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ABSTRACT

Globally, snakebite cases are estimated to be around 5 million annually affecting mainly
the residents of poorer counties like Africa and Asia, and in 2009 WHO has categorised
it as a ‘neglected tropical disease’. Currently the standard treatment for snake
envenomation is the use of anti-snake venom (ASV) therapy. However this is expensive
and not readily available in smaller hospitals in the developing world. Herbal medicine
has been and is still in use in some cultures for the treatment of snakebite and one such
plant is Tamarindus indica. This plant is found in many countries where snake
envenomation is also prevalent. This study was conducted to evaluate the potential of
using T. indica seed extract (TSE) to inhibit the effects of snake venom of three snakes;
namely Naja kaouthia, Ophiophagus hannah and Daboia russelli. The testa of tamarind
seed was used and it underwent ethanolic soxhlet extraction to obtain TSE. The
inhibition of the activity of the following enzymes i.e phospholipase A> (PLA>),
proteinase and phosphomonoesterase (PME) in vitro by the three snake venoms with
TSE was studied. SDS-PAGE experiment was conducted to observe the effects of TSE
on venom proteins. In vivo acute subcutaneous (SC) toxicity of TSE in ICR mice was
conducted. Study on the inhibition of lethality was conducted on each of the three snake
venoms when SC TSE was injected into mice. Venom concentration and site were fixed
but TSE concentration, time and site of injection were manipulated. Findings from
venom enzymatic inhibition studies showed that, TSE was able to significantly reduce
(p<0.05) all three venom enzymatic activities i.e PLA>, proteinase and PME. SDS-
PAGE experiment showed that venom protein bands were disrupted when venom
reacted with TSE. No signs of toxicity were observed over a period of 4 weeks when
mice were exposed to SC TSE 60 mg/20 g body weight except for skin ulcers.
Histological examination on liver, both kidneys and skin at the site of SC injection
showed no changes compared to the control group injected with SC distilled water. TSE
was able to increase the survival rate of ICR mice when exposed to each of the three
snake venoms regardless of the site of injecting SC TSE. Mice injected with N. kaouthia
or D. russelli venom, had increased 24 hour survival rate when SC TSE was given at 15
minutes; and of mice injected with O. hannah venom the 24 hour survival rate increased
with higher TSE concentration when given sooner. In conclusion, SC TSE was safe to
be injected up to 60mg/20 g and has the potential to delay the effects of venom from N.
kaouthia, O. hannah and D. russelli.
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(iii) double pattern scale (iv) (taken from www.snake
protection.com and www.quora.com on 12 Sept. 2015).

(a) Diagrammatic illustration of the snake venom gland and
venom duct in the fangs. (b) Scanning electron micrograph
of snake fangs with deep grooves (Gopalakrishnakone et al.,
1990).

Diagrammatic illustration of Viperidae venom gland. The
venom is synthesized at the venom gland (mg). It is then
moves to the primary duct (pd) through the accessory gland
(ag) and secondary duct (sd). The venom exits into the fang
pocket sheath (s) then travels through the fangs groove or
canal (f). Red arrows show the flow of venom into fangs
(taken from: http://jrscience.wcp.muohio.edu.. Downloaded
on 4 Jan. 2016).

The snakebite pattern with fang marks to identify species of
venomous snake and non-venomous snakes of Malaysia.
(taken from http://www.prn.usm.my. Downloaded on 12 Sept.
2015).
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Illustration of general symptoms of snake envenomation at
different organ systems. (taken from en.wikipedia.org
/wiki/File:Snake_bite_symptoms.png. Downloaded on 3 Dec.
2015)

Anti-snake venoms available in Malaysia imported from
QSMI Thailand and CSL Ltd. Australia. (Pictures taken from
http://www.saovabha.com and firom ‘Pharmacy Bullettin
hsmanjung .moh.gov.my’. Downloaded on the 28 Dec. 2015).

