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idus from northeastern, southern and eastern
erminations of morphology of Bungarus

The studies in four groups of Bunga

candidus from different localities of Thailand and @ group revealed color variation of the
typical black and white bands from ind -h. : ’h ividual. ame total length of snakes was shown
the difference in the body weight without sexes. The liquid venom yield per
individual snake was mainly correlated . i iological characteristics of all venom

groups demonstrated the diffe ctivities of phospholipase A,
acetylcholinesterase, L-amino 3 ase aluroni . moderate activity of alkaline
phosphomonoesterase and the low Wwiti sphodi d protease. The SDS-PAGE

iti e i - ces of the protein bands at the
8.1 — 41.3 kDa between the
ins on RP-HPLC were subjected

molecular weight from 7.1 t0"4
wild-caught and a captive-born
to individual variation within ea
In vitro studies for the cffe
blood cells revealed the significa . o alu etwee
blood (0.73 — 0.74% NaCl) and ve sated-EDTABlood (0.48% NaCl). The study for neurotoxic
effect in mouse phrenic nerve diaphrags pay i
3.5 and 7 pg/ml, all wild-caught ven tly more potent in inhibited indirectly
evoked twitches blockade than that ©i 1 p. For the studies of neutralization,
the neurotoxicity of B. candidus venom was-efl enuated by administration of antivenom
promptly () with venom or by f - ve and antivenom (1:4.8 w/v). The
administration of antlvenom tso blockade produ c?}age of reversal of the twitch
blockade. =
In vivo studies i

_ iovascular functions, renal
hemodynamics and toxinokinetics »systemic arterial blood pressure
(MAP) and heart rate. The or a short duration and then gradually
improved to approach the control level within 30 min. The falls in renal blood flow and glomerular
filtration rate with an increase irffrefial vascular resistaficé (RVR) accompamed with hypotension and
potrrpraog 87 iy bl A ) 3 50 e e
tended to decrease er intravenous injection
of B. candidus venom‘t the doses of 50 and 150 pg/kg showed that venom kinetics were fitted in bi-
compartmental open model without 51gmﬁ differences between two venonijgroups for the rate
o hae N e VNP b1 e Sk Ceance (CL
o e bt ek g (A3 oo cerance (L
7). The signifigant differences revealed in the values of A and B intercepts and the area under the curve
(AUC). The venom in urine was detected by ELISA technique at the given times between 5 — 120 min
after envenomation. These findings demonstrate that body responses to envenomation by B. candidus

bite not only affect to cell injury directly but also neurotoxic effect and systemic effects, particularly on
cardiovascular and renal functions.
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CHAPTER1

GENERAL INTRODUCTION

Venomous snakes produce their venoms from specialized venom glands,
which are evolutionarily related to maxillary salivary glands. Snake venoms are
heterogeneous compounds of proteins and peptides that have marked variations in
biological functions, induction of toxicities,ineluding immobilization and digestion of
the prey (Kochva, 1987; Keh, Armugam, and-Jeyaseelan, 2006). Differences in
biological properties of snake venoms have been widely studied. Interspecies and
intraspecies variations of sfake vvenoms have been rcported, which based on the
differences in clinical"observations and then through rudimentary experiments with
conflicting results (Chippatixy William,;* and White, 1991). Several reports have
described the variation ia venom biologic@ Jbroperties which depend on geographical
differences (Jayanthi and Gowda, 198{8;‘ ‘Daltry, Wister, and Thrope, 1997;
Shashidharamurthy et al.; 2002; Tsail":?‘gt: “al., 2003; Salazar et al., 2007,
Shashidharamurthy and Kempatajt, 20('}.7),'1."“ the season of venom collection
(Chaudhuri, Maitra,.and Ghosh, 1971; Mbﬁféﬁd et-al., 1998; Magro et al., 2001),
sexes and the age of snakes (Tun=Pe-er al; 1995; Daltry et al, 1996 & 1997;
Saldarriaga et al., 2003; Furtado, Travaglia-Cardoso, and Rocha, 2006; Menezes et al.,
2006). Because of the interspecies and intraspecies variations in the snake venom
components, the ttedtment of lefivenoming-istbestiachieved by the administration of
monospecific @1 polyspecific antivenoms. Monospecific antivenoms are used
preferentially. if. the envenomed patient properly identifies, the snake responsible for
the symptoms charactetized withinthe region (Jones, Lees-and Landon, 1999).

Bungarus candidus (Malayan krait) is a medically important venomous snakes
distributed widely throughout Southeast Asia. However, few data are available on the
comparative determination of the morphology of B. candidus snakes from different
parts of Thailand. The knowledge of geographical and individual intraspecific
variability of snake venom may be implied to the selection of pooled venom for
antivenom manufacturer and the approval of snakebite treatment (Gutiérrez et al.,

2009). Thus, the initial work of this thesis was concerned with the study of the



morphology of B. candidus snake from different parts of Thailand and its venom
collection (Chapter IV).

Envenomation by snakebites represents a serious public health problem in
tropical countries due to their high incidence, severity and sequelae. Several studies
have reported that the envenoming by snakebites is a complex process containing
many components which may affect local injury, neurological, hematological,
cardiovascular and renal functions disturbances after snakebites in the victim. It has
been known that more than 39 different enzymaé activities have been detected in snake
venoms. A number of studies-are available for-several enzyme activities in snake
venoms which act differentialiy of the body responses (Kumar and Elliot, 1973; Tu
and Hendon, 1983; Tan and Tan, 1987 & 1988; Pukrittayakamee et al., 1988; Dixon
and Harris, 1999; Duand Clemetson, 2002; Harris, 2003; Koh et al., 2006). Some of
these enzymes are chagactepistic constituejnts of venoms from certain snake families or
genera. Protease including Jkallikreins, ﬁ¢£ﬁonagins, enzymes affecting the blood
clotting cascade and hydrolases” of arginiﬁe ‘esters are predominantly found in the
venoms of Viperidae. Whereas phosph'&ip_ase B (or lysophospholipase) and
acetylcholinesterase are mainly-feund in \;.he'Jfljvenoms of Elapidae, with the latter
enzyme specifically in cobra (Naja, Hema'ciiﬁﬁtb) and krait (Bungarus) venoms. The
other enzymes such--as—phospholipase A5 (PEAs), L-amino acid oxidase, 5’-
nucleotidase, several phosphoesterases, and hyaluronidase are found in most venom
(Mebs, 1998). However, the biological components of B. candidus venom from
snakes distributedin differentigeography «aremot cléary The studies of the biological
characteristics ©f venoms, the lcthal toxicity, the enzymatic activities, and the
molecular weight of protein components of the venoms of B. candidus snakes from
three different localities 'in Thailafid ‘and  the captive-born snakes ‘were clarified in
Chapter V.

The Elapid snake venoms are mainly consisting of neurotoxins which cause
the well known feature of systemic neurotoxicity in envenoming by B. candidus bite
(Warrell et al., 1983; Pochanugool et al., 1997; 1998). The onset of neurotoxic
symptoms can appear within minutes or delay for hours. Few data are available for
the details of the fatalities of B. candidus envenoming especially the knowledge of the

biological components in venom. The first clinical data envenoming by B. candidus



from eastern Thailand and northwestern Malaysia was described (Warrell, et al.,
1983), with one patient responded to the treatment by Haffkine’s polyvalent
antivenom. The survey throughout Thailand in 1980, B. candidus was responsible for
28% of fatal snake bites which respiratory failure is the major cause of death
(Looareesuwan, Viravan, and Warrell, 1988). Some of the patients gradually
recovered after respiratory support and other supportive treatment (Pochanugool, et al.,
1997; Kanchanapongkul, 2002). The decreased parasympathetic activity in 3 victims
envenoming by the Malayan Krait from aortheastern Thailand manifested by
mydriasis, prolong hyperiension and tachycardia (lbaothong and Sitprija, 2001). The
autonomic disturbances of transient hypertension, tachycardia, lacrimation, sweating,
and salivation also manifested in 66% of patients with moderate to severe
envenoming by common keait{(Bungarus caeruleus) in Sri Lanka (Kularatne, 2002).
The secreted phospholipases Aé‘are the most common enzyme found in
various snake venoms igolated from the si'peikes in Families Elapidae, Viperidae, and
Crotalidae. The venom PLAjS possess ax-dig'estive function and the wide array of
pharmacological actions such as antiplaté‘li:ft,; anticoagulant, hemolytic, neurotoxic,
myotoxic, edema-inducing, hemorrhagic,;_c;ffyolytic, cardiotoxic, and muscarinic
inhibitor activities (Harris; 1991; Kini, 2003)';'“31'{0Wever snake venom PLA;s mostly
express their pharmaceiogicat-effects-on themr ownand some exhibit the full potency
of their pharmacological cffects only when they formi a complex, for example B-
bungarotoxin (Kini, 2003). Therefore more data are required to elucidate the effects of
B. candidus yenom on the'cytotoXicity and the netirotoxicity (Chapter VI).
Recentlygthe observation throws some doubts on the action of B. candidus
venom.in ;additional clinical.sign of.cardioyascular, and kidney function disorders
(Wirat Leeprasert,2008 personal ‘communication). Acute‘renal-failure is a frequent
complication observed in victims of snakebites. The pathogenesis of acute renal
failure after snake bites usually appears to be multifactorial. However, little is known
about the sequential pathophysiological changes of renal function after envenomation.
More information is required to study the alterations in general circulation and renal
hemodynamics induced by the B. candidus venom in the experimental animal
(Chapter VII). However, few data are available in aspects of physiological effects and

toxinokinetics of the B. candidus venom which mainly studied on its compositions,



sequence of amino acid, toxic and pharmacological properties (Abe, Alema, and
Miledi, 1977; Tan, Poh, and Tan, 1989; Chu, Li, and Chen, 1995; Dixon and Harris,
1999; Kuhn et al., 2000; Torres et al., 2001; Tsai, Hsu, and Wang, 2002; Khow et al.,
2003; Kuch et al., 2003). The envenomed victims by B. candidus bite responded
irregularly to the treatment by monovalent specific B. candidus antivenom depending

on the severity of neurotoxicity and the given time of antivenom treatment. Thereafter

, / enom was elucidated in experimental

snake and the action o in Chapter II. The methodology used in this work

the study of the toxinokinetics of

ﬂ-

animals in Chapter VIII.

Review of the lite

is described in Chapte offects of / didus venom on physiological

changes both in vitro Vi e s discussed and concluded in Chapter IX.
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CHAPTER II

REVIEW OF THE LITERATURE

Since the main emphasis of the work described in this thesis has been directed
towards the snake. This review deals largely publications relevant to Bungarus

candidus and its venom.

2.1 Characteristics of Bungarus candidus Linnaeus, 1758 (Malayan krait)

There are 196 species and subspecies of snakes presently indigenous to
Thailand, and 59 speciesgand’ subspecies would qualify as venomous snakes in
Families Elapidae and Viperidag,. of ‘-Wlhich the approximately 17 species and
subspecies are awargd as gmedically inj—rportant (Chanhome and Pauwels, 2007).
Bungarus candidus Linnaeus, 1758 (Malli*c'ldy;n krait) is the smallest species of genus
Bungarus (the Kraits) found in Thailaﬂ;dl The other two species are Bungarus
fasciatus (Banded krait) and Buungariis ﬂ&{;ic_eps (Red-headed krait). The maximum
length of B. candidus is 155 cii; with aduflfs; Jéiveraging 100 cm (David and Vogel,
1996). The body and tail are ’Cfoss-bandéci"\%’szh black bands, the ventral surface is
white. The head is black-or-grayish-black-above; the color extending posterior to the
first black mark on the nape so that an indistinct V-shaped mark is present. B.
candidus is distinguished from all of the similar-colored non-venomous snakes by its
enlarged vertebral§ (Soderberg,1973): /This docturnal andytetrestrial snake feeds on
cold-blooded vertebrates, primarily other snakes but also lizards, toads and frogs. It is
oviparous,. laying 4-10 eggs.per, clutch,, This snake.is. widely. distributed without
geographical” or' biological zZoneintnortheasteri, ‘eastern, 'southern and western
Thailand. Its foreign range includes southern Vietnam, Laos, Cambodia, and
peninsular Malaysia and extends through Singapore and the Indonesian Islands of
Sumatra, Java, Bali, and Sulawesi. (Chanhome et al., 1998; 2001; Cox, 1991; Cox et
al., 1998; David and Ineich, 1999; David and Vogel, 1996; Jintakune and Chanhome,
1996; Manthey and Grossmann, 1997).



2.2 Envenoming by snakebites

Venomous snakes are widely distributed throughout the world and are found
on every continent except frozen Antarctica and the colder elevations of the remaining
continents. Envenoming by snakebite is an important public health problem in the
rural tropics where the human populations experience high morbidity and mortality.
Many of the snakebite victims in these areas mainly seek for traditional treatments;
therefore the mortality rate is probably. underestimated. Clinical features of
envenomed victims are involved in different ofgans and tissues. Severe cases mostly
result from bites by snakes-of the families Viperidae (pitvipers and true vipers) and
Elapidae (cobras, kraits, mambas, coral snakes, Australian species and sea snakes)
(WHO, 2007). The greatest ampact of venomous snakes is felt in South Asia,
Southeast Asia, and“Sub-Sahatan  Africa, where estimates of at least 421,000-
1,841,000 envenomatiens and 20,000-94%000 deaths oceur annually (Kasturiratne et
al., 2008). )"

Toxic constituents in snake Venom'i-'can cause a wide array of physiological
effect to envenomed victims from-local i‘éqc_ti_on with pain and swelling to severe
systemic response and vital oOrgan invol\?érﬁg}lt (Sitprija and Gopalakrishnakone,
1998). Early systemic symptons and signs'tﬂ)‘f'r'e*'riVenoming by Elapid snakes manifest
tremor, marked salivation; —including —drowsmess: “Thercafter the neurologic
manifestations are ustally evidenced by ptosis, dysarthria, dysphagia, dyspnea and
respiratory paralysis (Gold, Dart, and Barish, 2002). Myotoxic venom is also
observed in Australian Flapid (snakes<such| das| Notechis: scutatus, Oxyuranus
scutellatus, Psuedechis™ colletti, P. affinis, P. porphyriacus, Pseudonaja textiles,
including some.of the kraits such.as Bungarus, multicinctus and Bungarus caelureus.
Myotoxin ' in ‘these ¥ snaké “venoins  causes” rhabdomyolysis— (Sitprija and
Gopalakrishnakone, 1998). Therefore, not only neurotoxicity but also myotoxicity
should be bewared in some case of snakebite by Elapid snakes.

Envenoming by the Malayan krait (Bungarus candidus)

Bungarus candidus venom possesses a powerful neurotoxin that causes severe
neurotoxicity (Warrell et al., 1983; Pochanugool et al., 1997; 1998). The onset of
neurotoxic symptoms can appear within minutes or be delayed for hours. Few data are

available for the details of the fatalities of B. candidus envenoming because bites



mainly occur in rural areas at night. Krait bites happen with a quick snapping motion
by the snake and initial lack of pain with little or no local edema or discoloration in
the victim. Most envenomed victims awaken with suspicious morning weakness, and
loin or abdominal pain. There is a slow onset of serious weakness and it is difficult to
identify the site of the bite. Therefore, medical attention is usually delayed
(Goonetilleke and Harris, 2002).

Paralysis of respiratory muscles is a potentially fatal manifestation of this
snake’s bite. It is especially notorious for rapid‘development of respiratory failure and
peripheral sensory neuropathy-in some case. Patients with respiratory failure were
successfully managed with the help of mechanical ventilation. This emphasizes the
importance of anticipation ef this complication and timely intervention. The treatment
of patients with neurbtoxi¢ envenomation with anticholinesterases is debatable as
some studies show faverable results whilé*others do not (Sereviratne and Dissanayake,
2002).

The first clinical data of five casé"s of envenomation by B. candidus from
eastern Thailand and northwestern MalaYéz};F;was described (Warrell, et al., 1983).
One patient responded to the treatment;_wi‘tjh Haffkine’s polyvalent antivenom
produced from the venoms of Bungarus ééé?ﬁ]e’us, Naja-naja, Echis carinatus and
Vipera russeli (preseitltyknown-as-Daboia russelit). 1 a survey of 15 provincial
hospitals throughout Thailand between October and December 1980, B. candidus was
responsible for 13 of 46 cases (28%) of fatal snake bites with the major cause of death
as follow; respiratory failure (13/13; 100%), pheumonia«6/13; 46%) and septicemia
(2/13; 15%) (Leoarcesuwan et al., 1988). Some of the patients gradually recovered
after receiving respiratory.support and. other, supportive. treatment.(Pochanugool, et al.,
1997; Kanchanapoiagkul, 2002). Laothong and Sitprija (2001) suggested the clinically
dominated symptoms by presynaptic neurotoxin in three victims envenoming by B.
candidus from northeastern Thailand.

Early systemic manifestations of envenoming by B. candidus included
headache, nausea, vomiting and myalgia. Within six hours after bites, patients
developed ptosis, opthalmoplegia, diplopia, had difficulty swallowing, increased
myalgia, blurred vision, occulomotor palsies, dysarthria, dysphagia, diffuse muscle

weakness to generalized flaccid paralysis, and ended up with respiratory failure which



was the major cause of death. Physical examination revealed normal pulse, respiratory
rate, blood pressure and temperature. The laboratory findings yielded normal results
of hematocrit, complete blood count, prothrombin time, urinalysis, blood urea
nitrogen (BUN), creatinine, SGOT, SGPT, alkaline phosphatase, serum bilirubin and
serum electrolytes (Na', K*, and CI). The bite sites were virtually painless with
adjacent minimal erythema and mild or no swelling (Pochanugool et al., 1997;
Kanchanapongkul, 2002). The interval time' of bite to hospital admission was 1-7
hours with the progressive paralysis upon arfival te the hospitals. The interval time of
bite to death was 3—288 hours (Looarcesuwan et al.; 1988).

In comparison with the other species of Bungarus snakes, autopsy study was
performed in the human deaths envenomed by Bungarus caeruleus (Common krait)
bite in Sri Lanka. In"thesacute deaths that died within 24 hours, one showed the
histological changes of acute fenal tubuiar necrosis and pan lobular microvesicular
fatty changes in the liver,sand the otﬁ'qr{ showed petichial haemorrhages in the
myocardium, renal cortex and adrénal glaﬁd macroscopically. One of the late deaths
revealed congestion of kidngys with corticéti‘ haemorrhage microscopically (Kularatne
and Ratnatunge, 2001). Inoculation of the B 'Jf'.'caeruleus crude venom in rat model
experiments revealed, biochemical alterations 'éﬁbh as.the increase of serum aspartate
aminotransferase, ¢réatine—kinase; lactate dehydrogefiase, alkaline phosphatase,
alanine aminotransfeérase, urea concentrations and induced hyperglycemia.
Histopathological changes were also found, such as hemorrhage, multifocal areas of
myocardial fibét nectosis and constrictionof blood vesselsinithe heart; congestion of
the vessels, hemorrhage and necrosis of proximal tubules in the kidney; congestion
and hemorrhage in.the liver (Kiran, More, and. Gadag,.2004; Mirajkar, More, and
Gadag, 2005). AUstudy' of histopathological ' changes “induced’ by-'the venom of
Bungarus ceylonicus in mice revealed significant inflammatory and necrotic changes

in the liver and brain, and congestion in kidneys (Nanayakkara et al., 2007).

2.3 The principle of neurotoxins in the Bungarus candidus venom
Snake venoms consist of numerous components such as enzymes, non-
enzymatic polypeptide toxins, and non-toxic proteins (Warrell, 1996) that have

different biochemical mechanisms evolved to immobilize prey and serve as a



digestive strategy that commences degradation of prey tissues internally. Snake
venoms also are used in defense against predators. The principal effects of snake
venoms are varied from presenting neurotoxicity, cardiotoxicity, nephrotoxicity,
myotoxicity, coagulopathy, vascular endothelial damage, local reactions and muscular
weakness to the envenomed patients (Warrell et al., 1983).

Studies of B. candidus venom, revealed that the most lethal components are
the phospholipase A, of which presynaptically acting toxins like the beta-
bungarotoxin (Bon and Saliou, 1983; Tan, et al’, 1989; Tsai, et al., 2002; Khow, et al.,
2002; 2003) and postsynaptically acting toxins like-the alpha-bungarotoxin (Nirthanan,
et al., 2002; Kuch, et al., 2003) from B. multicinctus, that is close phylogenetic
relationship to B. candidus(Slowinski, 1994).

Two highly lethal goxin fractions with phospholipase A, (PLA>) activity and
two polypeptide toxing were identified ;from a commercial B. candidus venom of
unknown origin (Tan et al., [1989). Tﬁgéé toxins exhibited high hyaluronidase,
acetylcholinesterase and phospholipase Az, moderately high L-amino acid oxidase;
low proteinase, 5’nucleotidase, alkaline ph'd:;phpmonoesterase and phosphodiesterase.
The X-ray crystal and Nuclear Magnetic Reéeﬁgnce (NMR) structure of a three-finger
toxin, named “bucandin’ from Balinese B.'.I"'c;biiﬁdidus vepom were demonstrated 63
amino acid residues, which-had-an-additional-disuifide n-the first loop and the unique
property of enhancing presynaptic acetylcholine relcase (Kuhn et al., 2000; Torres et
al., 2001).

The PEA,icDNAs from) the ¥e¢nhom gland of\Bi candidus (Bali, Indonesia
origin) were amplified and cloned (Tsai et al., 2002).  About 20 PLA, clones were
found to encode the B-bungarotoxin A-chains, Two.of the cDNA' clones encoded a
novel PLA; which'was desighated as “Bc-PL”, having 25 amino aeid residues and
belongs to group IB of the PLA, subfamily. It is structurally 61% identical to the
myotoxic/cardiotoxic PLA, from king cobra (Ophiophagus hannah) venom from
Kunming, China and the hemorrhagic/myotoxic PLA, from Australian tiger snake
(Notechis scutatus scutatus) venom. Therefore this is the first case in which a group
IB PLA; was found in krait venom (Tsai et al., 2002).

Three B-bungarotoxin like basic neurotoxins, T1-1, T1-2, and T2, with PLA,

activity were isolated from pooled B. candidus venom from southern Thailand (Khow
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et al., 2003). The lethal toxicity of these neurotoxins amounted to 30.5% of that of
crude venom, of which T1-1 and T1-2 are comparable to those of B1-BuTx from B.
multicinctus venom (Kondo et al., 1982a) and the major neurotoxin from B. flaviceps
venom (Khow et al., 2002). T2 exhibits comparable lethal toxicity of 2-BuTx
(Kondo et al., 1982b) and ceruleotoxins from B. fasciatus venom (Bon and Saliou,
1983). These toxins consist of two polypeptide chains with molecular weights of
15.5-16.5 and 8-8.5 kDa, respectively.' The amino terminal sequences of the two
chains exhibited similarity with those of the"A=chains and B-chains of B-BuTxs in the
venom of B. multicinctus:

The major postsynaptienienrotoxin was puritied and identified from the venom
of B. candidus from Java (J&uch'et al, 2003). This toxin was indistinguishable from a-
bungarotoxin which was isolated from B. muliicinctus venom. A phylogenetic study
revealed a close relationship between B- candidus and B. multicinctus (Slowinski,
1994; Kuch et al., 2003). These outstan(i'i_n;é studies of the toxins from B. candidus

venom are subsequent comparable” to the toxins previously identified from B.

#

multicinctus as follow: =

2.3.1. Presynaptic beta-bungarotoyéﬁl 'J(".‘B-BuTx)

Presynaptic neurotoxins have been i&éﬁﬁﬁed in the venoms of the four major
families of venonious—snakes; namely Elapidae; Hydrophiidae, Viperidae, and
Crotalidae. These toxinis display varying PLA, activities primarily involved in the
digestion of prey. Interestingly, the neurotoxic activity is not related directly to
phospholipase/activity: (Harris, ) 1997) 1 Peesyndptic Meutotexin generally produces
neuromuscular blockade by inhibiting the release of acetylcholine from the nerve
terminal, Their activity.is characterized by, a, triphasic, change.on evoked acetylcholine
release that effectto the ‘amplitude of 'end plate potentialy initially ‘a-decrease phase
(partial inhibition of acetylcholine release), followed by a transient increase phase
(facilitation of acetylcholine release), and then complete blockade phase (progressive
decline of neurotransmission) (Rowan, 2001).

B-Bungarotoxin (B-BuTx), the main presynaptic PLA; neurotoxin from the
venom of B. multicinctus (Taiwan banded krait), consists of two covalently bonded
subunits, the A chain (14 kDa) and B chain (7 kDa), cross-linked by an interchain
disulfide bond (Abe et al., 1977; Kondo et al., 1982a; 1982b). A chain, a single
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polypeptide of 120 amino acid residues, is the active subunit responsible for PLA,
activity and neurotoxic effect (Chang and Yang, 1988; Chu et al., 1993). Whereas B
chain, a smaller polypeptide of 60 amino acid residues, might be responsible for the
blockade of certain voltage-gated K" channels that do not involve A chain (Benishin,
1990). The study in Xenopus nerve-muscle cultures demonstrated that both A and B
chains are indispensable parts of B-BuTx and functionally involved in neurotoxic
effects, the facilitation of neurotransmitter release (Liou et al., 2004).

The B-BuTx family from B. multicincius venom contains more than 16
isotoxins, of which each-isetoxin shows two-impertant structural features (Chu et al.,
1995). The two subunits of each isotoxin interact to stabilize the antigenic
determinants of intact toxim! Lhe correlation of the isotoxins with a common PLA,
subunit but with differént aon-PEA, subunifs is important in the role of each subunit
in the PLA,; activity-dependent and the Pi:Az activity-independent neurotoxic effects,
both of which block the neugomuscular tr;fgsaf-nission.

Tseng and Lin-Shiau (2003a; 2003‘6-) demonstrated that the B-BuTx-mediated
increase in the influx of Ca’" im'the cultured prlmary cerebellar granular neurons
(CGNs) induces an imbalance 1n nntochondﬂal homeosta51s leading to mitochondrial
dysfunction. Moreoyer, the [Ca” i elevation is a ‘secondary messenger for triggering
reactive oxygen spectes(ROS) production; which induces neuronal death. These
findings establish a direct link between B-BuTx-induced-neurotoxicity and Ca®" and
mitochondrial dysfunction.

The presynaptically netrotoxicimechanismiof f:BuTxwas investigated and it
was discovered, that B-BuTx inhibits phosphorylation of synapsin I, the growth-
associated protein 43 (GAP-43),.and the myristolated alanine-rich“C-kinase substrate
(MARCKS). Inhibitiont of ‘phosphérylation' may be ‘associated ‘with-its blockade of
Ach release, suggesting that the PLA; activity of B-BuTx may not be essential for its
action (Ueno and Rosenberg, 1995; 1996). Inoculation of the sublethal doses of -
BuTx from the venom of the Taiwan banded krait (B. multicinctus) into the hind limb
of rats caused the depletion of transmitter from the motor nerve terminals and the
degeneration of the motor nerve terminal and intramuscular axons (Dixon and Harris,

1999; Prasarnpun, Walsh, and Harris, 2004). This observation can explain the
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severity of the neuromuscular paralysis and the difficulty in management of victims
envenomed by kraits and other related snakes of the family Elapidae.

Patients bitten by snakes whose venoms contain large quantities of
presynaptically active neurotoxins suffered profound neuromuscular paralysis and
were extremely difficult to manage. They required long periods in intensive care
(Laothong and Sitprija, 2001; Goonetilleke and Harris, 2002; Kanchanapongkul, 2002)
because they did not respond to antivenom. (Warrell et al., 1983; Looareesuwan et
al.,1988; Viravan et al.,1992) or to procedures expected to relieve neuromuscular
blockade such as anticholinesterase and-diaminopysidine (Trevett et al., 1995).

2.3.2. Postsynaptic alphasbungarotoxin (¢-BuTx)

Postsynaptic a-neusotoxin has been investigated more than any other snake
toxins. They are the major,Components of the snake venoms of the families Elapidae
(e.g. cobras, kraits) and Hydrophiidae;*(sea snakes). The common target of a-
neurotoxin is the musclemicotinic acetylcﬁpﬁne receptor (nAChR) (Endo and Tamiya,
1991), a ligand-gated ion channel on thé‘i-'pbstsynaptic fold of the neuromuscular
junction with the subunit stoichiomctry"éf; a2Byo (Karlin, 1993). a-Neurotoxins
prevent the binding of acetylcholine (Ach) E;ﬁdﬂfihe subsequent Ach-induced ion flow,
resulting of neuromuscular inhibition and céﬁérifig'paralysis in the envenomed victims.
They display differéni -bmdng kinetics-and different affinity for subtypes of nAChR
(Hodgson and Wickramaratna, 2002).

a-Neurotoxins are polypeptides with molecular weights ranging from 7 to 8
kDa and have @ charactetistic thte¢-dimensional |(3D)Structure called the three-finger
structure. To date, approximately 100 "a-neurotoxins have been isolated and
sequenced (Endo and Tamiya,.1991)..These toxins are classified as.long or short a-
neurotoxins depending on thé nambér+of amino facids present.’Short a-neurotoxins
contain 60-62 amino acids and four disulfide bridges in common positions. Long a-
neurotoxins are formed by 66-74 residues and contain another fifth disulfide bond.
Long toxins associate and dissociate much more slowly than short a-neurotoxins. In
the muscle-type AChR (in addition to a 7, a 8, and o 9 neuronal subtypes), the most
profusely used long a-neurotoxin is the a-bungarotoxin (Arias, 2000).

a-Bungarotoxin (a-BuTx) isolated from the venom of Taiwan banded krait (5.

multicinctus) (Mebs et al., 1972) binds to acetylcholine receptors and has been used in
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experiments to demonstrate reduction in acetylcholine receptor sites in postsynaptic
membrane (Drachman et al., 1976). Alpha-cobra toxin which has a similar action
produces features of myasthenia gravis in the experimental animals (Satyamurti,
Drachman, and Slone, 1975). a-BuTx represents an interesting structural intermediate
between long postsynaptic neurotoxin, particularly x-neurotoxin, from the venom of
Naja haji haji (Aird et al, 1999). It has been valuable ligands in characterizing and
purifying muscle nicotinic receptors. o-Bulxalso have C-termini 7-9 residues longer
than that of gamma-bungarotoxin (y-BuTx)- Otherdifferences include the N-terminal
three residues and residues53—62. In the latter segment, y-BuTx residues Pro-53, Ser-
54, Thr-60, and Phe-62 arc unique:

Bucain, isolated fsom.the wvenom of Bungarus candidus, is structurally
classified as a three-fingesed j-neurotoxin possessing a positively charged AChR-
binding site (Murakami, Kini,and Arni,;2009). This toxin has molecular masses of
approximately 6,000-8,000Da and énéompasses the potent curaremimetic
neurotoxins which confer dethality to Elapi’dd'e and Hydrophidae venoms (Watanabe
et al., 2002). s

2.3.3. Postsynaptic gamma-bungarﬁtd};in (y-BuTXx)

The structure.of y-BuTx, a toxin oM B, mudticincius venom, was determined
using mass spectromeiry-and -Edman-degradation: The toxin has a mass of 7,524.7 Da
and consists of 68 "amino acid residues. y-Bulx is represented structurally
intermediate between long postsynaptic neurotoxins, particularly kappa-bungarotoxin
and the elapid-toxin jof unknown pharmacology) su¢ch as«CM=11, from the venom of
Naja haji haji. Its C-terminal nine residues are identical to those of the x-neurotoxins.
Its disulfide. bond.locations .appear identical., to-those .of several elapid toxins of
unknown pharmacology 'andvits hydrophobicitytprofile~is also' steikingly similar.
However, with an LD50 of 0.15 mg/g intravenously in mice, y-BuTx is 30-150 fold
more toxic than other members of this latter class. Its toxicity is comparable to those
of nicotinic acetylcholine receptor antagonists (Aird et al., 1999).

2.3.4. Postsynaptic kappa bungarotoxin (x-BuTx)

Kappa-bungarotoxin (x-BuTx), a postsynaptic neurotoxin purified from the
venom of B. multicinctus, exhibits a potent effect to block a transmission at the

neuronal nicotinic receptor in several neuronal systems. The three known x-
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neurotoxins are reported, namely kappa 2-bungarotoxin and kappa 3-bungarotoxin
from B. multicinctus and kappa-flavitoxin from B. flaviceps (Chiappinelli et al., 1987;
Chiappinelli and Wolf, 1989; Chiappinelli et al., 1990). x-BuTx is actually more
potent at neuronal nicotinic receptors than at muscle nicotinic receptors, the toxin is a
valuable ligand for comparing the active sites of neuronal and muscle nicotinic
receptors. The amino acid sequence of x-BuTx shows greatest homology to the
curaremimetic postsynaptic long neurotoxins of which a-BuTx is also a member.
However, there are some striking differencesS.between x-BuTx and other members of
this group which may explain its unusual-ability-to block neuronal acetylcholine
receptors.

2.3.5. The criteria o differentiate the post-synaptic bungarotoxins

The criteria to"differentiate the post-synaptic bungarotoxins involve; a) The
structure of toxins, b) Fhe amino acid secfuences, ¢) The molecular weight and d) The
site of action (binding sit€) at neuromuscul_arJ Junction.

Alpha-bungarotoxin = («-BuTx) is ‘polypeptide with molecular weights
ranging from 7 to 8 kDa. It 1s a*long a-ﬁéu(of[oxins formed by 66-74 residues and
contains another fifth disultide bend. Long féxijﬁs associate and dissociate much more
slowly than short a-neurotoxins. The comion target .of a-BuTx is the muscle
nicotinic acetylcholifie-receptor (nAChR); preventing the binding of acetylcholine
(Ach) and the subsequent Ach-induced ion flow, resulting in neuromuscular inhibition
and causing paralysis. It displays different binding kinetics and different affinity for
subtypes of nAChR.| a:BuTx @lsorhas) C-termini 79 tesidues longer than that of y-
BuTx. Other differences include the N-terminal thrée residues and residues 53—62. In
the latter segment, y-BuTxresidues Pro-53, Ser-54, Thr-60, and Phe-62 are unique.

Gamma-bungarotoxin (y-BuTx) has a miolecular weight 0f:7524.7 Da and
consists of 68 amino acid residues. Eight of the cysteine residues in y-BuTx occupy
the same positions as those of the x-neurotoxins, however the remaining two are
dissimilar, implying that the three-dimensional topography of y-BuTx differs from
that of the x-neurotoxins. Specifically, the disulfide linking Cys-30 and Cys-34 is
missing. y-BuTx also possesses three N-terminal residues that x-toxins lack. In
addition, a nine-residue segment (residues 7—15) differs from the x-toxin sequences,

although Phe-8 of y-BuTx is quite hydrophobic, as is Ile-8 of the x-toxins. This
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segment contains the putative variant disulfide bond between Cys-6 and Cys-11. y-
BuTx lacks Arg-37 that thought to be essential for the activity of x-toxins. This
arginine residue is common to all a-neurotoxins as well, and has been implicated as
essential to an effective blockade of peripheral nicotinic receptors. y-BuTx possess an
arginine at position 39, where all x-toxins possess a proline, and where most a-toxins
possess a lysine (position 41). y-BuTx also has an arginine at position 33. Most a-
and all x-toxins have a glycine in position 40, and also possess a disulfide bond near
the tip of loop II (Cys-30-Cys-34) that is+lacking in y-BuTx. In a- and all -
neurotoxins this disulfide-bond secures -an -interior three-residue loop to the
descending side of loop II. It.is impossible to predict the conformation of loop II of y-
BuTx, but it is possible that Arg=33 occupies a position in three-dimensional space
relatively close to that'of Arg-32 or Lys-32 in r;-bungarotoxin.

Kappa-Bungagotoxin (x-Bu¥x) ;COHSiStS of a single polypeptide chain of 66
amino acids with a molgcular weight of ’7,3 ’-13 Da (Grant and Chiappinelli, 1985). It
contains 10 cysteinyl residues, pre‘sumably-'afranged in five disulfide bonds, and is
completely devoid of methignine-and tryp't(':;pl;lan. x-BuTx is more potent at neuronal
nicotinic receptors than at musele nicotinie 'Jf'}eceptors due to the differences of
individual amino acid side-chains in the 'B'fﬁéding of x-BuTx to the receptor. The
complete amino acid-sequence of x=Bulx 1s clearly distinguished from the related
long-type postsynapti¢ a-neurotoxins in having a much-reduced C-terminal tail, the
lack of the a-neurotoxin-invariant Trp-26, having an invariant prolinyl residue
adjacent to thé.nvariant Arg-34/Gly-35, and'a leucine residue at position 57 (Grant
and Chiappinellij 1985; Chiappinelli et al., 1996). The shortened COOH-terminal tails
of k-BuTximay-well, aceount for their selatively, weak,binding-to,the nicotinic receptor
found at the neuromuscular junction. The a-neurotoxin-invariant Trp-26 is an
important determinant of binding the toxin to muscle AChR, therefore the lack of the
invariant Trp-26 in x-BuTx may lead to weak binding to muscular nicotinic AchR.

The dimerization of x-BuTx is important in accounting for the potency of « -
BuTx in autonomic ganglia. x-BuTx binds to both a3-containing receptors in

autonomic ganglia and al-containing muscle receptors. There are two distinct regions

of the a3-subunit where x-BuTx interacts. The first region is located near N-terminus
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of the subunit (51-70), while the second region is located between residues 183 and
201. The Arg-34 and Pro-36 residues in x -BuTx are critical for binding o3-
containing neuronal AChR.

2.4 Enzymes in snake venom

Enzymes are the first clearly recognized components of snake venoms.
Several enzymes are discovered and involved in many levels of venom action. They
may serve as spreading factors, or they imay produce such as bradykinin and
lysolecithins in tissues of preys or predators. Seme enzymes potentiate the toxic
action of others. The analysis-of a single enzyme may, therefore, not fully reveal its
biofunction of snake venom«(Zcher, 1977). Enzymes mainly found in snake venoms
are listed as follow; ,

2.4.1. Phospholipase A; enzymes (PLAs)

Phospholipase #7 Ay enzymes (PLAss) catalyse the hydrolysis of
glycerophospholipids at.the sn-2 acyl bonﬁ ;eleasing lysophospholipids and free fatty
acids (Lambeau and Lazdunski, 1999). PLAzé enzymes were isolated from a number
of snake venoms (Harris, 2003; Koh et al.;éQQ_6). Snake venom PLA; enzymes share
similarity in structure and catalytic-activity ‘Wltjh mammalian PLA, enzymes (Gelb et
al., 1995). In contrast to mammalian PLA;’Ié_ﬁ:z_ymes which are generally nontoxic,
snake venom PLA; enzymes exhibit a diverse devastation by interfering with the
normal physiological processes of the wvictim and inducing a wide variety of
pharmacological effects, such as neurotoxicity (presynaptic and postsynaptic
neurotoxicities), ‘myotoxiCity. /(local! 'myonecrosis © and) ‘Systemic myotoxicity),
cardiotoxicity, anticoagulant effects, platelet aggregation initiation and inhibition,
hemolytic » activitys, hemeglebinurea, , sinducing .activitys int€érnal hemorrhage,
convulsant” activity, ‘hypotension’ activity, edema“inducing activity,~organ or tissue
damage (liver, kidney, lungs, testis, pituitary damage) (Yang, 1994; Kini, 2003).
PLA,s from different venoms or even the same venom can display in different
pharmacological activities, indicating to the complication between structure and
pharmacological activities of this enzyme. On the other hand, several PLA, enzymes
can exhibit the same pharmacological effects through different mechanisms (Kini,
2003). For example, different neurotoxic PLA, enzymes could bind to different target

proteins and exhibit similar presynaptic neurotoxic symptoms. Moreover the
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interactions of PLA, enzymes and cardiotoxins contribute significantly to the
enzymatic and pharmacological activities of PLA, enzymes (Condrea, Barzilay, and
Mager, 1970).

