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In vitro haemorrhage-like activity of
Russell’s viper (Vipera russelli
russelli) venom from Eastern India
with mice organs
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Vipera russelli russelli (Indian subspecies of Russell’s
viper) envenomation causes severe haemorrhage in
different organs of the victim’s body. Application of
crude venom extracted from Russell’s viper of East-
ern Indian origin on sliced tissues of BALDB/c mice
shows that among the target organs like lungs, kid-
neys, heart, brain, eye balls, etc. liver 1s most potent
in terms of release of haemoglobin and hence blood.
Spectral and size-exclusion HPLC analysis indicate
that it is only haemoglobin that gives absorption of
the extract at 540 nm. Release of haemoglobin fol-
lows second-order kinetics depending on both con-
centration of venom and amount of tissue incubated.
The reaction is completely inhibited by venom anti-
body indicating absence of artifacts in the process.
Approximatcly 20% of the release of blood may be
accounted for fibrinolytic and haemolytic activity of
the venom. Treatment of different inhibitors with
venom shows that in cases where n vitro release of
blood was partly or fully inhibited, good correlations
were observed with in vivo haemorrhage and also
with lethality, Thus the protocol may be developed
for an emperical assay system to assess antihaemor-
rhagic property of a substance.

SNAKE envenomation is a WHO identified occupational
hazard for paddy farmers in South-east Asian countries,
Incidents of snake bite lcading to death are common n
many tropical countries during or after the rainy scason
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because of increased human settlements at the natural
habitats of snakes. Vipera russelli russelli (Indian sub-
species of Russell’s viper) is one of the four major
classes of snakes that causes death in the Indian sub-
continent. Its venom consists of many active compounds
that cause coagulopathy, necrosis, renal failure, neuro-
toxicity, myotoxicity, cardiotoxicity, convulsions, hy-
potensive,  anticoagulation, etc. Among these,
haemorrhage from the site of bite, unhealed wounds,
liver, lung, kidney, intestine, eye ball, brain, etc. of the
victim 1s severe and is a major manifestation of en-
venomation though renal failure is considered as the
primary cause of death'.

The observed haecmorrhage may be the combination of
three major factors like rupture of capillary membranes
carrying blood, fibrinolytic activity to melt clots and
inhibition of one or more blood clotting factors. What-
ever may be the contribution of each factor, 1t is rela-
tively easy to mcasurc haemorrhage among other
pathophysiological factors of venom bccause of ease
and quantitation of released haemoglobin. It may be
noted that the only treatment available 1n the market for
snake envenomation is application of antivenom and its
application 1s continued as long as the blood clotting
time of the victim falls within the normal range.

Thercfore, inhibition of haemorrhagic potential of the
venom toxins by ccrtain compounds may be considered
as a preliminary index of 1ts antivenom character. How-
cver, there 1s an intriguing variation in the clintcal manti-
festation ol envenoming by Russcll’s  viper  from
neighbouring countrics like Sr1 Lanka, Burma, Thailand,
China and Taiwan'?®. Though hacmorrhage is common,
some pathological effects are either variable or question-
able or absent altogether, Even venom compaosition of
Russell's viper from different regions ol the Indian sub-
continent was found to be distinctly difterent as reveated
by sodium dodecylsulphate-polyacrylanude gel clectro-
phoresis’. Moreover, hacmorrhagic toxins purilied from
Russell’s viper from different geographical locations
have shown organ specilicity in test ammals ~ ey,
the most basic phospholypase A> of Southern Indian
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venom has shown lung haemorrhace but no dermal
haecmorrhage?, while two other phospholypase A, have
shown different potency of lung and liver hacmor-
rhage™®; a protease from the same source has shown
hacmorrhage in the eyes, lungs and liver only’; another
hacmorrthagin 1solated from eastern Indian has been
shown to inducc severe lung and hver haemorrhage but
no dermal hacmorrhage®. So testing with a purified
toxin, say for screening of antivenoms, may lead to er-
roneous results. Here we report the effect of crude Rus-
sell's viper venom (RVYV) on different test animal
tissues 1n terms of quantitative release of haemoglobin.
Subsequently, a good correlation between in vitro re-
lease of haemoglobin from mice liver and in vitro toxic-
ity was observed.

