CHAPTER V

DISCUSSTION

In order to determine the kinetics of Thai cobra (Naja

i
F

naja kaouthia) venom in serum aﬂ&‘the effects of antivenine on

serum venom leveis; a doﬂble—antibody sandwich micro-ELISA
technique has been developed to agssay the venom levels. The
sensitivity of tha'test wes iﬂproved by the utilization of highly
purified ant1s?fﬂ. In thrs ‘experiment, anticobra venom was

produced in rabp{ts. Singe ébst of the venom constituents are
."J

small molecular size and very ‘poisonous, the immunization,

therefore, was started 'hith ?@e lowest dose of venom and

bentonite was used as adJuvant ':iééording to Christensen (103),

e «j e

crude venoms ahsorbed onto bentonite lose some of their toxicity

but retain their immunogenicity. The -ethbd of immunization was
simple and high antibody titer was usually achieved 2-3 months
after immunization. In‘the three rabbits-tested, high titer of
antibody ' was “obtained on day 70. The decrease of antibody titer
after . day, 70, in, spite of continued, immunization with increasing

doses of the venom indicates the process of immune elimination in

rabbits.

The 1gG fraction was purified through protein A affinity
chromatography. The method is a simple one-step procedure for
preparation of IgG from whole serum. The protein A binds

specifically to IgG with high affinity. This gives rise to IgG
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al. a higher degree of purity over that prepared from ion—-exchange
chromatography or from other conventional methods (98). The use
of protein A purified rabbit IgG antivenom has been claimed to
improve the sensitivity of a venom RIA assay by a factor of five

over IgG prepared from DEAE cellulose column (88). However, the
antibody titer of the prepared Ig@ fraction dropped to 1:3,200 as

determined by hemagglutination test which was much lower than
-’
that of the original serum (1:25,800). This is most likely due

Lo the binding ability of protein A for only some subclasses of
|
IgG and the exclusion of lgM and IgA antibodies (104). Moreover,

some of the IgG’ﬁntibbdy ﬁés-also lost in the peak 3 fractions

lI *
(Figure 1 , Appendix III) whigh occurred because of improperly
chromatographic column was usedMWI‘
il ¥/

¢ ‘- ik j.-" ".-‘,‘
The prepared 'rabbit antibobra venom IgG gave good

“' ‘I

44
specificity sxnce no cross- reaction was qbserved when tested

against venoms from other terrestrial neupotox1c snakes, for
instance, venomé from banded krait, king cobra or venoms from
snakes in the family.Crotalidae (green pit viper) and Viperidae
(Russell’s | lviper ) at al-concefitration range” of 1-1000 ng/ml
(Figure 4). The technique was_proven to be sensitive enough to

detect '1-5 ng ‘of cobra venom per ml of sera.

Because of the high sensitivity of the assay, greatest
caution was taken to prevent non-specific reaction resulting from
improper usage of the reagents and of the solid phase. For
instance, the outer rows of the ELISA plate were omitted to avoid

non—specific reaction due to edge effects probably caused by
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illumination or temperature difference between the peripheral and
the central wells (105 ). Non-specific reactions were also

observed when commercial (unfractionated) cobra antisera were

used in place of purified antivenom IgG .

It is clearly shown in this study that cobra venom is
rapidly absorbed from the ;ite ofyigjection into the circulation.
In all 10 rabbits injected with 80-190 ng/kg of cobra venom , the
venom was readily detectable in sera within 15 minutes. The rapid
absorption of cohré venom is.httributed to the small molecular
size of the const}tuents present in most of the venom toxins. For
instance, neurotoxin of“Thai &obra (M.W.7,800) (10) was assumed
to be readily absorbed into the:hlopd stream by passing directly
through the capillary wa&l, whé;eas venoms of higher molecular

22k

weight (exceeding 20, 000}‘such‘;““those of black tiger snake und

. |"- o il

e |

Russell’s v1per were absorbed via the lynph étream (36).

I o

In this‘study. maximum venom levels were reached after

15-60 minutes 6} injection. After reaching the peak, the venom
declined (rapidly during the first 2 hours and | somewhat slower
thereafter.” Similar observations were seen in the .movement of
Naja,' naja venom (53) 'and A tiger snake venom (106) in which the
venoms were rapidly absorbed from the site of injection, beceame
detectable in the plasma of monkeys within 15 minutes and peaked

about 30-60 minutes after a subcutaneous injection.

