIES
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4.1 . Introduation s

Studies 9f the pharmacslogy »f the neuromusoulsr
Junctinn and progress in the physislsgy »f the neurow
misoular junotisn are closely linked. The €irst
physislogical demdonstratisn of the neursmuseular junction
dates from the studies on curare by Claude Bernard (1856),
who ghowed that this agent blocked the transmission »f
impulses from nerve t5 muscle without apparent effects
on either the nerve trunk or the muscle fibre themselves,
Later, King (1938) 1soalated (4) tubocurarine from tubge
ocurare and stimulated greater interest in the m2da of

actinn of neuromiscular blocking agents.

The i{mportant application >f neuromiscular
blockers i.e., curare is in the ma>lern practice »f
anaesthasia t» obtain the necessary muscla relaxation
{Grigfith and Johnson, 19423 Cullen, 1943). Tt has als>
been used as a muscle relaxant, as adjuvant t> general
ansesthesis in abdominal surgey 5> the general anaesthesia
required is less by srthopaedic surgesns (Coch and
Lundskog, 1950) in the treatment 5f poisdnings and
Aiseases ednnected with inoreased motdr activity (Stry-

chnine, Tetanus). A further applicatisn »f curare is in

psychiatric electroshick therapy.



The difficulty in ohtaining plant siurce
of tubscurarine led investigatérs t9 search €or ansther
compound either 5f synthetie or 9f€ natural origin with
similar type of action.

4.2 Physislogy of neuromuscular transmisgion 1

The sequence %€ cvents from liberatiosn of
acetylehaline (ach) by nerve action potantial (AP) ¢>
eantractisn of the musele fibres are 1{llustrated 1n

Pigure 17,

At rest, interisr >f the typical mammalian
axon 18 approximately 70 mV negative £o the exterior.
The resting pstential is basged mainiy sn the 30 to 50~
£013 higher concentration of patassium fon in the
axoplasm as compared with the extracellular fluid, and
the relatively high permeablility of the resting axsnal

membrane t3 pstassium ions. Sadium and chloride ionsg
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are present in higher concentratisns in the extracellular

£luid than in the axdsplasm but their concentration

gradients across the membrana are lower than that of

potassium and the axonal membrane at rest is considerably

less permeable t3 these idn8y hence their eomtribution

t> the resting potential {s relatively minor. These

i5nic graiients are maintained by an energy-dependent
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active transpsrt Sr pump mechanism, invslving an
adenssine triphosphatase (ATPase) activated by s>dium

at the inner and by pstassium at the suter surface of the
membrane (Albors, 1967 Thomas, 1972). At some sites,

an eleotrogenic sadium pump may alsd contributes €3 the
net resting potential (Casteels gt al., 1971).

In respinse t7 a stimulus above the threshold
level, a nerve action pstential (AP) 5r nerve {mpulse
is initiated at a local region 9f the membrane., This
is detectable first by a rapid deflectisn »f the internal
resting patential from {ts negative value to>ward 2zer»o,
and esntinmuing uninterruptedly t> a pasitive vershoot.
This lo0al reversal >f the membrane potential {s due t9o
a audden, selective increase in the pormeability >f the
membrane t9 g3dium isns, which £flow rapidly &nvard, in
the dircetion of their eonecentratisn gradient. Repllari-
zation 2f the membrane £311ows immediately and raesults
from the rapid replacement 5f this change by dne of
inateageﬂ pormeability to potassium, The transmembrane
ionie currents proiuce lscal eircuit currents arsund the
the axon which activates adjacent inactive regisns,

This hrings absut the propagatisn of the AP.

The arrival of the AP at the axonal terminals

initistes serles of events as £91lows 1
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Acetylcholine synthesis t As shown {n the

figure 18, acetylcholine (Ach) is mamuifactured in motor
nerve terminagl cytoplasm £rom acetyl coenzyme A (acetyl
Co A) of mitochondrial origin, the e¢holine derived from
extracellular fluid by an active membrane mechanisgm,

A cytoplasmic enzyme choline-d-acetyltransferase (Chac)
acaelerates synthesis and unknswn mechanisms 12ad the

ach into symaptic vesicles. The vesicles, like the
mitochondria and ChAe molecules, are derived from the

cell bady by transport along the mator nerve. The vesicles
fuse with the terminsl membrane and empty their contean
int> the synaptic cleft. The vesicle membrane is then
tncorporated ints the torminal membrane and later recivered
as a complex vesicle, which in turn sheds its coat to
reveal a synaptic vesicle, which {s refilled with Ach

and recycled.

Even in the absence 9f nerve impulses there
is a spontaned’us release >f acetylcholine from the nerve
endings giving rise t2 minute valtage fluctuatisns in
the regisn of motosr ende-plate (Del Castillo and Katz,
1954y 1956: Fatt and Katz, 1952), Each of these miniature
end-plate potentials is the result of the discharge on
the motor end-plates 9f an smaunt 2f acetylehdline much
to0 amall td excite a propagated muscle excitatisn wave

and this is relecased into the synaptic gap when the



Nerve Terminal

Figure - 18 : Neuramuiscular transmissisn at the
Hubbard and Quastel, (1973).




vesicle ¢ollides with or penetrates the pre-synaptie
terminal membrane. The effective end-plate potential,
or the respinse which triggers the muscle excitation
wave, iz the sum 5f large number 3f these minute effects
securring simultanesusly, immediately after the nerve
impulse arrives at the nerve terminal (Del Castills

an? Katz, 1954¢ 1956). It s believed that the mechanism
of release invalves the passage >f calefum 12ns into
the pre-synaptic axoplasm (Hadkin ani Reynes, 1957) and
the amdunt 9f acetylchdoline roleased vafies sver a wide
range with the aaicium 151 edncentration (Mutter and

Kostial, 1954y Del Castillo and Katz, 1954).

The acetylahdline diffuses across the synaptie
or junctisnal cleft, a distance >f 100 t> 500°A and
combines with gpecialized macromslecular receptors on
the postwjunctional membrane, which results in a 13¢alized,
non-propagated increase in the isnic permeablility, or
eonductance of the membrane. Twd types Sf permeability
changen sccur -~ (1) a generalized increcase in permeability
t> all types of ions, resulting in a localized Aepdlarie
zation >f the membrane i.e«, an excitatory post-synaptie
pdtential (EPSP) or (i1) a selective increase in
permeability to only the smaller ions (e.ge, potassium,
chloride), rasulting 4in stabilization 5f aatusl hyper=-
polarization 2f the membrane, which constitutes an
inhibitory post-synagptic potential (IPSP).
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4.3 Mechaniam of neuromiscular blockade @

The transmissiin >f impulae from the nerve to
the musele ¢an be intercapted.by the action of a drug
either at presynaptic or postsynaptic membrane and

lead to musele relaxation.,

Presynaptic action 1
Drugs that depress acetylcholine output

a) by inhibition of synthaesis or storage,
b) by inhidition of releass,

Postsynaptic action 1@
Drugs that prevent the acti{on 7€ released

acetylcholine

a) by depolarizing the muscle end plate,

b) by prevanting the depolarizing action of
acetyleholine,

e¢) by a mixed action.

4.3.1 Drugs acting presynaptically s

4.3.1.12 'Drdgs that epross acet ylcholine sutput

Hemicholiniums and Triethylchsline 1 These

esmpounds gompete with choline f£or sccupatisn of intrae
cellular transport mechanism t2 the site of gynthesis,

4.3.1.2 Druns that i{nhibit the release t

‘ 1) Tetradotoxin blocks the action potential (AF

by preventing the.aelective increase in permeability to
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82dium {ons associated with the rising phase £ AP
{Kao, 1966).

11) Batrachatoxin {nereases the selective
permeability which induces a persistant deposlarization

{(aAlbuquerque gt gl., 1973).

144) Botulinum toxin prevents the release of
acetylcholine by shotructing the exists by which the
transmitter leaves the nerve terminals after its release

from the synaptie vesticles.

iv) Other toxins 1
,é ~bungarstoxin from Bungarus multicinotus

venam reduces the acetylchsline sutput from the nerve
endings ani leaving the sensitivity of the and piate to
acetyleholine unaffected (lLee,1970; Lee,1972).

N

Diptheria toxin {nhibits the gonduetisn of
nerve {mpulses in the mdotor nerve and may alsd tnhibies

acetyloholine synthesis.

v) Local anaesthetics 4interfere with impulse
transmissisn in nerve fibres. Fine nerve terminals are
particularly sensitive t2 1licsl anaesthetics, Some
19cal anaesthetios refuce the sensitivity of the end plate

£2 acetylcholine,
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vi) Cardiac alyoosides interfere with the

s2iium pump mechanism,

vii) Changes in i7nic balance : Tnorease ¢

magnesium 1508 and reduction in calefum {ons produce a
neuromiscular block,

viil) Antibioties ¢ Kanamyetin, nesmycin and
streptomycin prajuce neuromuscular black by a mechanism
similar t2 that caused by calcium lack. Thay are ales
capable 9€ esusing an antidepdlarizing blockade of

miscle.

4.3.2 Drugs acting poetsynaptically 1

4.342.1 Drugs that prevent the actisn of released
acetyleholine

These drugs are broadly classified into tuwo
¢lasses acedrding t9 their type of actiom,

1) antidepolarizing type,

11) Depolarizing type.

4.3.241,1 Antidepolarizing agents t “Thege are the drugs
that praﬁﬁce blockade without Aepolarization of end plate.
These druaqs eimpete with acetylahosline £o9r the receptors
at the end plate but 42 nat themselves cause depolariza~

tian,
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Tubocurarine s (+) Tuboscurarine is the prito-
type of the series. Thg block is easily reversed by
antichslinesterase ¢ompaunds i.e., neostigmine, physdsw
stigmines (+) Tubogurarine exhibits a parellel éhtft
»f the doge response gurve to ACh withaut reduction

in the maximum response, indicating simple eompetition,

Other antidep>larizing agents are dimethyle
tubocurarine, gallamine triethioiide, benzogquinonium,
dihydro=2 =erythroidine, laudexium, methylsulphate and

pancur>nium bramide.

4.3.2.1.2 Depslarizing blocking agents 1 These agents

are nat broken down by cholineéterase. By administration
of these agents the end plate is held in its depolarized
gtate and the muscle will n9 longer raespond to motodr
nerve stimulation. Substances that lead td musele
paralysls in this way, are called depdlarizing blocking
agents., F»sllowing are the drugs belonging to this class
namely, Decamethonium, Suceinylcholine, Suxethonium and

earboslonium,

443.241.3 Dual action ¢ Decamethonium praduces block

by deposlarization in man, while in many mammalian species

e.ge., 499, monkey, guinea pilg and rabbit, decamethonium
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always praduces a dual type 9f block. When the drug

is injected, it pr>iuces block by &epﬁlarization but
when the block s fully established it can be antagonized
by an anticholinesterase or by totanus and praolonged by
d-tubocurarine which shows the presence »f an anttie
depolarieing blsckade (zaimis, 1953),

4,3.2.1.4 Effect of antichslinesterases t Antichslinest~
erases e.g., nedstigmine, physosstigunine bring about a
rapid acecumulatisn 5f acetyleholine at the motor end
plate and reverse the neuromuscular blackade produced

by agents that e¢9mpete with acetyleholine. Depolarizing
blocking agents have the same effect. Potassium i9ns,
adrenaline and ephedrine, all potentiate the action »f
acetyloholinag at tha neursmyscular junetisn and, used
alone or in esnjunetinn with an antichalinesterase,

they antagonized the effect of antidepolarizing Arugs.