Desiccated shinning ycllow crystals of RVV were ob-
tained from a licenced venom supplier (from Calcutta).
Approximately 70% of the dry weight of the venom was
found to be protein after assay with Bio-Rad protein
assay reagent. A 10 mg/ml solution of venom in PBS
was kept at 4°C and after centrifugation to remove fi-
brous materials, was used as the stock. Bivalent antise-
rum (against Vipera russelli russelli and Saw scaled
viper) was a gift from Serum Institute of India, Pune.
All fine chemicals e.g. phenylmethyl sulphonyl fluoride
(PMSF), 2,4,6-trinttro benzenesulfonic acid (TNBS),
EDTA, 1odoacetic acid, leupeptin, aprotinin, 1,10-
phenanthroline, haemoglobin, thrombin, fibrinogen, etc.
were from Sigma Chemicals. Urokinase was a product
of M/s Korea Green Cross Corporation, Seoul, Korea.
All other reagents were of analytical grade.

All test organs were from BALB/c mice maintained at
an 1n-house facility. Mice were sacrificed by a chloro-
form chamber and organs were removed immediately.
They were washed, cut into small pieces, softly pressed
using tissue paper and weighed - they are usually be-
tween 0.2 and 0.5 g. All tissue pieces were initially in-
cubated separately with 0.5 ml of PBS for 15 min at
37°C to remove adhering, occulted and releasing blood.
Tissues were again washed with PBS before application
of RVV. Preincubation of the organs with PBS for a
longer time continued release of haemoglobin but the
amount was low and has been accounted for as control.
5 to 50 ug of venom was then applied to the preincu-
bated tissues in 2 ml of PBS at 37°C for 0—180 min. For
estimation of release of haemoglobin at stipulated inter-
vals, 1 m] of the supernatant was removed, centrifuged
and absorbance at 540 nm was read. The supernatant
after absorbance measurement was quantitatively re-
turned to the original incubation mixture as quickly as
possible. All experiments were completed by 3 h to
minimize proteolysis.

To measure the molecular weight of the coloured ma-
terial of the liver extract, the solution was dialysed
against 20 mM K-phosphate buffer, pH 7.0 for a short
time and its elution profile from a Waters Protein Pak
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300 size-exclusion HPLC column (78 x 1.3 ¢m, frac-
tionation range 20-400 kDa) was monitored at 540 nm
at a flow rate of 0.5 ml/min. The column was precali-
brated with the following marker proteins: BSA,
66 kDa; ovalbumin, 43 kDa; myoglobin, 17 kDa and
cytochrome ¢, 12.5 kDa. A linear dependence of log
(molecular weight) vs elution volume was observed.
Dermal haemorrhage after application of the toxin on
mice was measured semiquantitatively from post mortem
of the animals after Kondo et al.’. Fibrinolytic activity
was measured from lysis of a fibrinogen plate made after
polymerizing 166 mg of fibrinogen with 2.5U of
thrombin in 1 ml of 20 mM K-phosphate bufTer, pH 7.4
at 37°C for 3h (ref. 10). RVV (1-2 mg/ml, accurate
quantitation was done by gravimetric analysis) in
50 mM K-phosphate buffer, pH 7.5 was incubated with
inhibitors of concentration 10-20mM at 37°C for
30 min. Reactions were terminated by dilution with PBS
and 15 pg of venom was injected into mice (202 g)
(n = 4-6) intra-venously and lethality was observed for
18 h. The carried over reagents in any case did not cause
any toxicity in the animals which was tested separately.
The following organs of mice are known to be mostly
affected by RVV in terms of haemorrhage at sublethal
dose: liver, kidneys, lungs, eye balls, brain and intes-
tine’. Preincubation of the chopped tissues of these or-
gans with PBS for 15 min at 37°C followed by
incubation with venom showed that optical absorbance
of the incubate at 540 nm increases in a time-dependent
manner which was mostly completed by 3 h. The wave-
length was selected assuming haemoglobin as one of the
components released from the organs. Results after
equating with tissue weights show that the release of
haemoglobin was maximum in liver (4.45 mg/ml/g tis-
suc) followed by lung (3.93) and kidney (1.52). Hae-
moglobin release was not detectable from the small
intestine and eye balls. Therefore, in all subsequent ex-
periments the liver was taken as the target organ for
measuring the in virro sensitivity of the toxin. .
The 540 nm absorbing material refeased from the liver
was indeed haemoglobin as confirmed by the following
experiments: (a) the 540 nm absorbing material was
completely precipitated from the liver extract by 10%
trichloroacetic acid (TCA), e.g. an o.d. of 0.435 of the
supernatant was reduced to 0.003 after TCA precipita-
tion where a control PBS had also the same absorption
of 0.003 against water. This suggests that, the absorbing
material was not an acid soluble organic molecule and
possibly proteinous in nature; (b) the absorption spectra
of the liver extract between 340 and 800 nm show three
maxima at 414, 540 and 576 nm having relative intensi-
ties of 1:0-10:0-09. This may be compared with haemo-
globin showing absorption maxima at 414, 541 and
576 nm having relative intensities of 1:0-11:0-116; the
corresponding molar extinction coefficients being
125,000, 13,500 and 14,600 (ref. 11). While calculating
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the absorption parameters of the liver extract, correc-
tions were done for low intensity scattering of light ob-
served 1n the experiments possibly due to high
concentration of other proteins; and (c¢) only one sym-
metrical peak of the liver extract appeared in a precali-
brated Protein-Pak 300 SE-HPLC column while
monitoring the elution at 540 nm which corresponds to
Mw of 68 kDa compared to native Mw of haemoglobin
being 64 kDa. These three evidences are fairly good
indicators of release of haemoglobin as the only detect-
able 540 nm absorbing material in the venom incubate.
They also suggest that the sensitivity of the measure-
ment could be raised by more than 5-fold by measuring
absorbance at 414 nm instead of 540 nm.

