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Abstract

Background: Snake bite causes greater mortality than most of the other neglected tropical diseases. Snake antivenom,
although effective in minimizing mortality in developed countries, is not equally so in developing countries due to its poor
availability in remote snake infested areas as, and when, required. An alternative approach in this direction could be taken
by making orally deliverable polyvalent antivenom formulation, preferably under a globally integrated strategy, for using it
as a first aid during transit time from remote trauma sites to hospitals.

Methodology/Principal Findings: To address this problem, multiple components of polyvalent antivenom were entrapped
in alginate. Structural analysis, scanning electron microscopy, entrapment efficiency, loading capacity, swelling study, in
vitro pH sensitive release, acid digestion, mucoadhesive property and venom neutralization were studied in in vitro and in
vivo models. Results showed that alginate retained its mucoadhesive, acid protective and pH sensitive swelling property
after entrapping antivenom. After pH dependent release from alginate beads, antivenom (ASVS) significantly neutralized
phospholipaseA, activity, hemolysis, lactate dehydrogenase activity and lethality of venom. In ex vivo mice intestinal
preparation, ASVS was absorbed significantly through the intestine and it inhibited venom lethality which indicated that all
the components of antivenom required for neutralization of venom lethality were retained despite absorption across the
intestinal layer. Results from in vivo studies indicated that orally delivered ASVS can significantly neutralize venom effects,
depicted by protection against lethality, decreased hemotoxicity and renal toxicity caused by russell viper venom.

Conclusions/Significance: Alginate was effective in entrapping all the structural components of ASVS, which on release and
intestinal absorption effectively reconstituted the function of antivenom in neutralizing viper and cobra venom. Further
research in this direction can strategize to counter such dilemma in snake bite management by promoting control release
and oral antivenom rendered as a first aid.

Citation: Bhattacharya S, Chakraborty M, Mukhopadhyay P, Kundu PP, Mishra R (2014) Viper and Cobra Venom Neutralization by Alginate Coated
Multicomponent Polyvalent Antivenom Administered by the Oral Route. PLoS Negl Trop Dis 8(8): €3039. doi:10.1371/journal.pntd.0003039

Editor: Geoffrey K. Isbister, University of Newcastle, Australia
Received October 5, 2013; Accepted June 9, 2014; Published August 7, 2014

Copyright: © 2014 Bhattacharya et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was funded by Centre for Research in Nanoscience and Nanotechnology, University of Calcutta (Ref no: Conv/149/Nanoproject 2010 dated
-13.12 2010). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* Email: roshnaramishra@gmail.com

suggested improving production and clinical use of antivenom.
Critical analysis of high mortality from snake bite not only
indicates shortcomings of ASVS alone, but also insufficiency of
infrastructure in snake infested developing countries. Prognosis

Introduction

The World Health Organization (WHO) [1] has enlisted snake
bite as one of the neglected tropical diseases. About 5.5 million

snake bites resulting in about 40 thousand amputations and 20 to
125 thousand deaths have greater mortality than that from other
neglected tropical diseases viz. dengue, hemorrhagic fever,
cholera, leishmaniasis, schistosomiasis, Japanese encephalitis, and
Chagas’ disease [2]. In India the magnitude of mortality is grave,
at about 0.47% of total deaths [3]. Although antisnake venom
serum (ASVS) is effective in keeping the mortality low in
developed countries, in developing countries the same solution is
rendered ineffective by several factors typical to neglected tropical
diseases. Brown [4] has encountered lack of effective, safe and
affordable therapy in developing countries while, Warrel [5],
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depends on early ASVS administration which needs hospitaliza-
tion for intravenous delivery and for treating hypersensitive
reaction from ASVS. Transit time to hospital thus is an important
determinant factor in outcome as bites mostly occur in remote
places. In most of the developing countries remoteness, cost and
heat-instability of ASVS are major contributing factors of the
inaccessibility of ASVS [6]. Remoteness increases the cost further
than the production cost by adding to the cost of distribution,
storage, administration and of providing infrastructure for
reaching remote areas. So, making ASVS effectively available is
a critical factor which requires globally integrated knowledge
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Author Summary

Antivenom, the only effective therapy against snake bite in
practice, is successful in controlling mortality in developed
countries, but not in developing countries. Unavailability
of antivenom at the proper time and place of snake bite in
developing countries is a major factor in this account,
which results not only from production deficit but also
from dependence on hospitals located too faraway for
intravenous administration. It lengthens the period be-
tween bite and treatment, and thereby worsens the
outcome. To make antivenom available immediately after
bite, we need to develop an oral formulation which, by its
property of controlled release, can supply antivenom as
first aid until further hospitalization. In this work, multiple
components of antivenom were entrapped in alginate, an
economic, biodegradable polymer, which retained the
functional property of the antivenom even after intestinal
absorption and showed in vivo and in vitro venom
neutralization effects. This study promises the develop-
ment of an effective first aid against snake envenomation,
thereby increasing chances of survival of the victim.