4.4 Mechantism »f actisn 9f sea snake
neurstaxing 3
The vensm 5f anakes beldnging ¢> the family

Hydrophiidae 18 extremely toxle and produces flaceid
paralysis and respiratory failure in animals (Loe,1972).
Thesae effects are attributed t2 the 85 ealled neurdtoixins

present in these vend’ms.
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Neurotoxins in snake venims £3ll ints two
graups aceording to the mechanism by which they bloek
the neursmusgular transmissisn - 1) presynaptic amd
2) postsynaptics All sea snake neurs>taxing studied 52
far act by postsynaptic mechanism ﬁpmniya an? Arai,19661
Sato et al.,1969y 19707 Tami§a and Abe, 139725 Cheymsl
gt al. 1972y Takamizawa, 1970).

4.4.1 Prosynaptic neurstoxing
These toxins aot exclusively on the presynaptie

site esqg., P ~bungarotaxin (Bungarus multicinctus) which
blacks the neursmugcular junction by reducing the Ach
sutput from the preaynaptio terminals. Eleatrsn microw-
scopie study has shown thatS wbungarstoxin induces
increased prafiles of opened synaptic vesicles at the
axdlemma, accompanied with a decreased numboer of synaptie
vesicles and subsequently, almast complete depletion

of the vesicles in the axon terminals (Chen and lee,1970).

8.4.2 Postaynaptie neurstoxing

It is well exemplift{ed that oobra neutostoxinsg,
A =bungaratoxin and aeé snake naurstaxins, all pr->duce
an antidepslarizing neursmyscular block by acting mn the
post junctisnal membrane 2f the motor end platedMeldrum,
19657 Jimonez-Porras, 19687 Lee, 1970y 1971). These
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nourotoxine produce eompetitive inhibition 9£ Ach
response in the frag rectus abdominus musecle without
affecting KCl response (Tamiya and Arail, 1966y Chang

& Lee., 19637 Su gt al., 1967). The Ach response of

the 1solated chick biventer cerviges (Chang & Leq.+1963)
and cat aastracnemius muscle in vivo (Lee, 1974) was
abslished, before complete neurdmuscular black by these
neurs>tixins. The respdnse t2 micro-iontiphoretieally
applied Ach or carbasha?l {n the i{s2lated frog sartorius
‘15 als® blacked by thase nourstoxins (Miledd, ot al.,
1971y Lester, 1970). These dbgervations indlcatel that
the made 2f nouromuscular blacking actisn 5f these neurd-
toxing is identical with that 3f d-tubscurarine (Lee,
1972). Direct cmparissn >f several neurstoxing from
different species revealed that K ~bunqarstoxin has the
highest degreo >f irraversibility f£o1lswed by the
neurstoxins £rom N.najs naja venom, while both erabu-
toxin b and asbrotoxin are slowly reversible, suggesting
that the richness in hyirsphobie amind acids in their

molecules may acedunt €5r the {rreversibility (Lee,1972).

Toxins have been {sdlated €rom eight varieties
of aea snakes, f£aur from Hydraophiinae and four from
Lat{caudinae. All o€ them have been studled €or thetr
major pharmacslogical action., Toxicity of the purified

toxins 18 listed {n Table-7.
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Toxicity 5f the purified toxin

Species Origin Toxin IDgq REFERENCE
(mg /xg)
HYDROPHIINAE
Enhydring gschistosa . Strait of Malaces Toxin 0.044 Tu and Toom (1971)
Schistosa-4 0.085 Karlsson et al. (1972)
Schistasa=5 0.085 Karlsssn et al. (1972)
Western goast of India CH-IV-Sa 0.070 Gawale an3d Bhide (1976}
Lapemis hardwickiil Gulf of Thialana Toxin 0.060 “Tu an? Hong (1971)
Pelamis platurus Formosa Palamitoxin-a 0.070 Liu gt al. (1975)
Costa rica Toxin 0,044 Tu et al. (1975)
Cixtd, ..

gN



TABLE = 7 (Contd...)

Speciesn Origtn Toxin IDgn REFERENCE
{mg/kq)
LATICAUDINAR
Laticauda gemifasciata Japan Latieotoxin-TI¥ 0.015 Uwatak> ot al. {(1966a)
Latiestoxin-1v 0.021 thratok> et al. (1966a)
Bast China Sea. Erabutsxin-a 0215 Tamiya anl Arst (15686)
Okinawa
Brabutoxin-d 0.15 Tamiya and Arat (1%66)
Brabutoxin-g 0.13 Owat sk d=Set squeht (1970)
Tamiya anl Abe (1972)
Ssuth China Sea, Toxin-a 0.07 Ta et a3l. (1971)
Philippines
Toxtnb 0.05 Tua et 3}. (1971)
Laticauda laticaudata Japan Laticotoxin-a 0.13 Sat> et al. (1969)
Laticauda golubrina Japan Latf{cotoxin-a 0.13 Sat> gt al. (1969)
Alpysurus lgevis Australia Toxin-a 0.076 Maedls and Tamiya (1976)
Toxin-b 0.076 Maeda and Tamiya (1976)
Toxin-c 0.076 Maeda and Tamiya (1976)

¥s
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4.5 Review of Pharmaaolaqieal stulies 9n
Ee.ochistasa venom ¢

It was Rogers (1903+1904) who studied £irste
the effect >f Enhydring schistona venom sn variety of
vertibrates. Ho reported primary paralysis of respira~
tary centre in rabbits and ecats, Tn more pratracted
cases primary fatlure 9f respiratiosn is aceimpanied by
s marked rise in blaod prassure dug to incéeaae in the
venidgity af blasd, Blaod préesnre suddenly falls in
the absence of artificial respiratisn, while with
artificial rospiration, gradual dimimution and vislent
esnvulsions iepeatedly noted. Rogers further esncluded
that the paralysis 5f respiratory centre is not the
anly cause of asphyxiation, but that paralysis of the
end piatea of the phrenic nerves. Direct stimulation
of the diaphragm gave a marked eontractisn, 7Tt is
interesting to nate that the end plates of sciatic nerves
remained exeitable much longer than those 9f the phrenie
nerve. Rogers further reported that even 1% >f the
galution of venom acting for five minutes had no effect
on the nerve trunk. The vensm i{n 11100 golutisn showed
no any appreciable effect when applied directly to frag's
heart, while few drops of 111000 solution were quiekly
fatal when given intravensusly, Pinally, Réqers
concluded that Ee.schistosa vendm acets both 9n neursmuscular

junction as well as on central nervous system.
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Fraser and Elliot (1904y 1905) demdnstrated
that E.gchistlsa vensm 4id ndot block esnduction of the
mamualian nerve trunks in vivd even with the supra-
lethal Aoses. ?urther'drv venom was applied t> the
floor of the f£surth ventricle 2f the anaesthetized
animal which caused death by rapld €atllure Sf respiration
without any curarizatisn »f the diaphragm. Fraser and
Ell{ot thus eonecluded that E.gahistIsg venom has got

central actisn.

Rellaway et al. (1932) f£ound that, when injected
subcutanesusly or intravensusly into rabbits the hyiro-
vheid venom able t» induce respiratory paralysisg in the
injected animal. Kellaway et al. (1932) esncluded that
this effect resulted from a peripheral actinsn, because,
when a lethal dase 9f tha venim was infected into the

£surth ventricle, very little affect was Shserved.

Barme (19358) studied the toxicity »f
Ee«pchistIisg venim and investicated its electriphoretic
pattern on the paper. Carey and Wright (1960) reported
LDg, studies of E.gchistdss venom on various laboratory

animals,

Caray and wright (1961) studied pharmacolo-

gical effects >f the fractiosns separated by dialysis and
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CHM=gellulose aslumn chromatagraphy, Injectisn into

the medulla of anaesthetized rabbits, crude venom and
lecithinase (Phosphalipase A) fraetion caused stimulation
£511owed by deprassisn of respiration. The toxle
fraction did not show this effect. However, Carey and
Wright (1961) 4td not £ind central activity ¢3 any
fraction tested by intrawarterial injection,

Tamiya and Arai (1966) analysed the action
of erabutoxins a and b from Laticauda semi€asciata on
frog seciatic nerve-sartorious musale preparatisn and
found that both the erabutaxing when aidded 9 the bath
at the concentration of 0,12 ng of nitrogen per ml of
Ringer solutisn cause a grajual amplitude Aecrense ¢
the muscular oontractisns produced dy raepeated
electrical stimulation 9f the musele. Erabutasxin a
caused a gradual decrease 9f respiration, amplitude and
bl20od pressure. When injected in ansgesthetized mice,
bath'erabutoxina caused Ayspnea and paralysis of the
hind laeqgs.

Tamiya and Aral (1966) alsd £sund that both
erabutoxins blacked the contractisn induced by scetyle
choline on the €rag reetus abisminis musele. In

contrast, rectus abdominis muscle eosntractisn caused by
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increasing concentration of potassium (20 t> 25 mM)

was not affeated by the presence 3f erabutoxin a.

Chan and Gen (1967) renorted antagonism »f
intra-arterial acetylchsline indueed eontractisna of
skeletal musele by sca snake Enhnirina schistosa venom
and postulated that acetylcohiline may not be the actual
substance affecting the subneural membrane 5f the motor
end plate as the transmitter substance. which was the

traditional concept of acetylchsline.

Cheymal (1972) demonstrated paralysing action

of the Latlicauda semifasciata venosn and its neurotmins

(erabutoxin a and erabutaxin b) on cat in situ and rat
neuramuscular preparatisn, Chaymol (1972) found that
toxins have more pdtent paralysing activity ant further
conaluded that the varalysis is peripheral and blaeks
end plate receptsrs without affecting the muscle fibres
or the acetylehaline sutput at the nerve andings and
concluded that the venom and ershutoxins a ani b 45 not
act by simple rechanism competition with acetylehsline

as does d-tubdcurarine.

Geh and Chan (1973) repdrted prejunctisnal
site 9f action of E.oghistaisa venam. The vendm >f
Ee.ochigtasa abolished the contractile response caugsed by
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intra-arterial acetylcholine in the cat anterisr
tibiaslis muscle, without affecting the edntractile
response t> indireoct stimulatisn, Results obtained
with ijfacilitatozy Arugs and the effects dserved with
chraonie denervation suggested that the venm probably
prajuced this phenomensn by blacking acetylehsline

action at a prejunctisnal site of the motor end plate.

In contrast to the view of neurstoxicity,
Reid (1961) {n consequence of elinical analysis of
patients bitten by E.schistlsa fourd reason t9 believe
that the ehannes 9€ mugeular eontractisn caused by the
vendms 2f sea snakes were by musculsr necrasis and
urqged that the absence 9f skaletal musele reflexes

could algd be due t 2 direct musele damage.