2.4.2. Acetylcholinesterase (AChE)

Acetylcholinesterase (AChE) is a neurotransmitter esterase that breaks the
acetate ester bond found in acetylcholine. Its main site of action is in the synapse and
some vesicle-contained acetylcholine may be degraded. The end result is an inability
to enervate smooth muscles and an inability“to relax striated muscles resulting in
spasmodic paralysis and semetimes a eoncurrent-drop in blood pressure and difficult
breathing.

Elapid snake venoms usually contain a strong AChE activity (Tan and Tan,
1988; Kumar and Eliot, 4973) which can vary significantly among the different
venoms from the same species (Tan aﬁd Tan, 1987). Purified AChE from snake
venoms has not contributed any lethal toxigi:ty in its own right. It acts in co-operation
with or as a facilitator for other venom cqfnpOHentS by hydrolyzing acetylcholine in
terms that retard the normal physiclogy (;r defensive response of the victims. It
provides a more subtle contribution to the péisgf;ing or digestion mechanism.

2.4.3. L-amino acid oxidase (LAAO) ©

L-amino acid-oxidase (EAAO) 1s-widely found i thany organisms including
venomous snakes of the families Viperidae, Crotalidae and Elapidae. LAAO is a
flavoprotein consisting of two identical subunits, with a molecular mass of
approximately; 110z 15@ KDay which catalyses thel steteospecific oxidative deamination
of L-amino acid;substrate to an o-keto acid along with the production of ammonia
and hydrogen .peroxide. -The. enzyme ,is highly, specific for .L-amino acids, and
generally hydrophebic amino ‘acids’(e!g: L-leucine; L-phenylalanine,-tryptophan, L-
methionine and L-isoleucine) are the best substrates (Du and Clemetson, 2002). The
purified enzymes are glycoproteins with 3-4% carbohydrate content. Deglycosylation
of the enzyme did not alter the enzymatic activity but appeared to alter its
pharmacological activities. The amino acid sequences of snake venom LAAOs
showed a high degree of homology.

X-ray structural analysis of LAAO revealed a dynamic active site which

consisted of three domains in each subunit: a FAD-binding domain, a substrate-
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binding domain and a helical domain (Pawelek et al., 2000). LAAOs exhibit moderate
lethal toxicity. Recent studies showed that LAAOs are multifunctional enzymes
exhibiting edema-inducing and hemolysis (Ali et al., 2000), platelet aggregation
activating (Li, Yu, and Lian, 1994; Al et al., 2000) or platelet aggregation inhibiting
(Sakurai et al, 2001; Takatsuka et al., 2001), apoptotic inducing (Torii, Naito, and
Tsuruo, 1997) as well as anti-bacterial effect (Stiles, Sexton, and Weinstein, 1991;
Tonismiagi et al., 2006), anti-coagulant effect (Sakurai et al. 2003) and anti-HIV
effects (Zhang et al., 2003). All of these effecisarethought to be at least partly related
to H,0, production because-eatalase; an H,Os5 seavenger, inhibits the actions of
venom LAAOs (Du and..€Clemetson, 2002). A better understanding of the
pharmacological actions of TAAOs will facilitate the application of snake venom
LAAOs in the design of anticcancer and anti-HIV drugs as well as drugs for the
treatment of infectious'disgases caused by Parasites such as leishmaniasis (Tan and
Fung, 2008). The isolated' [ -amino acni:_d ‘oxidase from the venom of Gloydius
blomhoffi, M-LAO, prolongs the APTT, PT and fibrinogen clotting time and cleaves
the Aa-chain of fibrinogen. LAG 1nh1b1t0rs or, catalase did not inhibit these effects.
The M-LAO fraction also contained a smallmount of 39 kDa metalloproteinase. The
prolongation of clotting time and degradatlon of fibrinogen were inhibited by a
metalloproteinase 1nhibitor. Therefore, the anticoagulant activity of the M-LAO
fraction was due to the 39 kDa metalloproteinase (Fujisawa, Yamazaki, and Morita,
2009).

2.4.4. Proteases (PRO)

Proteases;or proteolytic enzymes are mainly found in the snake venoms from
vipers and.seme, Australian, snakes. T'wo types-of-proteases; serine endopeptidases (or
serine protease)' and metalloendopeptidases (or“metalloprotease), -found in snake
venom causing hemorrhagic edema and coagulation disorders (Murzaeva, Malenev,
and Bakiev, 2000; White, 2005). These two classes differ in their mechanism of
action and they target different amino acid sequences in fibrin(ogen), but each
perform the same role in nature. These enzymes facilitate the spread of the toxic
components throughout the circulation by breaking down fibrin rich clots and help to
prevent further clot formation by their action on fibrinogen (Swenson and Markland,

2005).
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Snake venom metalloproteases (SVMPs) act mainly as hemorrhagic factors,
also called hemorrhagin, because they degrade the proteins from the endothelial basal
membrane (Ramos and Selistre-de-Araujo, 2006). SVMPs can also inhibit the platelet
aggregation and trigger the release of cytokines which are associated with the
proteolytic digestion of basal membrane related to the induction of hemorrhage
(Laing and Moura-da-Silva, 2005; Schattner et al., 2005). The proteolytic activity of
SVMP induces the hemorrhage, inflammation and necrosis that characterize the local
lesion usually observed in envenoming by Viperidsnakes (Laing et al., 2003).

2.4.5. Phosphodiesterases (PDEs)

Phosphodiesterases (PDEs) catalyze the hydrolysis of phosphodiesters to
phosphomonoesters. They.arc found in a wide variety of tissues and organisms as
intracellular and extracellular PDEs (Contiet al., 1995). Intracellular PDEs play a role
in signal transduction by regulating ‘the g-eellular concentrations of cyclic nucleotides
(Bentley and Beavo, 1992). Extracellulﬁ; JPDES known as exonucleases, exist in
venoms and their role in enyvenommation 1s mostly by attacking nucleic acids. The
prime substrate for PLA, is phosphatide‘tholine (PC) which upon cleavage is
converted to lysophosphatidyl chetine (lysoPCJ) LysoPC of various acyl chains were
demonstrated to enhance considerably thé activity ..of snake venom PDE.
Lysophosphatidic a¢id-(EPA)-and-1ts-eychic form (eEPA) Wwere found to inhibit PDE
in a non-competitive (LPA) or competitive (cLPA) manner. This finding contributes
to the progression and subsidence of the poisoning profile that upon venom inception
PLA, and PDE-actiin tandem,iire. PLAj causes/cell lysSis-anddliberates lysoPC, which
acts further togactivate the PDE in its deleterious DNA and RNA degradation
(Mamillapalli.et.al.,.1998).

Snake venom ‘PDE purified“from' Crotalus ' adamanteus'-represented the
chelator inhibition and the atomic absorption analysis indicated that snake venom
PDE is a zinc metalloprotein enzyme. Snake venom PDE shares a number of
mechanisms in common with the nucleotidyl transferases (Pollack, Uchida, and Auld,
1983). PDE breaks the phosphate bonds that provide the backbone for nucleic acid
rendering DNA and RNA useless in the effected cell causing apoptosis. PDE accounts
for the negative cardiac reactions in victims, most notably a rapid drop in blood

pressure.
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2.4.6. Hyaluronidase (HYA)

Hyaluronidase (HYA) is an invariant factor in the venom of snake, bee, spider,
scorpion, lizard, stonefish, wasp and hornets (Girish et al., 2004). This enzyme is
generally referred to as a spreading factor which is involved in the diffusion of target-
specific toxins from the site of the bite into the general circulation. HY A potentiates
the toxicity of venom by increasing the influx of systemic toxin.

2.5 Differences in toxicity of snake venom

Snake venom contains more than ene toxin, and in combination the toxins
have more potent effect than-the sum of their individual effect. Differences in venom
composition and toxicity canwvaty among individuals of the same species (Braud, Bon,
and Wisner, 2000; Salazar. et al.,. 2007; Shashidharamurthy et al., 2002;
Shashidharamurthy and Kemparajp, 2007; Tsai et al., 2003), and even in the same
litter. Such variations are found in ath spécies of snakes and are often greater among
geographically different populations: The Ji-/arying clinical symptoms of Russell’s
viper bites in Southeast Asia (Wattell, 19‘85‘-’& 1989) were implied to analyze the
differences of the venom composition an'd:ﬁ‘r"t(;)xicity of Russell’s viper venom from
three localities in India (Jayanthi-and Gowéa, 'Ji988). Venom toxicity may also vary
over time or season in the same indirvidual (Maﬁfeiro et al ,.1997 & 1998; Magro et al.,
2001). Venoms collected-1mmediately-after the-moitng period and after prolonged
fasts are ten times mot€ toxic than after a plentiful meal or before the molt (Chaudhuri
et al., 1971). The venom of newborn and small juvenile snakes appears to be more
potent than thase adults jof the same species (Tun*Pe etal,«1995), but some studies
presented no significance of age-dépendency in the biological properties and protein
composition.(Tan, Armugam,.and Mirtschin, 1992; Tan, Ponnudurai, ,and Mirtschin,
1993a; 1993b).

This review of the literature reveals that most of the studies of the neurotoxins
of genus Bungarus have been based upon studies of the venom of B. multicinctus.
Therefore, advanced research into the venom of B. candidus might yield results that
add significant new information and result in improved clinical therapeutics for those
victims envenomed by B. candidus. It is hoped that this will be a beneficial result for
the citizens of the Kingdom of Thailand and for people living within the range of B.

candidus.



CHAPTER III

MATERIALS AND METHODS

The present studies were based on four series of separate experiments in both
in vitro and in vivo studies. The first series of study was conducted on the study of
morphology of Bungarus candidus snake (Chapter 1V). The second and third series
were in vitro studies which were catried out to investigate the biological
characteristics of the venem-of B. candidus snake-and the trial experiments for effects
of venom on neurotoXicity.«inmouse phrenic nerve-diaphragm preparation and
hemolytic effect in rabbit séd blood cell (Chapter V and VI). The forth series of in
vivo studies were conducted 1 experimental animals (Chapter VII and VIII). In this
chapter, materials and methodsused m thé‘ experiments are described in details.
Experimental protocols )"

Four series of experiments performed in both in vitro and in vivo studies are

#

presented in Figure 3.1.

Series I [~ - The morphelogy of;B.'.':candidus snake from different parts

ol andits Ventmisellcction.
- Collection of snakes
- Snake husbandry

- Venom collection of individual snake

!

| In vitro study| < Individual crude —»| Invivo study
venom
v \ 4
Series II: Study on the biological Series 1V: Effects of
characteristics of venoms from individual B. candidus venom on
B. candidus snake cardiovascular function,
renal hemodynamics
Series II: Studies of B. candidus venom on and toxinokinetics.
l,| - neurotoxicity in mouse phrenic nerve-

diaphragm preparation.
- hemolytic effect in rabbit red blood cell.

Figure 3-1 Schematic diagrams illustrating the series of studies in both in vitro and in
Vivo.
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SERIES I: The morphology of Bungarus candidus snake from different parts of
Thailand and its venom collection.
1.1 Collection of Bungarus candidus snakes
The fifteen Bungarus candidus snakes were used in this study, which were
collected from eastern, northeastern and southern Thailand including captive born
snakes. They were categorized into 4 groups;
Group 1: three snakes were eollected from Chantaburi and Chonburi
Provinces representing the eastern population (BC-E).
Group 2: - thiee snakes were colleeted from Nakhon Ratchasima
Prowvinge representing the northeastern population (BC-NE).
Group 3: four.Snakes were colleeted from Nakhon Si Thammarat
Provinee representing  the southern population (BC-S).
Group 4: five captive b(;rn snakes (BC-CB) from Snake Husbandry
Unit /of Snake Fa;m at Queen Saovabha Memorial Institute
©QsM). '
Total length, snout-vent-length, an‘d body weight for each snake were
recorded. = J‘":
1.2 Snake husbandry =
All snakes were keptindividualiy inplasticeages(60 x 60 x 40 cm) equipped
with the secure locking in the snake husbandry unit ot QSMI snake farm, which were
controlled the temperature at 26+1°C and at 60-70% of relative humidity in the
daytime. All ¢ages had|ahiding (boxi and:; atwater] bowl(€hanhome et al., 2001).
Snakes were fed: once weekly with the non-venomous snakes (Enhydris sp.) for the
wild-caught snakes.(Group, 1-3),.and mice for.thé-Captive-born snakes (Group 4). The
data of the snout-veént length, thetotalflength, the body weight, aiid sexes of all snakes
were recorded. The age of the captive-born group was also recorded at the period of
venom collection.
1.3 Venom collection
Snake venom was individually extracted once a month from each snake by
directly attaching a microhaematocrit tube on each fang and transferred to a 1.5 ml
microcentrifuge tube. The liquid (fresh) venom was weighed immediately before

frozen at —20°C and lyophilized by Freeze Dryer (Modulyo, EDWARDS). The dry
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(Iyophilized) venom was weighed, pooled and stored in -20 °C for further study. The
weights of liquid and dry venoms of individual snakes were recorded. Animal care
and procedures used for venom extraction were in accordance with guidelines of the

Animal Ethics Committee of QSMI.

SERIES II: Comparative studies of the biological characteristics of venoms from
individual Bungarus candidus snakes

2.1 Animals

Swiss albino mice-weighed 18-20 g were supplied from the laboratory animal
unit of the Queen Saovabha Memorial Institute. All animals were housed under 12 h
light/dark cycles at room.temperature of 25+£2°C, standard foods and water were
supplied ad libitum until the' end of experiments.

2.2 Snake venem

The venoms of Bi candidus from fhrJée different parts of Thailand including a
group of captive-born snakes were extracted according to the details described in the
experiment Series 1. &

2.3 Determination of lethal toxicit§~(ﬂi)50)

The lethal toxicity was determined by intravenous injection of 0.2 ml of
serially 1.4 fold-diluted-venom solutions-mto the tail-vein of mice. Five groups of
eight mice for each venom sample were tested and observed throughout the period of
the experiments. The control group was performed using normal saline solution. The
endpoint of lethality of the micer was)determined after"24=hours. The LDsy was
calculated by the, method of Reed-Muench (1938) with 95% confidence limits by the
method.of Pizzi (1950). The experimental protocol was approved by the institutional
committee ‘for ethics in ‘animaliexpérimentationtoft QSMI in‘“accordance with the
guideline of the National Research Council of Thailand.

2.4 Determinations of enzymatic activities

All reagents for enzymatic determinations were analytical grade. The B.
candidus venom (1 mg/ml) was dissolved in 10 mM Tris-buffer (pH 7.4) for all

enzymatic activity determinations. All assays were performed in duplicated test.
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2.4.1 Phospholipase A; activity

Phospholipase A; activity was determined by the indirect hemolytic
method using human erythrocyte-egg yolk-agarose plate (Marinetti, 1965; Gutierrez
et al., 1988) with some modifications. Agarose gel (30 ml. of 1%) warmed at 50°C,
was mixed with 1 ml of egg yolk suspension, 0.5 ml. of erythrocyte suspension and
0.25 ml. of 10mM CaCl, at 50°C. The mixture was poured into a plastic Petri dish.
The gel was punched to make several small'wells 2 cm apart using a 3 mm puncher. A
series of 2-fold diluted venom solutions (SplyWwasadded to the wells. The plate was
placed at room temperature-for-24 h and then the-eress diameters of hemolytic zones
of each well were measureds The straight calibration curve and the parallel line
analysis (WHO, 1995) for'the log dose-diameter relationship was established to
determine the hemolytic dese (HID, in ug) causing a hemolytic zone (clear zone) of
10 mm in diameter. -

2.4.2 Acetylcholinesterasé'Jaétivity

Acetylcholinesterase activity-'Was determined using the diagnostic kit
“BTC SIGMA” based on the use of the b‘i;t}l;rylthiocholine (BTC) as substrate. The
content of 1 bottle of buthylthioeheoline waédigsolved in 10 ml. of distilled water. A
mixture of 500 ul of substrate and 5 pl of Véﬁéfﬁ'Sample was introduced into t cuvette,
and cover the cuvette-was covered withParaftim: The content of the cuvette was
immediately mixed thoroughly, then the cuvette was put in the spectrophotometer
where absorption at 405 nm was read immediately (time 0) and thereafter at
appropriate time ifitervals.~The initidl ratecof @nzyme Teactiofi ' was used to calculatie
the enzymatic activity. On¢ unit of enzyme activity was arbitrarily defined as the
difference in.absorption at.405 nm/min/mg.

2.4.3 Protease‘activity

Protease or proteolytic activity was determined by means of the hide
powder azure hydrolyzing activity (Omori-Satoh et al., 1995). Hide powder azure 10
mg suspended in 1 ml of 30 mM borax buffer (pH 9.0) was incubated with 100 pl of
venom sample at 37°C for 1 h. The reaction was stopped with 100 pl of 100 mM
EDTA, and then centrifuged at 3000 rpm for 10 minutes. The supernatant was

measured at 595 nm against a control without venom solution. One unit of the enzyme
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activity was defined as the amount of venom hydrolyzing the substrate at a rate of 1.0
absorbance unit per minute.

2.4.4 Alkaline phosphomonoesterase activity

Alkaline phosphomonoesterase activity was determined by the
modified methods (Lo, Chen, and Lee, 1966; Tan and Tan, 1988). Venom sample
(100 pl) was added to the substrate mixture containing 500 pl of 500 mM glycine
buffer (pH 8.5), 500 pl of 10 mM p-nitrophenylphosphate and 300 pl of 10 mM
MgSO,. The mixture was incubated at 37°Cfor 30-minutes, and then 2 ml of 200 mM
sodium hydroxide was added and placed for 20-minutes. The absorbance of the
mixture was read at 440 nm..©One unit of enzyme activity was defined as the amount
of enzyme caused an increas€ of 0:001 absorbance unit per minute.

2.4.5 Phosphodiesterase activity

Phosphodiesterase activity;*was determined by the modified methods
(Lo et al., 1966; Tan and/Tan, 198%). Vené):_nai-sample (100 pl) was added to a substrate
mixture containing 500 plof 170 mM Veréﬁal-'buffer (pH 9.0), 500 pul of 2.5 mM Ca-
bis-p-nitrophenylphosphate and 300l of:iiQ_mM MgSO4. The hydrolysis of the
substrate was measured by the Tacreasing ré&e 'Jf(';f absorbance at 440 nm. One unit of
enzyme activity was.defined as the amouﬂt'.lb'f‘*i?enom caused the increment of 0.001
absorbance unit per niinute:

2.4.6 L-amino acid oxidase activity

L-amino acid oxidase activity was determined with the modified
technique (Wotthifigton Enzyme)Manual, 4977 Tanlanid Tans=1988). 50 ul of 0.007%
peroxidase (510 NIH units/mg) was added to the Substrates containing 1 ml of 200
mM triethanolamine buffer (pH 7.6), 0.1% L-leucine and 0.0065% o-dianisidine and
incubated for 3 miautes at room témperature, and then 100 pl off'venom sample was
added. The absorbance at 426 nm of the mixture was read. One unit of enzyme
activity was defined as the amount of venom causing an increment of 0.001
absorbance unit per minute.

2.4.7 Hyaluronidase activity

Hyaluronidase activity was determined with the modified method (Xu
et al., 1982; Tan and Tan, 1988). The substrate solution containing 200 mM acetate

buffer (pH 5.0), 150 mM sodium chloride, and 200 pg hyaluronic acid was mixed
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with 100 pl of the venom sample and incubated at 37°C for 1 hour. The reaction was
terminated by the addition of 2 ml of 2.5% cetyltrimethylammonium bromide in 2 %
sodium hydroxide solution and placed for 30 minutes at room temperature. The
enzyme activity was expressed as National Formulary Unit per milligram (NFU/mg)
at the absorbance of 400 nm.

2.5 Determinations of protein components and the molecular weight

Measurements of protein components and the molecular weight of all venoms
were performed using tricine-sodium ~dodeeyl sulfate polyacrylamide gel
electrophoresis (Tricine-SDS-PAGE). Venoms (12-ug) were run under non-reducing
conditions on a 16% Tricine SDS<PAGE gel with the modified method (Schiagger and
von Jagow, 1987; Schdgger; 2006). Electrophoresis was carried out at the voltage of
30 V for 25 min, 100 ¥ for90 min and 150 V for 90 min‘using a Hoefer power supply
PS500 XT. The Kaleidoscope Prestained;‘Standard (BioRad) with molecular weights
ranging from 7.1-210 kDa was used as ste{'gciérd markers.

Gels were stained with 0:2% Coomé‘Ssi'e blue (CBB R-250) in 7: 46.5: 46.5 ml
acetic acid: methanol: distilled water, for 36 min with agitation. Destaining was done
with 25% methanol-12.5% acetic acid mixtﬁfe'in)vith agitation. Several changes of the
destaining solution were made until the baékéfﬁund was clear. The result of protein
bands on the electropliorogram-was observed and recorded by taking a photograph.

2.6 Fractionation of Bungarus candidus venom by Reverse-phase High
Performance Liquid Chromatography (RP-HPLC).

Fresh yenhom! ftom~individualiB) eandidus: snake:was; obtained. The protein
concentration of the venom was determined by the Lowry method (Lowry et al., 1951)
using bovine serum.albumin as the standard, Each venom was dissolved in deionized
water to'give'a protein conceniration of'800 pg/ml Eighty-micrograms of total venom
proteins was fractionated by reverse-phase HPLC using a preparative HPLC system
(Water 600E) and a Symmetry 300 C 18 column (250 x 4.6 mm, 5 um particle size)
with photodiode array detector (Waters 2996) at OD 206 and 280 nm. The column
was equilibrated with 85:15 (v/v) of Mobile A (5% acetonitrile + 0.1% trifluoroacetic
acid, pH 2.6) and Mobile B (95% acetronitrile + 0.1% trifluoroacetic acid) and was

eluted with a linear gradient of 15-50% acetonitrile at a flow rate of 1 ml/min and a
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total elution volume of 60 ml. Acetone and acenaphthene were used as external
reference standards for the calibration of the column.
2.7 Isolation and purification of the major neurotoxins

2.7.1 Cation-exchange chromatography

Fifty milligrams each of B. candidus lyophilized venom from the
northeast (BC-NE) and the south (BC-S) of Thailand was dissolved in 2 ml of 50 mM
phosphate buffer (pH 6.25), applied to the Resource™ S Column equilibrated with the
buffer, and then eluted with.a linear gradiens6£.0-0.3 M NaCl at a flow rate of 10
ml/h. Absorbance was measured at 280 nm,-and-fractions of 2 ml were collected
(Khow et al., 2003).

2.7.2 Adsorption chromatography on hydroxyapatite

The ~major stoxic, - fractions obtained on cation-exchange
chromatography were pooled, concentrat%d in collodion bag in vacuo, and dialyzed
against 0.05 mM phosphate buffer then' _aﬁplied to a hydroxyapatite column. The
column was eluted at the flow raté of 15 ml/h with a linear gradient of 0.05-0.35 M
phosphate buffer (pH 6.25). Fractions of 1.'5:'!‘11{1 were collected (Khow et al., 2003).

2.7.3 Two dimensional gel (Zﬁ) electrophoresis

The - proteins ~of  each fraction. obtained from adsorption
chromatography were-separated by 2=D-electrophoresistising an I[PGphor (Amersham
Bioscience, Uppsala,” Sweden) instrument. For the first dimension, isoelectric
focusing (IEF), protein sample was prepared in 8M urea. 2% CHAPS and 2% IPG
buffer to obtaifi’a$ample concentration of0.46 mg/mlifer\BC-S and 0.61 mg/ml for
BC-NE. Then 130 ul of the prepared protein sample was loaded on a 7 cm IPG strip
(pH range.3-10) using.the following focusing conditions: 200 V-for, 1 min (1V/h),
3500 V for I' h 30°min (28005V/h)rand 3500 V for 1 h 15 min(4500 V/h). For the
second dimension, electrophoretic separation (SDS-PAGE) was done in a 10 cm,
12.5% polyacrylamide gel. 4 pl of molecular weight marker was applied. Coomassie
blue was employed for protein staining. The spots of interest were analyzed by
MALDI-TOF mass spectrometer model reflex V (Brucker Daltonik GmbH). Protein
identifications were obtained from MASCOT (MatrixScience) and were matched with
peptide mass fingerprints in a protein database. Protein scores are significant when p

value is less than 0.05.
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SERIES III: [In vitro study: Neurotoxic and hemolytic effects of the Bungarus
candidus venom.
The experiments of this series were performed:

- to investigate the neurotoxicity of the crude venom of B. candidus,
using the mouse phrenic nerve-diaphragm preparation (Harvey et al., 1994).

- to study the hemolytic effect of B. candidus venom on osmotic
fragility in rabbit red blood cells.

3.1 The neurotoxicity studies’ on” mouse phrenic nerve-diaphragm
preparation (PNDp).

3.1.1 Antivenom

The monospecific 5. candidus antivenom (Lot no. BC4701) obtained
from Queen Saovabha Memouial Institute (Bangkok, Thailand), was raised in horses
hyperimmunised with the Bs candidus ver;om.

3.1.2 The phrenic nerve-(iiz;bhragm preparation was obtained from
mice sacrificed by cervical dislocation (Nifthanan et al., 2003). The hemi-diaphragm
associated with phrenic nerye was isolated':iql?d mounted under a tension of 1 g in a
vertical chamber of organ bath eontaining %SJml of Krebs solution (pH 7.4) of the
following composition (mM): NaCl, 118;4‘;"7KH2PO4, 1.2; KCI, 4.7; CaCl,, 2.5;
MgSOy, 1.4; NaHCOs;-25and glucose; ti:1; aerated with 95% O, and 5% CO,, at
37°C For indirect stimulation, the phrenic nerve was stimulated using stimulating
electrode (Suction electrode, A-M Systems,Inc.) connected to a stimulator (Grass S48)
at a frequency;0.2MHz, {inl ptlses/of012ims durationrand the supramaximal voltage (4%
thereshold; 1-10; V). Direct stimulation to the muscle was achieved by electrical
stimulation (0.2 Hz, 0.2.ms,. 10-30_V).. Isométric., twitch .tension, of muscle was
recorded by ‘a force displacefnentdransducer coupled to-Polygraph-recorder (Grass
Model 79). The PNDps were allowed to stabilize for at least 20 min before the
experiments. The experiments were carried out as follow:

3.1.2.1 The control experiments were tested on Krebs solution alone or
Krebs solution plus antivenom. The indirect stimulation to the phrenic nerve was

applied for 60 minutes (Figure 3-2).
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3.1.2.2 To determine the twitch responses of PNDps to the various
concentrations of the B. candidus crude venom (BCV; 1, 3.5 and 7.0 pg/ml Krebs
solution) (Figure 3-2).

Equilibration BCV
20 min control r Complete blockage
A
<
7
=
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Figure 3-2 Schematic/diagram { iti e experiments of 3.1.2.1 (Control

experiment) and 3.1.2.2 (E Krebs solution).

solution) (Figure 3-3).|j
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3.1.2.6 Substituting strontium (Sr*") in Krebs solution

—
wn
O
»n

Strontium chloride (SrCl,) was substituted for calcium chloride
(CaCl,) on an equimolar basis in Krebs solution. Sr*"-containing Krebs solution was

perfused in organ bath for the same experiment as 3.1.2.2.
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3.2 The hemolytic studies on mean corpuscular volume and osmotic

fragility test of the rabbit red blood cells

3.2.1 Blood collection

Blood samples were drawn from the marginal ear vein of New Zealand
white rabbit (weight 3.0-3.5 kg) and collected into either heparinized or EDTA tubes
as anticoagulant, respectively.

3.2.2 Experimental protocol

Various concentrations of B.candidus crude venom (0.7 and 2.0 ng/50
ul of 0.9% saline solution)were added into I-mlefheparinized or EDTA rabbit whole
blood, respectively. The contiol blood was added by 50 pl of normal saline solution
(NSS-treated whole blood)#The B.: candidus venom-treated whole blood was gently
mixed and hold at 37°C for 30 smainutes. Thereafter, one part of the venom-treated
whole blood was determined for meaﬁ corpuscular volume and hematocrit by
Automated, an in vitro Diagnostic MediéalJ-Equipment (Model Mythicl8 (IVD) C2
Diagnostics; Montrellier, Erance). -

3.2.2.1 Determination of dgmqtic fragility of B. candidus venom-
treated red blood cells was cartied out acéofaing to the modified method of Dacie
and Lewis (1984). Briefly; 0.02 mi of the venomstreated- whole blood in either low
dose (0.7 pg/ml bloodyor-high-dose(2:0-pg/mi-biood)of B. candidus venom and the
NSS-treated whole blood was added into the glass tubes in varying of concentrations
of 5 ml buffer saline (0.1-0.9 %) and in the distilled water. The tubes were gently
mixed and ing¢tibated @at| roomy tempetature; for, 3@ minutes.«Then the samples were
centrifuged at 2,000 rpm for 5 minutes. Supernatants were collected for measurement
of plasma hemoglobin.

3.2.2.2 Determination‘of plasma hemoglobin

Plasma hemoglobin was determined by the method of Simmons (1968).
200 pl of supernatant was added to the mixture containing 1 ml of 1 % benzidine in
glacial acetic acid and 1 ml of 1% hydrogen peroxide. The mixture was well mixed
and placed for 30 minutes at room temperature. 10 ml of 10 % acetic acid was added
and mixed by gently inversion the tube, then read at the absorbance of 515 nm. The
standard whole blood hemoglobin was determined using the supernatant from the

rabbit whole blood added into the distilled water. Hemolysis or plasma hemoglobin
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was expressed as percentage of the absorbance in distilled water. The conventional
osmotic fragility curve was drawn by plotting the percentage of hemolysis or plasma
hemoglobin against decreasing saline concentrations. The saline concentration at
which 50% of the red blood cells lysed was used to express the results as the mean
corpuscular fragility (MCF; g%). The stability of red blood cells was evaluated as
percentage of the quotient of the difference between the MCF value of the test and
control samples (Chikezei, Uwakwe, and Menago, 2009). Percentage of Stability of

red cell was determined as following:

Plasma hemoglobin (img%) = OD of the test supernatant x standards value
OD of the standard

% stability of red blood cell = MCFtest -~ MCFeontrol x 100
MCFcontrol

MCF = mean corpuscular fragility: the saIi_ne.._-concentration at which 50% of the red

blood cells were lysed.

S

SERIES 1V: Effects of Bungarus candidus Yenom on cardiovascular function,
renal hemodynamics and toxinokinetics.
The effects of B. candidus venom on cardigvascular function and renal
excretion will be performed on the experimental animals-as follow:
4.1 Animals
Adult male“New Zegaland 'white rabbits weighing 2.5-3.5 kg, used for the
experiments were supplied from the laboratorysanimal unit efsQueen Saovabha
Memortial Institute.and housed in the conventional animal facilities. They were cared
for in accordance with the guideline for experimental animals suggested by the
National Research Council of Thailand.
4.2 The experimental protocol
4.2.1 Determination of the sublethal dose of Bungarus candidus
venom in rabbits.
Before the experiment, the minimal lethal doses of B. candidus venom

were determined in twelve anesthetized rabbits. The B. candidus venom in lyophilized
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form from the Queen Saovabha Memorial Institute, Thai Red Cross Society, was used
for the study (1 mg of lyophilized crude venom dissolved in 0.9% saline solution). A
single dose of the venom was injected intravenously at the dosage of 150 pg/kg in 6
rabbits; 75 pg/kg in 6 rabbits. Blood samples were collected before and 5, 10, 20, 30,
60, 90, 120, and 150 min after venom injection for determination of plasma venom
concentration by enzyme linked immunosorbent assay (ELISA). The general
condition was measured for heart rate and arterial blood pressure.

4.2.2 The effects of Bungarus candidus venom on cardiovascular
function and renal hemodymanics.

Twelve rabbits~were divided into 3 groups of four animals each.
Animals in group 1 were géceived normal saline as the control group. Animals in
group 2 were received'the B candidus snakes venom from the northeast (BC-NE) and
group 3 were receivedthe/B. ‘candidus ;snakes venom from the south (BC-S). The
animals were anesthetized with pentobefr_intal sodium (25 mg/kg) by intravenous
injection. Supplemental deses were given as required to maintain surgical anesthesia
throughout the experiment. The animals ix?!erf:ntracheotomized, and an endotracheal
tube was inserted to free the -airway. The Jéarotid artery was catheterized with
polyethylene tubes for recording cardiac oﬁfpiif," arterial blood pressure and heart rate
(Grass Polygraph Médel=79-E;-Grass-instrument €O; USA) and for blood sample
collections. The jugular vein was catheterized with polyethylene tubes for fluid
infusion. A left flank incision was made via a retroperitoneal approach, and the left
ureter was canfiulatédowithy adpolyvinyl cathetér for urifie €ollection and for renal
clearance studies; The experimental study in each group was divided into pretreatment
and treatment, periods. Both pretreatment and tredtment period, measurements of renal
and cardiovascularfunctions were performed.

4.2.2.1 Renal plasma flow and glomerular filtration rate
Measurements of renal plasma flow and glomerular filtration

rate were performed using the standard techniques (Smith, 1962) with the
modification. For pretreatment period, the normal saline solution containing 1.2% p-
aminohippuric acid (PAH) and 5% inulin was infused via the jugular vein as the
priming dose. Plasma levels of PAH and inulin were maintained by sustained infusion

of isotonic saline solution containing the PAH (0.12%) and inulin (0.5%) at the rate of
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0.5 ml/min. After the 45 min for equilibration, urine was collected for 10 min and an
arterial blood sample was obtained at the midpoint of urine collection. For treatment
period, the animals were administered intravenously with B. candidus venom (1 mg of
lyophilized crude venom dissolved in 0.9 % saline solution) at the dosage of 50 pg/kg.
Cardiovascular functions and renal hemodynamics were carried out by collecting
arterial blood samples (1 ml) at the baseline (before) and 30, 60, 90, 120, and 150 min
after venom injection. Urine samples were collected at 10 minute duration.

4.2.2.2 Cardiac output

Cardiac output was performed by dye dilution technique using
Evan blue (T-1824) in steadsof+Indocyanin green dye (Chaiyabutr, Faulkner, and
Peaker, 1980). 1 ml of dye solution (0.03% T-1824 in normal saline) was injected into
the jugular vein and serial blood samples were collected from the carotid artery within
2 seconds after dye imjections Serial saﬁples of arterial blood were collected 0.8
ml/second for a period of 8 seconds by mé’arié of a peristaltic pump. The concentration
of dye in the plasma was determined in evé‘r‘y"'second from the beginning of the curve
by spectrophotometry at the absorbance of ‘620 nm. The sum of all concentration was
calculated for cardiac output (COj-using the%tdﬁdard formula (Burton, 1965).

4.2.3 Determinations of Biiﬁgdi'us candidus venom in plasma and
urine samples.

Enzyme linked immunosorbent assay (ELISA) was used to detect the
concentration of the venom in blood and urine samples of rabbits. Blood samples
were collected from ¢atotidartery intolhepariizedtubes atregular intervals from 2 to
150 min (2, 5, 10, 20, 30, 60, 90, 120, and 150 minutes) after intravenous injections of
minimal, lethal dose.of venom. Urine samples were collected before and 5, 10, 20, 30,
60, 120 and 150 minutes after'venoin injection. Then'the'values'of venom appearance
(ng/ml) with time-course (minute) for each individual animal were plotted on a semi
logarithmic graph paper. The extrapolation of log concentration-time curves obtained
were used for analysed the venom kinetic parameters.

The procedure of sandwich-ELISA for venom determination

The assay were performed in 96-well polystyrene microtiter plates
(MaxiSorp™, NUNC) coated with 50 pl/well of 1:100 dilution of rabbit anti-
Bungarus candidus venom in carbonate buffer 0.05 M pH 9.6 and incubated at 37°C
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for 2 hours. The plates were washed three times with 200 pul each of phosphate buffer
saline pH 7.2 containing 0.05% of Tween 20 (T-PBS) (Sanofi Pasteur PW40). The
blocking solution (3% bovine serum albumin in carbonate coating buffer) was added
and the plates were incubated overnight at 4°C and washed three times with T-PBS. A
volume of 50 pl of plasma, urine samples and 1:2 serial dilution of B. candidus
venom standard (stock venom 4 mg/ml in normal rabbit plasma) were added in
duplicate to the wells and incubated at 37°C for 1 hour. After washing the plates, a
volume of 50 pl of 1:4 dilution of horse 1¢G anti-Bungarus candidus venom in 0.5%
BSA-PBS (pH 7.2) was-added in each-well-and-imeubated at 37°C for 2 hours. The
plates were subsequently washed and 50 ul of rabbit anti-horse IgG peroxidase
(Sigma Chemical Co., USA) in 1:10000 dilution 0.5% BSA-PBS was added and
incubated at 37°C for'l " hout. The plates were washed and 50 pl of OPD (1mg/tablet,
DAKO) dissolved in 3 ml‘of distilied i-water and 1.25 pl H,O, was added. After
incubation of the plates in the dark at roc)"'r:_rla‘-cemperature for 20 min, the reaction was
stopped by the addition of 50 plof 0.5 M YS-'I'llﬁ,lriC acid. The plates were measured at
492 nm using ELISA reader (Molecular Dé"?ip_e Emax precision microplate reader).

4.3 Chemical analysis = J

All blood and.urine samples were détéﬁiffn’ed inulin,. PAH, packed cell volume,
osmolality, sodium, petasstum-and-chioride: Determination of PAH and inulin were
carried out by standard method (Smith, 1962) with the modification. Osmolality was
determined by the freezing-point depression method (The Advanced™ Osmometer
Model 3D3). Sodiurh @and potassitim were-measuted by«flamie photometry (Clinical
Flame Photometer 410C), chloride with a Chloride Analyzer 925. Plasma lactate
dehydrogenase..(LDH), and _creatine. phosphoKinase, (CPK) were, determined by
immunoturbidimetiic assay using' COBAS'INTEGRA 800-(Roche'Diagnostics GmbH,
Manheim) and measured the increase in absorbance at 340 nm.

4.4 Calculations

Inulin clearance and p-aminohippurate clearance were performed for the
glomerular filtration rate (GFR) and effective renal plasma flow (ERPF), respectively.
Renal blood flow (RBF) was calculated from ERPF and packed cell volume. Total

peripheral resistance (TPR) and renal vascular resistance (RVR) were calculated from
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mean arterial blood pressure (MAP), cardiac output (CO) and RBF using the standard
formula (Burton, 1965). Filtration fraction was obtained by dividing GFR by ERPF.
Derived calculations
The measurements of parameters for renal hemodynamics and cardiovascular
function were calculated using the following equations:

Glomerular filtration rate (GFR; ml/min) = Cin = Uin V/Pin

Cin = Inulin clearance (ml/min)

V = urine flow (ml/mity
Uin =-.urinary inulin concentration (mg/ml)
Pin =" plasma‘inulin coneentration (mg/ml)

“i‘
Effective renal‘plasma flow (ERPE; ml/min) = Cpan = Upan V/Ppan

Cpan 4~ glearance-of PAH (ml/min)
Upan = usinary PAH cé')}l(ientration (mg/ml)
Ppan = gplasma’PAH th‘céntration (mg/ml)

s Iy
v oll o o

: =71,
Effective renal blood flow (ERBF; ml/min) = RPF/ 1-(Hct/100)

Hct, =.-henmatocrit Valu'ef(%)" :
Filtration fraction (FF; %) = GFR x 100/ ERPF

Fractional éxérétion ofielectrolytes(FE: %)= (UpV/Pg) x 100/ GFR
Ug = concentration of urinary electrolytes (LWEq/ml)

Ps. = _concentration of plasma electrolytes (uEq/ml)

Renal vascular resistance (RVR; mmHg/ml/min/kg body weight) = MAP/
ERBF

Mean arterial blood pressure (MAP; mmHg) = Pd + 1/3 (Ps — Pd)
Pd = diastolic blood pressure (mmHg)
Ps = systolic blood pressure (mmHg)
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Osmolal clearance (Cosm; ml/min) = (Uosm X V)/ Posm
Uosm = urine osmolality (mOsm)

Posm = plasma osmolality (mOsm)
Free water clearance (Cpz0; ml/min) =V - Cosm

Renal fraction (RF; %) = ERBF x 100 / CO
CO = cardiac output{mlbmia/kg)

Stroke volume (SV; mil/beat/kg) = CO / HR
HR ™= _ghcaftrate (beats/min)

Total peripheralresistance (TPR; mmHg/ml/min/kg) = MAP / CO

Left ventricular work (LVW; kgnq/@'in) = COxMAPx 13.6x 1.055x 107
N

Statistical analysis , ff-{j

All data were expressedas mean + éiéﬁdéfd deviation (SD), except the data of
the studies of neurOtoxic-effect of 5. candidus venom-were expressed as mean +
standard error of mean (SEM) (Chapter VI). Mean values in Chapter V were
determined by analysis of variance (ANOVA) and significance of variables among
groups of studi€s was determined by the Duncan’s multiple range tests. Mean values
in Chapter IV and VI were determined by ANOV A and significant difference test was
performed, by Newman-Keuls test. The data i Chapter .VIL were analyzed by
ANOVA, post hoe ‘tests' for ‘comparisons of each value’ of 'post-treatment periods
against the value of pre-treatment period using Bonferroni t-test. Mean values in
Chapter VIII were analyzed for statistical significance using unpaired #-test. The

significant level was determined at p< 0.05.