Overnight storage of the supernatant under frozen
condition leads to proteolytic degradation of haemoglo-
bin as a number of 540 nm absorbing peaks appear in
the SE-HPLC. Overnight storage at 25°C leads to disap-
pearence of the 540 and 560 nm absorbing bands but not
the 414 nm band (known as Soret Band). Lyophilized
haemoglobin, as sold by Sigma, also fails to show the
higher wavelength bands.

Release of haemoglobin from liver was a time-
dependent phenomenon which was usually followed for
3 h (Figure 1). The reaction followed a second-order
kinetics as evidenced by linear dependency of the in-
verse of Ass;o.m Of the product against inverse of time
(Figure 1, upper inset). The reaction profiles with. vary-
ing venom concentration converge at a single point cor-
responding to infinite time, indicating validity of the
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Figure F. Time course of release of haemoglobin from nmiee hiver
fissue by varying amounts of Russell’s viper venom, A, 5 g A,
10 pe; O, 15 ug; @, 25 g, B S50 pg of venom; X, PBS as control
and (3, 50 pg of venom preincubated with antivenony, (Upper tnset),
Double reciprocul plot of the reaction profifes. (Lower inset), Depen-
dance of togk of the reactions on concentration of venom.
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kinetics. Using the molar extinction coefficient of hae-
moglobin as the product, a rate constant of
0.04 x 10° M™'s™ was derived while incubating 0.35 ¢ of
liver with 25 ug of venom in a volume of 2 ml at 37°C.
Log k values of the reactions were also found to be line-
arly dependent on the amount of venom applied between
O and 50 pg/2 ml of PBS under the specified conditions
(Figure 1, lower inset). Moreover, the rate of the reac-
tion was found to be linearly dependent on the amount
of liver incubate between 0.065 and 1.2 g in 2 ml PBS
(result not shown). It is interesting to note that though
RVYV contains a number of haemorrhagins acting on the
liver and more than a number of factors may help re-
lease of blood, the product formation shows a rather
simple monophasic kinetics. Temperature dependency of
the reaction between 15 and 50°C shows an optimum
rate at 37°C. Higher temperature lcads to coagulation of
the products. pH dependency of the reaction between
4.0 and 10.5 shows an optimum at 7.5.

The release of haemoglobin from the liver may origi-
nate from the fibrinolytic and haemolytic activity pres-
ent 1n RVV apart from haemorrhagins. Fibrinolytic
activity of varying amounts of venom (0-50 pg) was
compared with a fixed amount of urokinase by observ-
ing lysts on fibrin plates under conditions identical with
incubation of venom with tissues. An equivalency of
25 pg ot crude venom with 10 pg of commercial urok-
inase was drawn by observing a 5 mm diameter lysed
zone. The said amount of urokinase could release about
10% of haemoglobin when compared to the venom
equivalance.

[t 1s difficult to distinguish between straying of RBCs
from the vessels due to haemolysis and haemolysis fol-

~lowed by RBC release caused by haemorrhagins; yet

some quantttations have been done which might be ex-
trapolated with approximations. Measuring haemolysis
under previously described conditions on 1% mice RBC
shows that 100 pg of crude venom in PBS causes 8.3%
haemolysis compared with a control using distillcd wa-
ter as diluent taken as 100%. PBS undcr similar condi-
tions shows a background of 4.5% of hacmoglobin
release.