Marsden an? Reid (1961) reported that the
principal signe 2f asea snake envendmation in man were
myalgta and nysglobinurias They ohserved myosnecrosis
in dogs injected with Z.gsghistosg venom,

sitprija et al.(1971) renorted that the
my>toxte effect o9f sea snake venom might gensitize the
muscles t2 the paralytic effects 5f hyperkalaemia and
uremia, Remdval of potassium and uremic factors by
haemadialyais resulted in rapid movement >f museular

actiVitYo
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Yeoh and Walker (1974) demonstrated the
offoat of B.aghintona venom 2n the ganglisnie niestinte
acthné. 2¢ ascetylohaline, The crude vanm reduced
nietitating mombrane emtractisn respinses &9 proe
aanglisnie norve atimulastion, In the atrapinised sat
the van depressed heart rate and pressor respInges
t> intravenis acetylcholine but not the responsaes to
adrenaline. It was eoncluied that the vanim antansnise?
tha actiong ¢ neotylehaline at autondmic gannlia and
the adrenal medulla.

Yalker and Yeoh (1974) reported in vites
nouramuscular properties of E.ashintana venom, in
variety of skeletal muscle preparatisns and commnred with
those 0f detubdcurarine and 4iallyl dBis nortoxlferrine,
They used seven Aifferent musalaes ranning €rom the nonkey
extrascular €3 the leoch Aarssl walls Walker and Yedh
(1974) conpluded that the blaocking proporties 92 the
vanam ageodrding €2 their sShnervation presumably Aue to
the prasenae 5f neurstming, woere markelly A{¢farent
from thase 92 A=tubssuraring ant Afallyl«bhisensrtoxtie

farrine, which were vaory similar t9 each 2ther.

Recently, SehmiAt ot al, (1976) stulied nephro-

tale action 97 nea snake vensm and eonoludsd that the
eytotoxie actisn 3¢ sea snake vend is ninsr while

the prineipal actisn in neurstoxic.
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4.6 Materials and Methods ¢

4.6.1  Yenom s
Vensm was freshly adlledted by dissecting out

vensm aglands acgarainq to the methad described in
Section (2.4.2) and stored in a Aesiccator over caleium

chloride until use.

4.6.2 Toxlcity studles s

Toxicity »€ the venom and each fraction was

assayed in mice and MLD, LDgy and EDgqg were determined.

4.6.2.1 MID (Minimum lethal A%se ) t MLD vas determined
when the amaunt »f fractisn was nst sufficlient t5 carry
out LDgye White albino mice 3¢ Kasaguli strain weighing
18420 g bred and reare? at Haffkine Institute were
injected (i.v.) with various dases »f fractions in normal
saline (0.5 ml total) in 6 groups of mice. MLD is defined
as the minimum amount 3f sample (etpressed in mg of
protein) which killed all the mice in absut 24 hours,

Twd mice were used £ar each Adose.

4.6,2.2 1Dgo value ¢ White albind mice of Kasaull strain
(18 t5 22 g ) were injected intramuscularly and intrae
vonously with varying concentratisns of venm ( 1 uq to
5 ag per mouse) and the toxin CM-IV-Sa (0,5 t5 2.5 A1q per

mouge) in six d49sage levels. Six mice being used for



each dJse level. LDgy (50% lethal dose) was Jetermined
using the method deserided by Litchfield and wWilaodsan
(1949) .

4,6.2,3 Egg value 1 white leghorn chicks 5 ¢t 10 Aays
old welghing between 28 and 30 g wera injected ints the

Jugular vein with toxin CMeIV-Sa (2 Mg t9 5 ag total),
Six d%sage levels »f six chicks £3r each d2se were uged.
EDggs the effective dd3e in 50% animals was determined
acaording to the Litchfield and Wileowan (1949), The

animals were Shserved £5r cmplete head-drop.

Pharmaarlogical action 3£ the toxin CM-TV.Sa
was studied on different bislogical preparations in vivd
as well as in yitro,

4,6,3 Study 9f neuromuscular blocking action 1

4.6.3.1 In vivs atulies 1

4.6,3.1,1 Chicke (t.v.infoctiong) 1 wWhite leghorn chieks

5 ¢9 10 days 914 weiahing botween .25 and 30 g were injected

intravensusly with varisus Addses 2¢€ toaxin (CMeTV-Sa).

4,6.3.1.2 The gastrocnemius seiatie muscle nerve pronparae

tion of cat * The methdd Aeseribed by Brown gt al. (1930)
anl modificd by Roppanyl and Korezmar (1958) was £91lowed.

A cat weighing 2.5-3.0 kg was anaesthetized with chloraloase

.



40 ma/kg intraperitoneally. Animal was placed on its
back 9n a table. The fur on the Asrsal aspect 2¢ the
thigh and lower leg was romdyved. The trachea and
femaral veln were gannulated aceording €5 the praceduras
given in Seotion {(4.5.4.1.1)« A vertical ineciston was
made £rom the knob 5¢€ bone 3n the inside of the foot
along the frant 2f the len nearly t3 the knee, to
exposae subcutanesus fat and miscle. All the vessels
were carefully liaated and the gap between the twd mafor
graups of muscles was 9pened up gently to expsse the
sciatic nerwve. The nerve supplying the aastrocnenmius
migsele was carefully igoslated ant a 199se ligasturae placed
unddr it. A steel pin was Ariven throuah the lower end
of the femur ¢o £ix the knee Joint. The muscle was
freod of its surrounding strugtures ani tendan of
insertion licated »n the anterisr aspect >f the ankle.
The tendan was ligated and the suture let ver a pulley
£2 be attached t2 the bar 5f a palmer lsometrie lever.
FPor lose intra-arterial injection of drugs, the femdral
artery was canmulated aceording t5 the procedure glven
in Seatisn (445.4,1.1). The cannula was tied securely
in place. Bipdlar electr>le was placed on the nerva to
gastracnemius muscle stimulated at the rate of gix shocks

per minute at 15 volts by square wove pulsea 3f about
045 mesec, duration,

%
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4.6.3.2 In vitro studies 1

4.6.3.2.1 Rat phrenic nerve diaphragm preparatisn t The

methad desceribed by Bulbring (1946) was £91lowed. A rat
wotghting 150 o 200 g was killed by stunning and bleeding.
The muscles were freed from ghest. The ribs were cut
thraugh along side the base »f the sternum: The phrenia
nerve was seen attached to the membrane. The ribs were
then cut through, round towards the animal’s flank,

The upper part of the thorax was remdved campleﬁely. An
incision waa made in the abdominal wall just below the
diaphragm and twd cuts wore made through the dtaphragm
and ribs left attachet to it, towards the spins, one from
the front and 2ne from the animal's f£lank ¢9 give a
triangular shape with apex »f tendansus material. The
phrenic nerve was gut just below the thymus and the whole
preparation was transferred ¢o a petrl dish ointaining
Kreb's solution,

A threal was attached t2 the tendanous part
of dtaphragm. A second thread was attached t2 the sut
end 3f tho nerve. The preparatiim was thon tfed on
electrade by threading at three places, The strip of
ribs was tied anto the horigontal bar 3£ the electrode

while the nerve was gently placed sn the electrodes.,

The preparation was msunted on electr>de., was then set up



in an organ bath gdontaining Kreb's solutisn, maintained
at 37°% and aarated.with a'mixture of axygen (95%) and
carbon dioxide fS%), The thread tied t3 the tendinsus
‘apex and was @d2nnected to liqht'laaaea lever with @
sideways writing psint, The norve was stimulated at the
rate of 12 shooks péz'minute)by'rectangular wave pulses
of about 0.5 mesec duratisn and at ¢ to 6 voltage. Drug
was alded t the bath fluid and its action an the musele

twitches were reaeorded.

4.6.3.2+2 Chick biventer cerviees preparation : The meth>d
described hy Ginsborg and warriner (1960) was £311lowed.

A chick 10 to 15 days old, welghing 25 €2 30 g was
anaesthetized with sﬁdlum pentobarbitone {injected intrae
peritoneally), Feathers were plucked €£rom the back of
the neck and a cut was made alsng the midline from the
skull to below the base 9f the neck exposing twdo biventer
cervices muscles on either side 2f the midline, just
below the skin, A thread was tied arsund the upper emd
9f 2ne muscle which was then cut free from its attachments
and lifted gentlys A thread was tled armund the lower
end and the preparatisn was attaghed to the hooked
portion 9f aeratinn tubes The thread from the other end
was carefully passed through tho electrode and the whole
assambly was placed in the organ bath and the throad
attached to5 a light sprung lever. The clectrdle was
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adjusted to make contact with the upper tendinous

part 5¢ the preparation. The Srgan bath (30 ml)
eontaining Krebs salution aerated with 2xygen (95%) and
carban dioxtde (5%) and was keﬁt at 37°C. The preparae
tisn was stimulated at the rate of 6 per minute at

20 volta by rectangular wave pulgses 2f 0.5 nmesec. dura-

tiome.

446.3.2.3 Frog rectus ahdaminis muscle preparation t ohe

frag was stunned and decapitated and the spinal cord was

destroyed« The skin of the anterisr abiIsminal wall was
cut ani the palr >f muscles attached 2 it were disseocted
sut and transfarroed to a dish esntatning frog Ringer
aolution at room temperature. The miscles were divided,
the thread was tied t9 2ne 7€ them t> dboth the sides

of the plece. One thread was attached to tho aeration
tubas and tha other t5 the frontal writing lever, The
1989 0.8 t9 1.0 g was adjusted to just balanse the lever
and additional load by plastiein about 1 g was useld to
bring back the lever t3 base line. The 9rgan bath of

10 ml capacity was uged. The preparation was kept at
rosm temperature i{n €rog Ringer solutison thrsugh whieh
alr was blown,
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4.,6.4 General pharmaasl )

4,644.1 In viv> studies 1

4.644.1+1 Cat blood pressure and respiratisn i Cats

waighing 2.5 0 3 kg were used. They werae anaesthetized
by injecting pentobarbitone sadium 40 mg/kg intraperi-
toneally.

Blood pressure was reaorded on a smaked kymdqragph
by a glass agannula placed in the carotid artery and
aonnected by polythena tubing t9 a maercury mandmeter.
Drugs were injected intravenosusly (i.v.) through the
cannulated femoral vein, in a vdlume not exceeding 0.2 ml
£21lowed by a wash of 0,3 ml distilled water,

Cannulation of the trachoa 1

whan anaesthesia was induced, the front >f£ the
neck was shaved with electric elipperss The skin below
the larynx was picked and cut open with seisgors. The
trachea was freed from connective tissue. Twd strong
ligatures were passed around the trachea but not tiled.
A eut was made in the trachea between the twd ligatures
big enocugh t2 allow the insertisn of the cannulas The
top ligature was tied and pulled towards the head. The

second ligature was thaen tied arsund the cannula,
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Cannulation of the artery

Carstid artery was Selected for cannulation,
Twd threads were passed around the cleaned length of
artery, and half-tied, The thread furthest from the
heart was then tied and when the artery was distended
with bload, the bulldsg ¢lip was placed at tne end
nearest to the hearts The arterial cannula was prepared,
and was ednnected 3 a meroury mandmeter through a three-
way tap with a syringe full >f heparinized saline
attached. Ths oinnectisn between the three-way tap and
manometer was olosed and the air bubbled in the artertal
cannula flushed out with heparinized saline and the tap
set 82 as t9 close DEEf the arterial cannula.. A slanting
cut was made in the artery betwaen the tied ligature
and the bulldog clip. The cannula was inserted and tied
into place. The pressure in the mandmeter was raised
by means 9f syringe t» the expected bl33d pressure of the
animal. Tho tap was saet s9 that the syringe was ¢losed
off and the arterial cannula was gonnected ¢9 the
reoording deviece. MAs an added precaution to prevent
clatting, the animal was given heparin (1000 units/kg,L1.v.).