Ethical considerations
All the experimental procedures used in the present study were carried out in

accordance with the principles and guidelines of the Faculty of Veterinary Science,
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Chulalongkorn University. The protocol in experimental animals was submitted to the
Animal Ethics Committee of the Queen Saovabha Memorial Institute (QSMI), The
Thai Red Cross Society for approval before conducting experiments. These guidelines
were in compliance with the National Research Council of Thailand guidelines for

care and use of animals in research.
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CHAPTER IV
THE MORPHOLOGY OF Bungarus candidus SNAKE

FROM DIFFERENT PARTS OF THAILAND

AND ITS VENOM COLLECTION

INTRODUCTION

Bungarus candidus Jannacus, 17-5 8 (Malayan krait) is a prominent neurotoxic
Elapid snake, which is_cemmenly found in Southeast Asia including Thailand (Cox,
1991; Chanhome et alg 1998)" This snake is the smallest species of the genus
Bungarus (the Kraits) found in Thailaﬁci? the other two species being B. fasciatus
(Banded krait) and B. flavigeps (Red-h-f;aded krait). The maximum length of B.
candidus is 155 cm, with adults ayeragiﬁgl 100" cm (David and Vogel, 1996). The
body and tail are cross-banded with blacki}ﬁ_leches, the ventral surface is white. The
head is black or grayish black abeve, the co'-lbf.l_extending posteriorly to the first black
mark on the nape so that an indistinet V-sha;e_(_i;imark is present (Soderberg, 1973).

B. candidus venom possesses a powerful neurotoxin that causes severe
neurotoxicity (Warrell et. al., 1983; Pochanugool et. al., 1997; 1998). The onset of
neurotoxic symptoms ¢an appear within minutes or be delayed for hours. Few data are
available for the details®ofsthe fatalities of/B. candidus envenoming because bites
mainly occur i rutal areas at night. Krait bites happen with a-quick snapping motion
by the snake and initially envenomation does not result in pain, and there is little or no
local edema or discoloration in"the victim. Most envenomed wvictims awaken with
suspiciotls morning weakness, loin or abdominal pain, but also there is a slow onset of
serious weakness but it is difficult to identify the site of the bite. Therefore, medical
attention is usually delayed (Goonetilleke and Harris, 2002)

B. candidus is found mainly in northeastern, eastern, southern and western
Thailand. It is interesting to compare snake from these three different parts of
Thailand in terms of its morphology and venom yield. These data will be useful as

part of a database for treatment of envenomed victims from this snake.
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MATERIALS AND METHODS

4.1 Collection of Bungarus candidus snakes

B. candidus snakes were collected from eastern, northeastern and southern
Thailand (Figure 4-1) where have been reported the incidence of B. candidus bite. A
group of captive born snakes was also included in the study group. The study group

”}/} -vent length, sexes and body weight

was divided into four groups To .‘ \

for each snake were recorded

awwaﬂm Wi 311274
Figure 4 1 Map of Thailand presents the localities where B. candidus snakes were

collected: BC-NE group from Nakhon Ratchasima (36), BC-E group from Chonburi
(55) and Chanthaburi (59), BC-S group from Nakhon Si Thammarat (69).

4.2 Snake husbandry
All snakes were kept individually in securely locked plastic cages furnished

with a hiding box and a water bowl (Chanhome et al., 2001). All cages were placed in



41

a room with a controlled daytime temperature of 26+1°C and daytime relative
humidity at 60-70 %. All snake groups were fed once weekly. The snout-vent length,
total length and body weight were measured, and the sexes of all snakes were
recorded. The ages of the captive born group were also recorded at the period of
venom collection.

4.3 Venom collection

Snake venom was individually extracted once a month for one year from each
snake. The liquid (fresh) venom was weighedammediately before frozen at -20°C and
lyophilized. The dry (lyophilized) venom was weighed, pooled and stored in -20°C for
further study. The weights eof liquid and dry venoms of individual snakes were

recorded.

Statistical analysis
The results wereexpressed as the'mean = SD of the number of snakes or the
number of venom extraction in each snake group. Differences were compared using

ANOVA followed by Newman-Keuls test Wlth »<0.05 indicating significance.
RESULTS

Snake and venom colléction

The sexes, snout-vent lengths, total lengths, body weights of each snake, and
the average weights]of liquid: (fresh)tand=dry) (lyophilized)=yvenoms extracted from
each snake aregpresented in Table 4-1. Three males of B. candidus were collected
from Chanthaburi and Chon Buri Proyinces, (BC-E),.two.males and.one female from
Nakhon Ratchasima’ Province’(BCANE); whereas the' BC-S group consisting of three
males and one female from Nakhon Si Thammarat Province. The five snakes of the
BC-CB group consisted of four males and one female that were hatched from three
different clutches of eggs from the southern-origin parents. They were two, four, and
five years old during venom extraction for the present study. The average size and the
average weight of liquid and dry venoms of snakes in all groups are presented in
Table 4-2. The BC-NE group possessed the highest body weight in the average of
398.33 £ 215.02 gm (range 185.0-615.0 gm) and was correlated with the average
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weight of liquid venom 116.90 + 69.07 mg/snake (range 27.1-255.8 mg/snake) and
the average weight of dry venom 30.45 + 17.18 mg/snake (range 7.6-67.7 mg/snake)
when compared with other groups. The percentage of dry matter of venom was in the
average of 27.90 + 3.94% (BC-E), 26.59 = 1.79% (BC-NE), 27.53 + 4.55% (BC-S),
and 27.15 + 6.87% (BC-CB). The percentage of liquid venom yield per snake body
weight in gram was 0.032 + 0.013 %, 0.026 + 0.009 %, 0.023 + 0.012 %, and 0.023 +
0.010 % for BC-E, BC-NE, BC-S and BC-CB venom groups, respectively (Table 4-2).

Morphology of Bungarus candidus snake

According to the obsesvaiion of live B. candidus snake in this study, the color
and pattern of all snake geoups are shown in Figures 4-2 to 4-5. The comparative
characteristics of all snakesgroups are presented in Table 4-3. In general, the dorsal
surfaces of the body and tail have a serieé‘ of black and white bands. The black bands
do not cross the ventral surface. The dor§alJ -surface of the head is black and extends
for several head lengths on to the nape. The ventral surface of the body, chin, and the
labials are white. The white bands-are spedglfeNd" with black flecks which are darker in
BC-NE group than the others. <

DISCUSSION

All snakes in each group were selected as adults with total lengths of the three
females ranging from 930 119.03cndi /and; of the’l 2/males ranging from 93.0-139.5
cm. (Table 4-1).; In comparison of the same total length between male and female
(BC-NE, 3.=BC-CB 5,=.93.0.cm; BC-S.3.=BC-S 4. =.119.0 cm.), were shown the
difference in' the body" weight without the'correlation to'the sexes« In this regard,
males possess longer tail length than females. The liquid venom yield per individual
snake was mainly correlated to its body weight. The percentage of venom yield per
gram of snake body weight (0.023-0.032%) and the percentage of dry matter of
venom (26.59-27.90%) revealed no differences among groups (Table 4-2).

The procedure of venom collection using a hematocrit tube attached directly to
the snake fangs gains high venom yield specifically in Elapid snakes which mainly

have short and small fangs. Moreover, this procedure is sanitary controlled the debris
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or saliva mixed into the venom. This procedure needs careful and proper snake
handling and is also dependent on the responsiveness of the snake during venom
collection. Therefore some of the heavier snakes may give a lower amount of venom
yield than that of lighter ones. The experiments demonstrated that the physical
displacement of fang sheath towards the base of fang either by a container during
venom collection or by the victim’s skin surface during fang penetration is a
prerequisite for venom release. The flow of venom during bites by most venomous
snakes is significantly influenced by the amount of pressure placed by the contraction
of skeletal muscles in contact-with the vénom glands (Y oung et al., 2001; 2003).

All snake groups were kept in the same environment in captivity during
venom extraction. Thoughethe Tiquid a{ld dry venoms per snake were individually
different, however theé mean yalues of percentages of dry matter of venom or the
percentages of venomyyield per gram of 'snake body weight showed no differences
among groups with narrgw ranges Jand no?f gsjéociation with body weight. These values
are useful for estimating the dosage rarfl;‘ge ‘of antivenom treatment in case of B.
candidus envenomation if the victim can téil{ﬂé_‘th_e snake to the physicians.

: s=ud A4
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Figure 4-2 Bungarus candidus from northeastern Thailand. The head is solid black
extending back about 1.5-2 times the head length to the first white band. Some have a
narrow faint white line at the base of the head. The white bands are grayish because

of the prominent black specks.
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D
Figure 4-3 Captive born Bungarus candidus from southern parents. The head is

grayish-black or jet black, the color extending back about 1.5-2 times the head length
to the first white band. A faint, narrow white band at the base of the head results in a
black, arrowhead shape on the nape. Black specks are not prominent; the white bands

are distinctly white.
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becoming more distinctly black extending back about 1.5-3 times the head length to

the first white band. Some have a faint white line at the base of head resulting in a
black, arrowhead shape on the nape (A and B). White bands are distinctly white,
black specks barely noticeable (C).
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Figure 4-5 Bungarus candidus from southern Thailand. The head is distinctly
grayish-black with a narrow, white band at the base of the head that creates a jet black
arrow-shaped mark on the nape. Black specks are more prominent on anterior white

body bands but become less prominent posteriorly.



Table 4-1 Fifteen Bungarus candidus snakes from three localities in Thailand/plus a captive-born group; the age, sex, snout-vent length,

total length, body weight, number of venom extractions and average weight of iresh.and dry venoms are shown for each snake.

o

Snake Locality Age Sex SVL FoL Body weight No. of Weight of fresh Weight of dry

code (year) (cm.) (em.) (g) extraction venom (mg) venom (mg)

|

BC-E 1 Chanthaburi - Male 104720 1169 . 200 8 70.58 £ 15.54 17.57 £4.06
@ (48.70-88.10) (11.38-23.06)
BC-E 2 Chonburi - Male 91.0 10155 2195 8 65.79 + 34.88 18.43 +£10.08

(29.60-144.10) (7.70-40.70)

BC-E 3 Chonburi - Male 106.0 120.5 305 4 67.10 £22.73 22.68 £7.39
i (33.30-82.60) (12.00-28.10)

BC-NE 1 | Nakhon Ratchasima - Male 110.0 123:0 308= 7 97.23 +34.75 26.41 £9.25
(49.10-152.60) (13.91-40.37)
BC-NE 2 | Nakhon Ratchasima - Male 123.0 139.5 615 9 135.93 £65.72 33.53 +£16.82
(58.80-255.80) (14.97-67.70)

BC-NE 3 | Nakhon Ratchasima - Female 85.0 93.0 185 5 46.98 £15.19 13.00 £3.81

(27.10-61.60)

(7.60-15.80)

48



Table 4-1 (cont.) Fifteen Bungarus candidus snakes from three localities in Thailand plus a captive-born group; the age, sex, snout-vent

length, total length, body weight, number of venom extractions and average ' weight of fresh and dry venoms are shown for each snake.

Snake Locality Age Sex SVL ToL Body weight No. of Weight of fresh Weight of dry
code (year) (cm.) (cm.) (€] extraction venom (mg) venom (mg)
BC-S1 Nakhon Si - Male 104:0 170 245 8 37.74+13.16 10.00 +3.49
Thammarat ] (19.50-62.50) (5.07-16.50)
BC-S2 Nakhon Si - Male 91.0 11 350, : ‘1.65 4 9.23 £12.60 3.45+4.89
Thammarat f‘ (5.80-34.10) (1.70-13.10)
w
BC-S 3 Nakhon Si - Male 104.0 119.0 285 8 101.49 +£30.83 25.46 £ 8.21
Thammarat : hip 4 (43.60-133.50) (10.18-34.90)
)
BC-S 4 Nakhon Si - Female | 105.0 119.0 2‘55_ . 8 65.41 +£13.77 17.46 £3.68
Thammarat St (51.60-93.60) (13.17-24.63)
BC-CB 1 Captive-born 5 Male 85.0 964 185~ 6 17.85+7.14 5.05+2.03
(7.90-29.30) (2.30-8.30)
BC-CB 2 Captive-born 4 Male 99.0 112.0 260 8 69.39 + 14.97 13.93 £3.28
(35.30-86.20) (7.81-19.07)
BC-CB 3 Captive-born 4 Male 94.0 105.6 245 7 64.00 + 15.56 20.00 £5.05
(39.50-83.90) (12.41-27.12)
BC-CB 4 Captive-born 4 Female'| 92.0 102.9 180 8 56.81 +13.30 13.76 £3.63
(42.80-80.00) (9.79-20.29)
BC-CB 5 Captive-born 2 Male 83.0 93.0 145 4 37.38 £23.94 1425+ 11.15
(11.00-61.60) (5.29-29.60)

49
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Table 4-2 The size of Bungarus candidus snakes and their venom from threg localities of Thailand and a captive-born group.

Snake size

Snake No. of Weight of Weight of % Dry matter % Venom yield
group Locality Snake - liquid venom dry venom of venom per gram of
SVL (cm) ToL (cm) BW (gm) (mg/snake) (mg/snake) snake BW
BCE  pagt 9933+7.64  11250+9.85  23333%6212" A | 679742498 11893748  27.90+3.94 0.032+0.013
(91.0-106.0)  (101.5-120.5)  (195.0-3050) & A3M) — (29.6-144.1) . (7.7-40.7) (227137.02)  (0,011-0.074)
=(n = 20)
; v 0.026 < 0.009
BC-NE  Northeast 106.00+ 1931 118.50+23.57 398.33+215.02 13 11690+ 69.07 3045+17.18  26.59=1.79
(85.0-123.0)  (93.0-139.5)  (185.0-6150) & (2MUIF). (27.12558) © (7.6:67.7) (23243021)  (0,010-0.042)
a0 1)
BC-S  South 101.00+6.68 117.0+2.83 2375045193 /4 604143668  1585+9.09  27.53+4.55 0.023+0.012
(91.0-1050)  (113.0-119.0)  (1650.2850) (M IF) (5.8-133.5) (1.7-34.9) (2335-4048)  (0.004-0.047)
- (n=20) -
BC-CB  Captive- 90.60£6.58  101.98+7.52 2030044804 5 51.95£2352 1860+671  27.15+687  0-023£0010
born (83.0-99.0)  (93.0-112.0)  (145.0-260.0)  (4MIF) (7.9-86.2) 7 (2.3-29.6) (1829-4809)  (0.004-0.042)
(f=33)

All data of snake size and venom are presented in mean = SD. SVL = the snout to vent length; ToL = total length in centimeters; BW

= body weight in grams; M = male; F = female. % Dry matter of venom is defined as the percentage of the weight of dry venom to liquid

venom. % Venom yield is defined as the peteehtageof the-weightof liquidivenom/(in gram) to the bodyl weight of snake (in gram).

n = total number of venom collections in each group.
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Table 4-3 Characteristics of color and patterns of Bungarus candidus from different parts of Thailand and a captive born group.

Characteristics = BC-NE BC-E BC-S BC-CB
Head Solid black extending back Grayish-black becoming more ) Very grayish-black with a fair, grayish-black or jet black,
about 1.5-2 times the head distinctly black extending back - narrow, white “near band” at the color extending back
length to the first white band. about 1.5-3 times'the/head . the base of the head, resulting ~ about 1.5-2 times the head
Some have a narrow faint length to the firstwhiteband, ‘. . in a jet black arrow shaped length to the first white band.
white line at the base of the Some have afaingwhite line at ; ‘ mark on the nape. A faint, narrow white band at the
head. the base of head resulting in a ‘J base of the head results in
black, arrowhead'shape on'the a black, arrowhead shape on
nape. - , the nape.
i
Body color / . ’ ;?: ; . .
pattern 25-29 total black bands with ~ 29-33 total black bands with 25-34 total black bands with 28-36 total black bands with

first 3-6 anteriormost the
widest. White bands have
many black specks giving a
grayish appearance. Ventral

surface (belly) is white.

first 3 antcriormost the widest.
Black and‘white bands are wider
anteriorly. White bands arc
distinctly white, black specks
barely noticeable. The edges ‘of
blagk and white bands are zig

zag. Ventral surface is white.

first 2-3 anterigrmost the
widest. The blaek specks are
more promingnt in the anterior
white bands but become less
prominent posteriorly;

Ventral surface is white.

first 3-5 anteriormost the widest.
White bands are mainly equal
wide or narrower than black
bands. Black and white bands
mostly equal in width. Black
specks are not prominent; the
white bands are distinctly white.

Ventral surface is white.



CHAPTER V

THE COMPARATIVE STUDY ON THE BIOLOGICAL CHARACTERISTICS

OF VENOMS FROM INDIVIDUAL Bungarus candidus SNAKES

INTRODUCTION

Venomous snakes produce venoms as.ithe weapon for their survivals in term of
defense, forage and digestion: Snaké venoms. with their cocktail of bioactive
molecules such as proteins, peptides | and enzymes exhibit marked variations in
potency and induction offtoxicities (Koh et al., 2006). Various situations have been
reported to affect the biological propér’fies of snake venoms, e.g. geographical
differences (Daltry et al.,/1997; Shashidﬁar;amurthy et al., 2002; Tsai et al., 2003;
Salazar et al., 2007; Shashidhararnurth}'_& Kemparaju, 2007), season of venom
collection (Monteiro et al., 1998-; Magro ct-;_;aal:., 2001), diet (Tan et al., 1992; 1993a;
1993b), sexes (Furtado et al., 2006; Menezgg et al., 2006) and age of snakes (Tun-Pe
etal., 1995; Saldarriaga et al., 2003). > -

A number ofstudies afe available -f(-;r several lenzyme activities in snake
venoms which act differentially of the body responses. For éxamples, the syndrome of
neuromuscular paralysis in victims has been demonstrated from the action of
presynaptically active phospholipase A, insthe snake venom (Dixon and Harris,
1999). Phospholipase A' from a number of snake venoms exhibit wide varieties of
myotoxic, cardiotoxic or neurotoxic effects (Harris, 2003; Koh et al., 2006). The
potentiating’ hemairhagi¢: effect and: necrosis ‘has’ been | showil by the effect of
hyaluronidase activity (Tu and Hendon, 1983; Pukrittayakamee et al., 1988). L-amino
acid oxidase in snake venoms plays a role in inducing apoptosis, hemorrhagic effects
and cytotoxicity (Ahn, Lee, and Kim, 1997; Du and Clemetson, 2002). In addition,
the activity of acetylcholinesterase in Elapid snake venoms has been shown vary
significantly among the different venoms from the same species (Tan and Tan, 1987;
Tan and Tan, 1988; Kumar and Elliot, 1973). However, those results need to be

verified in the severity of lethal toxicity among venoms relating to the heterogeneous
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components in the venom whether depending on type or the concentration of
components.

Based upon the studies of Bungarus candidus venom, the most lethal
components are the phospholipase A, of which presynaptically acting toxins like beta-
bungarotoxin (Bon and Saliou, 1983; Tan et al., 1989; Tsai et al., 2002; and Khow et
al., 2003) and postsynaptically acting toxins like alpha-bungarotoxin (Nirthanan et al.,
2002; Kuch et al., 2003) of B. multicinetuss Preliminary investigation of biological
properties of the commercial B. candidus venomeand venom fractions has revealed
high hyaluronidase, acetyleholinesterase and phespholipase A activities, moderate
high L-amino acid oxidase. Ihe major lethal fractions have possessed phospholipase
toxin (Tan et al., 1989). The'similarity of neurological symptoms has been reported in
victims envenoming by B_€audidus, from different geographical areas. The recovery
of victims has requiredithe proper time Of-f artificial ventilation and prolonged periods
in intensive care (Pochanugool * et j":ai;, 1997; Dixon and Harris, 1999;
Kanchanapongkul, 2002). However, the obéerVations for recovery in different victims
are still inconsistency. The freatment usiirén‘a_mticholinesterase has been reported to
negatively respond in the victiin (Looareésﬁ%;/an et al., 1988; Kanchanapongkul,
2002). Variations -in the results of thééé'é observations would associate with
heterogeneous components—in—the venom: there 1s 10 information whether the
different contents of “any enzymes in the B. ecandidus venom concern with the
variations of clinical features in term of the onset of neurotoxicity, abnormal physical
signs, reversible ot ifréversible ofineurolegical signs/and-thetinterval time of bite to
death. A few data ar¢ available for biological characteristics of the venom of B.
candidus snake.inhabiting.in different parts of Thailand, although the complication of
clinical “signs have been 'obseived “in victims©with 'B. candidus’ envenomation
(Looareesuwan et al., 1988; Pochanugool et al., 1997; 1998; Laothong and Sitprija,
2001; Kanchanapongkul, 2002; Leeprasert and Kaojarern, 2007). Therefore, the
purpose of the present study is to evaluate the venoms of B. candidus snakes from
three different localities in Thailand and the captive-born snakes in aspects of the
lethal toxicity, the enzymatic activities, and the molecular weight of protein
components. This information may contribute to better insight into the patho-

physiological and biochemical basis for solving potential problem in snake bite.
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MATERIALS AND METHODS

Animals

Swiss albino mice weighing 18-20 g were obtained from the laboratory animal
unit of the Queen Saovabha Memorial Institute. All animals were housed under 12 h
light/dark cycles at room temperature of 25+2 °C, standard foods and water were

supplied ad libitum until the end of experiments.

Snake venom
The venoms of Bungarus candidus from thrce different parts of Thailand

including a group of captivesborn snakes were nsed (details in Chapter IV).

The experimental protocols e
5.1 Determination of lethal toxicity (LDQ)_

The lethal toxicity was detérmined 1n mice. Five groups of eight mice for each
venom sample were tested and obscrve'di “throughout the quarantine period and
experiments. The control group-was perf(;ﬂr;éd using normal saline solution. All
groups were housed, in. cage and obser\'/é'd'r'"'throughout the quarantine period of
experiments. The LDsgwas calculated by the-method of Réed-Muench (1938) and 95
% confidence limits by the method of Pizzi (1950):

5.2 Determinations of enzymatic dctivities
All reagents for enzymatic determinations were analytical grade. The

Bungarus candidus, venom was.dissolyed. in, 10mM Tris-buffer. (pH 7.4) at the
concentration of' 1¥mg/ml fortall’ efizymatic' activity determinations.-All assays were
performed in duplicated test.

5.2.1 Phospholipase A; activity

Phospholipase A, activity was determined by the indirect hemolytic
method using the preparation of human erythrocyte-egg yolk-agarose plate (Marinetti,
1965; Gutierrez et al., 1988) with the modified method. The cross diameter of
hemolytic zones were measured after placing the plate at room temperature for 24 h.

The straight calibration curve and the parallel line analysis (WHO, 1995) for the log
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dose-diameter relationship was established to determine the hemolytic dose (HLD, in
micrograms) causing a hemolytic zone (clear zone) of 10 mm in diameter.

5.2.2 Acetylcholinesterase activity

Acetylcholinesterase activity was determined using the diagnostic kit
“BTC SIGMA” based on the use of the butyrylthiocholine (BTC) as substrate. The
initial rate of enzyme reaction was used for calculation of the activity. One unit of
enzyme activity was arbitrarily defined as the difference at 405 nm / min / mg.

5.2.3 Protease activity

Protease or-proteolytic activity -was-determined by mean of the hide
powder azure hydrolyzing activity (Omori-Satoh et al., 1995). One unit of the enzyme
activity was defined as the amount of venom hydrolyzing the substrate at a rate of 1.0
absorbance at 595 nmagainst a control without venom solution.

5.2.4 Alkaline phosphoménoesterase activity

Alkaline phosphomonoesté'{a;e activity was determined by a modified
method (Lo et al., 1966; Tan and Tan, 1988)'. One unit of enzyme activity was defined
as the amount of enzyme caused the increérg‘q of 0.001 absorbance unit per min at the
absorbance of 440 nm. = J

5.2.5 Phosphodiesterase act'iiﬂ)‘ii;ifj E

Phospliediesterase-actrvity was determined by a modified method (Lo
et al., 1966; Tan and Tan, 1988). One unit of enzyme activity was defined as the
amount of venom caused the increment of 0.001 absorbance unit per min at the
absorbance of 440mm.

5.2.6 L-amino acid oxidase activity

L-amino, acid.oxidase. activity, was_.determined. with the modified
technique (Worthtiagton Enzyme Manual, 1977;Tan ‘and Tany 1988). One unit of
enzyme activity was defined as the amount of venom caused the increment of 0.001
absorbance unit per min at the absorbance of 426 nm.

5.2.7 Hyaluronidase activity

Hyaluronidase activity was determined with the modified method (Xu
et al., 1982; Tan and Tan, 1988). The enzyme activity was expressed as National

Formulary Unit per milligram (NFU/mg) at the absorbance of 400 nm.
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5.3 Determinations of protein components and the molecular weight

Protein components and the molecular weight of all B. candidus venoms and
the other Elapid snake venoms were performed on tricine-sodium dodecyl sulfate
polyacrylamide gel electrophoresis (Tricine-SDS-PAGE) according to the detail in
Chapter II1.

5.4 Fractionation of Bungarus candidus venom by Reverse-phase High
Performance Liquid Chromatography (RP-HPLC)

Fresh venom from-individual Bungarus-candidus snake was obtained. The
protein concentration of the venom was determined by the Lowry method (Lowry et
al., 1951) using bovine serum albumin as the standard. Each venom was dissolved in
deionized water to give a protein ¢oncentration of 800 prg/ml. Eighty micrograms of

total venom proteins was fractionated-by reverse-phase HPLC.

5.5 Isolation and purification of the toxins'i-'

5.5.1 Cation-exchange chrbi}m_tqgraph y

Fifty milligrams each of crt'.tde'Jf'JBungarus candidus venom from the
northeast (BC-NE) and the south (BC-S) of Tﬁéfland was dissolved in 2 ml of 50 mM
phosphate buffer (pH-6:25); applied to-the Resource -8 (Column equilibrated with
the buffer, and then eluted with a linear gradient of 0—0:3 M NaCl at the flow rate of
10 ml/h. Absorbance was measured at 280 nm, and fractions of 2 ml were collected.

5.5:2 Adsorption/chromatography on kydroxyapatite

The = major toxic fractions ~obtained ~on cation-exchange
chromatography. were .pooled, concentrated .in collodion, bag_.in vacuo, and then
dialyzed against thé phosphatébuffer. The columniwas eluted with a'linear gradient of
0.05-0.35 M phosphate buffer (pH 6.25). Fractions of 1.5 ml were collected at the
flow rate of 15 ml/h.

5.5.3 Two dimensional gel (2D) electrophoresis

The proteins of fraction obtained from adsorption chromatography
were separated by 2-D electrophoresis using an IPGphor (Amersham Bioscience,
Uppsala, Sweden) instrument. The spots of interest were analyzed by MALDI-TOF

mass spectrometer model reflex V (Brucker Daltonik GmbH). Protein identifications
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were obtained from MASCOT (MatrixScience) and were matched with peptide mass
fingerprints in a protein database. Protein scores are significant when p value is less

than 0.05.

Statistical analysis
All mean values are presented as mean = SD. The results were evaluated by
analysis of variances (ANOVA); the significant differences among groups was

compared by Duncan’s multiple range test; with p<0.05 indicating significance.

RESULTS
.
Determinations of lethal toxicity and enzymatic activities

The mean values of the lethal;‘toxicity and enzymatic activities among
Malayan krait venom guoups are presentégl 1n Table 5-1. The lethal toxicity among
groups showed no significant differcnce. Determinations of enzymatic activities of B.
candidus venom among the wild=caught groups (BC-E, BC-NE, and BC-S) and the
captive-born group (BC-CB) revealed no 31gmﬁcant differences in phospholipase A,,
protease, phosphodiesterase and hyaluronldase activities. L-amino acid oxidase
activity of BC-CB (1771837 umt/mim/mg) were significantly lower than those of
BC-S (2986 + 321 unit/min/mg), BC-E (2900 £ 552 unit/min/mg) and BC-NE (2587
+ 418 unit/min/mg)(p<0.05). The acetylcholinesterase activity of BC-CB (1.459 +
0.216 unit/min/mg) |was sigdificantly thighet ) than that-of=BC-E (0.633 + 0.080
unit/min/mg) (ps:0.05). The alkaline phosphomonoesterase activity of BC-CB (303 +
164 unit/min/mg).was significantly. lower .than" that .of BC-NE, (1385 + 1207
unit/min/mg)(p<0.05).

Among groups of the wild-caught B. candidus venom, the enzymatic activities
exhibited significant differences in acetylcholinesterase, alkaline
phosphomonoesterase and hyaluronidase activities. The acetylcholinesterase activity
of BC-E venom (0.633 + 0.080 unit/min/mg) were significantly lower (p<0.05) than
those of BC-S (1.426 £ 0.325 unit/min/mg) and BC-NE (1.206 £ 0.259 unit/min/mg).
The alkaline phosphomonoesterase of BC-NE venom (1385 £ 1207 unit/min/mg) was
significantly higher (p<0.05) than those of BC-E (372 £ 257 unit/min/mg) and BC-S
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(385 £ 173 unit/min/mg), whereas the hyaluronidase activity of BC-E (481 + 32 NFU)
was significantly higher (p<0.05) than that of BC-NE (157 £ 112 NFU).

Table 5-1 Mean values of lethal toxicity and enzymatic activities of each Bungarus

candidus venom group.

Snake group BC-E BC-NE BC-S BC-CB
(n=3) (n=3) (n=4) (n=75)

LDs, 0.053+0.013  0.064 #0015 0.061 £0.013  0.070 = 0.024

(ng/g)

HLD 0.12= Q. 0.04+ 0.03 0.05 + 0.02 0.07 + 0.02

(ng)

AChE 0633 £0.080" 1206+ 0259°  1426+0.325° 1.459+0.216"

(Unit / min / mg) ¥ 4

PRO 0.033+0.009 0029+0.019. 0.054%0025 0.057=0.010

(Unit / mg) 4

PME 724050 2 1385402077 385£173° 303 164°

(Unit / min / mg) *

PDE 19+5 L TE 23+6 17+3

(Unit / min / mg)

LAAO 2900 £ 552%  2587+418™ 2086+321°  1771+837°

(Unit / min / mg)

HYA 4814 32° 157 £1127 243190 292 4206 ®

(NFU)

= * Means ‘withifi 'a “row with different supetscripts..between groups of each

measurement differ significantly (p < 0.05). LDsy = Lethal toxicity (ug of venom / g

of mouse body weight); HLD = Indirect hemolytic dose representing phospholipase

A, activity which is the amount of venom (png) produced a hemolytic (clear) zone of

10 mm in diameter; AChE = Acetylcholinesterase activity; PRO = Proteolytic

activity; PME = Alkaline phosphomonoesterase activity; PDE = Phosphodiesterase

activity; LAAO = L-amino acid oxidase activity; HYA = Hyaluronidase activity;

NFU = National Formulary Unit.



59

Molecular weight determination of protein components

Pattern of tricine SDS-PAGE under non-reducing condition of each B.
candidus venom is presented in Figure 5-1. The overall marked dense protein bands
were quantitative different in the region of molecular weight from 7.1 to 41.3 kDa.
The number of protein bands at the molecular weight from 18.1-41.3 kDa was
distinct in captive-born group (BC-CB) as compared with the southern group (BC-S)
and the other two groups (BC-E and BC-NE groups). The protein pattern of B.
candidus venom was different from the other Elapid venoms, e.g. Naja kaouthia,

Ophiophagus hannah and-Bungarus faséiatus (Figure 5-2).
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Figure 5-1 Tricine.SDS-PAGE pattern of Bungarus candidus venom under non-
reducing condition. Twelve microgram of venom solution (Img/ml) from eastern (E),
northeastern (NE), southern (S) regions and captive-born (CB) greups were applied to
each lang for electrophoresis. Kaleidoscope prestained standard (lane Std) was used as
molecular weight markers in kDa, from top to bottom: myosin (210), B-galactosidase
(131), bovine serum albumin (89), carbonic anhydrase (41.3), soybean trypsin
inhibitor (31.8), lysozyme (18.1), and aprotinin (7.1). Arrows (red) indicate the
marked difference in the variations of protein pattern. The panel A, comparison of
eastern and southern venom groups; the panel B, comparison of northern and captive-

born venom groups.
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Fractionation of Bungarus candidus venom by Reverse-phase High Performance
Liquid Chromatography (RP-HPLC)

The RP-HPLC chromatographic profiles of the venom of individual snake of
each group of B. candidus are shown in Figures 5-3A, 5-4A, 5-5A and 5-6A for
eastern (BC-E), northeastern (BC-NE), southern (BC-S) and captive born (BC-CB)
snakes, respectively. The venom protein peaks were aligned according to the retention
times while each peak was designated by a capital letter (A to Z) as shown in Figures
5-3B, 5-4B, 5-5B 5-6B and also in Table .5-2.-From these figures and table, it
appeared that, overall, the-profiles of BC-E and BE-NE contained less protein peaks
than those of BC-S and BC-CB_ These results were supported by that of SDS-PAGE
shown in Figure 5-1. ,

Another point“of infcrgstiis the venom protein profiles of BC-E and BC-NE
were quite similar but were/different frorﬁ those of BC-S and BC-CB (Figure 5-7). It
should be mentioned that the BC-CB wef'@ :the offspring of snakes from the south of
the country and it is therefore not surpriéing the BC-CB and BC-S profiles were
almost identical. From these observations, ﬁRiHPLC seems to be a better method than
SDS-PAGE (Figure 5-1) to differentiate thévé}loms of BC-S from those of BC-NE
and BC-E. -t P

Table 5-2 alsé reveals the individual differences regarding the numbers and
the percentage abundance of protein peaks in RP-HPLC of venoms of the same group.
For example, among the 4 BC-S snakes, BC-S1 venom contained 16 while BC-S2
showed 19 peaks under RP-HPLQ (Figure:5<5A and Table $5-2). Moreover, peaks J
and K of these two venoms, while €luted at almost the same retention times, showed

several fold differences.in.protein.abundance.



Table 5-2, Retention time and percent abundance of protein peaks under RP-HPLC of various . condidies venoms.
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BC-E VENOMS

OD 280 nm
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Figure 5-3A. RP-HPLC profiles of individual snake venoms from the eastern B.
candidus (BC-E) group with the protein peaks (A to Z) aligned according to their

retention times (vertical dot line).
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Figure 5-3B. RP-HPLC profiles of individual snake venom from the eastern B.
candidus (BC-E) group showing the areas of protein peaks (A to Z).
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BC-NE VENOMS

OD 280 nm

Retention Time (min)

Figure 5-4A. RP-HPLC profiles of individual snake venoms from the northeastern B.

candidus (BC-NE) group with the protein peaks (A to Z) aligned according to their

retention times (vertical dot line).
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Figure 5-4B. RP-HPLC profiles of individual snake venom from the northeastern B.
candidus (BC-NE) group showing the areas of protein peaks (A to Z).
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BC-S VENOMS
Retention Time (min)

Figure 5-5A. RP-HPLC profiles of individual snake venoms from the southern B.
candidus (BC-S) group with the protein peaks (A to Z) aligned according to their

retention times (vertical dot line).

OD 280 nm
0.01
0.01
0.01



68

0.014 BC-S | Way elength 280 nm
0.012-
0.010- ~
- =
0.008-
2 e
0.006- Vy "
0,004 / - r il
=
0002 }‘§ = =
O'UDD-“J / ¥ &\\;\" \:.\\m» 4! STSTSIES 'u» olq»
I///& h\\\\\ |

T3 & T 1
0.00 5.00

30 UD 35.00 40.00

u.unu

0.009-

0.008

0.007-

0.006-

Wav elength 280 nm

Minutes
— BC-S2 =80 pug

Q
(B O TR W T K T L T L S T S Ty L T T T [ ST R w. ke 8 w a e F
0.00 5.00 10.00 15.00 2000 25.00 30,00 3500 40.00

Figure 5-5B. RP-HPLC profiles of individual snake venom from the southern B.

candidus (BC-S) group showing the areas of protein peaks (A to Z).
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Figure 5-5B. (Continue) RP-HPLC profiles of individual snake venom from the

southern B. candidus (BC-S) group showing the areas of protein peaks (A to Z).
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BC-CB VENOMS
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Figure 5-6A. RP-HPLC profiles of individual snake venoms from the captive-born B.

candidus (BC-CB) group with the protein peaks (A to Z) aligned according to their

retention times (vertical dot line).
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Figure 5-6B. RP-HPLC profiles of individual snake venom from the captive born B.
candidus (BC-S) group showing the areas of protein peaks (A to Z).
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Figure 5-6B. (Continue) RP-HPLC profiles of individual snake venom from the
captive born B. candidus (BC-S) group showing the areas of protein peaks (A to Z).
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Figure 5-7 RP-HPLC profiles of B. candidus venoms from snakes of different origins
with the protein peaks (A to Z) aligned according to their retention times (vertical dot

line). NE, northeastern; E, eastern; S, southern; CB, captive-born.
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Isolation and purification of the toxins

On cation-exchange chromatography of the BC-NE2 and BC-S3 crude
venoms, 102 and 103 fractions were obtained and pooled into 15 and 18 fractions,
respectively (Figures 5-8 and 5-10). Distribution of protein, lethal toxicity and PLA,
activity of BC-NE2 and BC-S3 are summarized in Table 5-3 and 5-5. The pooled
fractions of 5, 6, 12, 13, 14, and 15 exhibited the lethal toxicity which more potent
than the BC-NE2 crude venom (2 LDsy =:2.18 pg/ 20 gm mouse body weight).
Whereas the lethal toxicity of the pooled fracaénswhich more potent than the BC-S3
crude venom (2 LDsy = 1.62-pg/20 gm-mouse body weight) was observed for the last
six pooled fractions (13=18).~FEractions 12-14, the major toxic fractions with high
protein contents obtainedon «Cafion-exchange chromatography of BC-NE2, were
contained 67% in total ofthe recovered lethal toxicity and thus were chosen for
adsorption chromatogeaphy: On ‘the othér hand, the pooled fractions 15 -17 from
cation-exchange chromatography of BC-SSJ-contained 51% in total of the recovered
lethal toxicity were chosen. -

Adsorption chromatography of frérétigns 12—-14 (BC-NE2) and fractions 15—
17 (BC-S3) on hydroxylapatite celumn resﬂlte& in an elution pattern comprising four
peaks each. Lethal toxicity detected in all p'e'rla'kS" was potent.than the BC-NE2 and BC-
S3 crude venoms. Hourpeaks were designated-as N1 (fibe no. 84-92), N2 (tube no.
93-107), N3 (tube no: 108=115), and N4 (tube no. 116-123) for the BC-NE crude
venom (Fig 5-9) and as SOI (tube no. 100-116), SO2 (tube no. 117-128), SO3 (tube
no. 129-143) and SQ4:(tube, no/144-156)forithe BC=S3«crude venom (Figure 5-11).
Table 5-4 and 5:6 summarize the purification of toxXins from the BC-NE2 and BC-S3
crude yenoms on cation-exchange chromatography_.and.adsorption,chromatography
on hydroxylapatité,” respectively. “Only ‘fractions N2,.N3,! SOl.and SO2 were
determined PLA2 activity. Fractions N2 and N3 were achieved 4- and 5- fold
purification of the BC-NE2 crude venom, whereas SO1 and SO2 were achieved 4-
and 10-fold purification of the BC-S3 crude venom. The total lethal toxicity of these
toxins amounted to 19.3% of the BC-NE2 and to 9.9% of BC-S3 crude venoms.

