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Su_mary : Scorpion (Buthus tamuius) venom was subjected to neutralization by treating the

venom with various chemicals such as hydrochloric acid, sodium hydroxide, thiourea, formal

dehyde, zinc sulphate, acetic acid and trichloroacetic acid. The venom was also subjected to

heat treatment. The levels of tNal protein, fref' amino acids and protease activity in neutralized

venom decreased significantly. The decrease in venom protein and free amino acids was in

proportion to the duration of the heat treatment and the concentration of chemicals used except

zinc sulphate, sodium hydroxide and thiourea. Protease activity of neutralized venom samples

also showed a decrease except with zinc sulphate which enhanced the enzyme activity. Intra

muscular injection of formaldehyde, trichl roacetic acid and heat treated venoms into albino rats

produced low mortality while thiourea and zinc sulphate were not effective in reducing the

mortality. Hydrochloric acid and acetic acid treated venoms reduced the mortality by 50% with

a decrease in the symptoms of envenomation. The changes were attributed to the denaturing of

venom protein by chemical and heat treatments.
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INTRODUCTfON

Neutraliz~tion of ven m toxicities by various compounds has recently become
important. Toxicity 'Aas destroy d \\-hen tlie toxir,s frl m the venom (f Androctol.Us australis

and Butllus occitarlUs were subjected to chymctrYf1 ic digestit n (I). Thes tability of neurotoxin
of ,.1. australis tcwards dtnatLring, gfn s such as ttrr.reJaltre and \>ariations in pH bas been
reported (2). Thc venom of Centrll/oides sculpturatus is moderately stable to heat treatment (3).
The lethal toxins of vent m of j e.urus quillquestliatus are dialysable (4). Keeping in view that

the toxic fractions o[ scorpion venom is proteinaceo !. (5), several protein denaturing agents
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were employed in the present study to neutralize the toxicity of Buthus tamulus venom, and the
changes in the levels of v nom proteins, free amino acids and protease activity were studied.

MATERIAL AND METHODS

The lyophilized scorpion (Buthus tmnulus) vencm was purchased from Haffkine Insti

tute, Bombay (India). Venom solutions (0.1 %) were prepared in physiological saline. The
chemical treatments include hydrochloric acid (0.1 N, 1 N, 5 N), sodium hydroxide (0.1 N,

I N, 5 N), thiourea (0.1 %, 1%, 5%), formaldehyde (0.1 %, 1%, 5%), zinc sulphate (0.1 %, 1%.
5%), acetic acid (1%, lC%, 50%) and trichloroacetic acid (0.1%, J%, l0%). These solutions
were prepared with distilled water.

One ml of venom solution was mixed with 0.5 ml of test solution and allowed for
30 min. For heat treatment of venom solution, 1 ml of venom was heated in a boiling water
bath at 100°C for 10 min, 20 min, and 30 min. The solution was then cooled and made

upto I ml with distilled water. All the venom samples were centrifuged for 5 min and the
supernatants were used for estimating the proteins, protease activity and free amino acids.
and for lethality studies.

Venom was injected intramuscularly into the thigh muscle of albino rats (Wistar Strain)
weighing 70±2 gm. Protein content of venom was I aken as criterion for the amount of
venom injected. LD50 (50% lethal dose) for 24 hr period calculated following the method of

Reed and Muench (8) as given by Carpenter (9) was found to be 3.8 p.g9-1• Mortality studies
were made by injecting different chemically treated venom samples and heat treated venom.

All the venom samples contained lD50 venom protein prior to treatments. Control animals

received either the saline or the respective chemical solutio'ns \.'!ith no venom. Protein content
(6), protease activity and free amino acid (FAA) c0ntent (7) were estimated in the venom

samples. The data was analysed for statistical significance following the method of Singh

and Bhasin (10).

RESULTS

The levels of total protein, free amino acids and protease activity of venom samples
treated with different chemicals decreas d significantly (Figs. 1-3). The decrease observed in
the protein con:ent .f venom treated with HCI, thiourea, formaldehyde, acetic acid and TCA

was in proportion to the concentration of chemical used. Maximum decrease was observed

ith 5 N HCl (60 17%', 5% thiourea (49.14%), 5% formaldehyde (50%), 50% acetic acid
(71 2f%) and II % TCA (55.17%1. 1 he decrease in vtnom protein was in proportien to the
duration of heat treatment exhibiting maximum decrease (r 983%) '" ith 30 min. treatment.
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The decrement in protein content of venom did not alter significantly with increase in
concentration of NaOH and ZnS04' however maximum decrease was noticed with 5 N NaOH

(43.1%) and 5% ZnSOt (39.31%) (Fig. 1).
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Fig. I Changes in the level of proteins in chemically treated 'lamples of Buthus tamulus venom.
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The Free amino acid (FAA) content of venom showed a decrease in all the chemically
treated and heat inactivated venom samples (Fig. 2). The decrease in FAA content was
concentration dependent with HCI, formaldehyde, acetic acid, TCA and heat treatment,
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exhibiting maximum decrease with 5 N HCI (96.12%),5% formaldehyde (51.93%), 50% acetic
acid (27.88%), 10% TCA (82.52%) and 30 min heat (95.26%). NaOH, ZnS04 and thiourea
resulted in a decrease of 31.32~~, 11.66%, 47.04% respectively at high concentrations while low
and medium concentrations did not exhibit significant decrease (Fig. 2).