Cannulation of vein 3

The femoral vein was selected and prepared free

from eonnective tissue and branches wore tied off., The
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blood £15w was occluded by placing a bulldog elip o5n

the end nearest to the heart. Tuw> threads were carofully
passed around the vein and half-tied, Then vein was
mafle to diatend fully by using a finger to push blood
towards the bulldog clip. The threaa furthest from the
heart was then tied £irmly and held taut s as td stretch
the vein slightly, A small cut was made at an angle and
the cannula was inserted by lifting the small flap at the
eut. The seocdnd thread was then tied araund the cannula
and the bulldag clip was removed. The £irst thread was then
tied to keep the cannula oorrectly. The cannula and the
tubing eonnected to it filled with ssline eontaining
heparin {50 untts/ml).

4,6.4.2 In vitrn studies  }

4.6.4.2.1 Guines piq ileum t Gutnea plgs weighing

450 t» 550 g >f both xhe sexes and starvated £or

48 hours, were used. The animal was Xilled by a blow
on 3 head and cutting the throat to bleed it t> death.
The abdoman was 9pened: first 10 .em portion from ileo-
caecal junetion was cut ani placed in a dish containing
warm Tyrode's solutisn. The lumen 2f {loum was qently
rinsed sut. Mesentery was trimmed away and pleces were
cut ints segments, about 4 cm length starting above
Peyer's patch. Tho method described by Magnus (1904)



was £51lowed £2r mounting the preparation. Sutures

were taken through either end of the segment. The
thread °f the lower suture was tied to the hodked end

9f a holloy aeratisn tube and the sther t> the isstonic
recording lever with frontal writing pdint balanced t5
pravide a tension £ abjt 0.5 g« The tissue was
positioned {n an organ bath (10 ml) in Tyrode's solutisn
at7372c serated with oxygen. The tissue was stabilized
£ar abdout 30 minutes before starting the experiment.

The eycle used £3r this experiment is as £fo5llows t=

0 min RKymograph started
1 min Drug added

1% min Kymagraph stopped and the preparatisn
washed

3 min Kymdgraph started.

4.6.4.2.2 Isdlated rat uterus 1 Ysung female rats
weighing 120 ¢5 150 g and in costrus were used for this
experiment. The animal was brought into Jestrus by
injeeting stilboestersl 0.1 mg/kg (L.m.) {n arachis o1l
24 hours prior to the experiments. The animal was killed
by stunning and the abdomen was opened. The twd> horns

2f the uterus were dissected Jut and transferred 2 a
dish eontaining DeJalon's solutisn. The twd horns were

separated and freed from fat and each was cut open
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longitudinaglly, “ne harn was then mounted in an igolated
srgan-bath in DaJalon's galutisn at 37%¢ 1n a similar
way t3 guinea pig ileume The preparatisn was bubbled
with oxygen, {t wvas allowed t> stabilize. Tho drug was
allswed to act for 30 seqonds and three minutes 5f ecycle

was maintained.

4.644.2.3 1Isdolated rebbit heart (Langendorff) : A rabhit

welighing 1.5 €9 2.5 kg was killed by stunning and cutiing
its throat. The thorax was dpened quickly and the heart
was removed with at least 1 cm of aorta attached and
placed in a dish eontaining warm Ringer~Licke solution

+ thraugh which >xygen was bubbled. The preparatiosn was
squeezed gently several times s2 &s t> remove as much
blood as possible. The hoart was then cleared >f extra-~
nesus connective tissue ani the adrta was tied onto the
glass canmila. Thread was attached t> the‘Vengr;cle by
a hook and was led over the gystem 9f pullays ¢2 the bar
of the starling lever. Sample was added t> the prepara-
tion by injectisn through the rubber cap i{ntd the
perfusion fluid, The perfusisn fluid was oxygenated
Ringer«Lucke salution, which was applied at a constant
pressure £from the reservolr and warmed to 37°C by the
water clrculated from the thermistat. Contractioing 2f the
hoart were rec2rded on a smoked paper ani c¢oronary flow

wns measured by odllecting the perfusate per minutes



4.6.5

preparations were prepared by dissalving the ingredients
tn the £311owing aompositisn 1in o2ne litre of distilled

water.

4’6054.1

4.6,5.2

Physisloqioal solutiosns o
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Physislogical s>lutiosns frr different biological

Tyrade solution (1910) s

Sﬂdlﬂm chlﬂtiﬂe senp
potassium chloride «ese

Caleium chloride case
Magnesium chloride 4.
Sadium dihyirogen phosphate
sodium bicarbonate eess

Dextrigse sene

Rrebs solution (1950)

Sa>dium chloride see e
Prtassium chloaride eees
Magneslﬁm sulphate sese

Calcium ohloride eene

LA R R R J

evsaes

LAR R

AR R

L E N RN ]

asean

(3] ’..‘

séw ¢ @

LS AKX

L XA XN

LR K N4

Potassium dihyirsgen phasphatecess.

S241ium bicarbonate eeee

Daextrose Py

L RN K ]

IR XX

B0 g
0.2 g
0.2 g
0.1 g
0,08 ¢
1.0 g
1.0 g.

5.5 q
0.35 ¢
0.11 g
0.28 g
0.16 g
2.1 g
2.0 qg



4.6.5.3

4.,6.5.4

'4.6Q5_'5 ,

DeJalon's salution (1945)

Saddum chloride
Potassium chloride
Caloium chloride
Sodium bicarbonate

Dextrose

Frog-Ringer sslution (Gaddum,

S2dium ehloride
Patassium chisrtde

Caleium chloride

Sodium dihyirogen phosphate

Sodium bicarbonate

Daxtrose

LE RN J

LA B ]

L E 2 N J

40es

LARE N 4

a8 e

“ony

LA RN 4

deosn

shsa

 Ringer=Lacke golutin (léol)e

.. 8534um chloride

Patagsium chloride
Caleium chloride
Sodium bicarbonate

Dextrade

LA R R ]

LA R R ]

LA K N

L X N J

LE X X

LA AR
LY X N
dio e
"hee

1953) 1

(KX 3
L2 X R
esan
(A X J
(RN Y

2640

“nee
tron
ede e
(XL}

anee

9,0
0.42

0.8

0.5

645
0.14
0.12
0.01
0.2
2.0

0 9 a 9 Q 9

9.0 g
C.42 g
042 g
0.15 g
1.0 g

g
g
0,06 ¢
g9
g9
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4.7 Rasultas:

4e7.1 Toxicity studdes 1

4.7.1.1 General "bservations ¢

Toxin CM»IV=33 was injected intramuscularly
in group 5f 10 mice with the dd3es ranging £rom 0.1 Mg
to 5.0 ug per mouse. The animal beecame dull, quiet and
drowsy, with unsteady mdvements. The £311l%ing symptoams
waere Sbserved, namely, atexia, gasping, increase and
irregulay respiration, tachycaxzdia, tachypnea, loss of
righting reflex, severe gasping, heart £ibrillation,
muscle twitehing, severe gonvulgions, respiratiry
fallure, eyanosia and death. Heart beats persisted f£or
2 to 3 minutes after death.

In chicks (10 chicks, {.v., 1 ug t9 10 g total),
the head gradually sinks louyer and lawer, to be raised
again in one quick jerky movement when it almast touches
the ground. This was repeated until the heai could nd
longer bo supported. Animal then loses pawer £rom leg
and starts sitting and sleeping. At this stage the
respiration was markedly laboured. Death often £51ldwed
by sevare e-nvulsions, gasping, ailr hanger and respiratory

. fatlure.



4.741+2 LDg9 and EDgy studies 1

LDBO 2f the crude ven>n and the toxin CM=IV.Sa
and EDgg f the toxin CM-IV-Sa are listed in Table 8.

TABLE -8

Toxicity studles 9f E.gghistosa vendsm and
taxin CM=IVeSa

Sample Species Route 9f Value rg/kg
injection
Crude venom Mause 1.v. LDgq 158

Cruie vendm Mouse f.m, LDSO 210
{(196,2 t» 224.7)

Toxin CM=IV-33 Mousge {ame LDSO 70
( 6848 t3 74.9 )

Toxin CHM=IV-Sa Chicken 1eve EDgq (111.1 :30129 6)
» L]

4.7.2 Study of neut:muscular hlacking action ¢t

4.7+2:.1 1In vivo studies 1

407¢2+141 Effect of injecting toxin CM=IV-Sa into

ghicken @ Chicks were injected with 100 t2 200 jag/kg
(10 chicks) of toxin. The head Arop was Ibserveld as

shown in the Pigure 17.
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F1g. 19: Chicken injected with Toxin CM-IV-Sa showing
e —————— et ——————————————————————————————————————————————————————————
‘head drop."

Fige 20 Chicken injected with Toxin CM-TVeSa shawing

lrespiratdry arrest'.
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The action started after about 60 seconds and lasted

£or absut 10 t7 15 minutes, when chicken died due to
respiratory failure as shawn in the Flgure 20. The

type °f paralysis observed was flaceid (Fioure 21). At
lower d%ses the effect was not seen for 1long time (2 hrs).
Some animals 19oked depressed and partial head drop was

sbservad.

4:.7.2.1.2 Effect 2f toxin CM=IV-83 29n eat qastrocnemius

selatic nerve muscle preparation 1 when the toxin was

injected in the 19303 ranging from S5 ug to'feo)ug (ratal,
5 experiments) by a cldse intra-arterial injectlon, a
marked decline in the heights 3¢ the successive twitches
was observed. The total bldck was dbserved in 10 minutes,
when no muscle twitches were recorded, to indirect muscle

stimulation.

The neaétigmine 150ng (total) (5 experiments) was
injected 5 minutes after the injection 3f toxin (5ag to
iao,ug. total), when the preparatiosn was partially paralysed.
Transient reco>very 5f the varalysis was ndted £o5r Snly
shart time and the block pragressed afterwards to total
paralysia.. The preparatisn was observed in this eondition

£>r 2 hours, bhut na':ecwery was abserved. (Figure 22).



21: Chigken injected with Toxin CM-IV=Sa showing

flaceid ralis.

CAT GASTROCNEMIUS SCIATIC MUSCLE NERVE PREPARATION

1
d-TC 40mbs. - - - oo oo 10ug/kg 20ug/ky Neostig. 2 Hrs.

800mg/ kg 1009/ kg No Recovery
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4.7.2.2 In vitrs studles 1

4.7¢2.2.1 Effect >f toxin CM-IV‘-'Sa‘ on rat pﬁrenic nerve

disphragm preparatisn : whon the pl’Epatat.ialn was' explIsed
t> toxin at the eoncentratisn 0.1 pg to 0.2 ;ug/ml (£ive

oxperiments), prigressive r?ecline in the ﬁéfqhta of
successive muscle twitches t> 1ridirect stimulatisn were
bserved. Within 60 minutes of the exposure € the toxin,
total black was observed. The black 4id nst reodver after
repeated washings for absut 2 hours and ex)en after aidie
tion 9f neostigmine (1 ug to S;ug/ml: £ive experiments) .
The minimum esncentratisn 9f the toxin in oraan bath
required ¢9 produce a gimplete hlockade within 2 hours
was 0,15 ug/ml (five exporiments).