Two dimensional gel (2D) electrophoresis

The protein peaks of N2 and SO2 from the adsorption chromatography on
hydroxylapatite were chosen and applied separately to 2D gel electrophoresis. The
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protein spots of interest were performed (Figure 5-12) and analyzed by MALDI-TOF
mass spectrometer. The protein identifications obtained from the MASCOT search
(MatrixScience at http://www.matrixscience.com/) were matched with peptide mass
fingerprints in a protein database as follow;

N2-1 is matched to chain A of B2-bungarotoxin from Bungarus multicinctus
which acted as a potassium channel binding by Kunitz modules and targeted
phospholipase action. The nominal mass (Mf)_ }s 14,235 Da and pl value 7.57 (Figure
5-13). The amino acid sequence coverage 89% fnatched peptides is shown in bold red,

1 NLINFMEMIR YTIREEKFWG EYADYGEY¥EGAGGSGRPIDA LDRCCYVHDN

51 CYGDAEKKHK CNPRTQSY SV KL TKRTHC Y GAAGTCARIV CDCDRTAALC
101 FGNSEYIEGH KNP LafEc0 3

N2-2 is ma?é 0 Kphosfp_holi‘l)'ése Ay, B bungarotoxin A1l chain precursor

(phosphatidylcholine 2-agyl 'fdrol’as_q) fté}m’-'Bungarus candidus. The nominal mass

(M;) is 16,045 Da and pl v ue-7 59 “(Figu;rje 15+ 14). The amino acid sequence coverage

41% matched peptides is hown in bold reﬂj
1 AVCVSLLGAA NIPPHIgLNLI NFMEMIRYT{‘PCEKTWGEYA DYGCYCGAGG
51 SGRPIDALDR CCYVHDNCYG DAEKKIiKICNP KTQSYSYKLT KRTIHHCYGAA
101 GTCARIVCDC DRTAALCFGD SEYIERHKNI DTARFCQ

| S

> I

- _,,J _-\_J
SO2-1, 2-2, 2 3 and 2-4 are matched to phospholipase A,, B bungarotoxin

A3 chain precursor (phaesphatidylcholine 2=acylhydrolase) from Bungarus candidus.

The nominal mass (M,) is 15,880 Da and pl value 6.30 (Figures 5-15, 5-16, 5-17 and

5-18). The amine acid sequence coverage 64% matched peptides is shown in bold red,
1 AVCVSLEGAANIPPHPENLENEMEMIRYTIIPCEKTWGEYT N¥GCYCGAGG

51 SGRPIDALDR CCYVHDNCYG DAANIRDCNP KTQSYSYKLET KRTIICYGAA
101 GTCARVVCDC DRTAALCFGD SEYIEGHKNI DTARFCQ
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Table 5-3 Distribution of protein, lethal toxicity and PLA, activity in the pooled

fractions of BC-NE 2 obtained on Resourse™ column chromatography.

Fraction Protein
(Tube no.) (ng) Lethal toxicity PLA,; activity
LDso(ng) | Total LDgso | HLD(ng) Total HLD,
1(3-7) 1426 | =048 . 0.092 155,000
2 (8- 14) 9022 %218 - 0.002 4,610,000
3(15 - 18) 121503 - 0.004 302,500
4(28-31) 0. 750 218 3 0.020 37,500
5(32-35) 2 49 {47 1,818 0.160 15,563
6 (36 - 40) .54 0fs 1t 1074 0.043 35,814
7 (41 - 44) 2148 | £ P\ 0.230 9,304
8 (45 - 50) 32 4l feas \ 0.230 13,565
9 (51 - 54) 148 | >298 "i-*"’-'f_ - 0.160 9,250
10 (55 - 59) 268 | Soas 0.450 5,956
11(60-64) | 204 | =218 p £0.750 2,720
12(65-68) | L\1®7 043 | 4,349 Q1) Tdsa0 | 222 (0.04)°
13 (69 - 74) 165 038 | 434221 |1 0400 | 4.125(0.08)"
14 (75 - 79) 1.68 032 | 5250257 | 0.145 | 11,586 (0.22)
15 (100 - 102) | |41/02 0.32 3,188 0.050 20,400
Total 47.15 20,921 5,235,509
CrudeBCINE 2 1 50 1,09 45872 || £0.008 6,250,000

- ® Figures in parentheses are the percentage of recoveries calculated to the total

toxicity and PLA, activity obtained on Resource™™ S column chromatography. The

pooled fraction 12, 13, and 14 were pooled and subjected to the next step of

purification (adsorption chromatography on hydroxylapatite).
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Chromatogram of BC-NE2 on Cation exchange column

1.5 + r15
1+ F1
£
< —
< g
N (%)
a
o 2
0.5 + +0.5
-8
0 t t t i f t } t t t 0
0 10 20 30, 40 50 60 70 80 90 100 110

T‘J.Ibe no.

Figure 5-8 Chromatogram of the BC-NE 2 crude venom on Resource™ S column
chromatography, 102 fractions were obtained and pooled into 15 fractions (details in

Table 5.3). The pooled fractions 12, 13, af‘lg_i 14 were chosen and applied to adsorption

chromatography on hydrogylapatite.
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Figure 5-9 Adsorption chromatography of the pooled fractions 12, 13, and 14 on
hydroxylapatite presenting four peaks designated as N1, N2, N3, and N4 which were
detected the lethal toxicity and the PLA, activity summarized in Table 5-4.
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Table 5-4 The purification of toxins from BC-NE 2 crude venom on cation-exchange

(Resource™ S column) chromatography and adsorption chromatography on

hydroxylapatite.
Step Protein Lethal toxicity PLA,
(mg) LDso (1g) Total LDsgs  HLD (ng)
Crude venom 50.00 0.94 (0.72.41:68) 53,192 0.008
Resource™ S
Fraction 12 1.8% 0.431(0.27 - 0.68) 4,349 0.840
Fraction 13 1.65 0,38 (0.14 - 1.02) 4,342 0.400
Fraction 14 1.68 0.32.(0.16 - 0.62) 5,250 0.145
Hydroxylapatite { )
Fraction N1 0.73 0.17(0.09-031) (5.5 4,294 (8.0)°  Not tested
. I . 7,208
Fraction N2 1.73 024 (0.12 20.47) (3.9) (13.6) 0.390
Fraction N3 0.61  0.20 (0.12 - 0.34) (4.7)* 3,050 (5.7)° 0.400
Fraction N4 036  0.30(0.16-.0.58) (3.1)* 1,200 (2.3)®  Not tested

® ® Figures in parentheses are the purification<factors and thé.percent recoveries
calculated to' crudesvenom. | The purification factor is defined asiLDsg of crude venom

divided by LDs of each fraction.

The percent recovery = Total LDs, of each fraction x 100
Total LDsg of crude venom

Total LDs is defined as protein of crude venom or of each fraction (in pg) divided by

LDs of crude venom or of each fraction (in pg).
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Table 5-5 Distribution of protein, lethal toxicity and PLA, activity in the pooled

fractions of BC-S 3 obtained on Resourse’ ™ column chromatography.

Fraction Protein
(Tube n0.) (ng) Lethal toxicity PLA; activity

LDso (ng) Total LDgso | HLD(ug) Total HLD,
1(3-7) 21.11 >1.62 - 0.380 55,553
2(8-10) 2.74 >1.62 = 0.007 391,429
3(11-13) 3.09 >1.62 - 0.043 71,860
4 (14-18) 2.30 21762 - 0.066 34,848
5(19-21) 0.38 Ao2) - 0.040 9,500
6 (28 —31) 0.72 >1L62, ‘ ALE 0.098 7,347
7 (40 — 43) 1.10 > 1162 ‘ A\: 0.150 7,333
8 (44 — 48) 0.87 >1.62 . 0.340 2,559
99-s0) | Lot f Slea L 0.530 3,038
10 (57 - 59) 0.58 HLE.62 d,,’ 0.380 1,526
11 (60 - 62) 0.53 _>1.62 Td- _ 0.440 1,205
12 (63 - 67) 1.00 >1.62 - 0.860 1,163
13 (68 - 72) 1.10 Q.5 2,157 0.740 1,486
14 (73 - 76) 1.04 0.58 1,793 ~0.500 2,080
15 (77 - 78) 0160 0128 2:1481(b1)° 01440 1,364 (0.22)°
16 (79 - 85) 1.71 0.40 4,275 (21)* 0.21 8,143 (1.30)"
17 (867 89) 0,58 S 33867 (19)¢ 0:078 7,436 (1.20)°
18 (100~ 103) | 1.81 0.30 6,033 0.110 16,455
Total 42.87 20,268 624,325
Crude BC-S 3 50 0.81 61,728 0.101 495,050

" Figures in parentheses are the percentage of recoveries calculated to the total
toxicity and PLA, activity obtained on Resource’™ S column chromatography. The
pooled fraction 15, 16, and 17 were pooled and subjected to the next step of
purification (adsorption chromatography on hydroxylapatite).
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Figure 5-10 Chromatogramsof the“BC-S_J'S crude venom on Resource™ S column

chromatography, 103 fractions wete obtdi,ned and pooled into 18 fractions (details in

Table 5-5). The pooledfractions 15, 16, an:d_llj were chosen and applied to adsorption

chromatography on hydroxylapatite. )
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Figure 5-11 Adsorption chromatography of the pooled fractions 15, 16, and 17 on

hydroxylapatite presenting four peaks designated as SO1, SO2, SO3, and SO4 which

were detected the lethal toxicity and the PLA, activity summarized in Table 5-6.
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Table 5-6 The purification of toxins from BC-S 3 crude venom on cation-exchange

(Resource™ S column) chromatography and adsorption chromatography on

hydroxylapatite.
Step Protein Lethal toxicity PLA, activity
(mg)
LDso (ug) Total LDsgs HLD (ng)
Crude venom 50.00 0.97 (0.77=4°22) 51,546 0.101
Resource™ S
Fraction 15 0.60 028 (026 -0.31) 2,143 0.440
Fraction 16 1 g 0.40 (0.26 - 0.60) 4,275 0.210
Fraction 17 0.58 0.15 (0.1‘ L-0.20) 3,867 0.078
Hydroxyapatite el
Fraction SO1 048  0:23(0.12 - 0:4_5)'_(4.2)"‘ 2,087 (4.1)° 0.043
Fraction SO2 930 0:10(0:05-0:19) (97 3000 (5.8)" 0.088

Fraction SO3 048  0.56 (0.33 - 0.97) (1.7)* =857 (1.7)" Not tested

Fraction SO4 027 _ 0.56¢0.33-0.97)(1.7)" @ 432 (0.9)° Not tested

“® Figures in patentheses are ‘the purification factors_and ithe! percent recoveries
calculated to crude venom. The purification factor is defined as LDs, of crude venom

divided by LDs of each fraction.

The percent recovery = Total LDs of each fraction x 100
Total LDsq of crude venom

Total LDs is defined as protein of crude venom or of each fraction (in pug) divided by

LDsg of crude venom or of each fraction (in pg).
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B. BC-S3 SO2-3 SO2-1 S0O2-2 SO2-4

Figure 5-12 2D gel electrophoresis of the fractionated proteins obtained from
adsorption chromatography on hydroxylapatite, Panel/ A) BC-NE 2, and Panel B) BC-
S 3. Molecular weight markers in kDa; Phosphorylase b (97), albumin (66),
ovalbumin (45), carbonic anhydrase (30), trypsin inhibitor (20.1), and a-lactalbumin
(14.4).
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101 FGNSEYIEGH KNIDTARFCQ

0.0

Figure 5-13 (A) Determination of the molecular masses of protein N2-1 isolated in
2D gel electrophoresis panel A (Figure 5-12); (B) MS/MS-derived amino acid
sequence through MATRIX SCIENCE (MASCOT Search)
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(B). N2-2 Match to: g1|822 2017 Score: 48 Expect: 15

Phosphollpase sor (Phosphatidylcholine 2-
acylhydrolase) % W

Nominal mass ( r): 16045, Calculated pl value: 7. 5

o P SR TRISA D121 ) 8

Matched peptides shown in
1 AVCVSLLGAA NIPPHPLNLI NFMEMIRYTI PCEKTWGEYA DYGCYCGAGG
51 SGRPIDALDR CCYVHDNCYG DAEKKHKCNP KTQSYSYKLT KRTIICYGAA
101 GTCARIVCDC DRTAALCFGD SEYIERHKNI DTARFCQ

Figure 5-14 (A) Determination of the molecular masses of protein N2-2 isolated in
2D gel electrophoresis panel A (Figure 5-12); (B) MS/MS-derived amino acid
sequence through MATRIX SCIENCE (MASCOT Search).
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(B). SO2-1 Match to: gi[82206358 Score: 77 y Expect: 0.02
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acylhydrolase) 4!

AT in g4y

Matched peptides shown in bold red,

1 AVCVSLLGAA NIPPHPLNLI NFMEMIRYTI PCEKTWGEYT NYGCYCGAGG
51 SGRPIDALDR CCYVHDNCYG DAANIRDCNP KTQSYSYKLT KRTIICYGAA
101 GTCARVVCDC DRTAALCFGD SEYIEGHKNI DTARFCQ

Figure 5-15 (A) Determination of the molecular masses of protein SO2-1 isolated in

2D gel electrophoresis panel B (Figure 5-12); (B) MS/MS-derived amino acid
sequence through MATRIX SCIENCE (MASCOT Search).
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Matched geptldes shown in bold red,
1 AVCVSLLGAA NIPPHPLNLI NFMEMIRYTI PCEKTWGEYT NYGCYCGAGG
51 SGRPIDALDR CCYVHDNCYG DAANIRDCNP KTQSYSYKLT KRTIICYGAA
101 GTCARVVCDC DRTAALCFGD SEYIEGHKNI DTARFCQ

Figure 5-16 (A) Determination of the molecular masses of protein SO2-2 isolated in
2D gel electrophoresis panel B (Figure 5-12); (B) MS/MS-derived amino acid
sequence through MATRIX SCIENCE (MASCOT Search).
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Matched Beptldes shown in bold red,
1 AVCVSLLGAA NIPPHPLNLI NFMEMIRYTI PCEKTWGEYT NYGCYCGAGG
51 SGRPIDALDR CCYVHDNCYG DAANIRDCNP KTQSYSYKLT KRTIICYGAA
101 GTCARVVCDC DRTAALCFGD SEYIEGHKNI DTARFCQ

Figure 5-17 (A) Determination of the molecular masses of protein SO2-3 isolated in
2D gel electrophoresis panel B (Figure 5-12); (B) MS/MS-derived amino acid
sequence through MATRIX SCIENCE (MASCOT Search).
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Matched peptides shown in bold red,

1 AVCVSLLGAA NIPPHPLNLI NFMEMIRYTI PCEKTWGEYT NYGCYCGAGG
51 SGRPIDALDR CCYVHDNCYG DAANIRDCNP KTQSYSYKLT KRTIICYGAA
101 GTCARVVCDC DRTAALCFGD SEYIEGHKNI DTARFCQ

Figure 5-18 (A) Determination of the molecular masses of protein SO2-4 isolated in
2D gel electrophoresis panel B (Figure 5-12); (B) MS/MS-derived amino acid
sequence through MATRIX SCIENCE (MASCOT Search).
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DISCUSSION

In the present study, values of the enzymatic activity of Bungarus candidus
venom in all groups were in the range of previous values that studied in B. candidus
and other species of Bungarus snakes, such as B. caeruleus, B. multicinctus and B.
fasciatus (Tan and Ponnudurai, 1990). The enzymatic activities in the B. candidus
venom exhibit the high activities of phospholipase A,, acetylcholinesterase, L-amino
acid oxidase and hyaluronidase, thes imoderate activity of alkaline
phosphomonoesterase and-the low aectivities-of-phosphodiesterase and protease.
However, the present resulis demonstrate that variations in different types of
enzymatic activities and prefein compositions occurred in the venoms of B. candidus
snakes from three diffcrent localitics of Thailand and the captive-born snakes. The
geographical variations' of the compositi;)ns and toxicity in snake venoms from the
same species have been well documentne'::_d{-(Daltry et al., 1997; Tsai et al., 2003;
Shashidharamurthy et al., 2002; Shashidhafarﬁurthy and Kemparaju, 2007; Salazar et
al., 2007). In the present study, no dlffcrenc‘es in lethal toxicity of B. candidus venoms
were apparent among groups of siakes fromdlfferent locations (Table 5-1). However,
the present findings reveal that the fethal t0x1c1ty of BC-S.venom (0.061 png/g mouse)
was lower than those-of pooled venom of 5. candidus from the same southern region
(0.160-0.175 png/g mouse) (Khow et al., 2003; Chanhome et al.,1999), whereas there
were no differences in phospholipase A, activity. These differences in terms of the
response to lethal toxi¢ity indieate that the“toxicity: is fiot:Solely due to the activity of
phospholipase A,. In contrary to the present findings in different type of snake, the
high lethal .toxicity of the.JVipera . russelii. venom, was .attributed to the high
phospholipase activity. | The" reverse™ relationship’ between “lethal toxicity and
proteolytic activity have also been reported in Vipera russelii venom (Jayanthi and
Gowda, 1988) and Crotalus atrox venom (Minton and Weinstein, 1986) collected
from different localities of India and the United States. Therefore, the lethal toxicity
of B. candidus venom would be induced by variety of enzyme components. A
synergistic action of different toxic and nontoxic components within venom may take

place for its overall toxicity (Tu, 1991).
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The present study in BC-CB venoms showed the lowest activities of L-
amino acid oxidase without the difference in lethal toxicity when compared with other
groups, although L-amino acid oxidase has been postulated to be toxic in inducing
apoptosis, hemorrhagic and cytotoxic effects (Du and Clemetson, 2002). It is possible
that during venom collection, an appearance of white to pale yellow color of BC-CB
venom might be accounted for the low activity of L-amino acid oxidase. This result
might be supported by other findings in Russell’s viper venom that the low activity of
L-amino acid oxidase would associate with the_eolorless venom of juvenile snake.
The variations of clinical.symptoms following the bites of adult and young Russell’s
viper were also noted (Tun-Pe ¢t al. 1995). Moreover, differences of L-amino acid
oxidases activity betweens'the” wild-caught groups and captive-born group may
attribute to the different types of feeding diets in the present study. However, the
phospholipase A, andprotease activities; of BC-CB venom were not different from
other groups. The presence of higﬁ_ Jactivities of acetylcholinesterase and
hyaluronidase in BC-CB venom might suffiee for inducing lethal toxicity (Girish and

Kemparaju, 2006; Yingprasertchat, Bunyanisawat, and Ratanabanangkoon, 2003).

The value of hyaluronidase activitie_:§ '_of-_lBC-NE venoms was lower than those
of other groups. However, the lower hyalﬁ-r-o;lmidase activities found in the present
study would not affect to its lethal toxicity, although the hyaluronidase contents of B.
candidus venom have been reported to be exceptionally high in comparison with the
other elapid venoms (Tan and Tan, 1988; Pukrittayakamee et al., 1988). The
hyaluronidase ‘activity-has 'beéen known as a| spreading |factor by disrupting the
connective tissues and potentiating hemorrhagic effect and necrosis (Tu and Hendon,
1983),7and aceclerdting venom absorption fand, diffusion’in Contribuiting to systemic
envenomation (Pukrittayakamee ef al., 1988; Girish et al., 2004). It has been reported
that snake venoms contain both nonspecific and specific phosphomonoesterase.
Nonspecific phosphomonoesterase is frequently referred to as a phosphatase which
has two activities depending on its optimum pH designated as an acid phosphatase
(pH 5) and an alkaline phosphatase (pH 9.5). Both phosphatases generally hydrolyze
phosphomonoesterase bonds (Rael, 1998). Thus, the marked high values of
phosphomonoesterase in BC-NE venom might be relevant to induce the lethal

toxicity. In BC-E venom, the high hyaluronidase values, the low value of
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acetylcholinesterase with remaining in high lethal toxicity were apparent. These
results suggest that the lethal toxicity of the BC-E venom would be shared by

enzymatic activities among components in the venom.

Determining the profile for the diversity of protein bands in the range of
molecular weight from 7.1 to 41.3 kDa (Figure 5-1) showed the quantitative
differences in all venom groups. The distinction of the protein bands at the molecular
weight from 18.1-41.3 kDa in captive-bomn group compared with the other three
snake venom groups were possibly the differcaees in their food preference, of which
the captive-born snakes were fed-on mice. The measured values could be an indicator
of type of toxin, taking intes€onsideration the number of signs responses to the venom
toxin. The dense proteingbands at the molecular weight approximately 22-25 kDa
may be comparable to the presynaptic neurotoxin isolated from B. candidus venom
(Khow et al., 2003). “In addition, the difference in quantitative of the marked dense
bands in the region of molegular welght of 7 1 to 18.1 are probably compounded of a-
bungarotoxin (Kuch et ali; 2003), candoxin (Nlrthanan et al., 2003; Paaventhan et al.,
2003) and bucain (Watanabe et al., 2002) 1§01¢a_,§ed from the venom of Malayan kraits
originally from the other Southeast Asia C(_):Eptr-_i_es. All these toxins mainly produced
postsynaptic neuromuscular bldckade. Howev-ér,rstudies of the toxin purification or
venom fractions of. BC-NE and BC-S venom in experifnental animals would be
further investigated.

All major venomgproteins from B. candidus appeared on reverse-phase HPLC
separations (RP-HPLC) were subjeeted to individual variation within each geographic
population. While qualitative and .quantitative differences were observed among
membeérs of the satile,group, it appeared that sex of the shakes (BCSNE3, BC-S4 and
BC-CB4;were female) was not involved in these differences. Furthermore, since all
the snakes were kept under the same conditions and fed with live snakes (except BC-
CB which were fed with mice), these subtle differences in RP-HPLC profiles were
likely to be due to other factors, e.g., genetic background.

It is well established that venoms of snakes of the same species or even same
sub-species but captured from different countries or regions, often are different

pharmacologically and immunologically. Thus, an antivenom prepared against one
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species of snake in one country may not be effective when used to treat envenomation
by that same species in a different country. It is therefore recommended that in the
production of snake antivenom for therapeutic use in a certain geographic area, the
snake venom(s) used as immunogen should originate from the same locality. As a
quality control measure, the antivenom producer should therefore provide a certificate
mentioning the Latin name of the species and its geographic origin, some relevant
biochemical activities of the venom together with pictures of SDS-PAGE or HPLC
profiles of the venom proteins. In this regatd, since SDS-PAGE of the venoms of all 4
groups did not show obvieus-differences in protein-bands (Figure 5-1), it may not be
possible to use SDS-PAGE toridentify the geographic origins of BC venoms studied
here. In this respect, RP-HPLC may be more useful, for example, to identify BC-S
from BC-NE and BC-E. ;

The isolationsand purification (;f toxins from BC-NE2 and BC-S3 venoms
revealed the different dsoforms of B—bﬁ_néarotoxin chain A unit which acts as
phospholipase A,. Fraction N2 on adsorpti-o'n"Chromatography (Figure 5-9) exhibited
the lethal toxicity at 0.24 (012 —8.47) ug / “ZO gm mouse body weight which achieved
about 4-fold purification and 14 % recovery;co J]éC-NEZ crude venom (Table 5-4). On
2D gel electrophoresis and MS/MS-deri{/éd; ‘amino aeid sequence through the
MASCOT search (MATRIX SCIENCE); it was consisted of two different isoforms of
B-bungarotoxin. The first was designated as toxin N2-1 which the amino acid
sequence coverage 89% matched peptide to f2-bungarotoxin chain A purified from
Bungarus multicinctus venom (Kwong et al.; 1995)." The second was designated as
toxin N2-2 which the amino acid sequence coverage 41% matched peptide to B-
bungarotoxiti'chain A ltpurified from B. candidusvetiomiBEraction SO2 on adsorption
chromatography (Figure 5-11) exhibited the lethal toxicity at 0.10 (0.05-0.19) ug/20
gm mouse body weight which achieved about 10-fold purification and 6% recovery to
BC-S3 crude venom (Table 5-6). On 2D gel electrophoresis this fraction was
separated into 4 protein spots which designated as toxin SO2-1, SO2-2, SO2-3, and
SO2-3. From MS/MS-derived amino acid sequence through the MASCOT search
(MATRIX SCIENCE), the amino acid sequence of all toxins were coverage 64%

matched peptide to B-bungarotoxin chain A3 purified from B. candidus venom. -
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bungarotoxin is a presynaptic neurotoxin composed of two subunits linked by
disulfide bond. The chain A subunit has the phospholipase A, activity which catalyzes
the calcium-dependent hydrolysis of the 2-acyl groups in 3-sn-phosphoglycerides.
The chain B is a K™ channel binding subunit which is a member of the Kunitz
protease inhibitor superfamily. The B-bungarotoxin family consists of a group of
isotoxins which is the main constituent in the venoms of Bungarus snakes (Chu et al.,

1995).
CONCLUSION

The results of the prescat findings suggest that the lethal toxicity of the venom
is synergistic action of varibus components of the venom. Since the resolution of the
RP-HPLC studied hete was quite high gbn}pared to that of other chromatographies
e.g., ion exchange, it may bepossible to qﬁahtitate the abundance of the lethal toxin(s)
for comparative purposes. The conditions ﬁééd for RP-HPLC described here may also
be useful for efficient isolation ¢f the toifrjﬂi_sf' of these snakes. Therefore antivenom

Ad

production would require pooled-venoms from various geographical areas as it cannot

be focused in any specific:components of the venorm:



CHAPTER VI

IN VITRO STUDIES FOR THE EFFECTS OF BUNGARUS CANDIDUS
VENOM ON HEMOLYTIC AND NEUROTOXIC APPEARANCES

INTRODUCTION

Venomous snakes in Family Elapidae comprise a large group of different
species such as cobras, ksaits, eoral spakes, and-death adders. Snake venoms are
complex mixtures of polypeptidcs an(i enzymes.with diverse actions on prey and
human victims. The Elapid snake venoms are mainly consisting of neurotoxins which
cause death within 2448 houfs/dn untreated victims. The secreted phospholipases A,
are the most common ghzyme found ilndll"various snake venoms isolated from the
snakes in Families Elapidae, Viperidae, a;lrld:Crotalidae. The venom PLA;s possess a
digestive function and‘@ wide farray of pﬁé};rr}acological actions such as antiplatelet,
anticoagulant, hemolyti¢; neurotoxic, njypfoxic, edema-inducing, hemorrhagic,
cytolytic, cardiotoxic, and muscarinic inhibitdlr;,.vactivities (Harris, 1991; Kini, 2003).
PLA; enzymes hydrolyze glycerophospholff;i_@s_ at the sn-2 position of the glycerol
backbone releasing lysophospholipids and fatty acids/(Lambeau and Lazdunski,
1999). Purified PLAsfrom Ringhals cobra venom hydrolyzed the phospholipids of the
intact red cell membrane in the presence of Ca”' (Condrea et al., 1970). In addition,
hemolysis of washed human red blood cells by snake venoms in the presence of
albumin occurs as a consequence of the spitting of membrane phospholipids (Gul,
Khara, and Smith, 1974). Interactions between membrane proteins and phospholipids
treated by plosphotipases can alter the mosaic of membrane components by a change
in osmotic resistance (Ruitenbeek, Edixhoven, and Scholte, 1979). Therefore red
blood cells have become more fragile. Snake venom PLA,s mostly express their
pharmacological effects on their own, however some exhibit the full potency of their
pharmacological effects only when they form a complex, for example B-bungarotoxin
(Kini, 2003).

B-Bungarotoxin (B-BuTx) is well known as presynaptic neurotoxin that

constitutes the main portion of Bungarus snake venoms (the kraits). B-BuTx is
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composed of two subunits linked by a disulfide bond. One is a PLA, subunit which
exhibits remarkable structural similarity to other vertebrate enzymes and the other is a
non- PLA, which is homologous to proteinase inhibitors and dendrotoxins (Bon,
1997; Kini, 2003). In this respect, f-BuTx is a PLA; neurotoxin potentially in
blocking nicotinic acetylcholine transmission at the presynaptically neuromuscular
junction. According to the complexity of snake venom components, PLA, may
somehow interact with the other venom proteins, such as cardiotoxin (Condrea et al.
1970). Snake venom cardiotexins, also known"as.eytotoxins or membrane toxins, are
generally regarded as lowsmeolecular weight polypeptides that cause cardiac arrest,
muscle contracture, membrane depolarization and hemolysis (Chang, 1979; Condrea,
1979; Harvey, Marshall, and Kagsson, 1982; Fletcher et al., 1991). Cardiotoxin-like
PLA; found in Bungarus jasciagus venom possessed two mechanisms of hemolysis;
the first was independent of PLA, activity e)t_nd the second appeared to be dependent
on PLA, activity at high/Ca*" concentrati&_n and high pH (= 8.5) (Jiang, Fletcher, and
Smith, 1989). Small amount of PLA; cany-é"nﬁance the ability of cardiotoxins to lyse
red blood cells, but does: not markedlffﬁcj:mase the ability of cardiotoxins to
depolarize and cause the contracture of skeiétéi muscle (Harvey, Hider, and Khader,
1983). | =

The red blood-¢ell or erythrocyte is a highly dynamic functional unit although
relatively simple when compared with other somatic cells. Several physiologic factors
including venom can alter the membrane permeability. The method, namely osmotic
fragility index(is known to'use to estimate‘the stability and functionality of membrane
integrity of red¢blood cells during exposure to membrane destabilizing agents. If the
B. candidus venom-has-bielogical.compenents-of-redibload cell haemolysis, the study
will establish the ‘contributions ‘of ‘the ‘action of B. candidus’ vénom on cell injury.
Therefore, the aim of this study was thus carried out to evaluate the effects of B.
candidus venom on, 1) mean corpuscular volume and the osmotic fragility of the
rabbit red blood cells, and ii) its neurotoxic effect in mouse phrenic nerve diaphragm

preparation.
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MATERIALS AND METHODS

The experiments in Chapter VI were performed in in vitro studies. Two
experiments were carried out; the first (Experiment 6.1) to study the effect of B.
candidus venom on mean corpuscular volume and the osmotic fragility of the rabbit
red blood cells, the second (Experiment 6. 2) on neurotoxic effect.

Experiment 6.1. Effects of ' Bungarus candidus venom on mean

corpuscular volume and osinotic fragility test of red blood cells

6.1.1 Blood collection

Blood samples«wete drawn from ear veins of New Zealand white
rabbit (weight 3.0-3.5 kg).and.collected into either heparinized or EDTA tubes as an
anticoagulant. ;

6.1.2 Experimental prot;)col

Determination of mean cérl;ﬁscular volume of red blood cells were
carried out. B. candidus crude venom (0.7-'-an"d 2.0 pg/50 pl of 0.9% saline solution)
was added into 1 ml of heparinized or EDTA rabbit whole blood. The control blood
was added 50 pl of normal saline soluﬁ-en'{":(NSS-treated whole blood). The B.
candidus venom-treated whole blood was' gently mixed-and held at 37°C for 30
minutes. Mean corplscutar-volume and packed cell- voluriie were measured (Fig. 6-1).

Deterniination of osmotic fragility of the Bungarus candidus venom-
treated red blood cells was carried out based on the modified method of Dacie and
Lewis (1984). Briefly,0.02"mlof the vehom-ti¢ated whole bleod and the NSS-treated
whole blood was added into the glass tubes in varying concentrations of 5 ml buffer
saline (0.1-0.9.%).and.in distilled water. The tubes were.gently mixed and incubated
at room temperatute for 30'minutes. Then'the saniples were centrifuged at 2,000 rpm
for 5 minutes (Figure 6-1). Supernatants were collected for measurement of plasma
hemoglobin by the method of Simmons (1968) with the procedure listed in Chapter
III. Hemolysis or plasma hemoglobin was expressed as percentage of the absorbance
in distilled water. The conventional osmotic fragility curve was drawn by plotting the
percentages of hemolysis or plasma hemoglobin against decreasing saline
concentrations. The saline concentration at which 50% of the red blood cells lysed

was used to express the results as the mean corpuscular fragility (MCF; g%). The
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stability of red blood cells was evaluated as percentage of the quotient of the
difference between the MCF value of the test and control samples (Chikezei et al.,

2009).

10 glass tubes containing

varying concentration of

saline solution (0.1-0.9%)
and distilled water, 5 ml each

1ml

whole blood V

eac13 K

BC venom 0.7 &
2.0 pg/50pnl

0.9% saline

IJ. Gently mixed
d
Control: 50 pl of n
|] |:| normal saline , 4 4 placed at RT
solution — 30 min
Mixed & fhold at 37°C, 30 min
: 'J i centrifuged | 2,000 rpm, Smin
Measure mean corpuscular _ Measure plasma Hb in supernatant
volume & packed cellvolume | © by the method of Simmons (1968)
- 4
vl

77l

Figure 6-1 Schematic diagram of osmotic frf?gﬂjty test of rabbit red blood cells.

g =i

Experiment 62 Neurotoxic effect of Bungarus éandidus in mouse phrenic
nerve diaphragm preﬁarations 7

Mouse phrenic nerve-diaphragm preparation’(PNDp)

The phrenic nerve-diaphragm preparation was obtained from mice sacrificed
by ceryical, dislecations(Nirthanan, et al.; 2003). Fheshemi-diaphragm associated with
phrenic nerve was*isolated 'and mounted undera ténsion“of 1 g m a“vertical chamber
of organ bath containing 35 ml of Krebs solution (pH 7.4) aerated with 95% O, and
5% CO, at 37°C. Krebs solution was prepared according to the detail in Chapter III.
The indirect stimulation to the phrenic nerve (0.2 Hz, 0.2 ms, 1-10 V) was applied via
stimulating electrode (Suction electrode, A-M Systems, Inc.) connected to a
stimulator (Grass S48). The direct stimulation to the muscle was achieved by
electrical stimulation (0.2 Hz, 0.2 ms, 10-30 V). Isometric twitch tension of muscle

was recorded via a force displacement transducer coupled to Polygraph recorder
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(Grass Model 79) (Figure 6-2). The PNDps were stabilized for at least 20 minutes

before the experiments which were carried out as follow:

Force
displacement Water bath

37 °C

transducer

Mounting hook
o

Grass stimulator

chamber

Suction
electrode

95% O, 5%CO,

. =~ ¢ 4
o --.a'.:j# L]

# o 1
Figure 6-2 Schematic diagram of mouse phtenic nerve-diaphragm preparation.
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6.2. lh]t\'g‘eurotoxicig) studjf: the application_ifo;j’. venom alone

The Ee?pleriments were done to compad_;éJ the time-course induced
neurotoxic effect of aIDB. candidus venom groups (from Chapter IV: the wild-caught
groups: BC-NE, BC-S and-BC-E and a captive born group: BC-CB) at the various
concentration Of 1,13.5 and 77.0"‘ug/r‘nl of Krcbs"sohiwtion.

6.2.2 Neutralization studies i

11 Thé- monaspecific | B. “canthidus ‘antivenom ‘(Lo Ing, | BC4701) was
obtained‘from Queen Saovabha Merhorial Institute; The experiments were undertaken
to investigate the neutralizing capability of antivenom (BC-AV) to the neurotoxicity
of B. candidus venom (BC-V). The proportion used for neutralization was represented

by the weight of venom per volume of antivenom (w/v).
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6.2.2.1 The addition of antivenom at t

BC-AV (17 pl/ml of Krebs solution) was applied promptly with the
venom at the concentration of 3.5 ug/ml. BC-NE and BC-S venom groups were
tested.

6.2.2.2 The addition of antivenom at ts

BC-AV (17 pl/ml of Krebs solution) was applied after the venom
produced 50% inhibition of twitch tension (tsp). All venom groups were tested in each
experiment at the concentration of 3.5 pg/mil of Kiebs solution.

6.2.2.3 The pre-incubation experiment

The mixture of BE-NE and BC-AV was incubated at 37 °C for 30
minutes prior to the additien iato the organ bath. The ratio of BC-V: BC-AV was 1
pg: 4.8 ul (w/v). ‘ ‘ ;

6.2.3 Substituting strontiu:m (S¥’") in Krebs solution

Strontiuma® chlouide (SrC{ﬁ) J'-was substituted for calcium chloride
(CaCl,) on an equimolar basis ifi KrebS{'Sol-Ution. The preparation was repeatedly
washed in this solution prior to add the Veﬁo‘m The BC-NE venom (3.5 pg/ml) was
applied to PNDps in the organ bath containiﬁgfér2+ substitute Ca®" Krebs solution 35
6.2.4 The control experiments-were don¢ Using Krebs solution alone
or Krebs solution plué antivenom.

The patterns of indirect and direct stimulation to PNDps in all

experiments were followed the'diagram inChapter 1l

Statistical analysis

The resultsiof hemolytictexpetiments wer€ expressed as'the.mean + SD, and
differences were compared using pair ¢-test. All values of neurotoxic experiments
were expressed as mean + SEM, and differences were compared using ANOVA

followed by Newman-Keuls test with p<0.05 indicating significance.
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RESULTS

Hemolytic effect of B. candidus venom on mean corpuscle volume and osmotic
fragility of the rabbit red blood cells

The conventional osmotic fragility curve was drawn by plotting the percentage
of hemolysis or plasma hemoglobin against decreasing saline concentrations (Figure
6-3). The mean corpuscular fragility (MCE) due to B. candidus venom treated on
heparinized and EDTA blood were ‘significantly different (p<0.05) at the
concentrations of 0.73-0:74% and ~0.48% NaCl, respectively. Venom-treated
heparinized blood exhibited.membrane destabilization of red blood cells (60.10 +
2.59% at low venom dose and.61:86 = 2.40% at high venom dose), whereas venom-
treated EDTA blood was_mozre stabilizéd..on the red blood cell membrane (2.04 +
0.51% at low venom dese and 2. 47 Jw= 5?% at high venom dose) (Table 6-1). Packed
cell volume (PCV) and mean corpuscle Vélume (MCV) were increased in envenomed
blood using heparin as anticoagulaiit durlng--tfeatments at low or high doses of venom
after incubation for 15- 60 /minute; No eﬂi‘ects were apparent in envenomed blood

i deis hd
using EDTA as anticoagulant threughout 60 minutes of incubation (Table 6-2).

d .l
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Table 6-1 Osmotic fragility of rabbit red blood cells treated by Bungarus candidus

venom.
Treatment Heparinized whole blood EDTA whole blood
MCF (g%) Control 0.46 £0.01 0.49 £0.02
LD 0.73 +£ 0. 0.48 £0.01
HD 0.48 £0.01
% Stability LD 2.04 £0.51(s)

HD 247+ 1.57(s)

All values are presentg ents. Mean values indicated
with superscripts are significantly di forent from \ | by paired t-test (*p<0.05).
: | \ ation at which 50% of the red

¢ blood.

MCF = mean corpusculz frag

blood cells were lysed.