based strategy [7]. An approach to address the problem of
remoteness suggested use of Geographical Information Systems for
cost effective utilization of ASVS [8]. In this work we have
elaborated another approach to develop readily available and
orally deliverable polyvalent ASVS formulation for use it as first
aid by local health practitioners during transit to hospital. This
approach can change the prognosis of snake bite by preventing the
irreversible damage from venom resulting during transit time.
Oral and controlled ASVS delivery as first aid prior to
hospitalization can change the prognosis by multiple factors — 1.
Use of easy-to-administer ASVS as first aid, 2. Less irreversible
damage from venom during transit time 3. Less reliance on faith
healers if treatment could be started immediately, 4. Less chance
of adverse effect during transit due to controlled release properties
of oral formulation. These factors together can make local and
timely availability of ASVS feasible. Moreover, as a part of a
global strategy, it can help in designing a global oral formulation
for first aid.

Many approaches were taken for delivering protein drugs
through oral route like the use of polymers [9-11], liposome based
drug delivery [12,13]or by using nanotechnology [14-16]. Present
study was aim to encapsulate a drug which unlike insulin, BSA, or
immunoglobulin, is a combination of multiple heterogenous
proteins of different molecular weight and isoelectric pHs. Drug
delivery research has not yet dealt with such problems where the
components are not only multiple but also not studied individually.
Therefore, we took alginate a biocompatible, biodegradable, non
toxic polymer, known to encapsulate a wide variety of molecules
[17], for bead preparation and studied, whether upon entrapment,
the beads retain the advantages of alginate while the antivenom,
retains its structural components which, on pH dependent release,
preserve the capacity to neutralize venom activity.

Methods

Ethics statement

All animal experiments were approved by the Animal Ethics
Committee of the University of Calcutta and were in accordance
with the guidelines of the Committee for the Purpose of Control
and Supervision of Experiments on Animal (CPCSEA), Govern-
ment of India JAEC Ref n0:820/04/ac/CPCSEA.2010).
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Animals

Wistar strain male albino rats of about 9-12 weeks old
(240£20 g) were used in the experiment. Animals were collected
from Chakraborty and company, Calcutta, and housed under
controlled environment (RT: 2222°C, relative humidity: 60+5%,
12 h day/night cycle) with balanced diet and water ad libitum. All
animal experiments were approved by the animal ethical commit-
tee, Department of Physiology, Calcutta University and were in
accordance with the guideline of the committee for the purpose of
control and supervision of experiments on animal (CPCSEA Refno:

820/04/ac/CPCSEA.2010), Government of India.

Collection and preparation of venom

Indian spectacle cobra (Naja naja) venom and Russell’s viper
(Daboia russelii) venom was gifted by Dr. Debanik Mukherjee,
Field Biologist (Herpetology), Centre for Environmental Manage-
ment of Degraded Ecosystems (CEMDE), University of Delhi,
India. Venoms were lyophilized and stored at 4°C in amber
colored bottle until further use. For the experiments, relevant
venoms were weighed, dissolved in 0.9% saline and used at
appropriate dilutions.

Characterization of alginate ASVS beads

Preparation of alginate entrapped ASVS beads. Aqueous
solution of ASVSS (VINS Bioproduct Ltd, India) was prepared and
protein concentration of the solution was determined by Lowry et
al [18] which is based on reaction of peptide bond with copper ion
combined with aromatic amino acid residue oxidation. ASVS
solution (250 pg protein/ml) was then mixed with 2% sodium
alginate solution (w/v) in different ratio (alginate: ASVS:: 2:1;
alginate: ASVS:: 1:1; and alginate: ASVS:: 1:2) (v/v) on magnetic
rotor. ASVS mixed alginate was then added drop wise to 2% and
3% calcium chloride solution for cross linking in rotating condition
and kept for 15 minutes. After 15 minutes beads were washed
thoroughly with distilled water and dried at room temperature
(Fig. 1A, 1B, 1C).