After oomplete black to the resndnges of
indircet stimulation, Airect muscle stimulatisn was
readrded at 100 valts with 5 menee duratimn and at a
frequenay of 0.2 Hz, The preparatiosn was respinded to

direct musele ‘stimulatiosn. (Figure 23).

BEffect 2f toxin 9n tetanl and 9n post-tetanic

potentiatisn ¢t Por reodriing tetani 5f the musecle, the

preparatisn vas stimulated at a rate 9f 100/sec at supra-
maximal voltane »f 6 ¢9 8 vilts and 0.5 mesee Auration

£or the perisd of 10 seconds.
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A oonteol untreated nerve muscle preparation
at tetanic stimulatisn showed sustained eontracture,
which was maintained dueing tetanie stimulation, Its
stimulatisn at normal frequency, immediately after
tetanic stimulation showed improved amplitude ss eompared
t> normal responses. The phendmennsn is called postetetanic

potentiation.

A partially curarized neur-muscular preparation
at 4%3¢ 2f 2 ug to 4 ng/ml d-tubdcurarine at tetanie
etimilatisn showed an initial tetanie eontracture but
with a falling tonus, which i{s termed as Wedensky inhibition.
If the preparation immediately stimulated with normal
frequenay at this stage, posttetanic potentiation was

shagerved.

A nerve muscle preparation was treated with
the toxin CM=-IV«Sa in a dose of 0.2 ug/ml. The prepara-
tisn was stimulated in a similar manner as in earlier
experimants. After 10 minutes, when the neursmuscular
blaock was ineomplete, repetitive stimulations were
interyupted by a brief tetanus by stimulating the prepara=
tion at a rate 2f 100/se¢ st supramaximal voltage ¢
6 t3 8 volts and 0.5 mwsee duratiosn for 10 seeonds. N3
typical Wednesky inhibitisn like curarized muscle was
sbserved., The aintracture reduced steadily during tetani

and no pronsunced post-tetanic potentiatisn was ohserveds



EFFECT OF TOXIN ON THE PHRENIC NERVE
DIAPHRAM PREPARATION OF RAT

T=CM-IV-S-a

Pigure-23
e s T A— SR

EFFECT OF TOXIN ON THE PHRENIC
NERVE DIAPHRAM PREPARATION OF
RAT.
T=CM-IV-S-a
P=PHYSOSTIGMINE
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Antaqonism by neodstigmine (Five experiments ) 3

The praeparation was expIsed t> the toxin
(0.5 mg/ml) and 20 mimutes after the partial black of
the digphragm, nesstigmine {n dases {1 mg/ml to> 5.mg/ml)
was ajdded in bath, Only gliqht transient reecavery was
shtained. The antagiisnm 4{d ndt last 1long, the bloeck

reappeared after the transient antaga>nism (Fiqure 24).

4.74242.2 Effect of toxin CM.IV-Sa on £riq rectus abdominis
muscle preparatisn (Five experiments ) 1

The aontrol dose resodnse curve £9r Ach was
recaorded in the doses 0.5, 1, 2, ng/ml. 50% of the response
was repeated. Contractisn was reedrded £5r 90 seconds.

The muscle was washed three times successively at the
{nterval 2f S5 mimutes for 15 minutes with frage-Ringer
s2lution till it edxpletely relaxed befare qiving the

‘seed ddse.

The toxin in the A’se >f 0.1 ug/ml was perfused
over the mugele and after twd minutes, A7vse respose curve
for Ach (0.5, 1, 2, 4, 8 ug/ml) was repeated. Ach
eantractisng were £aund ¢5 be inhibited, After osne hour,
d2se response curve £5r Ach in the 12ses 2, 4, 8 ug/ml
was reaorded. Toxin was perfuged in higher Ad9se >f
0.2 ug/ml and Ach ddse response curve was repaeated. Ach

responses were f£ound t> be abolished in the same Adses.



EFFECT OF TOXIN ON FROG RECTUS

ABDOMINIS MUSCLE PREPARATION
T-CM-1V-S-a

\ / .'ﬂg/ﬂﬂ
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5

-
Kei M

.:.:r::]:.:::.xz :nz:z]:s tes

Ach T=-01 ug/mi. Ach T-0-2 jug/ml. T-0° Mg/ ml,
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Acotylehdline concentration required ¢ elicite the

response was much higher.

Toxin 1tself 414 not show e¢ontractisn 20 the
preparatisn when expose? to tho doses 0.5 ug t> 1 ng/ml.
Howaver, in the presence ¢ toxin (0.2 ng/ml) poatassium
chloride respinses (0.03 M) were remained unaffected.
Chsarvationg 2f the typical experiment are shown in

4.7.2.2.3 Effect 7f toin CM=IV~Sa 9n chiock biventer
cervicis musole preparatisn (Five Exporiments) 1

The toxin in A%se range 1 ug t2 S ug/ml was

added into the bath and the preparatisn was stimulated by
slightly supramaximal rectangular pulses 3£ 0.5 megec
duration and the rate 6 per minute at 20 volts., The
toxin Gaused irreversible neur>muscular blockade which
414 not recsver after repeated washings £o>r about tw?
hours and aven after adiitisn o¢ nesstigmine (5 mg/ml).
Twitch response to acetylchaline (5 ug/ml) was inhibited
during the blaiakade.

4.7.3 General pharmac?loqgy

4.7.3.1 In viv2 atudies 1

4.7e3.1.1 Effect 5€ tixin CM=1IV-3a 7n cat blHI94 pressure

and respiratisn (Five experiments) : The responses to
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adrenaline (2 mg/kg), nasrsirenaline (2 mg/kg), acotyle
choline (1 ng/kg) and histamine (1 ng/kqg) were recorded.
The toxin in dases 10, 20, 40 and 80 mg/kg was then
injected intravenodusly. Responges t> the abovae mentioned
drugs were repeated after the toxin injection and therae

aftor at an interval »£ 1 ani 2 haure,

The toxin 414 not produce sny appreciable
effact 9n cat blasd preasure. Howover, slight inecrease

in the depth 2f respiratisn was nated.

4.7.3.2 In vitr>d studies

4.7:.3.2.1 Effect 3f to9in CM«IVeSa 9n gsmy2th musele

preparations - Guinea pig 1leum, rat uterus (Five experi-

ments each) 1 The dd%e respinse curves £or acetylahsline
(1,2,4 ng total), histamine (1,2,4 ng tatal) and S~hpiroxy-
teyptamine (5,10,20 ng total) were sbtained. Toxin in
dsses 1,2,4, 8 ng (tatal) and 5,10,20 g (kotal) was
studied f£or its cffects on the d9se raspinse curve prruced
by acetyleholine, higtamine and Sehyiryxytryptamine. The
toxin was adied in the bath ani allowed to agot f£or

2 minutes. The tIxin in the A3ses 2f 100 t> 500 ug (total)
was aglded 4n bath £t study {ts Iirect action sn the tissue.

The taxin 41d not induce esntractisn or relaxae-

tion of the tissue even upt> the doses 500 ug (total).
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4.7.3.2,2 Effoct of toxin on heart muscle = Rabbit

haart (Langendorff) : Effect 3f adrenaline (1 mg) was
roadrded and then the heart was perfused with the toxin
galution in doses € 50 ag t9 500 ug in Ringer-Lacke

g2lution.

Toxin did not praduce any significant effect
on eoranary £low,but there was slight inercase in the

heart rate.

4.8 Disgusstions

It 1s believed that sea snake venom is principally
neurstixic in experimental animals., Symptsms observed
in mice and chicks showed that venom praduced death due

to flaccid paralysis and respiratory failure.

Since the venam is a haterogencsus mixture »f
different proteins and many sther unknown substances and
the vendm action has boen attributed to he toxins (main
lethal factor) present in the venam, the majsr toxic
component was is%lated in purified form €from E.schistosy
venmm and 87 called tixin CM«IV.Sa studied further f£or

its pharmacslogical actiosn.

Toxleity studies were carried sut on the venom

and the toxin: LDgg, EDgp were determined. The toxin
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CM=IV«Sa was shown to be three times as toxic as that

of crude venam,

The toxin exhibited nour>miscular dblackade
an rat phrenic nerve diaphragm, chick biventer cervicis
and cat gastricnemius muscle preparation, which was not
recoverad even after repeated washings £5r absut 2 hours
and even after aliitisn of neostigmina sdlution, After
a>mplete bloekade, the respsnses t2 the direct muscle
stimulatisn were remained unaffected indicating that
£he toxin did not affect the muscle eunduetion. The
£oin CM«IV=Sa abalished the Ach responses sn rectus
abdomintis muscle and {inhibited the twitch response to
Ach 9n chick biventer cervicis. Thase dbservatisng
indicated that the toxin interrupted the transmission
mainly by pont-synaptic mechanism. The results also
suggested that the block produced by the taxin was mainly
5f the nondepolariging type. This was shiwn by variosus
sbgservations including the absence of any contraction
on rectus abdminis muscle, the flaccid paralysis produced
in conscirus chicks {9n intravenous injection and the

antagonistic effect of nedstigmine.

The nouromuscular black started after a brief

latency perisd. The toxin showed nontypical Wedensky
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inhibition on rat phrenic nerve diaphragm. Competitive
antagsniam € Ach responses 7n rectus abdominis muscle,
head drop in asnscisus chicks »n intravensus 4njectisn
and the antagonistic effect by nedstigmine 2n rat phrenic
nerve diaphragm suggested that the actiscn >f the toxin

in this respect 1s similar to curare. But the action
showed difference from curare in its slow develdpment,

in peridd of latency,in nontypical wedensky inhibition,
in alogness 7Y absence of reversibility and in incomplete

antagonism by nedstigmine.

The toxin 4id not show any significant effect
In gmdoth muscles, heart muscles and bla>d pressure and
respiration,

These all sbserwations suggested that the
toxin CM-IV-Sa principally affects the neuramiscular
Junction maile”by pIst-aynaptia mechantsn in a similar
manner t> 2ther sea snake neurstoxins (studied so far),

@obra neurstoxing and o ~bungarstoxing



CHAPTER eese V

MYOQGLOBIRURIA IN SEA SNAKE

POISONING




5.1 Introduction 3

Morner (1897) was the first to establish that
. the musele pigment 13 a special substance ﬁiffertqg from
haémoglabin in the glabin fractisn, This substance,
méaglobin 13 oonsidered t» serve mainly as a stole for
sxygen in the musele sarcdplasm and eonstitutes about

25% of the infants' total haemdoglobin,

Myaglobinuria is seen in the diseases 1like

crush injuries, Haff isease, otec.

Reid (1957-1962) from his perssnal oshaervation
of 115 sea snake bite patients at Malaya, £3und reass
to believe that sea snake venom in man is principally
mystoxic and mysglobinuria iz the main symptom in sea
snake poisoning. Myoglobinuria was Sbserved three to six
hours after the bite( Reid, 1961). He als? reported
‘mysnecrosis in dsge injected with B.schistosg venom .
But these obgervations »f either myonecroisis >Sr mysglobin-

uria are yet t» be oonfirmed by others,

Sahmidt et al.(1976) studied nephrotoxic action

of sea snake venom in mice and conocluded that cytotoxic
actiosn o€ this venom 1s minsr sne while prineipal action

is neurstaxic,
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In the present wark, an sttempt has been
made t2 examine the urine >f the poisoned animals €or

the presence € my>glabin.