However, our results are in contrast to those of Thwin ot
al. (107) with Russell’s viper venom. According to these worker,

Russel’s viper venonm, when injected intramuscularly into mice,
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peaked between 8-16 hours and remained detectable in the
circulation even after 48 hours of venom administration. As for
Echis carinatus, venom levels were low for the first 24 hours,
reaching a maximum at 48 hours and remained detectable for 3

weeks following a subcutaneous injection into mice (85). The
difference in the movement of each venom depends on the molecular

weight as stated earlier and other coniributing factors such as,
7

the unique properties of each venom _ constituents, tissue

alffinity, dosages and’ route of administration, all of which
i

4 -

require further study.

# -— —

When sublethal dbsage%,df cobra venom (80,125 and 150
ng/kg) were inoculated int; raﬁbitq, the venom disappeared from

the circulation within -12-24 T"!;_fg;.lrs after injection. Rabbit
F i S5
receiving higher doses of 1860 and 190 ug/kg developed neurotoxic

# AN R

-

signs in about one héﬁfland diéd at 90 tbh 370 minutes. No

assisted venfiigtion was given to these ani;dis therefore it was
not possible to follow the wane of the venom. It was assumed
that by the time the venom level in_serum decreased, most of the
toxins especially neurotoxin,’ had already reached the target
organs _and fixed _on.the receptors. of various.. tissues thereby

causing ‘paralysis ‘and “death.

The kinetics of cobra venom levels may partly depend on
the size of the inoculum. According to recent studies on the
kinetics of cobra venom in a group of non-antivenine treated
patients, cobra venom was found in the serum at the concentration

of 17-470 ng/ml. It rapidly declined with an average half life
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of 7 1/2 hours in the first 20-30 hours after bite and
inconsistently decreased thereafter. The venom remained in the
serum until 13 to 65 hours after bite depending on the initial

serum concentration which in turn reflects the amount of venom

inoculated into each patient (108).

It is also interesting fo‘nope that no tissue necrosis
was  observed at the site) of injection when administered
subcutaneously. “Nonethéléss, most patients recovered from cobra
snake bites weré, uéually afflicted with necrotic wound (48)
suggesting that’dgérba;n conaitituents in cobra venom such as
cytotoxin, cer'igyéxin niéht-glay the role of skin necrotizing
factor in human.'habéit gkih ma?hp% unsusceptible to this factor.

Moreover, the route &nd gbée of}épvenoming may also play role in
skin necrosis in rabbit. —

[

In ord?r to study the effect of an@&renine treatment, 6
times the céigulated in vitro antivenine fFéquirement for the
neutralization of venom was given to the envenomed rabbits in
order to save as many rabbitsas pogsible)dince it was suggestcd
that the in vitro estimation of antivenine hnitage fall far below
that) vequiréd in vivo, (106)% Christehsen (109) found that more
elapid antivenine was required when elapid venom was injected
separately. Sutherland et al. (104) reported a slow recovery in
monkey when 3 times the in vitro neutralization dose of
antivenine was given after a challenge of tiger snake venom,

Ltherefore a minimum of 6 times the in vitro neutralization dose

was recommended.



53

The effect of antivenine as reflected by the fall of the
serum venom levels and the improved survival rate was
demonstrated in rabbits receiving a lethal dose of 190 pg/kg  of
cobra venom. After specific antivenine was infused (at 0 or
15 minutes or 2 hours following venom inoculation), the
concentration of venom in sera dropped to undetectable level
within 15 minutes and 10 out of ‘li-énvenomed rabbits survived
(overall survival rate 90.90i§. Early treatment of antivenine at
0 and 15 minutes«cOQpletely abolished the venom toxicity whereas
delayed treatment ied to slodi’recovery and one death. These
results emphagiﬁég the._ efféctiveness of antivenine in
neutralizing the venongin ;iféulation and in reversing the
systemic neurotoxicity‘iﬁ;most;;hﬁbits. However, the clinical
efficacy appeared to ggééhd on:égééposage of venom injected and

on the timeliness of antivenine figgtgént. A rabbit , inoculated

with 150 ug/kgof cobra venom causing severé weakness had already

F.