% Stability = MCFtest — MCFcont
MCFcontrol

HD = high dose of .‘: ¢

d = percentage of membrane destabilization

T Eﬁﬁ%wmm
AMIANTUUNIINYIAY
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Table 6-2 Changes in packed cell volume and mean corpuscle value of whole blood

treated by Bungarus candidus venom.

PCV (%) MCV (uM?)

Variable Heparinized =~ EDTA Heparinized EDTA

whole blood whole blood whole blood

Control 373+ 1.6 76.7 £20.3
LD 15 384+ 1. 77.1+£20.3
HD 15 387+ 1.6 - | 7 . 77.5+20.8
LD 30 385+ 1. 76.6 £20.8
HD 30 384+ 1 76.6 £21.5
LD 45 389+1.7 762 +21.4
HD 45 383+1.6 76.5+£21.9
LD 60 39.54 75.5+£21.3
HD 60 408i3 § 04 . . 76.3+22.4

All values arﬁﬁvifl ? Wﬁﬁ%’w ﬁp)ﬁ h ?treated venom whole
blood.

LD 1 ﬁo’l - tr ﬂ @J 3: ﬁﬁg‘lblood.

HD 15,5 tre with ungarus candidus venom 2.0 pg/ml blood.

PCV = packed cell volume; MCV = Mean corpuscular volume.
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% hemolysis of heparinized whole blood treated by Bungarus candidus venom

—e— A (0.7 pg/ml) —=—B (2.0 ug/ml) —a&— C (control)
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Figure 2-3 The conventional osmotic fragility curve was drawn by plotting the

percentage of hemolysis or plasma hemoglobin against decreasing saline
concentrations. Panel A: heparinized whole blood treated by B. candidus venom at the
concentration of 0.7 and 2.0 pg/ml. Panel B: EDTA whole blood treated by B.
candidus venom at the concentration of 0.7 and 2.0 pg/ml. The points represent the

mean + SD of 3-4 experiments each.
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Neurotoxic effect of B. candidus in mouse phrenic nerve diaphragm preparations

Neurotoxicity studies: the application of venom alone

The time-course to produce 25, 50, 75 and 90% of twitch tension blockade
from baseline control was determined in mouse phrenic nerve diaphragm preparation
experimented by the various concentrations of B. candidus of all venom groups are
presented in Table 6-3. Time-course of inhibited indirectly evoked twitches by B.
candidus venom of all groups at the concentrations 3.5 and 7 pg/ml showed
significant differences among groups paiticulaily the quick response of BC-NE
venom (Figure 6-4 A and-B). BC-NE and BC-S-venom groups were compared their
neurotoxicity with threc different doses of venom. At a concentration of 1.0 pg/ml,
90% blockade occurred in.87.06 £ 3.26 and 55.45 + 3.49 min for BC-NE and BC-S
venom groups, respeetively/(Figure 6-5 A and B). Direct stimulation was not affected
by the venom of all&'doses. On the ;)ther hand, the repeated washing of the
preparations was ineffecgive in geversing tnh_eglenom-induced blockade.

Neutralization of neurotoxicity of Bungarus candidus venom (BC-V) by B.
candidus antivenom (BC-AY) ﬁ =

BC-AV (17 pl/ml) reveised 50% ;blgl:kade produced by each venom at
different levels (Figure 6-6). The Venomiilﬁaﬁbed blockade was partially reversed
from 52.40 + 2.06 to-70:20-+8:54 % twitch tension reinained and 49.60 + 4.96 to
60.20 = 8.72 % twitch tension remained for BC-S and BC-CB venom groups,
respectively. Whereas BC-NE and BC-E venom groups showed no significant effect
to antivenom as the twit¢h'blockade was still progtessed atthe time of 80 min (Table
6-4).

When. applied BC-AV.(17 ul/ml) immediately with the BC-V. (3.5 pg/ml) into
the PND preparation, the antivenoin effectively fieutralized the'neurotoxic effect of
BC-S and BC-NE venoms from 100% of the baseline control to 93.83% and 97.33%
evoked twitch remained, respectively, during 60 min of each experiment (Figure 6-7).
In the pre-incubation experiment, BC-AV neutralized the neurotoxic effect of BC-NE
venom from 100% of the baseline control to 89.60% evoked twitch remained at the

end of 60 min (Table 6-5).
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The effect of BC-NE venom in Sr*" substitute Ca’>* Krebs solution is

summarized in Table 6-8 and Figure 6-9. The venom-induced blockade was

incomplete when compared with the venom in normal Krebs solution, which the

twitch tension was remained to 61.00 + 13.18% of the baseline control at 60 min of

experiment.

Table 6-3 The time-course for percent twiteh tension blockade in mouse phrenic

nerve-diaphragm preparation-experimented by thevarious concentrations of Bungarus

candidus venom from the differcat parts of Thailand (BC-NE, BC-S and BC-E) and a

captive born group (BC-CB):

Venom Time for % twitch tension blockade (min)

Venom dose R

group (ng/ml) 250, 50% 4 75% 90%

BCNE 7.0 3754006, - 6.05£0,67° . 850 £0.49°  12.12+ 1.43°
35 10854188 14984 201" 18.89+237" 2339+2.68"
1.0 21.20 + 264 30.60;;_3_':._00 43.65+2.64  57.06+3.26

BC-S 7.0 | 420E045  69TE036°S 968+ 0.67°C  12.26 +0.98"
3.5 817+0.76° 11.60+0.80° 15.40+1.25" 21.14 £2.55"
1.0 24554 13005 1 83.751.92: | 43:5042.59  55.45+3.49

BC-E 7.0 425049 o 7.37+0.58°C  10.350.80%C 12.95 £ 0.98"
3.5 7:00 £ 15520 10 1.04 197" | 14.63 228" 17.97 + 2.46"

BC-CB 7.0 468076  8.88+0.58°  13.27+0.72° 19.50 + 1.48"
3.5 6.35£0.67° 10.34+0.67° 1587+ 148" 21.90+2.82

The results are the mean £ SEM of 5 experiments for each group. Mean values within

A,B,C, D, a,

the column of the same venom dose indicated with different superscripts ( or

b.c. d) are significantly different by Newman-Kuels test at p<0.05.
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Figure 6-4 Comparison the time-course of percent twitch tension blockade from
baseline control of mouse phrenic nerve-diaphragm preparation experimented by B.
candidus venom from three different parts of Thailand (BC-E, BC-NE and BC-S) and
a captive born group (BC-CB) at a concentration of of 3.5 pg/ml (Panel A) and 7.0
pg/ml (Panel B) of Krebs solution. The columns are the mean + SEM of 5
experiments for each group. Different superscripts indicated significantly different by

Newman-Keuls test (> or **4 p<0.05).
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Figure 6-5 The effect of B. candidus venom, Panel A: from northeastern Thailand
(BC-NE), and Panel B: from southern Thailand (BC-S), at the various concentrations
(1.0, 3.5 and 7.0 pg/ml) on indirectly evoked twitch tensions in mouse phrenic nerve-

diaphragm preparation. The points represent the mean £ SEM of 5 experiments each.
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Table 6-4 Comparison of percent twitch tension remained from baseline control of
mouse phrenic nerve-diaphragm preparation experimented by Bungarus candidus
venom from three different parts of Thailand (BC-NE, BC-S and BC-E) and a captive
born group (BC-CB) at a concentration of 3.5 pg/ml of Krebs solution which treated
by monospecific B. candidus antivenom at about 50% blockade occurred (at time 20—

30 minutes). The results are expressed as the mean = SEM of 5 experiments each.

Time Percent twitch tension remained orreversed after BC-AV treatment
after at 50% twitch blockade occurred
venom
Infusion BC-NE BE-S | BC-E BC-CB Krebs
|
(min) (n=5) @™=5) “ (n=15) (n=15) solution(n=4)
10 88.401541 ol 601657 78 80+ 6.80 76.40 + 8.14 100.00 £ 0.0
Zu
20 6580+631 f6720% 5 01 "66‘ 40+ 1024 4960496  100.00=0.0
, J-s
30 41.80+£429 52 46_-1-_106 @@ 921  53.00+6.31 98.25+0.49
40 33.00+ 648 60.80+7.02 52.00+9.57 56.60+7.33  96.25+0.98
50 2920+7.74 64.80+£751 52.00+9.57 58.60 £8.59 96.25+0.98
60 2020 £ 7.74 , 69.40.4£.8.63. ~ 49.60 4+ 836 60.20. £ 8.72 96.25 £ 0.98
70 2020+7.74 7020854 47.00+7.69 60.20 £ 8.72 96.25 £ 0.98
80 2020« 7.74 " 77020+£8.54 " 46.60+ 7.78 60.20 £8.72 96.25 £ 0.98




Table 6-5 Comparison of percent twitch tension remained from baselines control of mouse phrenic nerve-diaphragm preparation
experimented by Bungarus candidus venom from northeastern (BC-NE) and southern (BC-S) Thailand at a concentration of 3.5 pg/ml of
Krebs solution which treated by monospecific B. candidus-antivenom at zero-time«(BC-S / BC-AViym and BC-NE / BC-AVium) or pre-
incubated the mixture of venom and antivenom for 30 minutes(BE€-NE + BC-A V3., ) before infusion into the organ bath. The results

are expressed as the mean + SEM. \

Time after Percent twitch tension remained
venom -
BC'AValone ‘ Cj‘, : o o . 2+
treatment BC-S/BC-AVium BC-NEJ/BG-AV,um .. BC-NE + BC-AV 3pmin BC-NE in substituted Substituted Sr
. =4 : o 4
(min) =4 (n=0) (n=06) (n=3)" Sr**solution (n=4) solution (n=3)
£
10 100.00 £ 0.00  100.17 £ 2.40 97.83+1.51 07 40+ 253 7450 + 12.19 90.33 + 3.42
20 100.00 + 0.00  98.00 + 4.00 92835351 93.20 + 4.74 61.00 + 12.34 84.67 +5.56
30 97.75+1.84 98.67 +4.82 95.83 £2.90 89.60 + 3.84 55.50 < 13.21 79.67 +7.42
40 97.75+1.84  95.50 +4.70 96.67 + 2.16 89.60< 3.84 53.25 + 12.94 78.00 + 8.29
50 96.00+1.59  93.83+3.92 9733 +1.67 89.60 + 3.84 62.75+13.23 76.00 + 8.64
60 95.25+1.51 93.83+3.92 97133 2167 89.60 = 3.84 61200 £13.18 76.00 + 8.64

110
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Figure 6-7 Comparisgnﬂ)' g ‘t tw1tch tension remained from baseline control of
mouse phrenic nerve-di repapatfon experimented by B. candidus venom
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Figure 6-8 Percent twitch tension remained from baseline control of mouse phrenic
nerve-diaphragm preparation experimented by B. candidus venom from northeastern
Thailand (BC-NE) at a concentration of 3.5 pg/ml infused into the organ bath
containing normal Krebs solution (blue line), in comparison with Sr** substitute Ca**
buffer solution (orange line). The results are expressed as the mean + SEM.
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DISCUSSION

In vitro hemolytic effect of B. candidus venom examined the osmotic fragility
of rabbit red blood cells as represented by the MCF value showed the significant
difference between venom-treated heparinized blood (0.73—-0.74% NaCl) and venom-
treated EDTA blood (0.48% NaCl). It indicates that red blood cells in the venom-
treated heparinized blood are more susceptible than that of in the venom-treated
EDTA blood to osmotic lysis. Increase MCV..of red blood cell would be attributed to
cellular toxicity induced-by-the venem (Table-6-2). Although, previous studies
reported that rabbit red blood.eelis are more prone to hypotonic lysis (MCV = 67 £ 4;
MCF = 0.465 + 0.010) than"human red blood cells (MVC =90 + 5; MCF = 0.445 +
0.005) (Vaysse, Pilardcuaand Garnier,: 1986). The present study of red blood cell
osmotic fragility index reyealed that ce1-=tain pathologic factors in the venom have
influence on cellular peumeability (Sacke}"{,_ i—999). This is evident in the high value of
hematocrit coincided with high 'pe‘rcentagé-' of membrane destabilization in venom-
treated heparinized blood. Trend in hcmolytlc effect might occur with higher dose of
venom than that used in the present expeﬂment A significant increase in osmotic
resistance of erythrocytes coincided w1th 1o changes-in MCV obtained from
envenomed blood Sampies—stored i EDTA compared to heparinized blood. It
indicates that phospholipase activity in venom was not activated by calcium ion,
which was chelated in envenomed blood samples stored in EDTA (Bournazos et al.,
2008). The requirément of €a? 7for activation most]of\PEAsenzymes for in the cell
has been noted (Bonventre, 1990). Phospholipase A, (PLA;s) catalyse the hydrolysis
of the su-2 ester bond .of phospholipids, resulting-in lysophospholipids and free fatty
acid which'are the' precursors’of eicosanoids such as prostaglaiidins,’ thromboxanes,
leukotrienes and lipoxins (Dunn and Broady, 2001). PLA; in B. candidus venom may
play a role in hydrolysis of phospholipids in red blood cell membrane. A number of
studies reported that several snake PLA, activated the rat mast cells to induce
histamine release leading to microvascular leakage and inflammatory cell
accumulation (Versani and Pearce, 1997; Teixeira et al., 2003; Wei et al., 2009).

The capacity of red blood cells to withstand osmotic stress was defined as its

osmotic fragility index (Oyewale and Ajibade, 1990), which is useful to ascertain the
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stability and function of red blood cell membrane (Krogmeiger, Mao, and Bergen,
1993). Thus, changes in the phospholipids distribution in red blood cells may explain
some hemolytic processes observed in human and animal pathology. Enzymatic
hydrolysis by PLA, alters the chemical integrity of phospholipid in red blood cell
membrane. The split products of PLA, hydrolysis, e.g. lysophospholipids and free
fatty acid, remain in the membrane bilayer if cells are suspended in saline buffer. This
may account for the swelling of the PLA-treated red blood cells without significant
hemolysis (Vaysse et al., 1986). At this point,at is.proven that PLA; from B. candidus
venom is employed as caleium-dependent activity.Cardiotoxin-like PLA; found in B.
fasciatus venom possesses two_mechanism of hemolysis, the first is similar to the
cardiotoxin that is independent of PLA, activity and the second is related to PLA,
activity which is only-évidenit af liigh Ca*' concentration (Jiang et al., 1989).

In in vitro studies for neurotoxic ejffect were examined in mouse phrenic nerve
diaphragm preparation. All B. candidiis Vén;jm groups produced inhibition of indirect
twitches at all venom con€entrations testgd', of which time-course of percent twitch
tension blockade is the dosg-dependent. A‘lzﬁijv_v_ild—caught B. candidus venom groups
were significantly more potent than a capt;yeij':)orn venom group at 7 pg/ml, when
compared the time-course in inhibited indifééfff}'eVOked twitches at 50-90% blockade
(Table 6-3, Figure 6-4B). BC=NE venom group were 5ignificantly different to the
other three venom groups at the venom concentrations 3.5 and 7 pg/ml. For the
studies of neutralization, the neurotoxicity of B. candidus venom was effectively
attenuated in the samedevel by administration’ofl antive€nem ptomptly (to) with venom
or by pre-incubation of venom and antivenom (1:4.8 w/v). In pre-incubation study, it
might be the.outstanding.venom. from the.venom-antivenom forming complex that
acted on nerve-muscle preparationy indicating to non-competitive binding of venom
and antivenom at the neuromuscular receptors. The venom: antivenom ratios for the
neutralization of neurotoxicity were chosen based on the prescription of antivenom (1
ml neutralizes 0.6 mg of Malayan krait venom). But the ratios in the prescription did
not provide effective neutralization (data not shown), therefore the amount of
antivenom was increased properly in the present experiments. BC-AV (17pul),
administered at tso, produced reversal of the twitch blockade caused by BC-V as

indicated by the percentage from the point received antivenom in the following rank
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order: BC-S (+33.97%); BC-CB (+13.58%); BC-E (-17.38%) and BC-NE (-30.14%).
Differences in the rate of reversal of the neurotoxicity produced by venoms from
geographical variation, after addition of antivenom indicate to two possibilities: 1) the
differences in venom components of each venom, and ii) the diverse range of venom
used for antivenom production is limited (Chetty et al., 2004; Beghini et al., 2005;
Gutiérrez et al., 2009).

Many of PLA;s are the potentially toxic fractions of the elapid snake venoms,
such as the kraits. B. candidus venom consists of pre- and post-synaptic neurotoxins
(Abe et al., 1977; Kuhn et-al;2000; Torres et al,2001; Tsai et al., 2002; Khow et al.,
2003; Kuch et al., 2003). Thepost-synaptic a-bungarotoxins bind to the a-subunit of
nicotinic cholinoreceptor at the meuromuscular junction and cause the failure of
neurotransmission. The ncuromuscular paralysis caused by the post-synaptic toxins is
reversed by appropriated @antivenoms anda_anticholinesterases (Watt et al., 1986;
Gatineau et al., 1988). B-BuTx, the mainj"pertion of Bungarus snake venoms, are the
neurotoxic phospholipases acting on presynaptlc nerve terminal. B-BuTx is composed
of two subunits linked by a disultide bond one is a PLA; subunit and the other is a
non- PLA, (Bon, 1997; K1n1 2003). The exposure of B-BuTx on isolated nerve-
muscle preparations caused a trlphasw change of nétironiiiscular transmission failure
(Su and Chang, 1984); which an initial reduction phase of spontaneous acetylcholine
release, followed by a second prolong phase of facilitated release, and then by a third
progressive decline phase..of spontaneous, neurotransmission. 3-BuTx caused the
facilitation on'Spontaneous release-of neurotransmitter release (Liou et al., 2004) by
triggering the liberation of Ca®" from internal stores (Liou et al., 2006). In present
study, the effect\of B.. carididis venori inSi7 ™ substitute €45 Kitbssolution partially
inhibited twitch tension. Though Ca”" plays an important role in the fast facilitation of
neurotransmitter but Sr** can enter the presynaptic terminal through the Ca®" channel
and trigger the release of Ca”* from the internal stores such as endoplasmic reticulum
(Nachshen and Blaustein, 1982; Tanabe and Morota, 1999). Moreover the PLA,
activity of B-BuTx in B. candidus venom might be negligible and only post-synaptic
neurotoxin affected on nerve-muscle preparation. p-BuTx requires Ca®" for its

phospholipase activity, and fails to show significant phospholipase activity after
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substitution of Sr*" for Ca®" (Strong et al., 1977). The inhibition of toxin is
presumably due to binding to the presynaptic nerve membrane at or close to the sites
of transmitter release. The PLA,; activity of 3-BuTx would act on the membrane and
cause the transient increase in transmitter release and eventual endplate denervation
(Abe and Miledi, 1978). The repeated washing of the nerve-muscle preparation in the
present experiment was ineffective in reversing the venom-induced blockade. This

might be the effect of B-BuT to cause the depletion of synaptic

vesicles and the degenerati | and intramuscular axons (Dixon

and Harris, 1999; Prasa
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CHAPTER VII

IN VIVO STUDY:
EFFECTS OF Bungarus candidus VENOM

ON CARDIOVASCULAR FUNCTION AND RENAL HEMODYNAMICS

INTRODUCTION

Snake envenomation-is the priﬁciple medical problem in rural tropical and
subtropical regions withemore than 85,000 deaths and 150,000 permanent sequelae
each year (Warrell, 2007). dn Myanm|ar and Sri Lanka, the mortality rate from
snakebite of 5-15/100,000 population hlaA\'I/"e been annually reported (Lalloo, 2005).
Bungarus candidus Linnagusy 1758 (Mal?;ya‘n krait) is an important venomous snake
distributed widely throughout _Squtheasuf-__A_sia. Its venom posseses a powerful
neurotoxin causing severe neurotoxicity (}V_ﬁrrell et al., 1983; Pochanugool et al.,
1997; 1998). The first clinical feport of 5'--éés_f.es envenoming by B. candidus from
eastern Thailand and northwestern Malaysia?vjvgs_ described (Warrell et al., 1983), with
one patient responded-‘to the treatment by Haffkine’s polyyalent antivenom against the
venoms of Bungarus caeruleus, Naja naja, Echis carinatus and Vipera russeli
(presently known as-Daboia russelii). In Thailand, ‘the survey of 15 provincial
hospitals in 1980, B. candidus was responsible for 13 of 46 cases of fatal snake bite
which respiratory failure is the major cause of death (Looareesuwan et al., 1988).
Gradual recovery has been observed in neurotoxic snakebite following respiratory
supporty and othier % supportive 'tréeatment ' without -antivenom- | administration
(Pochanugool et al., 1997; Kanchanapongkul, 2002). The decreased parasympathetic
activity in 3 victims envenoming by B. candidus from northeastern Thailand
manifested by mydriasis, prolong hypertension and tachycardia has been described
(Laothong and Sitprija, 2001). Three of four cases of B. candidus bite in northeastern
Thailand recovered after receiving the specific B. candidus antivenom. Response to

specific antivenom depends on the time between the onset of signs and symptoms of
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neurotoxicity and the first dose of antivenom after snake bite (Leeprasert and
Kaojarern, 2007).

Snake venom is a complex of proteins and peptides which may induce local
injury, neurological, hematological, cardiovascular and renal function disturbance. B.
candidus venom contains enzymes (e.g. phospholipaseA,, hyaluronidase,
acetylcholinesterase, and L-amino acid oxidase), toxins (e.g. beta-bungarotoxin and
alpha-bungarotoxin) and several peptides (Bon and Saliou, 1983; Tan et al., 1989;
Tsai et al.,, 2002; Khow et al., 2003; Nirthanan ct al., 2002; Kuch et al., 2003;
Chanhome et al., 2009).-Fhe major lethal fraction has phospholipase (Tan et al.,
1989). The recovery of victims tequires the proper artificial ventilation and prolonged
periods in intensive cares(Pochanugool et al., 1997, Dixon and Harris, 1999;
Kanchanapongkul, 2002). Recoveny.in different victims'is inconsistent. Variations in
the results of these obServations would;indicate heterogeneous components in the
venom. Neurotoxicity isgwell known for é'p\;-enoming by B. candidus. The neurotoxic
symptoms after snake bitg can be progreséivé upon arrival to the hospitals, without
previous critical signs. Acute renal failufé:?‘rjig a {requent complication observed in
victims of viper bites (Burdmaii et al, }9913) The hypotensive effect of the B.
candidus venom with secondary renal funcfi.ldfiééhange has-been described in a victim
envenomed by B. candidus-innortheastern I hatland despité monospecific B. candidus
antivenom administration (Wirat Leeprasert, 2008 per. comm.). Few data are
available concerning sequential changes of renal function produced by B. candidus
venom, although many |studi€s havereported) the occurtence of lethal acute renal
failure after snakebites (Chugh et al., 1984; Chugh, 1989; de Silva et al., 1994:
Schneemann. et al., 2004; Sitprija, .2006). Heémodynamic. alterations are factors
accounted for the pathogenesis of rénal failure (Sitprija and Chaiyabutr, 1999).

Human autopsy was performed in the deaths envenomed by common krait
(Bungarus caeruleus) bite in Sri Lanka. In the acute cases died within 24 hours, one
showed the histological changes of acute renal tubular necrosis and pan lobular
microvesicular fatty changes in the liver, and the other showed petichial
haemorrhages in the myocardium, renal cortex and adrenal gland macroscopically.
One of the late deaths revealed congestion of kidneys with cortical haemorrhage

microscopically (Kularatne and Ratnatunge, 2001). Inoculation of the B. caeruleus
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crude venom in rat model experiments, the histopathological changes were found
hemorrhage, multifocal areas of myocardial fiber necrosis and constriction of blood
vessels in the heart; congestion of the vessels, hemorrhage and necrosis of proximal
tubules in the kidney; congestion and hemorrhage in the liver (Kiran et al., 2004;
Mirajkar et al., 2005). B. candidus venom have mainly studied on its components,
sequence of amino acid, toxic and biochemical properties, very little has been studied
on cardiovascular function and renal hemodynamics. It is therefore interesting in
studying the effect of B. candidus venom in" the animal model to investigate the
alterations in cardiovascular function -and renal-hemodynamics. Such informations
from animal experiments eavenoemed by B. candidus venom are hopefully used to
explain the systemic cifeetS in human envenomation that may be overlooked by
physicians.

MATERIALS AND METHODS

Animal preparation ﬁ .

Twelve adult male New Zealand whitér-e;l;bits weighing 2.5-3.5 kg were used.
The animals were deprived of food but not 6'f'§v'2iter for 12 hours prior to the study. On
the day of experiméits;-the—animal-was-—anesthetized-with pentobarbital sodium
(25mg/kg) by intravenous injection, and supplemental doses were given to maintain
anesthesia throughout the experiment. The animals were tracheotomized, and an
endotracheal tube wasgnsertedito freethe airway. The carotid:artery was catheterized
with polyethylene tubes for recordinig cardiac output, arterial blood pressure and heart
rate (Grass, Polygraph Model 79 E, Grass Instrument CO, USA) and for blood sample
collections: The! jugular' vein' was: catheterized with | polyethylene..tubes for fluid
infusion. A left flank incision was made via a retroperitoneal approach, and the left
ureter was cannulated with a polyvinyl catheter for urine collection and for renal

clearance studies.
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The experimental protocol

7.1 Determination of the minimal lethal dose of Bungarus candidus venom
in rabbit

Before the experiment, the minimal lethal doses of B. candidus venom were
determined in twelve anesthetized rabbits. A single dose of the lyophilized crude B.
candidus venom dissolved in 0.9% saline solution (1 mg/ml) was infused
intravenously at the dose of 75 ug/kg in 6 rabbits, and 150 pg/kg in 6 rabbits. The
general condition was measuied for heart rat€ and arterial blood pressure.

7.2 The effects of Bungarus eandidus venom on cardiovascular function
and renal hemodynamics

Twelve rabbits wege'divided into 3 groups of four animals each. Animals in
group 1 were received nommal‘saline as the control group. Animals in group 2 were
received the B. candidus snakes venom frj-om the northeast (BC-NE) and group 3 were
received the B. candidus snakes Venomj":frgm the south (BC-S). The experimental
study in each group was divided into ?retfeatment and treatment periods. Both
pretreatment and treatment period, me'a':;glfe_ments of renal and cardiovascular
functions were performed. - J

7.2.1 Measurentents of renkii"bidSma flow-and glomerular filtration
rate were performed—usmg the standard techniques (Smith, 1962) with the
modification. For treatment period, the rabbits were administered with the B. candidus
crude venom dissolved in 0.9% saline solution (1 mg/ml) at the dose of 50 ng/kg
intravenously./Allichanges of (parameters avere/observed«initial post venom injection
and recorded in; every 30 min. interval after envenomation. Urine samples were
collected at 10 minute interval.

7.2.2 ' Measurement of cardiac output was-perfoimed-by dye dilution
technique (Chaiyabutr et al., 1980) using Evan blue (T-1824). The concentration of
dye in the plasma was determined by spectrophotometry at the absorbance of 620 nm.
The sum of all concentration was calculated for cardiac output (CO) using the
standard formula (Burton, 1965).

The procedures of experimental protocol are presented in Chapter II1.
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Chemical analysis

Blood and urine samples were determined inulin, PAH, packed cell volume,
osmolality, sodium, potassium and chloride. Inulin clearance and PAH clearance were
performed for the glomerular filtration rate (GFR) and effective renal plasma flow
(ERPF), respectively. Osmolality was determined by the freezing-point depression
method (The Advanced™ Osmometer Model 3D3). Measurement of sodium and
potassium were made by flame photometry (Clinical Flame Photometer 410C),
chloride with a Chloride Analyzer 925. Plasma dactate dehydrogenase (LDH) and
creatine phosphokinase (€K)-were determined by-immunoturbidimetric assay using
COBAS INTEGRA 800 (RoeheDiagnostics GmbH, Manheim) and measured the
increase in absorbancc at 340 nm. Plasma calcium concentrations were determined

using Cresolphthalein‘Complexone methed (Gitelman, 1967).

Calculation

Renal blood flow (RBF)was calcqiated from ERPF and packed cell volume.
Total peripheral resistance (I'PR)-and rcna‘l";f_e_tgqular resistance (RVR) were calculated
from mean arterial blood pressure (MAP). F;J{fgafﬁtion fraction was obtained by dividing
GFR by ERPF. Cardiac output (CO) and r'efr'l'é"ﬂ" blood. flow. (RBF) using the standard

formula (Burton, 1965):-See-derived caiculatton-m -Chapter 111.

Statistics

All data’ are! expressedas niean=i (standdrdydeviation. The results were
analyzed by analysis of variance (ANOVA), post hoc tests for comparisons of each
value of post-treatment periods. against, the., value .of, pretreatment period using
Bonferroni' #test. “"Comparisons” of friiean ‘value§ among groups ‘of studies were
performed using the Duncan’s test. The significant differences among treatments were

determined at p< 0.05.
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RESULTS

Determination of the minimal lethal dose of Bungarus candidus venom in rabbit
The dose of B. candidus venom used for determination of the minimal lethal
dose in rabbit was modified from the LDs, dose in mouse at 75 pg/kg. It was found
that one hundred percent of rabbits died within 167 minutes, when they were
envenomed with B. candidus venom solutionat a dosage of 150 ug/kg by intravenous
injection. 83% died within 5-153 minutes_ an amimals given 75 pg/kg of venom.
Therefore the dose of 50-ug/kg of B. ecandidus venom was selected to use in further

experiments to observe its effeetson cardiovascular function and renal hemodynamics.

The effects of Bungarus caudidus venom on cardiovascular function and renal
hemodynamics -

The cardiovascular funetion*and’ _rénal hemodynamics were observed and
recorded the alterations of all paranicters for' 150 minutes.

Observation in the cardiovascular S}s{em.

Data in Table 7-1 shows-the changéé 1rjx heart rate (HR), pulse pressure (PP),
and mean arterial pressure (MAP) throughdﬁf 150 minutes-after intravenous injection
with the B. candidus-at-the-doses-of 75 -and 150 pg/ml. HR and MAP in both
envenomed animal grotips were fallen off within 2 minutes after venom infusion. The
same changes in cardiovascular responses occurred within 2 minutes after venom
infusion in the animalfgtotpsiréceivingithe venom dose«of 50 pg/ml (Table 7-2). A
marked decrease;in MAP occurred within 2 — 5 min. after envenomation, afterwards
gradually returned..closely to. baseline, values (Figure .7-1). There ,were stepwise
decreases in HR'and cardiac éutput' (€CO) (Figure7-2).! In.compdrison, HR and MAP
of animal group 2 (BC-NE venom group) was immediately dropped than that of
animal group 3 (BC-S venom group). The significant decreases of respiratory rate
(RR) revealed at 150 minutes after envenomation in both envenomed animal groups.
Packed cell volume (PCV) values significantly decreased after 60 minutes in both
envenomed animal groups (Table 7-3). The slightly increase in total peripheral

resistance (TPR) was apparent, whereas the left ventricular work (LVW) was
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decreased (Table 7-4) after envenomation. The alterations in pulse pressure and stroke

volume after envenomations were no significant in both envenomed animal groups.
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Figure ‘?—2 Time-course of the percent changes in cardiovascular function and renal

hemodynamics in rabbits after experimental envenoming by B. candidus venom from
northeastern (panel A) and southern (panel B) Thailand. HR = heart rate; MAP =
mean arterial pressure; TPR = total peripheral resistance; CO = cardiac output; RBF =

renal blood flow; RVR = renal vascular resistance; GFR = glomerular filtration rate.
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Observation in the renal hemodynamics

The renal hemodynamics was summarized in Table 7-5. Glomerular filtration
rate (GFR) significantly decreased at 150 min in both venom groups. In animal group
2, effective renal plasma flow (ERPF) and effective renal blood flow (ERBF)
significantly decreased at 60-150 min, while filtration fraction (FF) significantly
increased at 150 min. Renal fraction (RF) revealed a reduction, and renal vascular
resistance (RVR) increased stepwise throughout the experimental period of 150 min
in both envenomed animal groups (Figute 7<2)..The rate of urine flow markedly
decreased at 150 min both-envenomed animal groups:

In both envenomecd amimal groups, there werc no differences in the plasma
concentration of sodium (Px,.)and chleride (P¢) as compared to the pre-treatment
values. The plasma “Concentration, of petassium (Px:) trended to increase after
envenomation. Urinaryfexcretion (E)-of 1;~Ia+, K" and Cl' showed stepwise decreases,
while no alteration in fractional excreti"('):_n{-(FE) of these electrolytes after venom
infusion (Table 7-6 and 7-7). Osniolal aqd-'W’ater clearance were decreased without
alteration of both plasma and urine osmo'l‘gtyigy. Creatine phosphokinase (CPK) and
lactate dehydrogenase (LDH) levels in piasfjfia increased at 30 — 120 min after
envenomation (Table 7-8). CPK level (U/L')'.I "c'ﬁ*éhged from.272.25 + 56.65 U/L at the
baseline level to 46450198 14;445.25 = 168.97; 382.75 £ 160.00 and 344.00 +
195.75 U/L at 30, 60;90 and 120 min, respectively. EDH changed from 124.75 +
83.62 U/L at the baseline level to 159.25 + 94.56; 172.25 + 108.16; 135.75 + 68.01
and 149.25 +£/73.991U/L at, 3051 60,1 207and 120 inin; respectively. Plasma calcium
levels significantly decreased from 8.7 + 1.1 mg % at the pre-treatment period to 6.5 +

1.4 mg% at 120.min post-treatment of.venom (Table 7-8).
DISCUSSION

The aim of the present study was to determine whether B. candidus venom
plays any effects to changes in the general circulation and renal functions. The B.
candidus venom probably affects almost all cells or tissues and their biological
characteristics properties have been determined by various biologically active

components (Chanhome et al., 2009). Nephrotoxicity has been observed in myotoxic
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and hematotoxic snakebites (Chugh et al., 1984; Chugh, 1989; de Silva et al., 1994:
Schneemann et al., 2004; Sitprija and Chaiyabutr, 1999; Sitprija, 2006). Effects of
snake venom may be directly or indirectly promoted by the release of heterogeneous
active biologically substances.

The present studies show that an immediate decrease in systemic arterial blood
pressure and HR (Figure 7-1) were apparent after intravenous injection of B. candidus
venoms (BCV). The reduction of arterial bloed pressure persisted for a short duration
and then gradually improved to approach thc_eontrol level within 30 min. The
persistency hypotensive-effeet-of BCV was accompanied by an increase in total
peripheral vascular resistanee. This is in contrast to hemodynamics effects of
Russell’s viper venom in_whigh hypoteénsion is due to decreased systemic vascular
resistance (Tungthanathanich /et al., [ 1986). The presence of phospholipase A in
biological componentsshas been reporteé‘ in B. candidus venoms (Tan et al., 1989;
Chanhome et al., 2009). PLA> is known té';_ ;;lay a major role in release of arachidonic
acid which is the substratefor the synthesis-'iof‘ scveral lipid mediators of inflammation,
such as prostaglandins, prostacyclin, throfr{bo_xane and leukotrienes (Teixeira et al.,
2003). The enzymatic action of phospholipdée (J)n membrane phospholipid can change
membrane permeability. Theréfore, phosbﬁéﬁpases can-cause increased vascular
permeability, edema and-hypotenston: Phospholipase A in venoms would be a factor
for hypotension after €nvenomation by release of thromboxane A,. It might cause
pulmonary vasoconstriction leading to restriction of blood return to the heart and
decreased cardiac output/(Huang; 1984);

The decreased HR and sustained hypotension from BCV was not thought to be
cholinergic, in .origin, since atropinization .in.eXperimental .rabbits.did not prevent
initial hypotension’ after ‘intravenots ‘injection 'ofBCV ‘(unpublished’ data). Thus, a
general manifestation of a direct toxic effect of venom on cardiovascular function,
especially the reduction of heart rate in the initial hypotensive response, could not be
excluded. Hypotension is attributed to decreased cardiac output and systemic
vasodilatation, which may occur secondary to the release of vasoactive mediators
including nitric oxide (NO), prostaglandin E2, kinins and histamine after
envenomation. Decreased heart rate persisted despite the compensatory mechanism

which activates the sympathetic nervous system. Thus, the cardiovascular responses
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may be a central effects. The fall in blood pressure and heart rate may be due to a
direct inhibitory effect of the snake venom via the blood-brain barrier acting on the
medullary cardiovascular center, and reducing the tonic discharge of impulses to the
sympathetic vasoconstrictor fibers and to the cardioaccelerator nerves thus producing
hypotension and bradycardia (Telang, Lutunya, and Njoroge, 1976). The systemic
hypotension accompanying the decrease in respiration in BCV treated animals may be
secondary to hypoxaemia resulting from respiratory failure (Tibballs et al., 2003).

In this study decreased cardiac outptiib-wasea striking finding and importantly
accounted for hypotension-Decreased heart rate and hypotension persisted despite the
compensatory mechanism thetigh activation of the sympathetic nervous system.
Persistent decrease in cardia€ output and heart rate despite hypotension suggest direct
cardiac effect of the venoms'It has been reported that Bucain, isolated from the venom
of B. candidus, which'is @ three-fimgered o-neurotoxin in structure is similar to
cardiotoxin (Watanabe et al; 2002; Murai"garhi et al., 2009). In the present results, the
reduction of plasma calcium level after enﬁ?én’bmation may be a direct toxic effect of
venom on the membrane calciunt channellézi(Lalloo et al., 1997). In this respect, the
venom could have a calcium—channel ;.bl'gcking effect which worth further
investigation. The alteration in the homé';5§f§éis of Ca®’, including K" and Na®
concentrations in cardiac myocytes, may atfect cardiac contractility leading to heart
failure. Cardiotoxin ©f cobra venom has been shown to increase membrane
permeability by causing pore formation, thus allowing Ca”" influx and involving in
Ca”" binding ahd transport'in the heart (Cher et'al.;2005): -¢cardiotoxin purified from
the venom of Ophiophagus hannah acted directly on the cardiac tissue in a dose-
dependentpdecrease, iny heart-rate without,affecting ,contraetility have been noted
(Rajagopalan' et al:; 2007). It "1s ’known"that the reductionof CO "and blood pressure
would contribute to vasoconstriction and an increase in systemic vascular resistance
via an activation of sympathetic tone releasing catecholamine as a compensatory
mechanism (Hall and Hodge, 1971). In the present findings, the reduction of CO and
blood pressure from the effect of snake venom, may be related to many enzymes in
venom such as kininogenases, phospholipases and hydrolases of arginine ester, which
may involve in these processes. Hemodynamic side-effects such as vasodilatation

with resultant hypotension are due to the release of mediators including biological
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amines such as histamine, serotonin or prostaglandins. They might be expected to
occur during envenomation. Release of histamine relating to phospholipase
concentrations has been noted (Hyslop and De Nucci, 1993). The consequences of
hypotensive effects on reductions in RBF and GFR coinciding with an increase in
RVR were apparent after envenomation in present findings.