An attcmpt was also made to quantitate release of
hacmoglobin from the tissue 1n distilled water to assess
maximum hacmolysis in the absence of hacmorrhagins.
The cxperiment was unsucessful as the pll of the super-
natant dropped from 7.4 to 5.8, Alternately three sets of
experiments were done with equal werght of tissue shives
with diffcrent compositions ol the ancubater PBS s
control, 20 mM K-phosphate butter, pH 7.4 as a hypo-
tonte solvent which stabilizes pll, and PBS contuning
1S e of venom. After backhground correction it was
observed that approximately 124 of the haemoglobin
released may be accounted for hacmuolyss,

To check whether higher release of hacmoglobin from
the hiver when compared to other organs s due 1o higher
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circulation of blood, RBC counts in the lungs, liver and
hidnecys of mice were mecasured using a haecmocytometer.
RBC count/mg for these organs was 10 X 107, 67.1 x 10
and 14.2 x 107, respectively. Thus it shows that there is
no direct corrclation between erythrocyte count/unit
weight of a tissue and hacmoglobin release by the
vVEnom.

Crude RVV was treated with a number of reagents
like group specific amino actd modifiers, metal chela-
tors, specific protease inhibitors and venom antibody.
The modified venom was tested for its ability to release
haemoglobin from the liver in vitro and also for haemor-
rhage in viveo including lethality. The results have been
summarized in Table 1 which shows that the venom an-
tibody completely inhibits release of haemoglobin, indi-
cating that the venom-induced reaction had biological
relevance and was not merely an artifact. Similar to in-
hibition by antibody, physical denaturation of the active
venom components by heat also inhibited hemoglobin
release. Amino acid modification reagents and metal
chelators partly inhibited the reaction but protease in-
hibitors tested so far were found to be ineffective. The
haemorrhagic potency of the modified venoms when
tested in vivo for inducing dermal haemorrhage in mice,
was found to be very similar to in vitro experiments. A
(+) and (-) sign in Table 1 indicate 80-100% of the test
anitmals either died or survived after modified vemon
treatments. Thus the lethality of the modified venom

Table 1. Effects of modtfiers of RVV on in vitro release of blood
from mice liver and in vive haemorrhagic activity

% of haemo-

globin release Remarks on

Inhibitors* (in vitro) haemorrhage® Lethality”

Crude venom 100 Severe dermal +

(RVV) haemorrhage

PBS (control) 10 No dermal haemorrhage -

Aprotinin 100 Severe dermal +
haemorrhage

lodoacetamide 100 Severe dermal +
haemorrhage

Leupeptin 91 No dermal haemorrhage —

PMSF 80 Severe dermal +
haemorrhage

1,10-phenan- 75 Severe dermal and +

throline ocular haemorrhage

TNBS 37 Dermal haemorrhage less -
compared to the
crude venom

EDTA 34 Severe ocular bleeding, -
no dermal haemorrhage

Crude venom after |5 No dermal hacmorrhage —

thermal 1inactivation

Anlibody 10 No dermal hacmorrhage -

*15 gg of RVV was incubated with different inhibitors of concentra-
tion 10-20 mM at 37°C for 30 min before measunng the in vitro and
in vive activities (n = 4-6).

*Haemorrhage observed after 18 h of intra-dermal injection.

Pl ethality observed within 18 h of intra-venous injection.
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tested so far ran in paralle] with its haemorrhagic po-
tency observed in vitro except the case of leupeptine
where in vitro haemoglobin release was observed but
dermal haecmorrhage and lethality were prevented.

While working with haemorrhagic toxins of RVV of
Eastern Indian origin we felt the requirement of an assay
system which could quantitatively estimate the toxicity.
Kondo’s method of dermal haemorrhage’ to measure
toxicity failed in the case of VRR-22, one of the strong
haemorrhagic components which showed severe lung
and liver haemorrhage. The Lung Dye Diffusion method
as developed for VRR-22 (ref. 8), failed in the case of
VRR-73, another haemorrhagic toxin from the same
source, which had specificity towards muscle and skin
(unpublished observation). Therefore no single organ
could represent total haemorrhagic activity of the
venom. Yet as a working solution of this problem, mice
liver was found to be best suited for in vitro studies.
Spectrophotometric quantitation of the released blood at
540 nm could be done easily and far more accuratcly
than post mortem quantitation of haemorrhage in ani-

‘mals. Moreover reaction parameters for different sets

could be controlled precisely. This was reflected in the
general characterization of the reaction as shown in Fig-
ure 1. It has also been demonstrated that the reaction
depends primarily on the haemorrhagic toxins and not
on fibrinolytic or haemolytic activities.