Formula to calculate the holding quantities of anti-snake
venom at any one time in one hospital in Malaysia (Ismail,
2013).

Tamarind tree and fruit used for this study.

Tamarind used for this study (a) fruit on the tree, (b) ripe
tamarind fruit, (c) shell removed from fruit exposing the pulp,
and (d) tamarind seed.

Conceptual framework showing the cause and effect
relationship between snake envenomation and the death
outcome. Venom enzymes that were studied are herein*.

Study design and general layout plan of the study.
General layout of animal grouping for in vivo study.
Tamarind fruit harvesting process

Tamarind seed being processed (a-g) to obtain powdered
ethanolic extraction

Mice grouping for the study of tamarind seed extract toxicity
experiment

Dorsal view of a mice illustrating the site where the venom
and tamarind extract were given. For same site, both venom
and extract were injected at A. For different sites, venom was
given at A followed by extract at B.

Protocol for SDS-PAGE experiment carried out for this study
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Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

Figure 4.9

Gel from SDS-PAGE showing the effects of tamarind seed
extract (TSE) on snake venom protein. Well 1: 17.14 ug
Daboia russelli venom only, Well 2: 17.14 ug D. russelli with
4.76 pg TSE, Well 3: 17.14 pg Naja kaouthia venom only,
Well 4: 17.14 ug N. kaouthia with 4.76 ug TSE, Well 5: 17.14
Hg Ophiophagus hannah venom only, Well 6: 17.14 g O.
hannah with 4.76 pg TSE, Well 7 & 8: empty, Well 9: TSE |
(167pg/100pl) only, Well 10: TSE 11 (250ug/100ul) only.

Pharmacological effects of snake venom PLA, (Mackessy,
2010)

Venom phospholipase Az enzymatic and inhibitory
experiment protocol

Figure 4.5 Effect of tamarind seed extract on venom
phospholipase A enzyme activity of Ophiophagus hannah,
Naja kaouthia and Daboia russelli. Result is the mean of
triplicate determination. Vertical lines represent SD. Blue
bars represent 100% venom phospholipase A, enzyme
activity and coloured bars represent the tamarind seed extract
inhibited venom phospholipase A2 enzyme activity.

Venom proteinase enzymatic and inhibitory experiment
protocol.

Effect of tamarind seed extract on venom proteinase enzyme

activity of Ophiophagus hannah, Naja kaouthia and Daboia
russelli. Result is the mean of triplicate determination.
Vertical lines represent SD. Blue bars represent 100% venom
proteinase enzyme activity and coloured bars represent
tamarind seed extract inhibited venom proteinase enzyme
activity.

Venom phosphomonoesterase enzymatic and inhibitory
experiments protocol.

Effect of tamarind seed extract on  venom
phosphomonoesterase enzyme activity of Ophiophagus
hannah, Naja kaouthia and Daboia russelli. Result is the
mean of triplicate determination. Vertical lines represent SD.
Blue bars represent 100% venom phosphomonoesterase
enzyme activity and coloured bars represent tamarind seed
extract inhibited venom phosphomonoesterase enzyme
activity.
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Schematic representation of adenosine generation by venom
enzymes from DNA/RNA hydrolysis. Venom enzymes
contained in ovals*, and bold letters* indicate end products
released upon enzyme actions (Mackessy, 2010).

Schematic representation of adenosine generation from ATP
hydrolysis by venom enzymes. Venom enzymes contained in
ovals, and bold letters indicate end products released upon
enzyme actions (Mackessy, 2010).

Grouping for acute subcutaneous tamarind seed extract
toxicity experiment

(@) Diagrammatic representation of a mice dorsally
illustrating the site where the fur was clipped and tamarind
seed extract (TSE) given subcutaneously. (b) and (c) show
mice dorsally clipped ready for subcutaneous administration
of TSE and their tail marked for the purpose of individual
identification.