dcveloped, was— able to recover slowly Wiihin 2 hours after
antivenine treatment. In the other group of animals afflicted
with a lethall dose of 190 ug/kgs ‘in which antivenine was given
immediately or 15 minutes after venom injection, all rabbils
survived “without * any, neurotoxicity ' observed. | Wien  antivenine
treatment was delayed to 2 hours, a time when neurotoxic signs
began to manifest, the rabbits were slowly recovered and one
death. This indicates that the ability to reverse the toxic

effect depended on the stage and the degree of toxicity that had

already developed.

This finding indicates that when severe neurotoxic signs
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have evolved denoting the significant fixation of the toxin on
target organ receptors, the antivenine is unable to reverse the
binding of the toxins to the receptors. However, dissociation of
neurotoxin-acetylcholine receptor complexes by antiserum or

monoclonal antibodies has been demonstrated in the case of Naja

nigricollis toxin (110). This might be inapplicable in the

case of Thai cobra vemom, of which the neurotoxin 3 has been
-

shown to be a potent neuromuscular blocking agent acting

irreversibly on thé'cholinergic receptors (5,25). In contrast,

i
when given at the right tine. Qpecific immunoglobulin was able to

bind free neurotoxin moleculea~nn the circulation rendering it

#

inactive thereby' neutralizlné the would-be toxicity. The

observation that nobra venomlbecane undetectable immediately
A J...

after antivenine iﬁfugion was prohgbly attributed to the fact

_.

that most of the antibodyﬂcombinipgggltes on the venom molecules

were blocked. Since the ELISA gggnx_zggui:cdgat least 2 antibody-
combining sllt*' on e venom for ils detection. This negative

finding of cobfé venom in sera reflects thé‘binding ability of

the antivénine following infusiomn.

Accordingly, specific _ _antivenine . is _&an. . effective
therapeutic' agent in cobra‘bites, ' particulary when no  artificial
ventilation was available to assist the envenomed victim. The
effectiveness of antivenine treatment most likely depends on the
timing of antivenine administration after the bite. In other
words, the antivenine will be less effective if most of the
toxins were already fixed on the cholinergic receptors. Other

factors that may account for the recovery of neurotoxic symptoms
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include : route of antivenine administration, dosage of venom

and antivenine, etc.

Since this is an experimental model, the number of rabbits

used might be considered too small and the dose of venom

inoculated is probably much lower than the natural bite. It is

yet too early to conclude right ﬁﬁﬁ'fqr the complete kinetics of
the venom and the effects Jof antivenine in many aspects.
Nevertheless, it is _evident in this study that an experimental
model could be desjghed for ahe study of cobra venom movement
in vivo. The devqlopnent ‘of a" sensitive ELISA technique is
invaluable, not only for ;he?;erial detection of cobra venom
following venom inoculation inv ;his study, but also as a
polential diagnostlc toolJfor cdhra bites in the future. The
study reveals the kinetics of cgbré venom in sera, the penk

concentration wh1ch might be useé as a prognostic indicator in

snake bite patients. The rate of neurotoxichty development and
mortality were :related to serum concentration which in turn
reflected the size' of.the inoculufis/ It is also perceptible that a
well-timed antiveniné treatment i§ still an effettive measure for

the management of cobra bite victims.

Conclusions :

i A micro-ELISA ( double-antibidy sandwich technique)
was developed for the detection and quantitation of Thai cobra

(Naja naja kaouthia) venom in rabbit serum with high sensitivity

and specificity.
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2. Cobra venom was detected in serum within 15 minutes
after a single subcutaneous injection of various doses of cobra

venom, peaking at 15-60 minutes and disappearing from the

circulation in 12-24 hours.