The present findings reveal that the B. candidus venom could affect both
general circulation and renal hemodynamics; which resulted in a reduction of renal
fraction (ERBF/CO). The imagnitude of ansfincrease in renal vascular resistance
appeared to be more than-an-increase in total-peripheral resistance throughout the
experimental periods, thergby deading to reductions of GFR and ERPF after
envenomation. A dispropoutionate decrease in ERPF and GFR resulted in significant
increase in filtration“fraction aftcr envenomation. In the present experiments, the
urinary sodium excretion Jdecreased, w-hile fractional sodium excretion was not
reduced in the venom-treated group whép JCompared to the control group. Urinary
sodium excretion depends on the're‘lationship between GFR and sodium reabsorption.
Therefore, the low rate of urine“flow Wdfﬁd—_ be in part due to the decrease in the
filtered load of electrolytes aftcr envenoma%iorf The present results demonstrate that
BCV decreased the.renal fraction while RVR iereased- in the kidney. The renal
fraction tended to deciease; butnotsignificantly: thus BCV had prominent effect on
the kidney vasculature. The increments of plasma  CPK and K’ levels after
envenomation in this study might suggest rhabdomyolysis which may be an effect of
toxin in Bungarus) vetiom (Theakston et-al.,21990). An thisctegard, rhabdomyolysis
needs to be proved by reliable methods of detection myoglobin in urine which
unfortunately, was..not done. in, the present ‘experiment.. Moreover the further
experiment should 'be" performed inan" appropriate’ model for determination of
rhabdomyolysis. The CPK and LDH levels were slightly increased in the BCV-treated
animals. These finding probably showed a nonspecific toxic effect of the venom on
muscle cells. Decreases in RBF and GFR were encountered, and may be due to
myoglobinuria caused by damaged skeletal muscles (Ayer et al., 1971; Campion,
Arias, and Carter, 1972). The elevation of myoglobinuria affecting kidney functions

after BCV injection needs to be further investigated. It can conclude that BCV did not
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direct affect to cause an acute nephrotoxicity in the experimental rabbit, which

differed from that described in Russell’s viper venom (Chaiyabutr and Sitprija, 1999).
CONCLUSION

The present experiment is the first demonstration of the action of B. candidus
venom on the kidney function. Changes in renal function in envenomed animals are
related to systemic hemodynamics. A sustared fall in CO after envenomation would
be associated with the reduetion in HR: Hypotension was attributed to decreased CO
due to the effect of the venomwon.cardiac muscle. A similar effect to calcium blocking
agents was postulated. Sustained hypotélnsion would contribute to reduction of RBF
which results in decrease in GFR throughout the 150 min post venom injection. The
present findings revealed that the 5. qandidus venom could affect both general
circulation and renal hemodynamiés. Theg’_pqlégnitude of an increase in RVR appeared
to be more than an increase ‘in’ TPR thr_'c?-t»l'ghout the experimental periods, thereby
leading to reductions of GER and'ERPF aficer envenomation. A further reduction of
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Table 7-1. Changes in the heart rate, pulse pressure and mean arterial préssure in rabbits after intravenous injection with Bungarus

candidus venom at the concentration of 75 and 150 pg/kg.

Venom dose 75 png/kg (n =3) S 150 pg’kg (n=4)

Parameters HR PP MAP HR PP MAP
Time(min) (beats / min) (mmHg) (ramHg) l‘ (beats / min) (mmHg) (mmHg)

Pre-treatment 200 £22.7 29+9.8 93 5 6:9 2 204 £24.4 28 8.0 96 +9.3
2 174 +£57.2 25+17.8 5P 29.9*1 X 163 +40.4 23 +18.9 42 £27.9%
5 162 +£59.9 23+ 14.6 S fEyy 163 +32.5 24 £11.1 46 +£23.4*
10 181 £27.2%* 25+13.0 68 £25.9* :‘_"'.d 186 £23.1%* 30+13.5 75 £15.2*%
20 179 + 27.9% 28+11.9 Toiiger 1 184172 23+8.7 91 +8.9
30 167 +22.5% 32+177 FTEA2.0% 41183+ 22 4% 24+83 78 £27.3
60 163 + 19.9%* 32+ 17,7 77+ 191 FSO=E=S 5 Tj* 29+11.8 75+£29.0
90 144 £31.7* 31 +16.8 86 £15.0 114 £ 19.5* 30+9.3 94 +44.6
120 141 £ 10.6* 35+ 14.1 102+ 16.3 71+21.2* 32+£9.2 108 £ 7.1
150 106 +£28.3* 36'+ 0.7 70 1314 76+ 11.3% 34+15.6 76 +£17.7

All values are shown as mean + SD; Pré:treatméiit period = 0o vehoni injection 'Mean” valles within the column indicated with
superscripts are significantly different from pre-treatment by Bonferroni 7 - test (* p < 0.05). HR = heart rate; PP = pulse pressure; MAP

= mean arterial pressure.
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Table 7-2 Effect of intravenous injection of Bungarus candidus venom (50 pig/kg) on cardiovascular functions and respiration at the first
20 minutes after envenomation in rabbits.

Parameters Group Pre-treatment Post-treatment (min)
2 5 10 20
HR Control 235+ 14.6 285 125 236+ 14.5 235+ 173 235+ 173
(beats /min)  BC-NE venom 208+ 9.0 192 #1440 <5 4179+ 31.1 173 +35.1 177 +24.2
BC-S venom 219+ 7.7 210 474 U 215124 208 + 15.5 206 + 8.5
RR Control 45+ 10.4 544 619 4 53% 7 54+6.9 53+ 6.4
(Breaths/min) BC-NEvenom  25+2.9 30 4177 26277 2346.2 26+3.9
BC-S venom 33+6.0 33 7.5 35+ 6.6 36+4.3 38+ 4.6
PP Control 25.0+ 8.2 26.2 85 _?"2_77_;‘071 9.1 29.0 £ 6.7 28.7+7.7
(mmHg) BC-NE venom  28.1+2.4 31.5+ 6.6 232146 20.0 £ 7.1 26.2+6.3
BC-S venom 37.5+10.4 445+ 17.1 37.5+15.5 31.25+ 11.5% 36.0 + 14.6
MAP Control 92.0+6.9 90.5+ 13.3 84.0 + 8.8 83.5+ 8.6 83.2 +8.8
(mmHg) BC-NE venom  105.1 + 10.1 4610 + 14.6* 70.3 +22.5 84.0 +21.8 8424212
BC-S venom 90.7 + 10.9 7047 + 2116 740 £21.5 79.3 +15.1% 76.5+10.8

All values are shown as mean + SD; n‘=\4'rabbits il edch group: Control'giotp and ‘Pre<iréatmeit period = no venom injection. Mean

values within the row indicated with superscripts are significantly different from pre-treatment by Bonferroni 7 - test (* p < 0.05). HR =

Heart rate; RR = Respiratory rate; PP = Pulse pressure; MAP = Mean arterial pressure.



131

Table 7-3 Effect of intravenous injection of Bungarus candidus venom (50 pg/kg) on cardiovascular functions and respiration during 150
minutes after envenomation in rabbits.

Parameters Group Pre-treatment Post-treatment (minutes)
30 60 90 120 150
HR Control 235+ 14.6 235% 178 235k 13.3 2344 12.0 234+ 129 233+ 11.4
1
(beats / min) BC-NE venom 208 + 9.0 1806 1 447 174% 17,75, 1625 12.9% 148 + 5.7* 122+ 17.2%
BC-S venom  219+7.7 206 9.0 200+ 11.4 186 + 15.5 164 + 35.1* 132 +32.1%
RR Control 45+ 10.4 50 + 45 ‘5t 6,08 50+7.5 50+7.5 49 £ 8.6
(breaths/min) BC-NE venom 25+29 284 6.0 30+10.6 21+11.9 14+5.9 9+13*
BC-Svenom  33+6.0 42+ 71 44+ 338 31 £21.0 13 +4.1 10 +5.4*
A 2l
PP Control 25.0+8.2 29090 - 283173, 288=144 28.0+17.8 25.5+17.2
(mmHg) BC-NE venom 28.1+2.4 263+32 294432 294%83 23.7+9.7 23.1+6.6
BC-Svenom  37.5+10.4 304 £483 7381 £ 161" 363179 25.0 4.6 294497
MAP Control 92.0 + 6.9 90.7+ 134 895 14,6 86:5= 14.9 852+ 15.5 86.7 + 15.4
(mmHg) BC-NE venom  105.1 + 10.1 86:8 £ 19.0 83.5+27.0 87.9+22.4 96.0 +23.0 100.2 £ 28.1
BC-Svenom  90.7+10.9 787 +10.3 77.2+10.3 784 7.1 75.2+22.1 75.5+31.6
PCV Control 36.7+ 1.5 36,5 +1.3 355+ 13 353 +1.7 345+1.3 343+ 1.5
(%) BC-NE venom  35.5+0.6 353+ 1.0 34,5k 0.6 34.0 £ 0.8+ 33.840.5 * 33.0+0.8*
BC-Svenom  35.8+0.5 353+ 1.0 33.8+09*  333+£050*  328+0.5* 32.5+0.6*

All values are shown as mean + SD; n=14{rabbits 40l each- group; Control ' giotp and ‘Pre+iréatmeit period = no venom injection. Mean
values within the row indicated with superscripts ‘are significantly different from pre-treatment by Bonferroni ¢ - test (* p < 0.05). HR =

Heart rate; RR = Respiratory rate; PP = Pulse pressure; MAP = Mean arterial pressure; PCV = Packed cell volume.
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Table 7-4 Effects of intravenous injection of Bungarus candidus venom (50 ug/kg) on cardiovascular functions during 150 minutes after
envenomation in rabbits.

Parameters Group Pre-treatment Post-treatment (minutes)
30 60 120
CO Control 121.7+10.3 121.3%F 203 123.3%¥419 ND 124.75 +13.3 ND
(ml / min / kg) BC-NE venom 118.2+15.3 100. ¢ 25.0 76.1 £24.8 ND 74.00 £27.0 ND
BC-S venom 103.2+31.9 82.8 14324 T2 232 ND 5540+4.1 ND
TPR Control 0.76 £0.11 0473 +0.23 0.76{1:*&_ 0.24 ND 0.70 £0.21 ND
(mmHg/ml/min/kg) BC-NE venom 0.90=+0.15 0.884 024" 143 ﬂ:p38 ND 1.34 +£0.23 ND
BCSvenom  097+033  LII+037 121037, ND 1.64+0.16 ND
SV Control 0.52 £0.05 0.52+0.15 0.52 iaog ' ND 0.54 £0.07 ND
(ml/beat/kg) BC-NE venom  0.57 +0.09 0.54 £0.15 0.43 £0.11 ND 0.51£0.18 ND
BC-S venom 0.48 £0.25 0;40 +0.18 0.36 £0.13 ND 0.41+0.15 ND
LVW Control 16027+ 11.84 147.04+£8.03  154.80+21.92 ND 150.59 + 12.61 ND
(kgm / min) BC-NE venom  178.85 £+ 35.32 [127.86+ 56124 | 96:057 51186 ND 105.50 + 57.59 ND
BC-S venom 136.90 +36.26 98.86 +36.77  85.46 £25.36 ND 72.15+3.49 ND

All values are shown as mean + SD; n/~4rabbits in each:greups Controligroup andPre-treatment period = no venom injection. Mean

values within the row indicated with superscripts are significantly different from pre-treatment by Botiferroni ¢ - test (* p < 0.05). ND =

Not Determined. CO = Cardiac output; TPR = Total peripheral resistance; SV = Stroke volume; LVW = Left ventricular work.
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Parameters Group Pre-treatment Post-treatment (minutes)
30 60 90 120 150
Urine flow Control 036 +0.21 0.33+0.21 0.29,+ 0.20 0.30+0.20 0.28+0.15 0.29+0.21
(ml / min) BC-NE 031+0.12 022+0.15 027+0.19 0.29+0.18 0.27+0.15 0.15+0.12
BC-S venom 0.41+0.26 0.24 =018 0.23 £ 0.15 024 +0.19 0.19+0.15 0.14+0.12
GFR Control 2.87+0.83 2.81 440785 25 Q0N 2.70 £ 0.86 2.65+0.81 2.71 +£0.61
(ml / min / kg) BC-NE 3.26+0.82 2.39 + 0:64 2.17”[i 0.40 2.15+0.17 2.09 +£0.37* 1.23+£0.70 *
BC-S venom 2.78 £ 0.66 1.754£0.61 2.02=+0.18 1.88 +0.57 1.60+0.74 1.34 +£0.70*
ERPF Control 12.17+£3.42 1050 £ 1.14 9:79% 0.50 11.25+3.32 10.47 +4.47 11.13+3.33
(ml / min / kg) BC-NE 1398 +4.11 11.40 = 2499 T 94 £73.44% 6.84 + 1.38* 5.86 £ 0.99* 3.11+£2.20%*
BC-S venom 11.91+4.95 6.60 +3.12 7R3 £}2.78 6.58 + 3.60* 4.98 +3.65 4.78 +4.09
ERBF Control 19.26 £ 5.38 16.59+ 1,95 15.19%¢0.92 17.47 +5.52 16.02 + 6.96 17.02 +5.47
(ml / min / kg) BC-NE 21.69+6.45 17.69+4.71 {12 10“ES 18 * 10.39 +£2.14* 8.85 £ 1.54% 4.65+320%
BC-S venom 18.52 +7.69 10.20 £4.84 1)/, 79 :EJ4.05 9.84 +5.38 7.42 +£5.46 7.10+6.11
FF Control 25.31+5.88 26.82 + 8,16 FARE 8,.-9;7‘,"J 23.92 +0.98 26.43 + 6.65 2497 +5.36
(%) BC-NE 23.81+3.09 21.16 £4.07 © 29 T =8 32.10+5.70 35.74+2.44 45.65+11.97*
BC-S venom 26.14+11.22 28.95+10.86 : 28.30 i959 . 3243+ 11.16 38.41 £ 16.16 36.74 + 18.14
RF Control 16.09 + 5.65 13964 2.90 ' 12.83 + 3.03 ND 13.94+6.19 ND
(%) BC-NE 18.72 +6.14 B4+ 1.70 15.82 1321 =ND 9.67 £6.05 ND
BC-S venom 2143 +16.74 16.32 + 10.34 1533+ 7.17 ND 14.13+£9.70 ND
RVR Control 501+1.16 5.20 £ 0.82 5.87 £0.66 520+1.13 5.89+1.96 5.25+0.66
(mmHg/ml/min/kg) BC-NE 5.39+2.51 5.13% 1.59 7.48 +£3.29 8.49 +1.86 10.80 + 1.58 32.40+20.54
BC-S venom 550+2.12 9.11 +4.38 7.33 +£3.08 9.73 £4.22% 13.53 £ 6.87 1426 + 6.37

All values are shown as mean + SD; n = 4 rabbits in'each group. Control group and Pre-treatment period = no venom injection. Mean

values within the row indicated with superscripts-are significantly different from pre-treatment by Bonferroni 7 - test (* p < 0.05). ND =

Not Determined. GFR = Glomerular filtration‘raté; \JERPF ="Effective renal ‘plasma’ flow; ERBT = Effective renal blood flow; FF =

Filtration fraction; RF = Renal fraction; RWVR = Renal vascular resistance.
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Table 7-6 Effects of intravenous injection of Bungarus candidus venom (50,11g/kg) on plasma and urinary electrolytes in rabbits.

Parameters Group Pre-treatment Post-treatment (minutes)
30 60 N ] 90 120 150
Prat Control 137.25 +£6.08 136.00 + 5.29 136.50 + 7.33 137.00 +2.71 136.25 + 8.99 135.50+ 1.91
(mEq/L) BC-NE venom  140.25 +2.99 141.50 £3.70 Y235 + 380 141.50 £ 0.58 139.75 +£ 6.24 141.00 +£ 6.00
BC-S venom 145.25 +£2.06 135.50 =451 ¥36/25 % 189 142775+ 4.57 139.50 +5.74 144.25+4.27
Ena+ Control 60.52 +28.30 55.85+30.26 43.40 £ é8.14 42.99 +29 .98 41.34 £25.90 43.12 +£32.30
(LEq / min) BC-NE venom  51.68 £ 14.04 37.34+24 40 38.96 + 24 .47 40.67 £22.66 41.95+24.71 23.07 +17.66
BC-S venom 60.51 +33.32 35.71 + 28.06 3 1'47.i 2L31 34,70+ 27.32 27.85+22.14 19.84 £ 15.88
FEna+ Control 7.06+3.19 4.61 £2.86 P36 £ 2.7§ % 4844297 5.04 +3.46 3.96+2.46
(%) BC-NE venom  8.26 +3.35 731447 8.12:+£4.36, 885+4.76 927 +5.29 8.18+£5.29
BC-S venom 10.34 £ 5.51 9.85+7.22 8.1‘_1 + 5.46,.;; F; 9.20 +8.05 8.39+6.90 7.15+£5.72
Pk Control 2.33+0.10 2.33+0.06 248+ 0.22,-r1-:_-_| 2.33+0.10 233+0.24 243 +0.10
(mEq /L) BC-NE venom 2.40+0.41 2.75+0.25 ZH5= 020 285 + 0.31 3.23+0.67 3.28+0.29
BC-S venom 2.35+0.13 2.78 £0.47 W63 L0468 2451047 3.03+1.20 2.88 +£0.57
Ex+ Control 5.58 £2.81 576 £2.85 =473+ 3.58 ,4 494 +2.70 479 £2.31 5.01 +£3.29
(LEq / min) BC-NE venom 2.73£0.76 2.89%1.29 2.53 £0.59 2.15% 060 2.35+0.82 1.53+1.01
BC-S venom 3.16 £ 1.38 2.05+0.86 2.50+077 2.20. 0466 2.06 £1.11 1.94+1.45
FEx+ Control 37.40 + 13.48 31432043 32.10 £ 12.03 20.82 £ 14.23 27.61+11.02 24.14 +11.32
(%) BC-NE venom 2434 +5.72 28.49 +£5.82 29.70 +5.89 25324471 24.13 +8.07 24.58 +5.97
BC-S venom 35.88+17.51 29.32 +£8.44 35.53+18.22 34.70 £ 8.68 32.38 £13.81 33.05+11.24

All values are shown as mean + SD; n = 4 rabbits/ii ¢éach group. Control group and Pre-treatment period = no venom injection. Mean
values within the row indicated with superscripts are significantly different frompre-treatment by Bonferroni 7 - test (* p < 0.05). E =

. . . = £l . ¥ A
urinary excretion; FE = fractional excretion; Na' = Sodium; K’ = Potassium.
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water clearance in rabbits.
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Parameters Group Pre-treatment Post-treatment (minutes)
30 60 90 120 150
Pcr- Control 101.50 + 3.87 105.00 & 2,65 103.25 £ 4.11 101.00 + 3.56 103.50 + 3.32 102.50 +2.65
(mEq /L) BC-NE venom  103.75 £ 2.63 107.25 £3.50 106,25 + 1.89 108.50 + 3.11 104.50 +3.51 105.25 +3.77
BC-S venom 101.33 £5.69 97.00 +.9:54 103,00 + 361 10067+ 11.93  107.33 +6.66 106.67 £ 6.03
Ecr- Control 58.67 + 26.80 56.81 30834 40 96 +30.04 43.05 +30.93 41.45+27.59 40.87 £32.10
(LEq/min)  BC-NEvenom  41.09+13.16 27361848 4 8401 <2146 32.57 £20.69 32.97 +20.19 21.42+7.01
BC-Svenom  69.21+10.25 39.20+20.74% 3557 12.94% | 37.6341425%  28.72+15.10% 19.84 £ 10.57*
FEcr- Control 9.14+3.73° 6.12+3.94 736 + 3.5'} ; 6.61+ 4.45 6.69 + 4.89 4.97+3.30
(%) BC-NE venom  8.87+3.84° 8.66 + 4.89 9.255525) 9.7 £5.67 9.90 + 6.39 9.71 £2.75
BC-S venom 1652+ 1.70 ° 14.45£7.28 12275364 4 1406+7.36 1130 £7.77 9.70 £ 6.81
Uosm Control 606.00 +213.39 533.75+ 52375+ 16587  490.25+121.34  500.25+139.25  511.75+ 114.95
(mOsm) BC-NE venom  514.25+167.02  603.00 + 586:50 £237.51, 469.25+97.37  468.50 £ 85.57 508.25 + 74.89
BC-Svenom  512.50+325.33  496.75 + A517.00 £ 238730 536.25+257.62  568.75+307.24  609.00 + 337.00
Posm Control 291.00 +3.92 292.67 £5.77 -+ -290.50 £ 6.86  + -291.00 + 5.94 288.25 +5.56 289.50 + 5.74
(mOsm) BC-NE venom  286.25+13.72 29125 £525  304.50 £20.95  311.75 #20.60  299.75 +20.65 298.75+7.18
BC-Svenom  293.25+9.11 208260700 20700 783 299 754407 299.75+9.11 300.75 = 11.09
Cosm Control 0.69 +0.29 0.53£.0.40 0.49 £ 0.35 0.49 0735 0.46 +0.26 0.49 +0.35
(ml / min)) BC-NE venom  0.51 +0.12 0.37 0,19 0.42+0.17 0.390.17 0.40 +0.19 0.24+0.16
BC-Svenom  0.53+0.23 0.33+0.23 0.33+0.18 0.31+0.22 0.26 £0.18 0.20+0.14
Cino Control -0.33£0.14 -0,23 +£0.17 -0.20 & 0.16 -0,19.4 0.16 -0.18+0.13 -0.20+0.15
(ml / min) BC-NE venom  -0.20 +0.13 -0.16 £0.06 -0.14 £0.09 “0.10 £ 0.08 -0.12 £ 0.07 -0.09 +0.05
BC-S venom -0.13+0.15 -0.09 +£0.08 -0:08 £ 0.02 “0.08 +0.04 -0.07 +0.04 -0.07 +0.03

All values are shown as mean + SD; n = 4 rabbits in each group. Control group and Pre-treatment period =6 venom injection. Mean values within
the row indicated with superscripts are sigaificantly different from,pre-treatment by Bonferroni 7 |- test(¥p<0.05). E = urinary excretion; FE =

fractional excretion; CI" = Chloride; Uosm = urine osmolality; Posm = plasma osmolality; Cosm = osmolal clearance; Cy,o= water clearance.
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Table 7-8 Effects of intravenous injection of Bungarus candidus g) on plasma concentrations of creatine phosphokinase

(CPK), lactate dehydrogenase (LDH) and calcium ion in rabbi

atment (minutes)

NN

Parameters Pre-treatment ¢ /1 .
77//ED N
CPK (U/L) 272.25 +56.65 464.50 + 198.14 msﬁ .9 82.75 £ 160.00 344.00 + 195.75
(n=4) ot
LDH (U/L) 124.75 + 83.62 159.25 + 94.56 135.75+£68.01 149.25 + 73.99
(n=4)
Calcium (mg %) 8.7+1.1 84+1.0 7.5+1.5 6.5+ 1.4*
(n=23) 4
All values are shown as mean + SD; Comparison of the mea pre- nmpost -treatment using Bonferroni 7 - test with
superscripts are significantly different (*p < 0.05). ¢
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CHAPTER VIII

THE TOXINOKINETICS OF BUNGARUS CANDIDUS VENOM IN RABBITS

INTRODUCTION

Bites by kraits, such as Bumgarus candidus, produce minimal local effects
when compared with the cobra or viper bites(Leoareesuwan et al., 1988; Ismail et al.,
1996). The clinical signs with-neurotoxicity-aftér envenomation with B. candidus
appear within 30-60 minutes or-piolonging for some hours. The onset of respiratory
paralysis has been reperted to'be 2-8 hours with the delay to 20 hours (Pochanugool,
1997; Laothong and_Sitpuija, 2001; Iieg;prasen and Kaojarern, 2007). Systemic
envenomation may recur within hours or ;(iéys after an initially response to antivenom
therapeutics. The patients received spec’i,flé" B. candidus antivenom at 10-12 hours
after envenoming developed rapjd_imprd{}'qm@nt of neurotoxic signs and symptoms
within 10 hours-2 days, but persistent mj}driasis and fixed pupils were remained in
some patients for many days (Leepraseﬁ ‘ahd Kaojarern, 2007). The possible
explanation for the variation in'the onset, dévélopment and duration of toxicity of B.
candidus envenoming might reflect to the differences ‘in the amount of venom
inoculated when bitten, absorption, distribution, tissue binding and elimination of
venoms or some venom compositions. Few data are available on the study of venom
toxinokinetics in experimental animals, although.the.B. candidus venom has been
mainly studied' ofi lits Compositions, ‘sequence of aniino acid, toxic and
pharmacological properties (Abe et al., 1977; Tanet al., 1989; Chu.et al., 1995; Dixon
and Harris, 1999; Kuhn et al., 2000; Torres et al., 2001; Tsai et al., 2002; Khow et al.,
2003; Kuch et al., 2003). Information of the toxinokinetics of B. candidus venom
would give a better understanding of its envenoming syndrome in human. Therefore,
the purpose of this study was to determine the disposition kinetic variable of B.
candidus venom and its urinary excretion in urine following intravenous
envenomation in rabbits. From the disposition kinetic data, the information may
contribute to better insight into the patho-physiological basis after envenomation by B.

candidus bite.
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MATERIALS AND METHODS

Animal preparation

Ten healthy rabbits, weighing between 2.5-3 kg, were divided into two groups
of five animals each. Animals in both groups were anesthetized with pentobarbital
sodium (25 mg/kg body weight). Before the start of experiment, two catheters were
inserted into the carotid artery and the jugular vein using polyethylene catheters. The

urine was collected from the pelyvinyl catheter which was catheterized into the ureter.

Experimental and assay procedures

Animals in group.d*andsgroup 2 were injected intravenously with B. candidus
venom at the dose of 50 and 150 ug/ké, pespectively. Following the envenomation,
blood samples (1 ml) were withdrawn fr‘g;n the carotid artery into heparinized tubes
before and at 5, 10, 20,430, 60,790, 120 and 150 min. after envenomation of B.
candidus venom. Plasma was collected af‘t_e_r centrifugation at 2500 rpm for 25 min.
and kept at -20°C until analysis. The urime samples were collected before and at 5, 10,
20, 30, 60 and 120 min. after envenomatioﬂ;.; The volume of urine was measured and

approximately 2 ml was frozen for analysis. 3

Analytical procedure

Blood and urine samples were determined for<the concentration of the B.
candidus venom.by enzyme linked immunosorbent assay (ELISA).

Standardization.of the ELISA for the quantification of B. candidus venom

The intra- and inter-assay caefficients of yariation (CV) were calculated from
data obtained in independent assays. The coefficient of determination (r*) was used to
analyze the correlation between venom concentrations and absorbance in ELISA
standard curves.

Determination of venom kinetic parameters

In the present experiment which B. candidus crude venom was injected
intravenously into rabbits at the dose of 50 and 150 pg/kg. It was assumed that venom
was distributed between two pools, the plasma pool and another less well-defined

pool. With two-pool model, the equation describing the kinetics of venom in one of
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those pools will be made up of two phases. However these two phases do not directly
equate to the two pools since only the plasma pool was sampled. Therefore the
parameters and equations defined in this study refer to venom kinetics in the plasma
pool. Plasma venom concentration at specified time was determined by ELISA. Then
the values of venom appearance (ng/ml) with time-course (minute) for each individual
animal were plotted on a semi logarithmic graph paper. The log concentration-time
curves obtained were biphasic, comprising a rapid initial declining phase (a) followed
by a slower declining phase (). A bi-exponentialequation of this two compartment
open model was fitted to-each-experimental data set;using the following equation:
Ctl=Ae-"+Be™

Ct is the concentration” of the venom in plasma at time # a and S are
distribution and elimination faie/ constants, respectively; 4 and B are the zero
intercepts of the fasts(distribution) an& slow (elimination) phases, respectively.
Venom kinetic parameters were calculatn'gd{- following the formulas outlined below
(Krifi et al., 2005): 2

Area under the curve fromzero to i'rfiijll_it_y: AUC =A/o. + B/p

Area under the mean curve from zer(-;ﬁdjfinﬁnity: AUMC = A/o’ + B/ﬂ2

Total plasma, clearance: CL; = D/AUC, where D being the total injected
venom.

Volume of the distribution at steady state: Vds, = (D x AUMC) / A uc’

Mean residence time: MRT = AUMC / AUC

Half-1ife" of eaeh conipartment/(Fj,): wete! eStimiated” graphically from the
slopes of the least-square lines, then the respective rate constant (o and f) is 0.693

divided by T]/g.

Statistical analysis
All results are expressed as mean + standard deviation. Statistical significance

was analyzed by unpaired #-test; the level of significance was set as p < 0.05.
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RESULTS

Standardization of the ELISA for the quantification of Bungarus candidus venom
The standard curve of B. candidus venom in buffer used to quantify venom in

plasma and urine is shown in Figure 8-1. The coefficient of determination (r*) was

0.9951. In present assay, the parameters showed accuracy >90% and coefficients of

variation <10% (Intra-CV = 1.2% and Inter-CV = 3.5%)).
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r? = 0.9951

0.5 -
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0.0 ——— P ——— —
1 10 100 1000 10000
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Figure 8-1 Standard curve for ELISA used to detect Bungarus candidus venom in

plasma and urine sampleS. Fhe points are mean + SD (n = 3).

The kinetics of Bungarus candidusyenom

The concentrations of B. candidus yenom in plasma samples were determined
through time by ELISA. After intravenous injection of B. candidus venom (50 and
150 pg/kg), the kinetic profile of venom are shown in Figure 8-2. The
bicompartmental kinetics with a rapid initial decrease (o phase) corresponding to
venom distribution, followed by a slow linear decrease (3 phase) corresponding to
venom elimination were apparent. The kinetic parameters for B. candidus venom in
the plasma pool of envenomed rabbits are shown in Table 8-1. The kinetic parameters

between two groups two groups of different doses of venom showed no significantly
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differences in the rate constants of a phase (8.56 + 1.06 and 8.47 + 0.43 min™') and of
S phase (0.40 + 0.05 and 0.40 + 0.06 min™"); the half-life of the distribution phase
(T124 = 8.20 £ 1.10 and 8.20 + 0.45 min) and the elimination phase (T3 = 175.00 +
19.86 and 176.00 £+ 26.79 min); the volume of distribution of a phase (Vo = 1.53 +
0.42 and 1.40 + 0.27 L/kg), of p phase (VB = 2.37 £ 0.89 and 2.77 = 0.77 L/kg) and
the volume of distribution at steady state (Vdis= 5.47 + 1.78 and 6.31 + 1.04 L/kg);
the mean residence time of of ¢ phase (MRTa = 11.83 + 1.58 and 11.83 + 0.65 min),
of f phase (MRTB = 252.53 £ 28.66 and 253.97 + 38.65 min) and of plasma pool
(MRTp = 236.32 £ 29.75and 233,40 £40.92 min);total body clearance (TBC = 9.00
+ 4.21 and 10.24 + 3.93 ml/mun/kg). The significant differences revealed in the
values of A (36.20 + 11.70¢#and 110.00 % 28.28 ng/ml), B (24.20 + 8.41 and 56.40 +
14.57 ng/ml) and the arca under the curve (AUC = 6663.78 + 2736.15 and 15763.35 +
4473.10 ng/ml/min). The Bs candidus venom was detected in urine at the given times

between 5 — 120 min with theé venom excré}idn rate as shown in Table 8-2.
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Figure 8-2 A semilogarithmic plot of levels of venom after single intravenous doses
with 50 pg/kg and 150 pg/kg of B. candidus venom in rabbits. Data were analyzed

according to two compartment open model represented by the equation Ct = A+

Be™. A and B are the zero-intercepts of the fast (distribution) and slow (elimination)

phases. The calculation points (*) of the distribution phase are obtained by feathering
techniques.
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Table 8-1 Kinetic parameters of Bungarus candidus venom in rabbits in which

venoms were administered in a single intravenous dose of 50 pg/kg and 150 pg/kg.

Kinetic parameters

Venom dose (pg / kg)

50 ng / kg

150 ng/ kg

A (ng/ml)

B (ng/ml)

o (min™) x10

B (min™) x10
T1/2 o (min)

Ti/2p (min)

Va (L/kg)

VB (L/kg)

Vdg (L/kg)
MRTa (min)
MRTp (min)
MRTp (min)
AUC (ng/ml/min)
TBC (ml/min/kg)

36.20 + 11.71%
242014 8.41*
8.56 + 1.06
0.40 £0.05
830 +1[1.10
175100 % 19.86
153 + 042
2.37+089;
5474178

1 L83+ 158
252.53 +28.66
236.32 £ 29,75
6663.78 +2736.15*
9.00 + 4.21

110.00 + 28.28*
56.40 + 14.57*
8.47 +£0.43

0.40 +0.06
8.20+£0.45
176.00 + 26.79
1.40£0.27
2.77+0.77
6.31+1.04
11.83 £0.65
253.97 + 38.65
233.40 +40.92
15763.35 +4473.10*
10.24 +£3.93

All values are-mean + SD~(n-= Ssrabbits-each): * p < 0:05,significantly difference

between groups, by unpaired 7-test.;*A and B = venoem concentrations at the zero time

intercepts of the a and B phases; o and [“= the rate constants for the fast

(distribution): and “slow (elimination)“phases, respectively. T b ‘and Tipp = the

elimination half-lives for the o and B phases; Vdss = estimated volume of distribution

at steady state; MRTa, MRTB and MRTp = mean residence time of the o, B phases

and plasma pool, respectively; AUC = area under the curve; TBC = total body

clearance.
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Table 8-2 The rate of excretion of Bungarus candidus venom (ng/min/kg) into the

urine in envenomed rabbits. The values are shown as mean + SD.

Venom Time after venom injection (min)

dose 5 10 20 30 60 90 120
(ng/ke)

50 0.40+0.35 | 0.66+0.40 | 1.21£0.71 | 0.91£0.50 | 1.76+1.03 | 1.22+1.05 | 0.73+0.53
(n=5)

150 | 0.86+0.38 | 3.52+1.11 | 3.44+1.46 | 2.90£1.38 | 1.37+0.66 | 0.65+0.34 | 0.44+0.19
(n=3) J

DISCUSSION

In the present.study. the parameters and cquations defined after intravenous
injection of two different doses of B. can;éli,idus crude venom into rabbits (50 and 150
png/kg) were assumed to venom kinetics";ﬁi the plasma pool since only the venom
concentration in the plasma samples wef‘év_hpglyzed by the ELISA determination.
Evaluation of the mean plasma cohcentratii;ﬁ :)f B. candidus venom as a function of
time of organ regulation in rabbits revééi’éa;_liiphasic decline of plasma venom
concentration, which -were fitted in two compartment 6pen model. The disposition of
B. candidus venom Was adequately described by a bi-exponential equation, C = 36.2¢
8361 24.2¢"" and C = 110.0e **"'+ 56.4¢ **" for the venom doses 50 and 150
ng/kg, respectively. Other'venoms, after intravenous envenomation has also reported
to follow two cempartment model in mice (Rocha et al., 2008), rat (Mello et al., 2010)
and rabbity (Nakamuraset-al;~1995; Krifi et~al,~2005).4The, similar;low values of
distribution rate ‘constant (o) ‘of*two ‘doses ‘of ‘B.“candidus venom (8.56 + 1.06 and
8.47 + 0.43 min") and volume of distribution (5.47 + 1.78 and 6.31 + 1.04 L/kg)
indicated that the venom is slowly distributed into various body fluids and tissues.
The elimination haft-life of the B. candidus venom was averaged 175 min which was
considerably higher than that study in habutobin toxin (50.42 + 7.89 min) in the
venom of Trimeresurus flavoviridis (Nakamura et al., 1995). The present findings
revealed marked differences in kinetic behavior of the venom as compared to other

Elapid venoms such as Naja melanoleuca, N. nivea, N. nigricollis, N. haji and
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Walterinnesia aegyptia venoms, which fitted a tri-exponential equation characteristic
of a three-compartment open pharmacokinetic model after intravenous administration
of venom in rabbits (Ismail et al., 1996; Ismail, Abd-Elsalam, and Al-Ahaidib, 1998).
The overall elimination half-life of the venoms of these Naja species ranged from 15
to 29 hrs and of W. aegyptia was 10.8 £ 1 hrs., indicating slower elimination from the
body than that of B. candidus venom. In accordance to the present findings, the value
of the total plasma clearance of B. candidus venom (9.00 = 4.21 to 10.24 + 3.93
ml/min/kg) was higher as compared to other'types of venom like Naja (0.09-0.18
ml/min/kg) and W. aegypitia(0.686 ml/min/kg) venoms. The urinary excretion during
150 min of experiment was ~0.0008-0.0035% and 0.0003-0.0024% of total
envenomed dose at 50 and"150 jig/kg, respectively, which was different from that
reported in Bothrops alternatus venom experimented in rats detected in urine at 3 — 24
hrs post envenomation' (Mello ot al; 2é10). Excretion via the renal system is the
major route to eliminatg'the venoms or fg)éins (Mebs, 1978). A number of studies
have reported the detection ‘of venom Qf' its degraded products in the urine of
envenomed human and expefimented anim'a':ig (Hanvivatvong et al., 1987; Audebert et
al., 1993 & 1994; Tanigawa et al., 1994; 1\/{elf0 et al., 2010). Only a few percent of
venom was recovered in urine which less tHﬁiﬁ'TO% of the injected dose (Audebert et
al., 1994; Tanigawa et-ak;1994).-However, the nephrotoxiCity of snake venom is not
always associated with'its excretion via renal system (Mgello et al., 2010).

Significant differences in the value of AUC and the estimated maximum
concentration of vénom at'theizérartimeiofo and f phases'(Asand B values) between
two different deses of venom injection reflected to the different plasma levels of free
venom,antigens. Nevertheless,. other kinetic parameters wete shown to be the same
with the two different venori dosest The toxindkinetic-parameters-of B. candidus
venom indicate that the rapid distribution half-life (T}, = 8.20 = 1.10 and 8.20 + 0.45
min) and the slow elimination half-life (T = 175.00 + 19.86 and 176.00 + 26.79
min) were concomitant with the great volume of distribution (5.47 = 1.78 and 6.31 +
1.04 L/kg) of B. candidus venom in the plasma pool of experimentally envenomed
animals. These findings are probably consistent with the onset of clinical symptoms
occurred in human envenomation, which the earliest systemic signs mainly observed

upon arrival to the hospitals at 30 — 60 minutes after B. candidus bite (Pochanugool et
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al., 1997; Laothong and Sitprija, 2001; Leeprasert and Kaojarern, 2007). It has been
known that B. candidus venom have severe neurotoxic and systemic effects which
involve the circulating of venom or other toxic components in blood stream as well as
the specific tissue binding toxins especially at the neuromuscular junctions
(Prasarnpun et al., 2005). The time interval of bite to death of envenoming bite by B.
candidus in the previous report is fitted well to the mean residence time of free venom
circulating in the plasma pool (MRTp) about4 hours in the present study. Though the
total body clearance of venom from the plasma peol were rapidly eliminated (9.00 +
4.21 to 10.24 + 3.93 ml/min/kg) whieh related-to-the recovery of venom in urine
during 150 minutes of animaleXperiments. This is suggested that some venom might
be eliminated by the rénal zotte (Devaux[ etal., 2004).

ELISA quantification of B candidus venom in the plasma samples is limited
to detect only free venom amtigens: S(;me of venom proteins binding to plasma
proteins can mask antigenic de;termin;édn;s which are undetectable by ELISA
determination (Riviere et al., [ 1997). On t,he other hand, some quantity of venom is
distributed into the peripheral or exfravascirfai; compartments that can redistribute into
the vascular space for instance. Thus the knwtfcﬂ parameters in the present study are a
prime value of toxinokinetic study of B ca;rifdildiis' venom in experimented animal that
needs further study| for-a-better-understanding of 1ts-efivénoming syndrome and to

improve for a standard §erum therapeutic protocol.



CHAPTER IX

GENERAL DISCUSSION

The results of initial experiments in Chapter IV have shown that B. candidus
snakes from different localities of Thailand would be considered color variation of
black and white bands in snakes from individual to individual. Though the color
pattern is a non-specific variation in taxonomie study. The distinct color difference of
B. candidus from northeastern and eastein Fhailand hints to phylogenetic study.
According to the venom colleetion uéing hematocrit tube attached directly to the
snake fangs in this studygthediguid and dry venoems per snake were individually
different and related thesbody weight of snakes (Figure 9-1). However the mean
values of percentage of dfy mafter-of venom or the percentage of venom yield per
gram of snake body weight showed no differences among groups with narrow ranges.
The percentage of dry matter of venom iilll-_this study 1s corresponded to the previous
report that the extracted liquid venom yiellc-zl_; v;/:as allometrically correlated with snake
body mass and had mean meoisture content 357_9,.9% (McCue, 2006). These values are
useful for estimating the dosage range of a_nl_,—f‘i_ve-;pom treatment in case of B. candidus
envenomation if the wictim céﬂ take the snakewtd the physicians. The mean value of
the percentage of venom yield per gram snake body Weight could be indicated the
approximate amount of venom injected into the victim although the snakes obtained
to the hospital are varieddn.sizes or total lengths.