•
I ".~ :2

e ~
u..,

~ .!J g

C ::l ~ ~ -520 0 .~ .!J c
U

GI N 10 ~.!! "U

~ f
u

1.80 0
.,

0~

:c .,
~ 4J

440 u E ~ "0 0 ;;
e .2 :>

~
:c

E .., "U .2 ~ 0;
gl.oo ~

0 ~ 0 ... C!I
Vl ...... u. ...... ~

OJ
> 3
0

Fig. 2 Changes in the level of free amino acids (FAA) in chemically t~eated and heat treated
samples of Buthus tamllilis venom.
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Protease activity also showed a decrease with all the treatments except ZnSO, which
produced a slightly enhanced activity (Fig. 3). Unlike the protein and FAA content, protease
activity showed maximum change with low concentrations of chemicals except ZnSO" formal
dehyde and heat. Maximum decrease in activity was observed with 0.] N Hel (85.71%),
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Fig. 3 Changes in the level of protease activity in chemical1y treated and heat treated samples
of Buthus tamulus venom.
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0.1 N NaOH (79.59%),0.1% thiourea (55.1%), 1% acetic acid (26.53%), 0.1% TCA (40.82%)
and 20 min heat (85.71%) while 5% ZnS04 resulted in a maximum increase (18.37%) in
enzyme activity (Fig. 3). The changes observed in the levels of proteins, FAA and protease
activity of venom samples subjected to various treatments were found to be significant
(P<0.05-0.001) except the decrease in the FAA and increase in the protease activity of the
venom samples treated with ZnS04 •

The animals injected with different low concentration chemical solutions alone (with no
venom) showed no mortality with no signs of damage to the organism while the animals
injected with lethal dose of venom showed restlessness, irregular respiration, licking at venom

injected region, abdominal twitches, paralysis of injected leg, hemorrhages and necrosis.
Sublethal envenomation (t of lethal dose) resulted in reduced feeding, temporary paralysis
and mild hemorrhages from which the animals recovered in 2-3 days. Of all the treatments,
the heat, formaldehyde and TCA produced low mortality (Table I) with no indications of
severe envenomation. The treatments, thiourea and ZnS04 were not effective in either
reducing the mortality or the symptoms of envenomation. The effects were same as
observed in controls. The treatments with acids (HCl and acetic acid) reduced the death rate
by 50%, with a considerable decrease in the symptoms of envenomation.

TABLE I : Mortality in rats with chemically treated and heat treated venom solutions.

S. No. Name of treatments Number of animals Number of animals % Mortality Symptoms of
injected died before 24 hrs envenomation

1. Control (LD6o) 6 4 66.6 +++
2. HCI (0.1 N) 6 3 50 ++
3. NaOH (0.1 N) 6 4 66.6 +++
4. Thiourea (1%) 6 3 50 +++
5. Formaldehyde (I %) 6 2 33.3 ++
6. Zinc sulphate (1 %) 6 4 66.6 +++
7. Acetic acid (1 %) 6 3 50 ++
8. TCA (0.1%) 6 2 33.3 ++
9. Heat (10 min. 100°C) 6 1 16.6 +

+++ : Syu,ptoms of lethal envenomation

++ : Symptoms of sublethal envenomation

+ : Reduced symptoms of envenomation

DISCUSSION

The decreased levels of protein and free amino acid contents and prot.ease activity with

acid treatments like HCI, acetic acid and TCA might be due to the denaturing effect of acids
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on venom protein and also due to inactivation of enzyme protease. McIntosh and Watt (I I)
made similar observations in the venom of C. sculpturatus. They found partial inactivation
of venom with 2.5% HCI and considerable inactivation of venom with nitrous acid. The
changes observed in the toxic components of B. tamulus venom with acid treatments might be
due to extreme acidic pH of venom, and denaturing of venom protein.

As observed in the present study, formaldehyde inactivation of venom was achieved by
Mclntosh and Watt (I I). Formaldehyde was also used for active immunization as well as
for the antivenin production (12). The decreased levels of toxic components observed with
NaOH might be due to high alkaline pH of venom, while the changes with thiourea are
because of damage to sulphydral groups. McIntosh and Watt (I I) reported that sulphydral

groups (-SH) are necessary for toxicity and the reagents which reduce disulphide bonds
reduce lethality, as does O-mcthylisourea. It was also reported that the compound dihydro
thioacetic acid containing sulphydral groups are effective in neutralizing snake venom (13).

Zinc is present in venom hemorrhagic toxins and enhances proteolytic activity.
Proteolytic activities of venom disappeared upon removal of zinc (14). Goucher and Flowers
(IS) reported that there is a direct relationship between hemorrhagic activity and venom
protease activity and found that EDTA (chelating agent) reduces both hemorrhage and venom
protease aCtivity. The elevation of protease activity in the present study might be due to the
stimulating effec: of zinc on venom enzyme activity.

The toxicity of venom can be retained indefinitely at 4°C in the lyophilized state. It
was found that the toxic principle is slowly inactivated by heat (3) while the toxic effects of
heated venoms were attributed to the activity of venom phospholipase A z, which is relatively
heat-stable:. The mortality rate and the envenomation symptoms observed with low concen
tration treatments of LDso venom, suggest that the heat, formaldehyde and TCA are more
effective in neutralizing the scorpion venom.

In general, high concentrations of treatments were more effective in bringing out
changes in the toxic components of venom but they were considered as rather harsh treatments.
Hence, low concentration treatments were suggested for neutralizing Buthus tamulus venom.
Whether or not the chemically detoxified venom has antigenic activity needs further study for
clarification.
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