3. When high d T, , cobra venom (160 or 190 pg/kg)
were injected, most of ﬂita developed signs of
neurotoxicity inﬁ hou} aﬂgt 90-370 minutes after

venom inject 1017 i

4. A

ivenine was shown to
ectable level within
15 minutes. It w ting and reversing the

neurotoxic effec ol n envenomed animals. The

ﬂuﬂ’mwswmm
’QW’W@Nﬂ‘EﬂJ URIINYIAY



Table 1. Passive hemagglutination titer of rabbit anticobra

venom in three rabbits immunized with crude cobra

venom (Naja naja

Days after Cellsx

D R ——

immunization _rabbit 3 control
0 < 100
70 800 < 100
77 < 100
84 ;400 ; 12,800 < 100
98 _- »_f~;;f 1,20 6,400 < 100

- . ——

¥ Uncoupled Tg 2

AU INENTNEINS
IR TUAM AN
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Table 2. Checkerboard titration to determi

anti- conjugate 1:50 1:200 conjugate 1:400

cobra

venom CVx (ng/ml) ° Neg.e Neg. CV (ng/ml) Neg.
50 1 serum serum 50 1 serum

1:1,000 1.560 0.378 0.315 0.034 0.299 0.040 0.023

(1ug/ml)

1:2,000 1.276 0.226 0.105 0.038 0.221 0.039 0.026

(.5 pg/ml)

1:4,000 0.861 0.159 0.088 0.000 0.182 0.036 0.023

(.25ug/ml)

X Cobra venom
€ Normal rabbit serum

ARIAN TN INYAE

AUINENINYINg



59

Table 3. Optimal conditions of ELISA test for the detection

of cobra venom

Steps of t&r&tute Reaction time
ELISA test \N\\

“\
Coating of venom Ab \\\\ 60

_ 4’c 60+overnight
Reacting with venc E . , 60
MF @
JI

(minute)

Reacting with

enzyme-labeled Ab ¥ 31°C 60

i .n"'"'f'ﬁ-qr"
Color develc “ -

= SR e g 2 ¥ s 5 \-“ 2
*p—nitrophenyl H C entration
| j

ﬂ‘lJEl’J'ﬂEW]iWEl']ﬂ‘i
Qi’ﬂﬁﬂﬂ‘im UAAINUAY




Table 4 Precision of ELISA test for cobra venom.

QC pool 3
(ng/ml)
Within-plate(n=
Mean 2.40
SD 0.07
cv i6:27 2.87
S
Between-plate(overall) .=~
Mean Sy Ug———— ) 2.53
SD B B2 0.23
CV% ' 9.20

“““““ ﬁﬁﬁ’i’ﬂﬁ‘ﬁ?ﬂﬁ"lﬁ?‘“
amaqnifuum'mmaa

60
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Table 5. Mean serum concentrations of cobra venom detected after

subcutaneous injection with various doses of cobra venom

Dose 3 ‘ﬁoﬂ injection (hours)

(ng/kg) teste/‘q—_'/ 0.5 4 8 12 21
=

80 20 12 0 0

125 52 15 8 0

150 38 18 15 0

160 82 Nl):.l ND ND

190 66 ND ND ND
X% Not done z

AULINENINYINg
ARIAINTUNM NN
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Table 6. Efficacy of antivenine treatment in envenomed rabbits.

Dose r of survivals (%)

ug/kg With antivenine
80 NDe

(N-2)

125 ND

(N=2)

150 2/2 (100)%
(N=4)

160 ND

(N=2)

190 R Y] 10/11 (90.90)%*

(N=13) m ' m
e U ANENIWENS e
AT TR IRy
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Figure 1. The emalent structure of a loﬁ postsynaptic :
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Figure 2. Immunodiffusion reaction of rabbit antiserum Lo
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I'igu e 7. Levels of cobra venom in rabbit serum following a

subcutaneous injection of 150 ug/kg cobra venom.
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subcutaneous injection of 190 ug/kg cobra venom.



Cobra venom (ng/al)

20

150
140

130
120
110
100
90
80
70
60
50
40

30

10

T

12 24
Time (hours)

—

| Iy
vore EUEANENINEINT, e

¢

QAT e e

*—* 80 ng/kg
*—* 125 pg/kg
o—o 150 ug/kg
A-—a 160 pg/kg

o—a 190 ug/kg : -



73

Cobra vencm (I

Time (hours)

¥

g

Figure lﬂ uﬁ QM&m su&qntfiobra venom after
subcutaneous injection with 190 pg/kgicobra venom,

A Bidda s Vet Nangnat.

at 0 or 15 minutes or 2 hours.
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