In the present study, determinations of individual B. ¢andidus venom of the
wild-caught and the captive-born groups were comparative studied in term of lethal
toxicity, jelizymatic, activities, protein coinponents, fisolation ‘and) purification of the
major neurotoxins (Chapter V). The present findings revealed no significant
differences in lethal toxicity and the enzymatic activities of phospholipase A, (PLA»),
protease (PRO), phosphodiesterase (PDE) and hyaluronidase (HY A) among the wild-
caught and the captive-born venom groups. In contrast to the enzymatic activities of
acetylcholinesterase (AChE), alkaline phosphomonoesterase (PME), L-amino acid
oxidase (LAAOQO) and hyaluronidase (HYA) presented the significant differences
among snake venom groups. The PME activity of BC-NE venom group and the
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LAAO activity of BC-S venom group were significantly higher than that of BC-CB
venom group. On the other hand, the AChE activity of BC-CB venom group
presented significantly higher than that of BC-E venom group. The captive-born
snakes were born from the southern-origin parents and fed on mouse which differed
from the wild-caught snakes that fed on the same non-venomous snakes as in the
nature. Therefore, the differences in the activities of PME, LAAO and AChE between
some of the wild-caught and the captive-bomn venom groups might be related to the
food difference. Comparison of BC-S and BC-CB wvenom groups reveal no significant
difference in all of enzymatie-activities except for-bAAO activity. This is postulated
not only from food difference but also age-dependency of these two groups though
ages of BC-S snake group weremnot mentioned (Figure 9-1).

The SDS-PAGE pattern’ under: non-reducing conditions of individual B.
candidus venom showed marked differc-nces in the banding pattern suggesting the
variation in venom progein composition.j":EC-S and BC-CB venom groups showed
quantitative differences of protcin compositidﬁ at the molecular weight of 18.1-41.3
kDa. The venom protein composition of fél'fha_le; in BC-S, BC-NE and BC-CB groups
revealed no difference to male venom in tﬁe éi)S-PAGE pattern and the profiles of
RP-HPLC. However, a numbef of studies fi*é'ﬁér’ted the controversial results in the
variability of venom ¢emposition-influenced by dietand Sex differences (Daltry et al.,
1996; 1997; Magro etal., 2001; Sanz et al., 2006; Zelanis et al., 2007). Ontogenetic
shifts of diet in venomous snakes were associated with changes in venom
compositions (Lopez-Lozato ef)ali,] 20025 Mackessy, \Williams, and Ashton, 2003;
Saldarriaga et al.; 2003).

Compositional differences, between snake venoms, analyzed by, RP-HPLC can
be employed as “a' taxononiy “signature for' uhambiguous' species identification
independently of geographic origin and morphological characteristics (Tashima et al.,
2008; Gutiérrez et al., 2009). In the present study, RP-HPLC was performed for
protein detection in individual B. candidus venom. Thereafter the percentage of the
total venom proteins of the different protein families were determined from the
relation of the sum of the peak areas containing proteins from the same family to the
total area of venom protein peaks in reverse phase chromatogram (Tashima et al.,

2008; Calvete et al., 2009). The qualitative and quantitative differences were observed
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among members of the same group. Since all the snakes were kept under the same
conditions and fed with live snakes, except BC-CB snakes which were fed with mice.
These subtle differences in RP-HPLC profiles were likely to be due to the genetic
background. These findings are assumed for the correlation of lineage among snake
groups distributed in different parts of Thailand where the geography is closely
ranged such as between the northeastern and the eastern regions. Moreover the
similarity of RP-HPLC profile of some BC snake in present study is corresponded to
the study on venoms of the captive-bred Malayan pitviper that closely matched to
those of the wild-caught snakes from the same loeality as their parents. Although the
captive Malayan pitviper weie fed on mouse which is incongruous with the natural
preys. This indicates thatsthesdictary association is genetically based rather than
environmentally indueed for the shott termiin captivity (Daltry et al., 1997).

In vitro study fer the cffcct of 5 ;candidus venom on the osmotic fragility of
rabbit red blood cells reyealed that red bl(;'g(i;cells in venom-treated heparinized blood
were more susceptible to osmotic ‘lyses Y-tiha'r'l that of venom-treated EDTA blood
(Chapter VI). It was also evident'in the hléh value of packed cell volume coincided
with high percentage of membrane destabiliéatijf;n in venom-treated heparinized blood,
without the alteration in MCV obtained froff;"\?'e*'riOm-treated EDTA blood (Figure 9-1).
It indicates that PLA ‘activity 1 venom was not-activated by calcium ion, which was
chelated in venom-tréated EDTA blood (Bournazos ¢t al., 2008). Most of PLA,
enzymes require Ca>* for activation in the cell (Bonventre, 1990). On the other hand,
EDTA is a reagént of choice asramanticoagulant using'chelating metal ions e.g. Ca**
including Mg™ ;and Mn”" ions'(Kummar and Satchidanandam, 2000; Bournazos et al.,
2008). . The PLA, enzyme. in.B. .candidus venom may play.a role.in hydrolysis of
phospholipids in réd blood cell'meémbrane, resuliing in-lysophosphelipids and free
fatty acid which are the precursors of eicosanoids such as prostaglandins,
thromboxanes, leukotrienes and lipoxins (Dunn and Broady, 2001). PLA, may
somehow interact with the other venom proteins, such as cardiotoxin (Condrea et al.
1970), which also known as cytotoxins or membrane toxins. Snake venom
cardiotoxins are generally regarded as low molecular weight polypeptides that cause
cardiac arrest, muscle contracture, membrane depolarization and hemolysis (Chang,

1979; Condrea, 1979; Harvey et al., 1982; Fletcher et al., 1991). Small amount of
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PLA; can enhance the ability of cardiotoxins to lyse red blood cells, but does not
markedly increase the ability of cardiotoxins to depolarize and cause the contracture
of skeletal muscle (Harvey et al., 1983). An increase in both MCV and packed cell
volume in venom-treated blood revealed cytotoxicity of B. candidus venom.

The difference in the neurotoxicity of venom and its toxins are reported due to
the use of different experimental conditions. Therefore in vitro neuromuscular
preparations are recently used as the method of choices to determine the neurotoxic
effect of crude venom and its isolated toxinS (Harvey et al., 1994; Hodgson and
Wikramaratana, 2002). In-the present study, in vifre-mouse phrenic nerve-diaphragm
preparation showed significant difference in inhibited indirectly evoked twitches
among the B. candidus venoms of three geographical variants and a captive-born
snakes (Chapter VI)«(Figurc 9-1). The neurotoxic effect of B. candidus venom is
reliably prevented either by pre-incubatién with monovalent B. candidus antivenom
or by the addition of antivenom promptlf'y\;ith the venom. It has been known that B.
candidus venom has seyere’ neurotoxic Y-zémd systemic effects which involve the
circulating of venom or other toxic compofréqt_s_in blood stream as well as the specific
tissue binding toxins especially-—at the neﬁrd};luscular junctions (Montecucco and
Rossetto, 2000; Prasarnpun et al:, 2005). I "ﬂfé antivenom given time was delayed
about 20-30 min, {he—capacity of —antivenom to acutralize the venom was
inconsistency. B-Bungarotoxin (B-BuTx), the main cOnstituent in the venoms of
Bungarus snakes (Chu et al., 1995), is composed of chain A and chain B subunits
linked by a disulfide (bond} The (¢hain' | A~is-a PLA5 ‘subunit exhibited remarkable
structural similanity to other vertebrate enzymes, of which has the phospholipase A,
activity«ton,catalyze.the, calcium-dependent hydrolysis.of the,2-acyl groups in 3-sn-
phosphoglycerides: The ‘chain B "is @ “non-PLA;" subunit' which' is=homologous to
proteinase inhibitors and dendrotoxins (Bon, 1997; Kini, 2003). In this respect, [3-
BuTx is a PLA; neurotoxin potentially in blocking nicotinic acetylcholine
transmission at the presynaptically neuromuscular junction. However in the absence
of detergents (such as deoxycholate), B-BuTx has negligible PLA, activity which
almost no hemolytic activity by failure to digest phospholipids (Jeng, Hendon, and
Fraenkel-Conrat, 1978).
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In the present study of venom kinetics (Chapter VIII), the mean residence time
of free venom (about 4 hours) circulating in the plasma pool is fitted well to the time
interval of bite to death of envenoming bite by B. candidus in the previous report
(Looareesuwan et al., 1988). The total body clearance of venom rapidly eliminated
from the plasma pool was also related to the recovery of venom in urine within 150
min after envenomation. This is suggested that some venom might be eliminated by
the renal route (Devaux et al., 2004). However the nephrotoxicity-affecting snakebite
is not always associated with its venom excréion via renal system (Mello et al., 2010).

In vivo experiment-of envenomed rabbits by-B. candidus venom (Chapter VII),
systemic hypotension was obsetved during 150 minutes of monitoring. B. candidus
venom (50 pg/kg, 1.v) produced concentration-dependent bi-phasic responses in MAP
in anesthetized rabbits.” ThiS response consisted of an initial short-lasting depressor
phase (2-5 minutes; phase 1) and a long-;lasting hypotension phase (30-150 minutes;
phase 2). Neither phase A nor phase 2 ofi"thé response to venom was affected by the
muscarinic receptor antagonist, e.g. atropihe'-’sulphate (0.20 mg/kg, 1.v.). Thus, the
scavenge acetylcholine inducing hypoteﬁ:;;i'qn by stimulating M1, M2 and M4
muscarinic receptors (Aird, 2002} was not aﬁpz;fént in B. candidus envenomation. The
stepwise decreases in HR and CO, while fﬂé'r'si'ightly increase in TPR was apparent,
suggesting that B. candidus—venomwould contribute -t6 vasoconstriction and an
increase in systemic Vascular resistance via an activation of sympathetic activity
releasing catecholamine as a compensatory mechanism (Hall and Hodge, 1971). It
was reported that the] fall in"'BP. and HR/may be\due tea ditect inhibitory effect of the
snake venom via the blood-brain barrier acting on the medullary cardiovascular center,
and reducing the tonic discharge of impulses to the'sympathetic vasoconstrictor fibers
and to the cardioacceleratorinerves ‘thus produCing ‘hypotension tand bradycardia
(Telang et al., 1976) (Figure 9-2). The persistent decreases in CO and HR despite
hypotension may suggest direct cardiotoxicity of the venom. It has been reported that
Bucain, a three-fingered a-neurotoxin in structure isolated from B. candidus venom,
is similar to cardiotoxin (Watanabe et al., 2002; Murakami et al., 2009). The reduction
of CO and BP may be related to enzymes in venom, such as kininogenases,
phospholipases and hydrolases of arginine ester, which may involve in these

processes. Hemodynamic side-effects such as vasodilatation with resultant
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hypotension are due to the release of mediators including biological amines such as
histamine, serotonin or prostaglandins. They might be expected to occur during
envenomation. Release of histamine related to phospholipase concentrations has been
noted (Hyslop and Nucci, 1993). PLA, enzyme in snake venom hydrolyses the cell
membrane phospholipids resulting in lysophospholipids and free fatty acid which are
the precursors of prostaglandins (Dunn and Broady, 2001). Prostaglandins generated
in kidney have an important role in bleod pressure regulation (Schlondorftf and
Aradaillou, 1986). In addition, PLA; is alSe"a_eritical enzymatic effector of Ca*"
action in the cells. Ca’ has been “implicated-as a regulatory factor in many
physiological and pathophysiolegical processes in the renal cell. Most of the
releasable cell Ca”* residesdn the non-mitochondrial compartments (Bonventre, 1990).
Therefore the alterations® ' scardiovascular functions of these experimental
envenomed animals may be'an effect-of éome enzymes in B. candidus venom (Figure
9-2). &

According to a case report of cnvetiomation by B. candidus bite recently in
northeastern Thailand was given monospééiﬁq B. candidus antivenom at 13 hours
after snake bite, thereafter passed dark;éoigred urine 1 hour after antivenom
administration (Wirat Leepraseft, 2008 per 'ré'(')'r‘ﬁm.). This,evident was not convinced
either because of an-effect-of 5. candidus venom or the effect of monospecific B.
candidus antivenom that induced rhadomyolysis-like syndrome. On the other hand,
dark-colored urine in the envenomation of snakebite may have been caused by
hemolysis and”hemoglobitturia’(Tibballs<et faly, 2003).< However an evidence of
rhabdomyolysis:like syndrome in the present study was observed by the increase of
plasma.CPK, LDH.and K" levels.after. venom infiSion. into the animals (Chapter VII).
These findings have been suspected for a nonspecific toxic effeet of-the B. candidus
venom on muscle cell. Decreased in RBF and GFR may be due to myoglobinuria
caused by damaged skeletal muscles (Ayer et al., 1971; Campion et al., 1972). Few
data are available concerning sequential changes of renal function produced by B.
candidus venom, although many studies have reported the occurrence of lethal acute
renal failure after snakebites by the other venomous snakes (Burdmann et al, 1993;
Chugh, 1989; de Silva et al., 1994; Schneemann et al., 2004; Sitprija, 2006). However

some of case studies in human autopsy and animal experiments by Bungarus
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caeruleus envenomation in Sri Lanka were demonstrated the histopathological
changes in cardiovascular system, kidneys, liver, adrenal gland (Kularatne and
Ratnatunge, 2001; Kiran et al., 2004; Mirajkar et al., 2005). The evidence of
rhadomyolysis-like syndrome and increased myoglobinuria  affecting kidney
functions after envenomation by B. candidus venom needs to be further investigated.
It can be concluded that B. candidus venom did not directly affect acute
nephrotoxicity in the experimental animal. Case of B. candidus bite in the future
should be closely observed the clinical ‘symptoms and the detection of more
laboratory parameters coneerning electrolytes, enzymes, hemoglobin and myoglobin
in urine of envenomed victims:

CONCLUSION

The variability in venom compési:tions between individuals of Bungarus
candidus snakes give strongly supportive éivid'ent to venom composition being under
genetic control (Chippaux et al., 1991). Iri"étglgli_tion, variation in the concentration of
specific components between individualsﬂ,—_i;f:' hinted to investigate the specific
biological activities in envenoned victim b'y;‘f{*:bandidus bite. The overall findings of
the in vivo and in vitée studies contribute to the effects 6f B. candidus venom on cell
injury and changes of bodily functions e.g. the cardiovascular system and renal
hemodynamics (Figure 9-2) which have never been reported in human envenomed by
B. candidus bite. Intraspecific) /jgeographic:and, bntogenetic variability in the venom
compositions and enzymatic activities of the same snake species are of fundamental
importance, in snakebite pathology and therapeutics (Calyete et al.,2009; Gutiérrez et
al., 2009). This istalso'necessary for the selectioni of snake from various regions to
prepare the venom pools for antivenom production in different countries. Therefore,
understanding the evolutionary processes affected to venom variation can employ not
only for the effective development of antivenom production but also for the clinical

therapeutics in the disparity of symptoms in envenomed victims.



153

Botysveight

Difference. in time-course
of neurotoxicity

: CHY # invivotest 0 |

o = . frap !
- a i Seogrphy | |
N i |
|

Renal hemodynamics

. R | FF
HR .
TTPR.- *BP'I' 'l' ERPF| RVR
CO& *Hct RBF ENa+
*RR RF E.
v Y E..
Figure 9-1 Schematic diagram represer he conclusion of studies in the biological

characteristics and [ Bungarus candidus from

different parts of Thaile

AUEINENINYINS
AAIANTAUNMIINGIAY

d and a captive-born snakes.



154

2 : Medullary cardiovascular Antlcholmerg.lc
eeeee o reeeee >- center in CNS : drug e.g. atropine
SAEEEEEEEEEEEEEEEEESR mEmEmEEEEEEEEEEEEEs 1 \
Impulse l A
................... Yeeeeeeeeenan, VAgUSmErve T Parasympathetic
Sympathetic nervous system = ‘ nervous system
E o000 ? reeceoe ..‘.‘.‘.l.......l.....l.l.l...l.l...........‘.......‘.‘.‘.l.‘.....l: . E
E E § s e® 00000000000 ?.l‘.‘l‘.‘l‘.‘."
: ¢ | Cardiovascular TPRT ARALL CHvIl :
‘e function ) BP l HRl RRl :
: Cco} | : :
: . sececse 3 = l - A\ A y M
: : CHVII : ::-----------------‘ :
s .+ hypoxaemia : :
: : : ? :
: Venous blood — : ’ :
: return to heart . CH '.;/.‘ . .
§ é :."“.....;{ PLA2 E E ....... :--------.: é
: Pulmonary ek =4 : : Resp.l ratory
5 vasoconstrictor DA S ! a.‘f;f’."' ..... Pl
E : ?7 Far ] 4 o CHV E E
: Synthesis of lipid g — . A ° 4 ) -
E mediatqrs e E Mehﬁi‘féﬁl‘e . Neurotoxin
: e.g. throm to_yffme A2 ¢ phospholipids "j; ....... Cardiotoxin s
P Arachidoniewld e’ .. v
SR D erereegerearenes ; Vascular membrane ;  Cytotoxicity ...,
; : ermeabilit :
0191 AT e : | MCV, MCF
. PCV T :
Renalhemodynamics CH'VI :
_ I | Rhabdomyolysis? <<*
RBF, ERPF, GER, urine flow CH Vi1
¢ i CH VII | *Pcaz+ l
ENa+s EK+9 ECl— *FFs RVR T
PCPKa PLDH’ PK+

Figure 9-2 Schematic diagram represents the pathways of Bungarus candidus
affected to bodily functions and renal hemodynamics, the solid black lines represent

the demonstrated pathways whereas the dot blue lines represent the speculative

pathways.



REFERENCES

Abe, T., Alema, S., and Miledi, R. 1977. Isolation and characterization of
presynaptically acting neurotoxin from the venom of Bungarus snake. Eur.
J. Biochem. 80: 1-12.

Abe, T., and Miledi, R. 1978. Inhibition of B-bungarotoxin action by bee venom
phospholipase A,. Proe. R. Soc.Lond. B. 200: 225-230.

Ahn, MY, Lee, B. M., and Kim, Y. S. 1997.«Characterization and cytotoxicity of L-
amino acid oxidase from the venom of king cobra (Ophiophagus hannah).
Int. J. Biochem. Cell Biol. 29: 911-919.

Aird, S.D., Womble, G.C g¥ates UL, J.R., and Griffin, P.R. 1999. Primary structure
of y-bungarotoXing” a ‘new :pestsynaptic neurotoxin from venom of
Bungarus multicinctus. Toxicqfl 37%609-625.

Aird, S.D. 2002. Ophidian envenomation?"dstdr'ategies and the role of purines. Toxicon
40: 335-393. |

Ali, S. A., Stoeva, S., Abbasi, A, Alam, T M Kayed, R., Faigle, M., and others.
2000. Isolation, Structural anvd Functlonal Characterization of an
ApoptosissInducing ~L-Amino Ac1d ‘Oxidase- from Leaf-Nosed Viper
(Eristocophis macmationi) Snake Venom. Arch. Biochem. Biophys. 384:
216-226.

Arias, H.R. 2000. Localization of agoist and competitiVe antagonist binding sites on
nicotinic acetylcholine teceptors. Neurochem. Interi. 36: 595 — 645.

Audebert, F., Grosselet, O., Sabouraud, A., and Bon, C. 1993. Quantitation of vhom
antigens-from European vipers.in human serum or-uring by ELISA. J. Anal.
Toxicol: 17:236-240:

Audebert, F., Urtizberea, M., Sabouraud, A., Scherrmann, J.M., and Bon, C. 1994.
Pharmacokinetics of Vipera aspis venom after experimental envenomation
in rabbits. J. Pharmacol. Exp. Ther. 268: 1512-1517.

Ayer, G., Grandchamp, A., Wyler, T., and Truniger, B. 1971. Intrarenal
hemodynamics in glycerol-induced myohemoglobinuric acute failure in

rat. Circ. Res. 29: 128-135.



156

Beghini, D.G., Cruz-Hofling, M.A., Randazzo-Moura, P., Rodrigues-Simioni, L.,
Novello, J.C., Hyslop, S., and others. 2005. Cross-neutralization of the
neurotoxicity of Crotalus durissus terrificus and Bothrops jararacussu
venoms by antisera against crotoxin and phospholipase A2 from Crotalus
durissus cascavella venom. Toxicon 46: 604-611.

Benishin, C.G. 1990. Potassium channel blockage by the B chain subunit of B-
bungarotoxin. Mol. Pharmacol. 38: 164-169.

Bentley, J.K., and Beavo, AJ. 1992, Regulauon.and function of cyclic nucleotides.
Curr. Opin. Cell-Biok 4: 233-240.

Braud, S., Bon, C., and Wisner, A. 2000. Snake venom proteins acting on
haemostasis.” BieChimic 32: 851-859.

Bon, C., and Saliou, B.'1983. Ceruleotdxip: Identification in the venom of Bungarus
fasciatus, molecular properties:“and important of phospholipase A2 activity
for neurotoxiety. Toxicon 21: 68 1{-698.

Bon, C. 1997. Multicomponent neuro“gbxi'c phospholipase A,. In R.M. Kini,
(ed.),Venom phosphelipase A;* enzymes: Structure, Function and
Mechanism. Chichester; England%\i}iley: pp. 269-285.

Bonventre, J.V. 1990. Calcium in renall‘fc'énﬂis':'Modulation of calcium-dependent
activation-af phosphotipase Az Environ: Health Perspect. 84: 155-162.

Bournazos, S., Rennié, J., Hart, S.P., and Dransfield, 1. 2008. Choice of anticoagulant
critically affects measurement of circulating platelet-leukocyte complexes.
Artetioscler? Thronib? Vase) Biol; 28; je2-¢3°

Burdmann, E.A.; Woronik, V., Prado, E.B.A., Abdulkader, R.C., Saldanha, L.B.,
Barreto,.O.C.0O., and others. 1993. Snakebite-Induced Acute Renal Failure:
an Expérimental Model"Ain. J. Trop. Med. Hyg. 48:'82-88.

Burton, A.C. 1965. Physiology and Biophysics of the Circulation. Chicago: Year
Book Medical Publishers, Inc.

Calvete, J.J., Sanz, L., Angulo, Y., Lomonte, B., and Gutiérrez, J.M. 2009. Venom,
Venomics, Antivenomics. FEBS Lett. 583: 1736-1743.

Campion, D.S., Arias, J.M., and Carter, N.W. 1972. Rhabdomyolysis and
myoglobinuria: Association with hypokalemia of renal tubular acidosis. J.

Am. Med. Assoc. 220: 967-969.



157

Chaiyabutr, N., Faulkner, A., and Peaker, M. 1980. Effects of starvation on the
cardiovascular system, water balance and milk secretion in lactating goat.
Res. Vet. Sci. 28: 291-295.

Chaiyabutr, N., and Sitprija, V. 1999. Pathophysiological effects of Russell’s viper
venom on renal function. J. Nat .Toxins 8: 351-358.

Chang, C.C. 1979. The action of snake venoms on nerve and muscle. In C.Y. Lee
(ed.), Snake venoms. Berlin, Springer: 309-358.

Chang, L.S., and Yang, C.C. 1988. Role of N=tczminal region of the A chain in B; —
bungarotoxin frem-the venem of Bungarus multicinctus (Taiwan banded
krait). J. Prot. Chem” 7:713-726.

Chanhome, L., Cox, M.J_Wilde, Fi., Jintakune, P., Chaiyabutr, N., and Sitprija, V.
1998. Venomous shakebite in,.l.Thailand I:"Medically important snakes.
Milit. Med 463810317

Chanhome, L., Jintakune, P., Wilde, H, Jénd Cox, M.J. 2001. Venomous snake
husbandry in Thailand. Wild. Eﬁivirt)n. Med. 12:17-23.

Chanhome, L., Khow, O., Puempunpanicﬁf:iS.;, ‘_Sitprija, V., and Chaiyabutr, N. 2009.
Biological characteristies of Bungazius candidus venom due to geographic
variation..J. Cell Anifn. Biol. 3: 93-100.

Chanhome, L., and Pauwels; ©:S:G:-2007. Last of snakes in Thailand [in Thai]. In
Snake Fafm, Queen Saovabha Memorial Institute, The Thai Red Cross
Society, Dokbier Publishing, Bangkok, Thailand: pp. 66-83.

Chanhome, Ly Wongtorgkant; W& Khows=Ou i Pakmanee, yN=; Omori-Satoh, T., and
Sitprija, V. 1999. Genus specific neutralization of Bungarus snake venoms
by, Thai.Red Cross.banded krait antivenom. J. Nat..Toxins 8: 135-140.

Chaudhuri, D.K.; Maitra, SIR§ atid*Ghosh, B.H. 1971. 'Pharmacélogy and toxicology
of the venoms of Asiatic snakes. In W. Biicherl and E.E. Buckley (eds.),
Venomous Animals and Their Venoms Volume II Venomous Vertebrates.
New York, Academic Press, Inc.: pp. 3-18.

Cher, C.D.N., Armugam, A., Zhu, Y.Z., and Jeyaseelan, K. 2005. Molecular basis of

cardiotoxicity upon cobra envenomation. Cell Mol. Life Sci. 62: 105-118.



158

Chetty. N., Du, A., Hodgson, W.C., Winkel, K., and Fry, B. 2004. The in vitro
neuromuscular activity of Indo-Pacific sea-snake venoms: efficacy of two
commercially available antivenoms. Toxicon 44: 193-200.

Chiappinelli, V.A., Weaver, W.R., McLane, K.E., Conti-Fine, B.M., Fiordalisi, J.J.,
and Grant, G.A. 1996. Binding of native k-neurotoxins and site-directed
mutants to nicotinic acetylcholine receptors. Toxicon 34: 1243-1256.

Chiappinelli, V.A., Wolf, K.M., DeBin, J/A& and Holt, I.L. 1987. Kappa-flavitoxin:
isolation of a new: neuronal nicotini€ reeeptor antagonist that is structurally
related to kappa=bungarotoxin. Bram Res:402: 21-29.

Chiappinelli, V.A., and Wolfi VL 1989, Kappa-neurotoxins: heterodimer formation
between different neuronal nicotinic receptor antagonists. Biochemistry 28:
8543 — 8547. : 4

Chiappinelli, V.A., Wolf, KiM., Grant! G.A. and Chen, S.J. 1990. Kappa 2-
bungarotoxind and Kappa 3—bﬁi}n{garotoxin: two new neuronal nicotinic
receptor antagonists isolated from the venom of Bungarus multicinctus.
Brain Res. 509: 2872485 &

Chikezie, P.C., Uwakwe, A.A., aﬁd Monaéo;gfﬁC.C. 2009. Studies of human HbAA
erythrocyte osmotic fragility 1ndex of non-malarious blood in the presence
of five antimalarial-drugs:—J. Cell Amin: Biol.-3: 39-43.

Chippaux, J.P., Williéms, V., and White, J. 1991. Snake venom variability: methods
of study, results and interpretation. Toxicon 29: 1279-1303.

Chugh, K.S., Pal," Y., (Chakravarty, RiN.;“Datta, B.N.;) Mehta, R., Sakhuja, V., and
others. 1984. Acute renal failure following poisonous snakebite. Am. J.
Kidney Dis.4:-30-38.

Chugh, K.S.71989:. Snake-bite-indaced acute renal failure in' India-~Kidney Int. 35:
891-907.

Chu, S.T., Chu, C.C., Tseng, C.C., and Chen, Y.H. 1993. Met-8 of the B;—
bungarotoxin phospholipase A, subunit is essential for the phospholipase
A, — independent neurotoxic effect. Biochem. J. 295: 713-718.

Chu, C.C., Li, S.H., and Chen, Y.H. 1995. Resolution of isotoxins in the B-
bungarotoxin family. J. Chromatogr. A 694: 492-497.



159

Condrea, E., Barzilay, M., and Mager, J. 1970. Role of cobra venom direct lytic
factor and Ca>" in promoting the activity of snake venom phospholipase A.
Biochem. Biophys. Acta 210: 65-73.

Condrea, E. 1979. Hemolytic effects of snake venom. In C.Y. Lee (ed.), Snake
venoms. Berlin, Springer: pp. 448-471.

Conti, M., Nemoz, G., Sette, C., and Vicini, E. 1995. Recent progress in
understanding the hormonal regulation of phosphodiesterases. Endocr. Rev.
16: 370-388.

Cox, M.J. 1991. The Snakes-of Thailand -and-Fheir Husbandry. Florida: Krieger
Publishing Company,

Cox, M.J., van Dijk, P.P., Nabhitabhata, J., and Thirakhupt, K. 1998. A photographic
guide to snakessand other reptiles of Peninsular Malaysia, Singapore and
Thailand. New Holland Publisilers (UK) Ltd.

Dacie, J.V., and Lewis' J.M. [1984: In:j":_P}actical haematology (6™ ed.) London:
Churchill Livingstone.- 2

Daltry, J.C., Ponnudurai, Gi Shin, C.K., 'T:iqr},_N.G., Thorpe, R.S., and Wiister, W.
1996. Electrophoretie—profiles —anjd biological activities: intraspecific
variation . in .the venom of "‘.clhé'*:'Malayan pit viper (Calloselasma
rhodostoniay=Foxicon-34:=67=79:

Daltry, J.C., Wiister, W., and Thorpe, R.S. 1997. The role of ecology in determining
venom variation in the Malayan pitviper, Calloselasma rhodostoma. Symp.
Zool: Socl Bond™7Q:/155417 1

David, P., and Yogel, G. 1996. The Snakes of Sumatra: Annotated Checklist and Key
with. Natural History.Notes., Edition”Chimaira, Erankfurt, am Main: pp.
142-145.

David, P., and Ineich, I 1999. Les serpents venimeux du monde: systématique et
repartition. Dumerilia 3: 66-71.

de Silva, A., Wijekoon, A.S., Jayasena, L., Abeysekera, C.K., Bao, C.X., Hutton,
R.A., and others. 1994. Haemostatic dysfunction and acute renal failure
following envenoming by Merrem's hump-nosed viper (Hypnale hypnale)
in Sri Lanka: first authenticated case. Trans. R. Soc. Trop. Med. Hyg. 88:
209-12.



160

Devaux, C., Jouirou, B., Krifi, M.N., Clot-Faybesse, O., El Ayeb, M., and Rochat, H.
2004. Quantitative variability in the biodistribution and in toxinokinetic
studies of the three main alpha toxins from the Androctonus australis
hector scorpion venom. Toxicon 43: 661-669.

Dixon, R.W., and Harris, J.B. 1999. Nerve terminal damage by B-Bungarotoxin: its
clinical significance. Am. J. Pathol. 154: 447-455.

Drachman, D.B., Kao, I., Pestronk; A., and Toyka, K.V. 1976. Myasthenia gravis as a
receptor disorder. Ann. NY Acad’ S¢€1.274: 226-234.

Du, X.Y., and Clemetson, K.J.2002. Snake venom-l-amino acid oxidase.Toxicon 40:
659-665.

Dunn, R.D., and Broady, K&V _2001. Snake inhibitors of phospholipase A, enzymes.
Biochem. Biophys. /Ag¢ta 1533: 29-37.

Endo, T., and Tamiya; Na 1991. Strucéure-function relationships of post-synaptic
neurotoxins fromsnake Venorﬁ'g. In A.L. Harvey (ed.), Snake Toxins. New
York, Pergamon Press: pp. 165- 222’

Fletcher, J.E., Jiang, M.S., Gong; Q.H., Yudkowskl M.L., and Wieland, S.J. 1991.
Effects of cardiotoxin-from Na]a—na]a kaouthia venom on skeletal muscle:
Involvement of calcium-induced caTc1um release, sodium ion currents and
phospholipase-As-and-C-Toxicon29:-1489=1500.

Fujisawa, D., Yamazaki, Y., and Morita, T. 2009. Reevaluation of M-LAO, L-amino
acid oxidase, from the venom of Gloydius blomhoffi as an anticoagulant
prot€inJ ! Biochem: 146: 43-49:

Furtado, M.F.D;, Travaglia-Cardoso, S.R., and™ Rocha, M.M.T. 2006. Sexual
dimorphism, in, venom ,of Bothrops- jararaca .(Serpentes: Viperidae).
Toxicoti 48:401-410.

Gatineau, E., Lee, C.Y., Fromageot, P., and Meneéz, A. 1988. Reversal of snake
neurotoxin binding to mammalian acetylcholine receptor by specific
antiserum. Eur. J. Biochem. 171: 535-539.

Gelb, M.H., Jain, M.K., Hanel, A.M., and Berg, O.G. 1995. Interfacial enzymology of
glycerolipid hydrolases: lessons from secreted phospholipases A,. Ann.

Rev. Biochem. 64: 653-688.



161

Girish, K.S., and Kemparaju, K. 2006. Inhibition of Naja naja venom hyaluronidase:
Role in the management of poisonous bite. Life Sci. 78: 1433-1440.

Girish, K.S., Shashidharamurthy, R., Nagaraju, S., Gowda, T.V., and Kemparaju, K.
2004. Isolation and characterization of hyaluronidase a “spreading factor”
from Indian cobra (Naja naja) venom. Biochimie 86: 193-202.

Gitelman, H. 1967. Clinical Chemistry-Calcium-O-Cresolpthalein complexone
method. Anal. Biochem. 20: 521.

Grant, G.A., and Chiappinelli, V.A. 1985 Kappa-bungarotoxin: complete amino acid
sequence of a-neuronal nicetinic receptor probe. Biochemistry 24: 1532-
1537.

Gold, B.S., Dart, R.C.; andeBazish, R.A: 2002. Bites of venomous snakes. N. Engl. J.
Med. 347:347-356, ;

Goonetilleke, A., and Harris, J.B 2002 Envenomation and consumption of poisonous
sea food. J. Neurol. Neurosurg;":_PJs-ychiatry 73: 103-109.

Gul, S., Khara, J.S., and Smith, A.D. 1974-: Hemolysis of washed human red blood
cells by various snake Vcnoméijip_ the presence of albumin and Ca®".
Toxicon 12: 311-315. =

Gutierrez, J.M., Avila, C.; Rojas; E., and'ééfﬂés. L. 1988. An alternative in vitro
method foi testing -potency of the polyvalent antivenom produced in Costa
Rica. Toxicon 26: 411-413.

Gutiérrez, J.M., Lomonte, B., Leon, G., Alape-Giron, A., Flores-Diaz, M., Sanz, L.,
and others. 52009. tShake vehomicsiand antivenomics: Proteomic tools in
the (design and control of antivenoms for treatment of snakebite
envenoming, J.Proteomics, 72: 165-182.

Hall. R.C.; and' Hodge, 'R.LE 1971. tVasoactive thormones in‘“endetoxin shock: A
comparative study in cats and dogs. J. Physiol. 213: 69-84.

Hanvivatvong, O., Phanuphak, P., Lowcharoenkul, C., Benyajati, C., and
Sakulramrung, R. 1987. Serum and urine levels of cobra venom in non-
antivenin treated patients. In P. Gopalakrishnakone and C.K. Tan (eds.),
Progress in Venom and Toxin Research. Proceeding of the First Asia-
Pacific Congress on Animal, Plant and Microbial Toxins. National

University of Singapore, Singapore: pp. 69-75.



162

Harris, J.B. 1991. Phospholipases in snake venom and their effects on nerve and
muscle. In A.L Harvey (ed.), Snake toxins. London, Pergamon Press: pp.
91-129.

Harris, J.B. 1997. Toxic phospholipases in snake venom: An introductory review.
Symp. Zool. Soc. Lond. 70: 235-250.

Harris, J.B. 2003. Myotoxic phospholipase A2 and the regeneration of skeletal muscle.
Toxicon 42: 933-945,

Harvey, A.L., Barfaraz, A., Thomson, E.; Faiz’ A.y Preston, S., and Harris, J.B. 1994.
Screening of -snake venoms' for neuretexic and myotoxic effects using
simple in vitro preparations from rodents and chicks. Toxicon 32: 257-265.

Harvey, A.L., Hider, R.Cq"and Khader, F. 1933, Effect of phospholipase A on
actions of ‘€obra‘venom cardibt@xins on erythrocytes and skeletal muscle.
Biochim. etBiophys. Acta 728:: 215-221.

Harvey, A.L., Marshall /R.J.; and Karlssclji'r‘.l,{-E. 1982. Effects of purified cardiotoxins
from the Thailand cobia (Najbl;-'i»-naja siamensis) on isolated skeletal and
cardiac muscle preparations. Td){iv_c_:()p 20: 379-396.

Hodgson, W.C., and Wickramaratha, AR %BOJZ In vitro neuromuscular activity of
snake venoms. Clin: Exp. Pharrh’."'l';ﬁysiol. 29: 807-814.

Huang, H.C. 1984. Effects of phosphotipase As from Fipera russelli snake venom on
blood préssure, plasma prostacyclin level and renin acitivity in rats.
Toxicon 22: 253-264. '

Hyslop, S., and'DéiNueci, Gy 19930 Prostaglandin biosynthiesis;in the microcirculation:
Regulation by e¢ndothelial and non-endothelial factors. Prostaglandins
Leukot. Essent..Fatty Acids 49: 723-760.

Ismail, M.; Aly; ML.H:M.,! Abd-Elsalam, M.A., and Merad, A.M...1996. A three-
compartment open pharmacokinetic model can explain variable toxicities
of cobra venoms and their alpha toxins. Toxicon 34: 1011-1026.

Ismail, M., Abd-Elsalam, M.A., and Al-Ahaidib, M.S. 1998. Pharmacokinetics of
1251-labelled Walterinnesia aegyptia venom and its specific antivenins:
flash absorption and distribution of the venom and its toxin versus slow
absorption and distribution of IGG, F(AB’), and F(AB) of the antivenin.
Toxicon 36: 93-114.



163

Jayanthi G.P., and Gowda, T.V. 1988. Geographic variation in India in the
composition and lethal potency of Russell’s viper (Vipera russelli) venom.
Toxicon 26: 257-264.

Jeng, T.W., Hendon, R.A., and Fraenkel-Conrat, H. 1978. Search for relationship
among the hemolytic, phospholipolytic, and neurotoxic activities of snake
venoms. Proc. Natl. Acad. Sci. USA 75: 600-604.

Jiang, M.S., Fletcher, J.E., and Smith, 1..A/1989. Factors influencing the hemolysis
of human erythrocytes by cardioioXias from Naja naja kaouthia and
Naja naja atra-venoms and a phesphelipase A, with cardiotoxin-like
activities from Bumgarus fasciatus venom. Toxicon 27: 247-257.

Jintakune, P., and Chanhome€, I'./1996. Venomous snake of Thailand (Thai edition).
Queen Saovabha Mem‘orial‘- Institute, The" Thai Red Cross Society,
Bangkok, Thailand; Prachachéﬂ Publishing.

Jones, R.G.A., Lee, L4 and Landon, J, Ji999. The effects of specific antibody
fragments on the ‘irreversible;f'i»-'néurotoxicity induced by Brown snake
(Pseudonaja) veyom. BrJ. Phariftacol. 126: 581-584.

Karlin, A. 1993. Structure of ricotinic acet;&éfigline receptor. Curr. Opin. Neurobiol.
3: 299-309. i -

Kanchanapongkul, P=2002:—Neurotoxic envenoming following bites by the Malayan
krait (Bung@rus candidus). J. Med. Assoc. Thai 85: 945-948.

Kasturiratne, A., Wickremasinghe, A.R., de Silva, N., Gunawardena, N.K.,
Pathmeswaran,A., PremardtnasR. fandiothers 22008 The global burden of
snakebite : A literature analysis and modeling based on regional estimate
of envenoming.and.deaths. PLoS Med.-5: 1591-1604.

Khow, O.,"Chanhome, L., 'Otnori=Satoh, T., andtSitprija;’ V.l 2002..Isolation of the
major lethal toxin in the venom of Bungarus flaviceps. Toxicon 40: 463-
4609.