Flowchart of tissue processing procedure

Flowchart of Haematoxylin — Eosin (H&E) staining
procedure

Graph of mean+SD mice skin ulcer surface area for toxicity
experiment when tamarind seed extract 45 mg/20 g and 60
mg/20 g were given subcutaneously.

Photographs showing skin ulcer progression (a-d) in mice
treated with TSE 45 mg/20 g over 28 days.

Photographs showing skin ulcer progression in mice treated
with TSE 60 mg/20 g (a-d) over 28 days.

Graph of mean+SD mice body weight for toxicity experiment
when tamarind seed extract 45 mg/20 g and 60 mg/20 g were
given subcutaneously.

Histological examination of Haematoxylin — Eosin (H&E)
stained kidney section of ICR mice. Normal kidney tissue
architecture seen in all images. There were mild congestion
of blood in interstitial tissue (b-d). B - Bowman’s capsule,
CT — convoluted tubule. Magnification 20x.

Histological examination of Haematoxylin — Eosin (H&E)
stained liver section of ICR mice. Normal liver architecture
seen in all images. Mild hydropic changes seen as blood
congested in CV and vacuolation of hepatocyte (c). CV —
central vein, H — hepatocyte. Magnification 20x.
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Histological examination of Haematoxylin — Eosin (H&E)
stained skin sections of ICR mice. Normal skin architecture
seen in all images. Magnification 20x.

Light yellow colour of lyophilized Daboia russelli venom
from Myanmar.

(a) Venom milking process of Naja kaouthia by zoo staff, (b)
Lyophilized N. kaouthia venom, (c) Venom milking process
of Ophiophagus hannah, (d) Lyophilized O. hannah venom.

Dorsal view of a mice illustrating the site where the venom
and tamarind seed extract (TSE) were injected
subcutaneously. For same site: both venom and TSE given at
(A). For different sites: venom was given at (A) and TSE was
given at (B).

Mice grouping to study the inhibition of venom lethality with
fixed venom concentration and fixed treatment interval but
tamarind seed extract treatment concentration changed.

Mice grouping to study the inhibition of venom lethality with
fixed venom concentration and fixed tamarind seed extract
treatment concentration but treatment time interval changed.

Mice grouping to study the inhibition of venom lethality after
receiving TSE 30 mg/20 g treatment 30 minutes post-
exposure to venom

Grouping of mice for histological examination to observe the
effects of TSE 30 mg/20 g in mice injected with venom.

Figure 6.8 Histological examination of Haematoxylin — Eosin
(H&E) stained kidney section of ICR mice exposed to Naja
kaouthia. CT — convulated tubule; B — Bowman’s capsule.
Magnification 40x.

Histological examination of Haematoxylin — Eosin (H&E)
stained kidney section of ICR mice exposed to Ophiophagus
hannah. CT — convulated tubule; B — Bowman’s capsule.
Magnification 40x.

Histological examination of Haematoxylin — Eosin (H&E)
stained kidney section of ICR mice exposed to Daboia
russelli. No specimen was available for the venom only group
at 1 week since all mice died within 48 hours of exposure to
venom. CT — convulated tubule; B — Bowman’s capsule.
Magnification 40x.
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Figure 6.11
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Histological examination of Haematoxylin — Eosin (H&E)
stained liver section of ICR mice injected with Naja kaouthia
venom. CV — central vein. Magnification 40x.

Histological examination of Haematoxylin — Eosin (H&E)
stained liver section of ICR mice injected with Ophiophagus
hannah venom. CV — central vein. Magnification 40x.

Histological examination of Haematoxylin — Eosin (H&E)
stained liver section of ICR mice injected with Daboia
russelli venom. No specimen was available for the venom
only group at 1 week since all mice died within 48 hours of
exposure to venom. CV — central vein. Magnification 40x.

Histological examination of Haematoxylin — Eosin (H&E)
stained skin section of ICR mice injected with Naja kaouthia
venom. Magnification 40x.