5.2 Materials and Methods

5.2.1 Animals used t

Ten albino rata 2£ both the gexes (120 g to
150 g), 10 quinea pigs 2f both the saxes (450 g t» 550 q)

and 5 dgs (2 males and 3 femaless 2.5 kg t? 3.5 kg) were
used for this experiment.

5¢242 Callectisn of urine :

Animals were kept fasting svernight prior
injections. Venom was injected intramuscularly with the
d%ses about 1/3 LDy by body weight (10 t> 15 ug for
rats, 30 t2 40 ug for guinea plgs and 175 to 200 g for
doga). Animals were oshserved for 8 hours after the
injection. wWith this dose 2f venam, all A9g9s were dled
after 8 to 10 hours, 9 % guinea pilqgs were dled after
8 hours, and 30% rats were died after 12 hours. Urine
was c2llected every hour f£or 8 hours after the injection
of the venom. It was tested immediately after cdllection

£3r the presence 2f mysqglobin.

5423 Testing pracedure @

Method described by Blondheim gt 3l.(1958) was
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used., Urine was centrifuged and clear supernatant was

used £5r the £5llowing tests.

5¢2.3.1 Protain test 1

This test was carried out to confirm the
pigment present i{n the urine is a protein and nst sther
p’iginenea 1ike alkoptan, porphyrin, ete.

One ml °f clear supernatant urine was mixed

with 3 ml of 3% sulphosalicylic acid (BnH).

5-2-3»2 Qrthﬂtﬁl’.d’.nﬁ test 1t

This test was used ¢t7 test the urine for
tha presence 3f either my>globin or haemdglobin. The
nethad described by Smith (1958) was £9115wed.

Reagents 13

1. Alcoholie Srthotoslidine 4%

2. Working orthotolidine solutisn (5 ml of 4%
alooholic O-tolidine to 100 ml with 50% vA
acetic acid)

3. Hydroqen persxide (20 vol,).

Pragedure 1

Urine (previsusly kept in boiling water-bath
£2r 5 minutes and then allowed to ¢2ol at room temperature)

was used. On a white posreelein tile, 4 drops of working
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O«tolidine solution and 1 drop of hyiragen persxide
were placed. Td this 1 drop of urine was atded ani the
mixture was observed £3r ¢912ur appearance. The blue
or green golour within 8 5 60 seconds confirmg Qhe

presence 9€ either haemnglobin or mysqlobin.

8,2.,3.3 Saturated amanium sulphate test @

2,8 g (s511d) of ammdnium sulphate was alded
t9 5 ml of urine and the mixture was shaken until

dissolved and filtered (Whatman N2,1) and the filtrste was

examined for the aaloug,

S3 Results:

1) Colour 9f the supernatant 1

Dusky yellow with slight reddish tinge.

11) Protein test :

Precipitate, shawed that other pigments like
parphyrin, alkoptan, were ahsent.

111) O-talidine test 1

N9 green or blue e3lsur was Shserved.

iv) Saturated ammanium sulphate tast

Colaur 5f the filtrate was yollow.

All these results indicated that eventhough

protein test was positive, either haemdglsbin 5r my>qlobin
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was absent in the urine 2f the animals tested.

5.4 Discusgssisn:

Reld (1957«1962), from his persinal obhservatisns
2f sea snake bite patients repdrted mysglobinuris in gea
-anake poisoning. Reid (1961) further confirmed this in
experimental animal models by showing myoecrassis in 4o
injocted with E.sqhistosg vanom, But these ShServations
are yet t2 be confirmed by others. Schmidt st gl. (1976)
studied the nephrotoxic acstion 9f sea snake venosm and

reparted very little cytstixnie acttion,

Studies on onzymatie activities (Chapter II)

ravealed that E.gghistasg vendm from the Western ooast
of Indla 1s difforent in a>mpositisn from the Malayan
cdasts Tu {(persInal esmmunication) suggested that

the difference may be due ¢t bislogical variation in the

vensm 5f same gpecies from dif€forent coasts.

Reia (1973) 1s 9f the apinioﬁ that sea snake
vanom i{n human subjeat 1ig principally mystoxie, howewer,
12 Ipportunity have come yet to shserve sea snake bite
case and neither it has bean reported {n the literature
except tw? reports (M‘Kenﬁie. 18201 Peal, 1903). Therefore,
Reld’s abservafion has not been confirmed clinically.
However, in experimental animals like.rat. guinea piq,

d0g, either haem>globin 9r myaglobin was nat sbgerved.
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This sbservation agrees well with the ohservatisn of
Schmidt et al.(1976). This suggested that sea snake

venim might be acting by 4ifferent mechanism in

aexperimental animal models and 4n human betings.



CHAPTER «cee VI

DIBCUSSION
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Sea snakes are the maét adundant and widely
dispersed of the World's venomdus reptiles. Their venom
i3 known to gontain potent neurstixing which are some
2f the mast toxie substances in the world. Around the
e¢9astal seas 9f Indian and Western Pacifie aceans,
fishermen encounter these snakes every day. Tew death
cases have als? baen nated (personal discussisn with
fighermen) due ‘t2 sea snake bite aldng the Ratnagiri
sea ¢73s8t, Frequent Jccurrence °f sen snakes in the nets
and their sccasisnal biting constitutes a real 2ccupational
hazard in the fishing £9lk. Sea snake Enhyirina schistass
is 2ne 2f the most dangersus and ¢yumonly avallable

species aldng the Western cdast 2f India.

In sclentific contres throughout the warld,
venoms are being increasingly reqgignized as tools €£or
researchs In some research fields, venoms are unique
because 2f a highly speeifie action on vital bady processes.
The studies 9n ses snake vendms are very rare in India.
The present studies were undertaken ¢2 find sut the
enzymatic camposition 5f the venom, ¢> igrlate and to
purify pharmacologically active eomponent and t9 charact-

erize the same for ita neutamusculaf blacking property.

Snakes wore collected £from the Bombay sea Coast

from local fishermen. Specles were identified using keys
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£or the identification by Smith (1926) and wall (1921).
Venom was extracted by dissecting out venom qglands,

Absut 2 g 2f venom was cdllected, which was used throughe
out the course df present investigations. Tha protein
concentration of the venim gland extraoct was detarmined
by direct spectrophatometric methsd and by Lowey's method.
Toxieity studies were carried out on mice and chicks and
iDgge BDgg Values were determined,

It ia well established that sea snake vonom
is a8 heterdgenodus mixturae of proteins, many 2€ whigh
possess engyma activities. Mainly hyarolytie enz&mes
are present in sngke venoms. Tho literature reviewed
in Section (2,3) showed that sea snake vanom eontain
several engymes., Since the venom enzymes have very
specific substrate requirements, they £ind very important
t90l as a reagent in the elucidatisn of the eomplex
structures 9f natural products and in the determination

of strusture 9f nucleic acids (Razzell ant Rhorans,1959) .

Tu and Toom (1971) tested enzyme activities
of the venom of E.sghistdsg osbtained £rom Malays and
reported £i1lowing enzymes, namely, hyalursnidase,
elatting activity, alkaline phaosphatase, phosphodiesterase,

demyribonuclease, acetylehoslinesterase and leucine amino
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peptidases The pregent studies showed that E.aghistoss
vendm ohtained from the Western Indian ovast, in

addition t5 phosphodiesterase, phosphomonvesterase,
acetylcholinesterase and phospholipase A contain S'nucled-

tidase ani proteslytic activity.

Protease activity was estimated using casein
and denatured haemaglobin as substrates. This activity
was repartad td be absent in the venom >f the same specles
osbtained from Malaya (Tu and Toom, 1971). The difference
in the venom 2¢ the same species may be due to the
aifference in the method >f extraction of vendm or this
may be due to the variation in the co;positinn o>f the
venim dbtained from different gedgraphical srigins,
Tu (persansl cmunication. 1976) suqqgeated this difference
may be due t5 the bislagical variations in the specles

available on Indian c2ast and Malayan c9ast.

Phospholipage A in E.gchistasa venom was '
recdqnised by Carey and wriqht (1961), Tu and Toom (1971).
o estimated this activity using egg ydlk eclearing assay
and 1t was odbserved that E.schistosg venom is very rich
in this enzyma. Bee vanom and cobra venom (Condrea and

DaVries, 1965) and krait venosm (Chhatwal, 1974) are
among the risheast sources °f this enzyme. The studles

indicated that sea snake E.schistdsa would be anather
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rich and easlly avatllable sdurce >f phosphalipase A.
Formerly 4t was believed that the hyldrslysing activity
with synthetie substrates, BAEE and ATEE were present
tagether with protease activity. But Murata et al. (1963)
and Soh and Chan (1974) showed that the enzyme respdnsible
£or esterslytic activity is different fram protease
enzyme. It was found that E.gchistlsa venom from the
Westorn c2ast 5f India lacks amino acid esterase activity
with BAEE as a substrate, while the protease activity
with casein and denatured haem>qlsbin as substrates was

present.

Formerly 1t wa§ believed that enzymes are
respinsible for the toxie actisn 5f the venom. But with
the advent >f pratein cﬁemiétry new chromatographic
techniques were developed and enzymes were separated
feom the toxic actisn 2f the venam. The literature
reviewed in Section (3.2.1) elearly shdwed that nourde
toxing are the main ani the most powerful lethal factors
prasent in the sea snake venoms studied s> far, in spite
5f the presence 9f large number 2f enzymes which are shown
t2 be nontoxie (Tu gt al., 19707 UwatokowSetoguchi et als.
19687 Tu and To20m, 1971},

Qur Jbjective was t3 isolate and purify the
bislagically active component from E.schistdsg venom from



the Western Indian @sast and to2 characterize it for {ts

neursmiscular blocking property.

Tu and Toom (1971) isslated the toxie component
£rom the vendm of E.gchistiga from the Stralt 2f Malacea
by CM~cellulose ¢o2lumn chromatagraphy by twd-step
purificatiosn praceduras The preparation was shawn to be
homagenesus by zonal electromhoraesis, ultracentrifugation,
isdelectric focusing and gel filtéation. and had 1Dgp
towvard mice 2f 44 pg/kg o>f dody weight. The malecular
welight 5f the toxin was 7200 by sediimentatisn velacity
and diffusion experiments. Thns toxin acesunted f£or 30%
2f the total vendm proteins, IPurther Karlsson et al.
(1972) fractionated the same venam shtained from the
same ge2graphical origin,t.e. Strait »f Malacca and
1solated twd principal neurastoxins by gel filtration
on Sephadex G=75 £311owed bf gradient chromatography
on BiowRex 70 ‘in’ ammonium acetate buffers: The twd
toxins schistosa 4 and sehistosa 5 hal LDgp toward mice
85 pg/kg 2f baiy weight and had molecular weights 6689
and 6679 respectively calculated £rom amino acid analysis.
The twd toxins aceounted £or 39% of the soluble venom

proteins,

In the present studies, the toxin from E.schistisa

venom wvas isdSlated from the Western Indian e¢dast by
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tws-stap purificatisn pracedurs, CM-cellulose chromato-
graphy £ollowed by gel filtratisn o9n Sgphadex CG-50.