Khow, O., Chanhome, L., Omori-Satoh, T., Ogawa, Y., Yanoshita, R., Samejima, Y.,
and others. 2003. Isolation, toxicity and amino terminal sequences of three
major neurotoxins in the venom of Malayan krait (Bungarus candidus)

from Thailand. J. Biochem. 134: 799-804.



164

Kini, R.M. 2003. Excitement ahead: structure, function and mechanism of snake
venom phospholipaseA, enzymes. Toxicon 42: 827-840.

Kiran, K.M., More, S.S., and Gadag, J.R. 2004. Biochemical and clinicopathological
changes induced by Bungarus caeruleus venom in a rat model. J. Basic
Clini. Physiol. Pharmacol. 15: 277-287.

Kochva, E. 1987. The origin of snakes and evolution of venom apparatus. Toxicon 25:
65-106.

Koh, D.C.I.,, Armugam, A., and Jeyaseclan, K2006. Snake venom components and
their applications-in biomedi€ine. Cell-Mel. Life Sci. 63: 3030-3041.

Kondo, K., Toda, H., Narita, K ,and Lee, C.Y. 1982 a. Amino acid sequence of the
beta 2 — bungarefoxin ftom Bungarus multicinctus venom. The amino acid
substitutions in B chain, J. Biéchem. 91:1519-1530.

Kondo, K., Toda, H., Narita, K., and Lee,:-‘C.Y. 1982 b. Amino acid sequence of three
beta — bungarotexins (béta 3:,Beta 4- and beta 5-bungarotoxin) from
Bungarus multicinetus Venom.";-Amino acid substitutions in A chains. J.
Biochem. 91: 1531-1548°

Krifi, M.N., Savin, S., Debray, M., Bon, éff&yeb, M.E., and Choumet, V. 2005.
Pharmacokinetics studies of scb%ﬁi’dﬁvenom before and after antivenom
immunothérapy:-Ttoxicon45:187=198:

Krogmeiger, D.E., Mao, I.L., and Bergen, W.G. 1993. Genetic and non genetic effects
on erythrocyte osmotic fragility in lactating Holstein cow and its
assoCiation with yield traitsy Ji Dairy Sci. 767 199422000.

Kuch, U., Molles, B.E., Omori-Satoh, T., Chanhome, L., Sam¢jima, Y., and Mebs, D.
2003, Identification of.alpha-bungarotoXin (A3 1) as the major postsynaptic
neurotoxin, “and complete: nucleotidet identity’ of @ ‘genomic DNA of
Bungarus candidus from Java with exons of the Bungarus multicinctus
alpha-bungarotoxin(A31) gene. Toxicon 42: 381-390.

Kuhn, P., Deacon, A.M., Comoso, S., Rajaseger, G., Kini, R.M., Uson, 1., and others.
2000. The atomic resolution structure of bucandin, a novel toxin isolated
from the Malayan krait, determined by direct methods. Acta Crytallogr D:
Biol. Crystallogr. 56: 1401-1407.



165

Kularatne, S.A.M., and Ratnatunge, N. 2001. Autopsy study of common Krait (B.
caelureus) bite. In Abstracts of 4™ World Congress of Herpetology, Sri
Lanka: p. 59.

Kularatne, S.A.M. 2002. Common krait (Bungarus caelureus) bite in Anuradhapura,
Sri Lanka: a prospective clinical study, 1996 — 98. Postgrad. Med. J. 78:
276-280.

Kumar V., and Elliot W.B. 1973, The acetylcholinesterase of Bungarus fasciatus
venom. Eur. J. Biochem. 34: 586-592.

Kumar, P., and Satchidanandam, V.-2000. Ethyleneglycol-bis-(B-aminoethylether)
tetraacetate as a_blood anticoagulant: prescrvation of antigen-presenting
cell function and antigen—sjl)eciﬁc proliferative response of peripheral
blood mononuclearcells from stored blood. Clin. Diagn. Lab. Immunol. 7:
578-583. -'

Kwong, P. D., McDonald, N.Q.; Sigle;%‘, P B., and Hendrickson, W. A. 1995.
Structure of ,82-bungarotoxin_':';-’»-p()'tassium channel binding by Kunitz
modules and targeted p"hospholi’ﬁ;iSe action Structure 3: 1109-1119.

Laing, G.D., Clissa, P.B., Theakston HF —_Moura da-Silva, A.M., and Taylor M.J.,
induced sknrrrecrosrs—Eur—?r{mmunol 33: 3458 3463.

Laing, G.D., and Moura da-Silva, A.M., 2005. Jararhagm and its multiple effects on
hemostasis. Toxicon 45: 987-996.

Lalloo, D. 2005;" Vienomous)bites andstings: Medicine33:,74=76.

Lalloo, D.G., Trevett, A.J., Nwokolo, N., Laurenson, I.F., Naraqi, S., Kevau, 1., and
others. .1997. Electrocardiographic abnormalities in. “patients bitten by
taipan (Oxyuranus’ sc¢utellatus canni)tand 'other elapid snakes in Papua
New Guinea. Trans. R. Soc. Trop. Med. Hyg. 91: 53-56.

Lambeau, G., and Lazdunski, M. 1999. Receptors for a growing family of secreted
phospholipase A;. Trend. Pharmacol. Sci. 20: 162-170.

Laothong, C., and Sitprija, V. 2001. Decreased parasympathetic activities in Malayan
krait (Bungarus candidus) envenoming. Toxicon 39: 1353-1357.

Leeprasert, W., and Kaojarern, S. 2007. Specific antivenom for Bungarus candidus. J.

Med. Assoc. Thai 90: 1467-1475.



166

Li, Z.Y., Yu, T.F., and Lian, E.C. 1994. Purification and characterization of L-amino
acid oxidase from king cobra (Ophiophagus hannah) venom and its effect
on human platelet aggregation. Toxicon 32: 1349-1358.

Liou, J.C., Cheng, Y.C., Kang, K.H., Chu, Y.P., Yang, C.C., and Chang, L.S. 2004.
Both A chain and B chain of B-bungarotoxin are functionally involved in
the facilitation of spontaneous transmitter release in Xenopus nerve-muscle
cultures. Toxicon 43: 341-346.

Liou, J.C., Kang, K.H., Chang, L.S.)‘and"He, S.Y. 2006. Mechanism of [-
bungarotoxinin-facilitating —spontaneous transmitter release at
neuromuscular synapse. Neuropharm. 51: 671-680.

Lo, T.B., Chen, Y.H., andLce, C Y. 1966. Chemical studies of Formosan cobra
(Naja naja“atra) venom (). Chromatographic separation of crude venom
on CM Sephadex and prelim:'rnary characterization of its components. J.
Chinese Chem. Soc. Ser. II, 131;542%-37.

Looareesuwan, S., Viravan, C., and Warréfﬂ', D.A. 1988. Factors contributing to fatal
snake bite in the rural tropicalsfl ‘ét__ta_llysis of 46 cases in Thailand. Trans. R.
Soc. Trop. Med. Hyg: g2 930-934.;9."5

Lopez-Lozano, J.L.,. Sousa, M.V, Ricart,""Cf:TX.O., Chayes-Olortegui, C., Sanchez,
E.F., Muinz;—E:G:;;—and others:2002: ~Ontogenetic variation of
metallopréteinases and plasma coagulant activity in venoms of wild
Bothrops atrox specimens from Amazonian rain forest. Toxicon 40: 997-
1006:

Lowry, O.H., ;Roscbrough, N.J., Farr, A.L., and Randall, R.J. 1951. Protein
measurement with.the folin phenol redgent. J. Biol., Chem. 193: 265 - 275.

Mackessy, 'S.P.,; Williams, K, “and ‘Ashton, K.G. 2003." Ontogenetic variation in
venom composition and diet of Crotalus oreganos concolor: A case of
venom paedomorphosis? Copeia 2003: 769-782.

Magro, A.J., Da Silva, R.J., Ramos, P.R.R., Cherubini, A.L., and Hatayde, M.R. 2001.
Intraspecific variation in the venom electrophoretic profile of recently
captured Crotalus durissus terrificus (Laurenti, 1768) snakes. J. Venom.

Anim. Toxins 7: 276-301.



167

Mamillapalli, R., Haimovitz, R., Ohad, M., and Shinitzky, M. 1998. Enhancement and
inhibition of snake venom phosphodiesterase activity by lysophospholipids.
FEBS Lett. 436: 256-258.

Manthey, U., and Grossmann, W. 1997. Amphibien & Reptilien Siidostasiens.
Miinster: Natur und Tier — Verlag.

Marinetti, G.V. 1965. The action of phospholipse A on lipoproteins. Biochim.
Biophys. Acta 98: 554-565.

McCue, M.D. 2006. Cost of producing ‘veénom.in three North American Pitviper
species. Copeia-2006: 818-825.

Mebs, D., Narita, K., [wanaga; S¢, Samejima, Y., and Lee, C.Y. 1972. Purification,
properties and amine acid sequence of a-bungarotoxin from the venom of
Bungarus multiginctus. Hoppe-Seyler Z Physiol. Chem. 353: 243-262.

Mebs, D. 1978. Pharmacolegy, of reptiliaﬁ venoms. In C. Gans and K.A. Gans (eds.),
Biology of theé Reptilia. Physidlp;éy, Vol. 8B. London, Academic Press: pp.
437-560. 54 34

Mebs, D. 1998. Enzymes in snake Ven'd:;;li An Overveiw. In G.S. Bailey (ed),
Enzymes from snake venom. F ofEC'J(f)Hllins, CO, Alaken Inc. : pp.1-10.

Mello, S.M., Linardi, A., Rennd, A.L.. Tafsﬁifé’ﬁé,’ C:A.B., Pereira, E.M., and Hyslop,
S. 2010. Renat-kinetics of Bothrops alternatus(Urutu) snake venom in rats.
Toxicon 557 470-480.

Menezes, M.C., Furtado, M.F., Travaglia-Cardoso, S.R., Carmargo, A.C.M., and
Serrano; SIMLT2006 0 Sexsbased) individualsvariation of snake venom
proteome among eighteen Bothrops jararaca siblings. Toxicon 47: 304-
312,

Minton, "S/A%, and Weinstein, S.A: 1986. Geographic “and lofitogenic variation in
venom of western diamondback rattlesnake (Crotalus atrox). Toxicon 24:
71-80.

Mirajkar, K.K., More, S., and Gadag, J.R. 2005. Isolation and purification of a
neurotoxin from Bungarus caeruleus (common Indian krait) venom:
biochemical changes induced by the toxin in rats. J. Basic Clin. Physiol.

Pharmacol. 16: 37-52.



168

Montecucco, C., and Rossetto, O. 2000. How do presynaptic PLA; neurotoxins block
nerve terminals? Trend. Biochem. Sci. 25: 266-270.

Monteiro, R.Q., Carlini, C.R., Guimaraes, J.A., Bon, C., and Zingali, R.B. 1997.
Distinct bothrojaracin isoforms produces by individual jararaca (Bothrops
Jjararaca) snakes. Toxicon 35: 649-657.

Monteiro, R.Q., Yamanouye, N., Carlini, C.R., Guimaraes, J.A., Bon, C., and Zingali,
R.B. 1998. Variability of bethrojaracin isoforms and other venom
principles in individual jararaca  (Bothrops jararaca) snakes maintained
under seasonally-in-variant eondition.Fexicon 36: 153-163.

Murakami, M. T., Kini, R. M« and Arni, R. K. 2009. Crystal Structure of Bucain, a
Three-Fingered Foxin from the Venom of the Malayan Krait (Bungarus
candidus)-Prot.Pep. Lett. 16:‘- 1473-1477.

Murzaeva S.V., Malenév, A L. and Bal:ciev, A.G. 2000. Proteolytic activity of viper
venoms. Applied” Biocher. Mic;obiol. 36:421-424.

Nachshen, D.A., and Blaustein, M.P. 1982“-;1»-'11‘17ﬂux of calcium, strontium, and barium
in presynaptic netve endings. J é__el_lf' Physiol. 79: 1065-1087.

Nakamura, M., Kinjoh, K., Miyagi, o= Oka;{], Sunagawa, M., Yamashita, S., and
others. 1995. Pharimacokinetics of iiébutobin in.rabbits. Toxicon 33: 1201-
1206.

Nanayakkara, D.P., Gunathilake, P.G.L., Ratnayake, R:M.P., and Ranasinghe, J.G.S.
2007. Histopathological changes induced by venom of Bungarus
ceylonicus o1 labotatofy | mice=Proceeding of the:Peradeniya University
Research Session 12: 105-106.

Nirthanan,, S., Charpantier, E., Gopalakrishnakone, P., Gwee, M:C.E., Khoo, H.E.,
Cheah, L..S and étherst 2002, 'Candéxin, ‘atnovel toxin-from Bungarus
candidus, is a reversible antagonist of muscle (afyd) but a poorly
reversible antagonist of neuronal a7 nicotinic acetylcholine receptors. J.
Biol. Chem. 277: 17811-17820.

Nirthanan, S., Charpentier, E., Gopalakrishnakone, P., Gwee, M.C.E, Khoo, H.E.,
Cheah, L.S., and others. 2003. Neuromuscular effects of candoxin, a novel
toxin from the venom of the Malayan krait (Bungarus candidus), Br. J.

Pharm. 139: 832-844.



169

Omori-Satoh, T., Yamakawa, Y., Nagaoka, Y., and Mebs, D. 1995. Hemorrhagic
principles in the venom of Bitis arietans, a viperous snake. I. Purification
and characterization. Biochim. Biophys. Acta 1246: 61-66.

Oyewale, J.O., and Ajibade, H.A. 1990. The osmotic fragility of erythrocyte of turkey.
Vet. Archi. 60: 91-100.

Paaventhan, P., Joseph, J.S., Nirthanan, S., Rajasegar, G., Gopalakrishnakone, P.,
Kini, M.R., and others. 2003. (Crystallization and preliminary X-ray
analysis of candoxin, a novel reveisibleneurotoxin from the Malayan krait
Bungarus candidus.Acta Crytallogr. D.Biol. Crystalogr. 59: 584-586.

Pawelek, P.D., Cheah, J., Coulombe, R., Macheroux, P., Ghisla, S., and Vrielink, A.
2000. The strueture fof L-amino acid oxidase reveals the substrate
trajectory into _an enantiomeficlally conserved active site. EMBO J. 19:
4204-4215. -

Pizzi, M. 1950. Sampling variation  of t'he fifty percent end-point, determined by
Reed-Muench (Behrens) metho'd‘-'Hum Biel. 22: 151-190.

Pochanugool, C., Wilde, H. Jltapunkul S‘l and Limthongkul, S. 1997. Spontaneous
recovery from seveie neuroto&tc envenoming by a Malayan krait,
Bungarus. candidus (Linnaeus) in Thailand. Wilderness Environ. Med. 8:
223-225.

Pochanugool, C., Wiide, H., Bhanganada, K., Chanhome, L., Cox, M.J., Chaiyabutr,
N., and others. 1998. Venomous snakebite in Thailand II: Clinical
expetience. Mility Med.£163:/318=323!

Pollack, S.E., Uchida, T., and Auld, D.S. 1983. Snake venom Phosphodiesterase: A
zinc.metalloenzyme. J. Prot. Chem..2:1-12.

Prasarnpun, S., Walsh,"J., and Hartis{ J.B. 2004. ©8-Bungarotoxin-induced depletion
of synaptic vesicles at the mammalian neuromuscular junction.
Neuropharm. 47: 304-314.

Prasarnpun, S., Walsh, J., Awad, S.S., and Harris, J.B. 2005. Envenoming bites by
kraits: the biological basis of treatment-resistant neuromuscular paralysis.

Brain 128: 2987-2996.



170

Pukrittayakamee, S., Warrell, D.A., Desakorn, V., McMichael, A.J., White, N.J., and
Bunnag, D. 1988. The hyaluronidase activities of some southeast Asian
snake venoms. Toxicon 26: 629-637.

Rael, E.D. 1998. Venom phosphatase and 5’ nucleotidases. In G.S. Bailey (ed.)
Enzymes from snake venom. Fort Collins, CO, Alaken Inc.: pp. 405-423.

Rajagopalan, N., Pung, Y.F., Zhu, Y.Z., Wong, P.T.H., Kumar, P.P., and Kini, R.M.
2007. B-Cardiotoxin: a new threc-finger toxin from Ophiophagus hannah
(king cobra) venom with beta blocker aetivity. FASEB J. 21: 3685-3695.

Ramos, O.H.P., and Selistre=de=-Araujo, H.S. 2006.-Snake venom metalloproteases-
structure and fumction of catalytic and disintegrin domains. Comp.
Biochem. Physiel. Patt €. 142: 328-346.

Reed, L.J., and Muench, H. 1938. A simple method of estimating 50 percent end
points. AmgJ. Hyg 27 493-497.

Riviérie, G., Valérie, C. Francoise, A, Séb(;uraud, A., Debray, M., Scherrmann, J.M.,
and others. 1997 ' Effect of aﬁti\?énom on venom pharmacokinetics in
experimentally enavengiiied labblts Toward on optimization of antivenom
therapy. J. Pharmacol-Exp. Ther—281 1-8.

Rocha, M.L., Valenca, R.C., Maia, M.B.S., Guarmerl, M.C., Araujo, I.C., and Araujo,
D.A.M. 2008 Pharmacokinetics of the venom of Bothrops erythromelas
labeled with T in mice. Toxicon 52: 526-529.

Rowan, E.G. 2001. What does B- Bungarotoxin do at the neuromuscular junction.
Toxicon 39:107-118.

Ruitenbeek, Wg, Edixhoven, M.J., and Scholte, H.R. 1979. Osmotic stability of
erythrogytes, in-human.muscular.dystrophy before-and.after phospholipase
treatment. Clinica Chimica Acta 94: 259-266.

Sackey, K. 1999. Hemolytic anemia: Part 1. Pediatr Rev. 20:152-158.

Sakurai, Y., Takatsuka, H., Yoshioka, A., Matsui, T., Suzuki, M., Titani, K., and
others. 2001. Inhibition of human platelet aggregation by L-amino acid
oxidase purified from Naja naja kaouthia venom. Toxicon 39: 1827-1833.

Sakurai, Y., Shima, M., Matsumoto, T., Takatsuka, H., Nishiya, K., Kasuda, S., and
others. 2003. Anticoagulant activity of M-LAO, L-amino acid oxidase



171

purified from Agkistrodon halys blomhoffii, through selective inhibition of
factor IX. Biochim. Biophys. Acta - Proteins & Proteomics 1649: 51-57.

Saldarriaga. M.M., Otero, R., Nuiiez, V., Toro, M.F., Diaz, A., and Gutierrez, J.M.
2003. Ontogenetic variability of Bothrops atrox and Bothrops asper snake
venoms from Colombia. Toxicon 42: 405-411.

Salazar, A.M., Rodriguez-Acosta, A., Giron, M.E., Aguilar, 1., and Guerrero, B. 2007.
A comparative analysis of the/ clotting and fibrinolytic activities of the
snake venom (Bothrops atrox) Atom different geographical areas in
Venezuela. Thiomb:-Res. 120: 95-104:

Sanz, L., Gibbs, H.L., Mackessy; S.P., and Calvete, J.J. 2006. Venom proteomes of
closely-related SiStrurus rattlesnakes with divergent diets. J. Proteome Res.
5:2098-2112. ‘ A ;

Satyamurti, S., Drachmany DiB. and éione, E. 1975. Blockade of acetylcholine
receptors: a model of mglastheryjﬁdaaigravis. Secience 187: 955-957.

Schattner, M., Fritzen, M., Ventura, J.de S, de Albuguerque Modesto, J.C., Pozner,
R.G., Moura—da-Silva,'V"A.M.,."' ‘rﬂ‘emd others. 2005. The snake venom
metalloproteases befyth}activase;aﬁﬁ jararhagin activate endothelial cells.
Biol. Chem. 38653695374, « *

Schigger, H., and-wvon—Jagow, G 1987 fmemc-5odium dodecyl sulfate-
polyacrylém’ide gel electrophoresis for the sebaration of proteins in the
range from 1 to 100 kDa. Anal. Biochem. 166: 368-379.

Schagger, H. 20063 Tricihe-SDS-PA GE/ Natute Protocolsily 16-22.

Schlondorff, D4 and Aradaillou, R 1986. Prostaglandins and other arachidonic acid
metabolites in the kidney. Kidney Int.'29: 108-119.

Schneemann, M., Cathomas, R., Laidlaw, S.T., El'Nahas,.A.M., Theakston, R.D., and
Warrell, D.A. 2004. Life-threatening envenoming by the Saharan horned
viper (Cerastes cerastes) causing micro-angiopathic haemolysis,
coagulopathy and acute renal failure: clinical cases and review. QJ Med.
97:717-7217.

Sereviratne, U., and Dissanayake, S. 2002. Neurological manifestation of snake bite

in Sri Lanka. J. Post. Med. 48: 275-278.



172

Shashidharamurthy, R., Jagadeesha, D.K., Girish, K.S., and Kemparaju, K. 2002.
Variation in biochemical and pharmacological properties of Indian cobra
(Naja n. naja) venom due to geographical distribution. Mol. Cell Biochem.
229: 93-101.

Shashidharamurthy, R., and Kemparaju, K. 2007. Region-specific neutralization of
Indian cobra (Naja naja) venom by polyclonal antibody raised against the
eastern regional venom: A comparative study of the venoms from three
different geographical distributions:" latern. Immunopharm. 7: 61-69.

Simmons, A.1968. Estimatation of plasma hemeglobin. In Technical Hematology.
2nd ed. Philadelplwa & Toronto, J.B. Lippincott Co.: pp. 11-12.

Sitprija, V. 2006. Snakcbitemephropathy. Nephrology (Carlton). 11: 442-448.

Sitprija, V., and Gopalakrishnakone, P. 19,98. Snake bite, Rhabdomyolysis, and renal
failure. Amlf, Kilnéy/Dis-3 -1,

Sitprija, V., and Chaiyabutr,N. 1999 Néﬁh;otoxicity in snake envenomation. J. Nat.
Toxins 8: 271-277.

Slowinski, J.B. 1994. A phylogenetic anélysw of Bungarus (Elapidae) based on
morphological chardcters. J. Hermt;ﬂ 28: 440-446.

Smith, H.W. 1962. Principle of renal physildﬂl'd"gﬁ?,'Oxford Univ. Press., p.196-217.

Soderberg, P. 1973 On-Eteven-Asian Elapid Snakes with Specific Reference Their
Occurrence in Thailand. J. Nat. Hist. Soc. Siam 24: 203-317.

Stiles, B.G., Sexton, F.W., and Weinstein, S.A. 1991. Antibacterial effects of different
snake venoms: Purification and; charactérization «6f antibacterial proteins
fromy Pseudechis australis (Australian King brown or mulga snake) venom.
Toxicon.29:.1129-1141.

Strong, P.N.; Goerke,"J., Oberg,”S.G:, and Kelly," R.B+' 1976."B-Bungarotoxin, a
presynaptic toxin with enzymatic activity. Proc. Natl. Acad. Sci. U.S.A. 73:
178-182.

Swenson, S., and Markland, F.S. 2005. Snake venom fibrin(ogen)olytic enzymes.
Toxicon 45: 1021-1039.

Su, M.J., and Chang, C.C. 1984. Presynaptic effects of snake venom toxins which
have phospholipase A, activity (beta-bungarotoxin, taipoxin, crotoxin).

Toxicon 22: 631-640.



173

Takatsuka, H., Sakurai, Y., Yoshioka, A., Kokubo, T., Usami, Y., Suzuki, M., and
others. 2001. Molecular characterization of L-amino acid oxidase from
Agkistrodon halys blomhoffii with special reference to platelet aggregation.
Biochim. Biophys. Acta 1544: 267-277.

Tanikawa, M., Maruyama, M., Sugiki, M., Shimaya, K., Anai, K., and Mihara, H.
1994. Clearance and distribution of a haemorrhagic factor purified from
Bothrops jararaca venom in mices Toxicon 32: 583-593.

Tan, N.H., Armugam, A., and Mirtschin-PJ._1992. The biological properties of
venoms from-juvenile and -adult Taipan (Oxyuranus scutellatus) snakes.
Comp. Biochem. Phvysiol. 103 B: 585-588.

Tan, N.H., and Fung, S. ¥ 2008&: Snake venom L-amino acid oxidases and their
potential biomedical applications. J. Biochem. Mol. Biol. 16: 1-10.

Tan, N.H., Poh, C.H.,.and Tan, C.S: 19@. The lethal and biochemical properties of
Bungarus candidus (Malayan kralt) venom and venom fractions. Toxicon
27: 1065-1070, 2

Tan, N.H., and Ponnudurai, G. 1990. A cofr{pqr'_ative study of the biological properties
of krait (genus Bungarits) ven01;ns.'1f'JComp. Biochem. Physiol. 95C: 105-
109. is -

Tan, N.H., Ponnudusas;-G:;-and-Mirtschin PJ: 1993a: ‘A" comparative study of the
biological properties of venoms from juvenile and adult inland Taipan
(Oxyuranus microlepidotus) snake venoms. Toxicon 31: 363-367.

Tan, N.H., Pofinudurai, |G and) Mittschin:PJ} 11993by A coemparative study on the
biolegical properties of venoms from juvenile and adult common tiger
snake (Notechis, scutatus) yenoms..Comp. Biochem. Physiol. 106 B: 651-
654.

Tan N.H., and Tan C.S. 1987. Enzymatic activities of Malayan cobra (Naja naja
sputatrix) venoms. Toxicon 25: 1249-1253.

Tan, N.H., and Tan, C.S. 1988. A comparative study of cobra (Naja) venom enzymes.
Comp. Biochem. Physiol. 90 B: 745-750.

Tanabe, N., and Morota, A. 1999. Sr** induces a release of divalent cation from
internal Ca®" store by nerve stimulation at frog neuromuscular junction.

Neurosci. Lett. 275: 163-166.



174

Tashima, A K., Sanz, L., Camargo, A.C.M., Serrano, S.M.T., and Calvete, J.J. 2008.
Snake venomics of the Brazilian pitvipers Bothrops cotiara and Bothrops
fonsecai. Identification of taxonomy markers. J. Proteomics 71: 473-485.

Teixeira, C.F.P., Landucci, E.C.T., Antunes, E., Chacur, M., and Cury, Y. 2003.
Imflammatory effects of snake venom myotoxic phospholipase A,.
Toxicon 42: 947-962.

Telang, B.V., Lutunya, R.J.M., and Njorege, D. 1976. Studies on the central
vasomotor reflexes i cats afier infraventricular administration of whole
venom of Dendroaspis jamesoni.-Toxicon14: 133-138.

Theakston, R.D.G., Phillipss ReE.. Warrell, D.A., Galagedera, Y., Abeyseckera,
D.T.D.J., Dissanayaka; P., and others. 1990. Envenoming by the common
krait (Bungarus® cacrudeus) ‘-arlld Sri. Lankan cobra (Naja naja naja):
efficacy and'complications of;therapy with Haffkine antivenom. Trans. R.
Soc. Trop. Med. Hyg. 84: 301;?10%:3.

Tibballs, J., Kuruppu, S., Hodgson, W.C.',‘;-Carroll, T., Hawdon, G., Sourial, M., and
others. 2003. Cardiovascular, ﬁé@mgtological and neurological effects of
the venom of the Papﬁa New ;Gﬁﬁlean small-eyed snake (Micropechis
ikaheka) .and _their ’héutralisatiéii\iéii*'th' CSL pelyvalent and black snake
antivenoms;-Foxicon42:-647=655:

Tonismagi, K., Samei, M., Trummal, K., Ronnholm, G.; Siigur, J., Kalkkinen, N., and
others. 2006. L-Amino acid oxidase from Vipera lebetina venom: Isolation,
characterization; effectsioniplatelets and bacteria, Toxicon 48: 227-237.

Torii, S., NaitogsM., and Tsuruo, T. 1997. Apoxin I, a novel apoptosis-inducing factor
with. I -amino .acid_oxidase activity, purified from Western diamondback
rattlesnake venom.J. Biol. Chem. 272:19536-9542.

Torres, A.M., Kini, R.M., Selvanayagam, N., and Kuchel, P.W. 2001. NMR structure
of bucandin, a neurotoxin from the venom of the Malayan krait (Bungarus
candidus). Biochem. J. 360: 539-548.

Trevett, A.J., Lalloo, D.G., Nwokolo, N.C., Naragi, S., Kevan, .LH., Theakston,
R.D.G., and others. 1995. Failure of 3,4-diaminopyridine and

edrophonium to produce significant clinical benefit in neurotoxicity



175

following the bite of Papuan taipan (Oxyuranus scutellatus canni). Trans.
R. Soc. Trop. Med. Hyg. 89: 444-446.

Tsai, .LH., Hsu, H.Y., and Wang, Y.M. 2002. A novel phospholipase A2 from the
venom glands of Bungarus candidus: cloning and sequence-comparison.
Toxicon 40: 1363-1367.

Tsai, I.LH., Wang, Y.M., Chen, Y.H., and Tu, A.T. 2003. Geographic variations,
cloning and functional analyses of the venom acidic phospholipase A, of
Crotalus viridis viridis. Arch. Bioehcme Biophys. 411: 289-296.

Tseng, W.P., and Lin-Shiaus-S:¥. 2003a. Neuronal-death signaling by B-bungarotoxin
through the activatonof the N-methyl-D-aspartate (NMDA) receptor and
L-type calcium ehannel.” Biochem. Pharmacol. 65: 131-142.

Tseng, W.P., and Lin-Shiau, S'Y. 2003@. Activation of NMDA receptor partly
involved in B—bungarotoxin—'r:nduced neurotoxicity in cultured primary
neurons. Neurochem. Int. 42: 33 32344.

Tun-Pe, Nu-Nu-Lwin, Aye-Aye-Myint, K‘;y-i-May—Htwe, and Khin-Aung-Cho. 1995.
Biochemical and biological préf;grfcics of the venom from Russell’s viper
(Daboia russelli siamen&is) of Vafyl;lg ages. Toxicon 33: 817-821.

Tu, A.T., and Hendon, R.R. 1983. Chareié’fénr'i*'z'ation of lizard venom hyaluronidase
and evidérice forits-action-as a spreading factor. Comp. Biochem. Physiol.
76B: 377-383.

Tu, A.T. 1991. Tissue damaging effects by snake venoms: Hemorrhage and
myonecrosis. | A Tu (ed:),Handbook of Natural Toxins Vol. 5 Reptile
venoms and toxins. USAL, Marcel Dekker, Inc.: pp. 297-347.

Tungthanathanich, P., Chaiyabutr, N.,.and Sitprija, V..1986. Effect of Russell's viper
(Vipera “russelli Siainensis) venom ©n ‘renal’ hemodynamics in dogs.
Toxicon 24: 365-371.

Ueno, E., and Rosenberg, P. 1995. B-Bungarotoxin blocks phorbol ester-stimulated
phosphorylation of MARCKS, GAP-43 and synapsin I in rat brain
synaptosome. Toxicon 33: 747-762.

Ueno, E. and Rosenberg, P. 1996. Mechanism of action of B-bungarotoxin
presynatically acting phospholipase A2 neurotoxin: Its effect on protein

phosphorylation in rat brain synaptosome. Toxicon 34: 1219-1227.



176

Varsani, M., and Pearce, F.L. 1997. Role of phospholipase A, in mast cell activation.
Inflamm. Res. 46, Suppl. 1: S9-S10.

Vaysse, J., Pilardeau, P., and Garnier, M. 1986. Properties of rabbit erythrocytes
treated with phospholipase A, from bee venom. Comp. Biochem. Physiol.
83 A: 715-719.

Viravan, C., Looareesuwan, S., Kosakarn, W., Wuthiekanun, V., McCarthy, C.J.,
Stimson, A.F., and others. 1992. A national hospital-based survey of
snakes responsible for bites in Thaiands Trans. R. Soc. Trop. Med. Hyg. 86:
100-106.

Warrell, D.A., Looarecsuwan; S, White, N.J., Theakston, R.D.G., Warrell, M.J.,
Kosakarn, W.,_and. others. 1983. Severe neurotoxic envenoming by the
Malayan krait Bungarus candidus (Linnaeus): response to antivenom and
anticholinesterase. Brit. Med. J 286: 678-630.

Warrell, D.A. 1985. Tropical snake bite: E:}ihical studies in South East Asia. Toxicon
23: 543 2

Warrell, D.A. 1989. Snake venoms in scieht::ej and clinical medicine. 1. Russell’s viper:
biology, venom, and tieatment oﬁbi%é:s. Trans. R. Soc. Trop. Med. Hyg. 83:
732-740, -t -

Warrell, D.A. 1996. lijuries; envenoming; poisoning; and- allergic reactions caused by
animals. In"D.J. Weatherall, J.G.G. Ledingham and D.A. Warrell (eds),
Oxford Textbook of Medicine (3rd ed). Oxford: Oxford University Press:
pp1124-1151.

Warrell, D.A. 2007. "Veénomous animals. Medicine 35: 659-662.

Watanabe, L., Nirthanan, S., Rajaseger, G., Polikarpov, L., Kini, R‘M., and Arni, R.K.
2002 Crystallizationvand freliminary ©X-ray ‘analysis ‘of-bucain, a novel
toxin from the Malayan krait Bungarus candidus. Acta Crytallogr. D. Biol.
Crysttalogr. 58: 1879-1881.

Watt, G., Theakston, R.D.G., Hayes, C.G., Yambao, M.I., Sangalong, R., Ranoa, C.P.,
and others. 1986. Positive response to edrophonium in patients with
neurotoxic envenoming by cobras (Naja naja philippinensis). New Engl. J.

Med. 315: 1444-1448.



177

Wei, J.F., Wei, X.L., Mo, Y.Z., and He, S.H. 2009. Induction of mast cell
accumulation, histamine release and skin edema by N49
phospholipase A, [Online]. BMC Immunology, Available from:
http://www.biomedcentral.com/1471-2172/10/21.

White, J. 2005. Snake venom and coagulopathy. Toxicon 45: 951-967.

World Health Organization 1995. Parallel line analysis. In Manual of Laboratory
Methods for Potency Testing of Vaccines Used in the WHO Expanded
Programme on Immunization (WHO, ed.): pp. 206-212.

World Health Organization.2007. Rabies and envenoming. A neglected public health
issue: report consultative meeting {Online]. Geneva. Available from:
http://www. whodini/bloodproduets/animal_sera/Rabies.pdf.

Worthington EnzymeManual 1977._L-ar‘-ni,po acid oxidase. Worthington Biochemical
Corporationy U.S. ALt pp 49-50:7‘

Xu, X., Wang, X.S., Xig X T., Liu, J., Hlél'{a;lg, J.T., and Lu, Z.X. 1982. Purification
and partial characterization 'éf hyaluronidase from five pace snake
(Agkistrodon acudus) venom. To‘ieron 20: 973-981.

Yang, C.C. 1994. Structure-funetion relati;)ffgﬁip of phospholipase A, from snake
venoms, J. Toxic6l-Toxin Rev. 13: 1252177,

Yingprasertchai, S.;-~Bunyasrisawat;—S:;—and Ratanabanangkoon, K. 2003.
Hyaluronidase inhibitors (sodium cromoglycate and sodium aurothiomate)
reduce the local tissue damage and prolong the survival time of mice
injected with Najakaouthia<~and) ICalloselasma: rhodostoma venoms.
Toxicon 42:635-646.

Young,.B.A., Blair, M.,.Zahn, K., .and. Marvin, J. .2001... MeChanics of venom
expulsion it Crotalus, with'special reférence to-the'role of-the fang sheath.
Anat. Rec. 264: 415-426.

Young, B.A., Phelan, M., Morian, M., Ommundsen, M., and Kurt, R. 2003. Venom
injection in rattlesnake (Crotalus): Peripheral resistance and the pressure-
balance hypothesis. Can. J. Zool. 81: 313-320.

Zeller, E.A. 1977. Snake venom action: Are enzymes involved in it? Cell. Mol. Life

Sci. 33: 143-150.



178

Zelanis, A., Ventura, J. S., Chudzinski-Tavassi, A. M., and Furtado, M. F. D. 2007.
Variability in expression of Bothrops insularis snake venom proteases: An
ontogenetic approach. Comp. Biochem. Physiol. Part C 145: 601-609.

Zhang, Y.J., Wang, J.H., Lee, W.H., Wang, Q., Liu, H., Zheng, Y.T. and others. 2003.
Molecular characterization of Trimeresurus stejnegeri venom L-amino

acid oxidase with potential anti-HIV activity. Biochem. Biophys. Res.

X

1
1l
i¥ |

AULINENINYINT
AN TUNM NN Y




AULINENINYINT
IR TN TN



180

PUBLICATIONS

Chanhome, L., Khow, O., Puempunpanich, S., Sitprija, V. and Chaiyabutr, N.
2009. Biological characteristics of the Bungarus candidus venom due to
geographical variation. J. Cell Anim. Biol. 3 (6): 93 — 100.

Chanhome, L., Sitprija, V. and Chai ‘abutr, N. 2010. Effects of Bungarus candidus

AULINENINYINT
ARIAATAUNNIING A Y



181

BIOGRAPHY
Ms. Lawan Chanhome

Date and Place of Birth:
24 June 1964, Bangkok, Thailand

Education: : ‘-:'_' A
. rinary Me 'ci e [D:VaMi(Hon.)],
ol """T-(,

\\
° ‘ nicatior \‘- \‘ . Arts),
», hailand in 1995.

Work:
yrial Institute,
¢, Thailand.

ﬂ‘UEJ’J‘VIUVI?WEﬂﬂ‘i
’QW]Nﬂ‘imﬁJWTJﬂEﬂﬂU



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	CHAPTER I  GENERAL INTRODUCTION
	CHAPTER II  REVIEW OF THE LITERATURE
	2.1 Characteristics of Bungarus candidus Linnaeus, 1758 (Malayan krait)
	2.2 Envenoming by snakebites
	2.3 The principle of neurotoxins in the Bungarus candidus venom
	2.4 Enzymes in snake venom
	2.5 Differences in toxicity of snake venom

	CHAPTER III  MATERIALS AND METHODS
	SERIES I: Morphology of Bungarus candidus snake from different parts of Thailand and its venom collection
	SERIES II: Comparative studies of the biological characteristics of venoms from individual Bungarus candidus snakes
	SERIES III: In vitro study: Neurotoxic and hemolytic effects of the Bungarus candidus venom
	SERIES IV: Effects of Bungarus candidus venom on cardiovascular function, renal hemodynamics and toxinokinetics

	CHAPTER IV  THE MORPHOLOGY OF Bungarus candidus SNAKE FROM DIFFERENT PARTS OF THAILAND AND ITS VENOM COLLECTION
	Introduction
	Materials and methods
	Results
	Discussion

	CHAPTER V  THE COMPARATIVE STUDY ON THE BIOLOGICAL CHARACTERISTICS OF VENOMS FROM INDIVIDUAL Bungarus candidus SNAKES
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion

	CHAPTER VI  IN VITRO STUDIES FOR THE EFFECTS OF BUNGARUS CANDIDUS VENOM ON HEMOLYTIC AND NEUROTOXIC APPEARANCES
	Introduction
	Materials and methods
	Results
	Discussion

	CHAPTER VII  IN VIVO STUDY: EFFECTS OF Bungarus candidus VENOM ON CARDIOVASCULAR FUNCTION AND RENAL HEMODYNAMICS 
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion

	CHAPTER VIII  TOXINOKINETICS OF Bungarus candidus VENOM IN RABBITS
	Introduction
	Materials and methods
	Results
	Discussion

	CHAPTER IX  GENERAL DISCUSSION
	Conclusion

	References
	Appendix
	Vita

	Button1: 
	Button2: 
	Button3: 
	Button4: 
	Button5: 
	Button6: 
	Button7: 
	Button8: 
	Button9: 