The mechanism by which snake venom haemorrhagic
toxins act in vivo has not yet been settled. It has been
demonstrated that at least for some of the haemorrhagic
toxins the pharmacological and catalytic sites are differ-
ent®' > But rupture of blood capillaries is an obvious
process where proteolysis is strongly suspected'®". Fi-
brinolytic activity and inhibitors of blood clotting fac-
tors present in RVV help in the continuation of
haemorrhage but they cannot initiate it. Proteases like
trypsin and chymotrypsin which have no fibrinolytic
activity can also induce in vitro rclease of haemoglobin
though quantitation was difficult due to turbidity of the
extract. For a multicomponent system, it is difficult to
correlate the final reaction kinetics with the reaction
profile of individual components; whether each haemor-
rhagin acts on the liver by the same mechanism 1s not
clear now.

The biological signiticance of this study is that though
in vitro blood releasing capacity of the venom in native
or modified conditions from mice liver emperically rep-
resents its haemorrhagic potency, it corresponds quite
well with in vivo toxicity in test animals at sublethal
dose. This is also reflected in the lethality of the venom
applied (Table 1). The method has been extended in
testing some ‘folk’ medicines, locally known as
‘antivenoms’ and the correlation, both success and tail-
ure, was found to be good. Whether the protocol could
be applied with confidence for RVV of other geographi-
cal origins remains to be seen.
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Structural aberrations in fluorosed
human teeth: Biochemical and
scanning electron microscopic studies
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The present investigation was carried out to provide
biochemical and ultrastructural evidences on the ab-
errations that appear in teeth in human Dental
Fluorosis (DF), a condition caused by excess intake
of fluoride. Human fluorosed teeth were obtained
from the OPD of Madras Dental College, Chennal.
Normal tooth samples were also collected from pa-
tients who opted for denture. The samples were in-
vestigated for fluoride and calcium contents, besides
the tooth surfaces were examined under scanning
electron microscope to assess the morphological ab-
errations. An increase in fluoride content and de-
crease in calcium content in fluorosed human teeth
were observed when compared to the control. The
scanning electron micrographs of the enamel surface
of fluorosed human teeth show pitted, uneven and
rough surfaces. Cracks and fissures were also ob-
served on the enamel surface of fluorosed teeth. The
present study provides evidence to suggest that pit-
ting, perforation and structural alterations in DF are
the result of impaired enamel mineralization.

DENTAL {luorosis (DF) is a hypomincralization of tooth
cname! caused by continuous ingestion ol excesstve
amount of fluoride during tooth development. This re-
sults in a variety of pathological changes in the structure
of the teeth'*. DF is characterized by opaque, lusterless
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white patches in the enamel which may become striated,
pitted and discoloured followed by the breakdown
of mineralized layer of the enamel shortly after erup-
tion?. As revealed by studies in humans®~’ and several
other mammalian species®'’, these alternations arisc
from fluoride effects on both secretary and maturation
stages of amelogenesis. Studies on various animal mod-
els'®" and in human'® support the view that the early
maturation stage is the most critical developmental pe-
riod for DF, but sufficiently high concentration of fluo-
ride might effect the enamel at all stages of its

. 9,15
formation™ .

In addition to diet, modern sources of i1ngestion of
fluoride included a variety of dental products, some of
which have been identified as risk factors for fluoro-
sis'®'7. A highly significant association was found be-
tween the estimated fluoride ingestion from toothpaste
and fluorosis'®. In fluoridated toothpaste users, espe-
cially children in the age group 5-10 years and 10-14
years, even after rinsing their tecth satisfactorily with
water fluoride level in circulation was enhanced within a
few minutes' . It has been reported that DF and dental
carics, diseases of different etiology, co-exist in the
same individual at fluoride levels ranging from 0.5 to
5.0 mg/l and above®®, The calcium content is found de-
pleted in fluorosed teeth and the tooth matrix becomes
demineralized®®?'. Studics conducted on fluorosed hu-
man tooth matrix molecules revealed that one of the sul-
phated isomers of glycosaminoglycans, 1.e. dermaten
sulphate accumulates as a result of {luortde ingestion
and thus results in demineralization of tooth matrix, It s
also a fact that the demineralized loct in teeth is unlikely
to get remineralized due to the presence of dermaten
sulphate in the matrix**. Embery ef al.” have shown that
in rat incisor teeth on exposure o uoride, dermatan
sulphate accumulated and provided evidence to suggest
that Nuoride ingestion in high amounts causes a majot
imbalance 1o the ground substance components of min-
eralized tissues, In the animal model 1t has also been
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