The preparation was shown t2 be homdgenedus by dise
electrophorasis, immunodelectronhoresis, gel Ai€fusi-on and
gel filtratiosn, The mdlecular weight of the toxin

CM=1V~Sa was bserved t> be 7000 (approx.) by gel filtratisn,
The taxin was aceounted £or abdout 38% 5f the total venom
proteins and had LDgy tawards mice 70 pg/kg of boay

weiqght.

The toxicity and molecular weight 9f the toxing
isolated {n diffarent loborataries from E.gohistosa venom
were compared {n Table 6. "“n comparison it appears that
the toxin CM=-IVSa might be slightly different from the
toxin (Tu and Toom, 1971) and tw> neurstoxins schistosa 4
and schistosa 5 (Karlsson gt al., 1972) isilated from
the same vensm from the Strait of Malacca. However, this
difference may be due t2 the Aifferent laboratory co>nditions
or variations in the animals used 2r the species of
Eeschistasa available along the Western a2ast of Indla ,
may be a different subspecies. The variations in the
toxins of the given speaies from different gedgraphical
regisn has already been demdnstrated by Miranda gt al.
(1970) . TFurther work reqgarding aminos scid analysis and
gtructural determinatinsn might reveal the exact naéute of

the toxin.
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In many cases, the vanom has been simultanesusly
studied at soveral different labsratories, thus, it 1g
nst unusual t> find different names assigned for the same
toxin. Tu and Taom (1971) tsolated the major tOiic
aompaonent f£rim E.gghistosy venom £rom the Strait of
Malacca and named as ‘toxin'. Karlsson et al. (1972)
i1golated twd principal neurotoxins £from the same venon
an? named them as schistosa 4 and schist9sa 5. The
pringipal toxin igolated €rom the same species from the
Western cdast of India was named as t5xln CMeIVa=Sa.

The name 1s qgiven aceording to the stages 2f fractiona-
tion., CM=IV £or f£ourth fractiosn from carboxymethyl
collulose chromatography and Sa stanis for first fraétisn
£rom gel f£iltratisn sn Sephadex G50 3f the fraction
Cit=1V,

The actisn of dried venom € E.sghistosg was
described by Rogers (1903-1904), Fraser and Ellist
(1904-1905) . They concluded that the primary action of
the: snake vendm was at the respiratory centre and on the
mator end plate. Tu (1959) reported that sea snake venom
praduced marked inhibitisn of respiration. Carey and
wright (1961) shawed that E.gchistoss vensm blocked
neursmuscular transmission, The detailed mechanism of
neuromuscular blaeking actisn by E.gschist9sa venom was

desaribed by Cheymdl ot al. (1967s; 1972). They c¢oncluded
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that the venoms irreversibly black niestinic acetyle

choline receptars at the postsynaptic membrane.

The postaynaptic actisn of the {solated sea
snake toxin preparatisns was described on erabutoxins
a, b and ¢ (Tamiya and Arai, 19665 Sato et al., 19701
Tamiya and Abe, 1972: Cheymol gt al., 1972: Takamizawa.
1970) and latiecotdxin a (zat> et al., 1969). The
action 5f the while vendcm of L.semifaseisgts was accounted
£5r the toxins contained in it (Cheymdl gt al., 1972).
Walker and Yeoh (1974) reparted in yitrd neurosmuscular
properties 5f E.gchistssg venom in variety >f skeletal
muscle preparatisns and eoncluded that the actisn of

the ven>m was different from d«-tubscurarine.

1Dgq and EDgq 2f the toxin were determined
in mice and chicks and were £ound t> be 70 pg/kg {(1.m.)
and 120 pg/kg (1.v.) respectively.

The tixin exhibited neursmuscular blockade in
rat phrenie nerve diaphragm, chick biventer cervicis and
cat gastricnemius muscle preparatisn, The black was not
recovered evenafter repeated washings £5r about 2 hours,
Evenafter bliock, the resvonses t2 direct muscle stimulae

tisn were remained unaf#fiected indicating that the toxin

d1id nat affect the muscle canduction.
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The results suggested that {n skeletal muscles
the toxin mainly interrupts the transmission by poste
synaptic¢ mechanism. This was shown by inhibition of
twiteh response t9 acetyleholine an chick biventer
cervieis and complete inhibition of Ach response 5n
rectus abdominiszs muscle. The results als® sugqgested that
the black produced dy the toxin was mainly 9f the
nondepdlarizing type« This was shawn by variosus observa-
tions including the agbsence of any eontractisn osn rectus
abdominis muscle, the flaccid paralysis produced on
eonscious chicks sn intravendus injectizns and the

antagonistic effect of nedstigmine.

Campetitive antagonism of Ach responses on
rectus abdominis musele, head drop in eonscisus chicks
on intravenms injectisn and the antagoinistic t2 ned-
stigmine suggested that the actisn of the toxin in this
respect is similar to curare, but the actisn Aiffers from
curare in its slow develdpment, {n the inec-mplete anta-

goniam with nesstigmine, in eliciting nontypical wedensky
inhibitisn and in the absence of slowmness of roversibility,

In contrast to the cases 9f experimental animals,
a necratie lesion of the muscle tissue was Shserved on s
human victim 9€ sea snake bite (Reid, 1956; Marsden and

Redd, 1961). Mydglobinuria was shown ¢2 be a typloal
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symptom 9f sea snake bite poisoning {n human subject
(Reid, 1961)« But Reid's observatisn is yet to> be
confirmed by others. Schmidt (1976) reported very lesas
cytotoxie actisn ¢2 sea snake venm injected to mice.

An attempt was made to> examine the uring of the experi-
mental animals injected with E.sghistoss venom. The
results showed that urine 2£ the poisoned animals 444

not ghow either haemdglobin or myd>globin. This -
osbservatiosn agrees well with the studies of Schmidt et al.
(1976) » This suggests that sea anake venom in experimental
animals and in human beings might be acting by different

mechanisms.,

Chang and Les (1973) demonstrated the action of
<=bungarstaxin which combines irreversibly and with
high specificity with nicotinic receptors. The specific
binding of the neurotoxins t> the acetylcholine receptor
aites has been accepted as a fact and that the toxin
have been f£aund to be an extremely useful tosl for the
identification, isslation and assay »f the Ach receptors
(Changeux gt al., 1970 Bourgois gt al., 1971s Miledi
and Potter, 1971y Barnard et gl., 1971 Pambrough and
Hartzell, 1972y Moody gt al.. 19737 Schmidt and Raftery,
1973; Menez et al., 1971 Berg gt gl.. 1972; Karlsson
ot ales 1972 s Klatt ot al., 1973; Biesecker, 1973).
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The toxin CMeIVeSa has molecular waeight
7000, and has very aimilar actisn to that of <X «bungaro=
toxin, Smaller the size, faster the action to diffuse
into vital srgans (ru, 1973). In this respect toxin
CM=IV-Sa may £4ind more superior than that 9¢ K =bungaro=

toxine



SUMMARY

AND

CONCLUSIONS
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‘ Snakes were aollected from the Bambay sea
coast, identified using kays for the w;ntification of
snakes by Smith (1926), wWall (1921). Venom was extracted
by dissecting out venim glands.

Toxicity studies were carried out on crude
venot; and lDg, towards mice was determined. In experis
mental animals (mice, ahicks) venom produced flaccid
par;ly'aia and respiratory failure. Reid (1961) reported
myoglobinuria as the main symptom f{n sea snake poisoning
in human subjeats. An attempt has been made to exanine
the urine of the animals injected with the vanom, but
neither haemaglobin nor mysglobin was observed in the
urine indicating that sea snake venom might be agting
by different meghanism 4in experimental animals and {n
human baings.

Protein estimation was carried osut by direct

spectraophotomotric method and by Lowry's method.

Engymatic activities 9f phogpholipase A,
exd>muclease (phosphodiesterase, alkaline phogphomons-
astorase, 5'nucleotidase, pritease, acetylcholinesterases
L=amino acid oxidase and amins acid esterase were estimated.
It was shown that E.sghistdsa vensm lacks amino acid

esterase and leamino acid sxidase enzyme activitys while
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the venam is found ¢ be very rich in phaspholipase A.
Thus, this venom would be andther rich and easily
available source of this enzyme. Tu and Toom (1971)
reparted that proteslytie actiyity is absent in E.schigtosg
venom dbtained €rom Malaya, while it was observed that

this activity is present in the same venom from the
Western Indian ooast. This difference may be due t» the
variation in the composition of the venim from different
gedgraphical orieins, Tu (personal ¢ommunication)
suggested that this difference may be que ¢5 the bislogical

variations in the gpecies from different coasts.

A principal toxin was purified by twowstep
purification pricedure, CM-celluladse chromatography
£ollowed by gel filtration on Sephadex G-50. The pro-
paration was. shown to be homogenesus by dise electraphoresis,
immunoelectrophoresis, gel diffusion and gel £iltration.
The molecular weight of the toxin was determined by gel
filtration. On e¢omparison, tha toxieity and the molecular
welght, the toxin CM«1IV.Sa appears t> be slightly different
fram the toxin (Tu and Toom, 1971) and tw> neurstdxins
(Rarlsson et gles, 1972) isolated from the same species
from the Strait of Malacca.

IDgne EDgy 9€ the toxin was determined. Toxin

did not exhibit any significant action 2n smroth muscles,
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haart muscles and,bla20d pressure and respiratisn.

Hovever, the toxin CM=IV=Sa exhibited neursmuscular
blackade on neurdmuscular preparatians in vivs as well

as in yitr>., The reeuir.s suggested that the taxin
interrupts the transmission mainly by pdstsynaptic
mechani{sm by c>mpeting with acetylecholine in similar
manner t> curare. Hdwever, the action showed difference
from curare in its slow develspment, in the perisd of
lataerey, in slawness or abgence 9f roversibility,in
eliciting n2ntypical Wedensky inhibition and in incomplete

antagonism with neostigmine.
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SYNOPS IS

Sea snakes belong t5 the family Hydrophiidae,
suborder Proteroglypha ani order Ophidia. The family
‘Hydrophiidae iz probably the mdst widely dtstributed in
the world. It {s Aivided int> two subfamilies - Hydrophe
iinae and Laticaudinas. Only the snakes belonging to the
subfamily Hyﬂraphiinae are available oﬁ the Western coast
af India (wall, 1921). Those Snakes are exclusively
adapted to the marine life and are all vendmous and

dangerous to man (Smith, 19267 Tu, 1974).

Sea snakes in their native habitat are sluqggish.

They frequently get entangled in the nets and are caught
slong with other fishes. Almdst every cast of the net
results in the capture of several sea snakes. Fisherman
carefully throw them back in the sea by catehing theiy

tail. Eventhough sea snakes are sluggish and bite only
under provocation (Redd, 1957), their bites are quite common
and deaths are not unusual among tha fishermen who are
frequently exposed to the sea. Frequent 2courrence 5f

sea snakes in the nets and their sccasional bites aonstitute

a real ocoupational hazard t> the fishing infustry.