Histological examination of Haematoxylin — Eosin (H&E)
stained skin section of ICR mice injected with Ophiophagus
hannah venom. Magnification 40x.

Histological examination of Haematoxylin — Eosin (H&E)
stained skin section of ICR mice injected with Daboia russelli
venom. No specimen was available for the venom only group
at 1 week since all mice died within 48 hours of exposure to
venom. Magnification 40x.
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LIST OF ABBREVIATIONS

AMSEM Advanced workshop on marine and snake envenomation
management

H&E Haematoxylin - Eosin

HPLC High performance liquid chromatography

IM Intramuscular

v Intravascular

LDso 50% of lethal dose

LD1oo 100% of lethal dose

MHD Minimum haemorrhagic dose

MPT Mimosa pudica extract (Mimosa pudica tannin)

OECD Organization for Economic Co-operation and Development

PLA: Phospholipase A2

PME Phosphomonoesterase

rpm Revolution per minute

SC Subcutaneous

SDS-PAGE Sodium dodecyl sulphate-polyacrylamide gel electrophoresis
SMVPs Snake venom metalloproteinases

TSE Tamarind seed extract

XXii



LIST OF DEFINITIONS

Antivenom

A purified fraction of immunoglobulins or its fragments fractionated from the plasma
of animals that have been immunized against venom from one or several species of
snakes

Venom

The toxic secretion of a specialized venom gland which in the case of the snake, it is
delivered through the fangs and provokes deleterious effects. VVenoms usually comprise
many different protein components of variable structure and toxicity. VVenom enters the
victims via ‘injection’.

Toxin

A toxic substance, especially a protein, which is produced by living cells or organism
and is capable of causing disease when introduced into the body tissues. It is also often
capable of introducing neutralizing antibodies or antitoxins. Toxin enters the victims
via ingestion.

Calloselasma rhodostoma
Synonym to i) Agkistrodon rhodostoma
Common name: Malayan pit-viper

Daboia russelli
Synonym to: Vipera russelli
Common name: Russell’s viper, Chain viper

Daboia russelli siamensis
Synonym to: Vipera russelli
Common name: Eastern Russell’s viper, Siamese Russell’s viper

Naja kaouthia

Synonym to: Naja naja kaouthia, Naja-naja

Common name: Monocled cobra

It was formerly treated as a subspecies of Indian cobra (Naja naja)

Naja sumatrana
Synonym to: Naja naja sputatrix
Common name: Spitting cobra

Ophiophagus hannah

Synonym to: Hamadryad
Common name: King cobra
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

Snakes have been the subject of fascination, fear and myths all through history. In
ancient Egyptian times, the cobra was worshipped and its replica was used to decorate
the crowns of the Pharaohs (Belluccio & Johnson, 1992). In ancient Greek too,
Asclepius the demi-god of medicine carried a pole with two snakes entwined on it
(Wilcox & Whitham, 2003). The Greek mythology associates snake with being deadly
and dangerous. The infamous Medusa had snakes in place of hair (Graves, 1990). In
Hindu mythology, the cobra occupies the revered position i.e around Lord Shiva’s neck
and is protected from enemy, eagle or garuda (Lochtefeld, 2002). In ancient Chinese
astrology, the snake represents a month in the Chinese zodiac calendar (Eberhard,
2006).

The scientific classification of snake is shown below in Figure 1.1. The
pylogeny of snakes have gone through many updates through the years. The latest
update uses snake classifications by Pyron et al (2011). This classification is available
in Appendix A.

Globally, over 3400 species of snakes have been documented (Uetz & Hosek,
2015a). From that, peninsular Malaysia has over 141 known species of land and sea
snakes. Of these, 26 species of land snakes (Das, Ahmed, & Liat, 2015) and 21 species

of sea snakes are venomous (Lim, 1982). The medically significant venomous snakes