14

Sea cnoke vani {8 a salivary socration
oontaining proteins, many of vhich posgsess enzyme
activities, strongly banic nonanzymatic polypeptides
ant many sthor unknown substances, Nua €9 tho hotaroe
gands nature the pharmasslogiecsl study 2f this venom
becomes eommlicated. Lintted study Mas been carried
out 89 far of the soa nnake venima as gimpared ta the
venoms of land onakes. The results 5F thase ntudiea
have been reviewed from time to time (Zeller, 1948y
Meldrum, 1963s JimenezwPoreas, 1968s Henrfques at al.,
19711 Lee, 1972y Barme, 1968y Baquet, 19735 ™u,1973y
19747 Ratd, 1973). Hyirophitd venrws are aharacterizod
by thelr neurotsxie action projueing €lacnid paralysis
and daath due £3 respiratsry fatlure (TimenazePirras,
1568},

The snake venmg differ “rwm species £2
species nat only in their chemical comosition but also
with reapect to spescific pharmaenlogical antiona. There
ia also difference in the vanim 2f the name epecies
e2lleated from Alffarent gedgrephical areas (Zeller,
19485 Miranda pt al., 31971)s Tt {8, thorefsre, neceasary
t> stuly tho venim of a specles fram Aifferont qedgra=
phical srigin,



- 412

In the presant wark tho pharmacsolsogleal
studles were carried out on ehé van of Enhpliring
sghintyan (oumon ses snake) . Adm o2 the wirk was to
study engymatie activities >f the cruie venim, t2
fraotisate thoe venm hHy using mild physieachemiceal
mathyda and €5 $sslate and purify hiﬁsqiiaauv active
odponents and to study tho mdle 3f astism 5 the astive
aomponents.

Sea snakes were ohtained from the Bombay nea
goant from 1oenl fishermen. Species 2f the snakes wore
fdentifiod ns per Xeyn dascribed hy Snmieh (1926) amd
wall (1937), VYanam was aalleated by Aicsesting out
ven¥n glanin. Abaut 2,0 g' o€ tho vansm wan edlleoted
£rom abut 170 sea anaken. Tt was sbtained in the month
of Margh/April 1978 and this was use? for present
{nvestigatimne,

The physical and chemical propertfos 2€ the
vanan wvore studiets The varisus enzymatia activities
namely, Phaspholipagse A (£.C. 3.1¢164), Exsmclease
(Phosphritesterase) (B.Ce 341.4.5), Acetyloholinoaterase
(ReCo 341:1:7), LeAning asid dxidase (B.Ce 1+44342),

5 muclostidase (f.Ce 3<143.%), Phasphomansestorase
(Alkaline phoophatase) (B.Cs 3+1.342), Anind acid

esterase and protease wore detormined in E.aghiatasg
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venim. It is interesting to nite that pratedrlytie
activity was f£2und t5 ba present in Z.oghistosa venom
from the Westarn a2ast 3¢ Imiia, while this activity
was reported t2 be absent 4n the vansm of the same
speceles ¢dllonted from the Straft o2 Malacca (tawm
et nles 1969).

Monovalent antisera against the vanim of
Bepghistang was prepared by tmmunizing rahbita., MHLD
and 1Dg, in Kanaull mice and E0gg in legharn chicks vere
Aoternined using atatistical mothy? of Litehfinlg and
wileoxan (1949)., The crude venim had Logy (f.m.) 210 pg
por kg and Whgq (Leve) 400 un/kq.

Tha vanim was fractimated ints £four pratein
pooks by CHezalluloge a’lumn ahrmaéﬂqrmhy. The maset
retarded of the protein poaks was further purified by
gel £iltration o5n Sephadex CeS50, Tha hamdeneity of
the toxin was tested by dige oleetranhoresin (Relsfeld
at ml..‘ 1962), qel diffusisn (Nchterlsny, 1949),
tm:noelectropmres!é' {Grabor an? 4114am, 1955) and
gal giltratisn. Tho t7xin was found €5 be homdgoneds
onf was three tinmes an txic as the arude veni. The
toxie pratein was highly basices Malesular welaght »¢
tha taxin CM=YV-33 wan detormined by gel filtratisn am
vas found €5 bo appraxinmstely 7,000,



Aotiosn of the gruvia venom and the tixte
ampinent was astudied osn different bBinlsalcal praparations
in vivo as well as in yitro.

Study of neuraxmscular blosking action @

1) I viv> studlen ¢
Chicks.,

Cat gastragneniuns muscle.

2) In yityrs stud s

8) Neuramuscular proparating
Rat phrenic nerve dlaphragqmy
Chick biventer cervices.

b) Skelstal muncle preparations «

W Peog rectus abivminug misclae.
Gengeal pharmagdloqy ¢

viyo studies @

Cat dlo94 pressure and renpiratian,

In vitro studieg o
Guinea pig {lieum, '

Rat utarus,
Rabbit hoarts

Ratd (1961) oMdserved often rod oslsured urine,

Myaglsbimirea in sea snake poisoning eases. Tho axact
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cauge 2f which 1s still unknoun. Attempta ware male €9
ohasrve the mysglobinurea in _experimental molels such
as rate, quinea pigs and 43qs. We could not €(nd any
trace o€ my39lobin in the urine o€ the animals tented.

Tho wirk rovealed that venim of B.achintasa

- @I ses snake) from the Western e¢oast 3f Tnila aontains
single majsr nourstixin of 1oy mdleculor weinht, On
asmparissn, the tomiotity an? the malecular wedght, this
toxin CHeIV~Sa appeared t2 ba slightly different frem
the taxin (Tu ond Toom, 1971) an? twd nourstOxine
(Rarleoson and aker, 1973) L{o9lated £rim the samo spectles
€rom the Strait »f Halacoa. The pharmaeslogical studies
shwed that the brmimnt actisn £ tha toxdn is at
postejunat{isnal mombrane. The tIxin cXmpctes xyith the
scotylehnline &n a1 manner similar ¢ A«tubocurarine,

but {t differs from curare in {ts slw Aavelopment, {n
the imperfect antagonism by nodstigmine and in the
abasaence or slowncss 9f reversibilicy, The enzimetic
activities alad rovealed that R.aghistsqg vensm f2m

tha fastern gaiast >f Iniia {5 Atffarent from the venim
eollogted from the Stratt of Malacea.

The wark 9n oea snake ven has never heon
attempted i{n India., Ours 15 the firat investiqation of
this kind, Our present invastiqationpg have penet



vid

numerug avenuss £9r - further studies an the vensm of

sea anaken,s It 1ls €2 be hoped that as further Aata
beeimen availablo a deoper inderstanding 30 the ne

of astisn of these highly toxie vendms would be sshiaeved,

7 He

1, Borme,M. (1968) : "Vensmaus animals and tholy ven-no®,
V3l+1, Academio Prass, Hew York, p. 288,

2. Boquet at al. (1973) s Toxieon, Val, 2’%‘ 9.3, PP«III40.

3. Graber,P, and wWilliams, C.A. (1955) 1 Bischim,
Biaphys.Acta, 10, 193,

4. Hanriquos,S.B. ant Henriques, O.B. (1971)1 *Pharmae
aslagy ant Toxledlony 9€ Taturally Oscurring Toyeins®,
Vol.I,; Part II, Paragamon Prase, New York, pp.215-350,

5. J;tgamz-mrraa, T, (1968) ¢+ Ann.RovePharmaosl., 8,
2 h1g 2

6. Kariseon,B., Caker,D., 7ryklund,L, and Xudin, S.
(1972) + Bischemistry, 11, 4628.

7T« Lea,C.¥Ys (1972) ¢ Ann.Rev, Pharmacol., 12, 265-286.,
B, MelArum,B.S. (19685)¢ Arit. J. Pharmac., ag. 197-

9, Mirania, P., Kupayan,C., Rochat,li., Nochat,C., and
LtBﬂltﬂ(y.s. {1?’0’( ml’w’.ﬂimm.) Azo 47”.

10, Mhterlony, 0. (1949): Asta Pathal.ttersbisl.Seand,,

28+ 805,

11. Refd, H.A. {1957)t Brit.Mod.J., gc 1266,
12, Retd,H,A, (1961) 1 Dric.Mod.Y., 1, 1284

13, Reid,H,A. (1973)s *Taxins of animal and plant oriqine,
Valed, pPpe 9574983, Sofonce Publichors, "ow Vork.

14. Raisfeld,R.A,, Lowis,U.7, and Williams,D.Pe (1962) ¢
Hature, 195, 281,



viii

15, smith, M, (1926)s "Mond>graphs of gea snakes®, p.36.
16. Tu, A.T. (1973) t MGQRGV.B’.%"!BNQ » 52-' 135.
17-‘ m' A"l‘. (19?¢) ) Agti-?‘)‘.‘)d Chemga V'Jl.zz. No_.l.'p.35. .

18. '{gizh"r. and Toom, P.M, (1971)' J.Biol.Chem., 2&_6_'

19, Toom,P.M,., Squtze,P.G. and Tu, A.T. (1969)3 Bi”heﬂh
BiﬂthSqACtn‘!c mo 33%9.341.

20. Wall, (1921) ¢ "Snakes of Ceylon®, p. 123,
21, Zeller.~ E«As ‘1948)‘ MVDEHZWQIQQY; Vﬁlcg_o p. 459,

AR R

—_— e A Gur Ve

(3. Gawade)

signatufe7ofq\he Candidate.

Porvarded through the Research Guide i»

W

e M.B.Bhide)

Signature »f the Resgsearch Guia;:

b



ACKNOWLEDG EMENTS

It gives me great pleasure to express my deep
sense of gratitude to Dr. M.B,Bhide, M.D.,P.C.A.I,
Assistant Director, Department of Pharmacdlagy, Haffkine
Institute, for his invaluable guidance, readiness t»
help me at all times and inspiring encouragement through-
sut the course 9f this work.

I am greatly indebted t> Dr. B. B, Gaitonde, M.D.,
M.Se¢. (Med.) ,P.AsSee, Directs>r, Haffkine Institute, for
providing excellent facilities for this research work.

I am grateful to Prof., anthony T. Tu from
Colorads State University for his worthy comments and

valuable advice.

I am thankful t» Dr. N.E.Vad f£for his keen interest
in the problem and help for identification and extraction
of the venoin.

My thanks are als? due to Dr. G.S.Chhatwal, for
his able advice and constructive ecriticism, Mr. P.Y.Naik,
Mr. ReS.J9shi and Mre. R.B.Ghooi, £or their help and
a%9peratisn throughout the course >f£ present work.

I sinecerely thank t» Miss S.R.Hardikar, £>r her

untiring help, My ¢olleague Mr. S. B. Bhige, for his
excellent od«operation throughout the edsurse,

Last, but ndt the least, I am thankful ¢o all my
e2lleagues and members o>f the staff ¢ Pharmac>logy Deptt.

and all those who helped me directly or indirectly for the

suecass >f this work.
wy?yp. GAWADR




Statement under University Rule N9.0.412 and 0.413

As required by University Ordinance N2s.0.412
and 0.413 T state that the work presented in this thesis

which I intend to submit 4s 5f an original nature and

80 far, has not been submitted £or any degree £ this or
any sther Univegsity. Wherever rafarences have been
made t2 the woark of osthers, it has been clearly indlcated
with the sources of informatisn in the "biblisgraphy”.

The subject dealt with, has hardly been studled
in the country in such detalls and it is hoped that it
will create ¢onsiderable interest in the subjeet and

promdte further work.

(S« P.!Gawade)
Signatura >f the candidate

Certified that the above statemant made by the
student 1s correct.

P

~(Mu By Bhide)
Signature >f the Researah Guida