Entrapment efficiency and loading capacity. After prep-
aration of alginate entrapped ASVS beads remaining calcium
chloride solution was recovered and concentration of free ASVS
was determined as protein concentration by Lowry et al. 1951.
Entrapment efficiency and loading capacity [19] was determined
using the following formulae:

. Total amount of ASVS-Free ASVS
Entrapment Efficiency = { Total amount of ASVS } x 100
Loading capacity — Total amount of ASVS-Free ASVS 100
§ capacity = Dried beads weight

Structural analysis study using SEM. The morphological
characteristics of alginate and alginate entrapped ASVS beads
were examined by scanning electron microscopy (JSM-5900LV,
JEOL, Japan). Beads were sputtered with gold and maintained at
room temperature for complete dryness before the observation.
Images were analyzed by Image J software to determine the
surface characteristics.

Swelling study. Swelling study was done using 10 mg of
alginate entrapped ASVS beads in 10 ml of HCI- KCI buffer (pH-
1.2), Phosphate buffer saline (PBS) at pH- 6.8, 7.0 and 7.4 at 37°C
simulating pH condition of stomach and intestine. All the solutions
were then mixed at 100 rpm for 10 minutes time intervals up to
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Figure 1. Preparation and characterization of alginate-ASVS beads. (A) Schematic diagram of the preparation of alginate entrapped ASVS
beads; (B) Wet Algenate-ASVS beads; (C) Dry Algenate-ASVS beads. (D) Entrapment efficiency of alginate ASVS beads at different concentration ratio
of alginate: ASVS: 2:1; alginate: ASVS :: 1:1; alginate: ASVS :: 1:2 in 2% and 3% calcium chloride solution. (E) Loading capacity of alginate entrapped
ASVS beads at different concentration ratio of alginate: ASVS :: 2:1; alginate: ASVS :1:1; alginate: ASVS ::1:2 in 2% and 3% calcium chloride solution.
Result showed as mean * SEM, n=6. *# p<<0.05 was considered significant (*alginate: ASVS :: 2:1 vs alginate: ASVS :: 1:1; and alginate: ASVS :: 1:2; #
alginate: ASVS = 1:1 vs alginate: ASVS :: 1:2). (F) SEM image of alginate: ASVS :: 2:1 bead; (F’) Surface morphology analysis from SEM images of alginate:
ASVS :: 2:1 bead using image J software; (G) SEM image of alginate: ASVS :: 1:1 bead; (G') Surface morphology analysis from SEM images of alginate:
ASVS :: 1:1 bead using image J software; (H) SEM image of alginate: ASVS :: 1:2 bead; (H’) Surface morphology analysis from SEM images of alginate:

ASVS = 1:2 bead using image J software.
doi:10.1371/journal.pntd.0003039.g001

40 minutes. After each 10 minutes interval beads were recovered,
dried and weighed in digital balance to determine its swelling
property [20].

In vitro release kinetics. In vitro release behavior of ASVS
from alginate encapsulated beads was studied kinetically according
to Li et al. [19] with minute modification. An amount of 10 mg of
alginate entrapped ASVS beads were taken in 10 ml of HCI- KCI
buffer (pH-1.2), PBS (pH- 6.8), PBS (pH-7.0), and PBS (pH-7.4)
and were incubated at 37°C on a shaker for 4 h. 1000 pl of buffer
was taken out from all the mixture after every 30 minutes time
interval and ASVS concentration was measured as protein
concentration by absorption in spectrophotometer at 280 nm
and 260 nm wavelengths with a correction factor:

mg of protein={[(1.55 % Azgp) — (0.76 x Aze0)]

After measurement the fluid was returned back to the solution
from where it was taken out [20].
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Mucoadhesion study. Mucin binding study was performed
depending upon the principle of reaction between periodic acid
Schiff (PAS) and mucin [21], according to Dhawan et al. [22]. In
brief, 10 mg of alginate entrapped ASVS beads were incubated in
2 ml of mucin solution (1 mg/ml) for 1 h. After the incubation
0.2 ml of periodic acid was added into it and was again incubated
for 2 h. 0.2 ml of Schiff reagent was then added into it and
incubated for 30 minutes at room temperature. After 30 minutes
alginate entrapped ASVS beads were pelleted out by centrifuging
the solution at 2000 rpm for 10 minutes and the absorbance of the
supernatant was measured at 555 nm in spectrophotometer. The
amount of mucin in the supernatant was determined from the
standard curve of mucin solution (0.2 to 1 mg/ml) [22].

Ex vivo mucoadhesion study was performed according to
Shelma and Sharma [23], with minute modification using freshly
excised rat intestinal mucosa. Excised jejunum portion of rat
intestine was flushed with physiological saline to remove luminal
contents. Around 10 cm intestinal tissue was cut opened and
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placed on a polyethelene support with the help of cyanoacrylate
adhesive. 100 particle of alginate beads as well as alginate
entrapped ASVS beads were uniformly spread over it and allowed
to interact with mucosa gel layer for 5 minutes. Tissues were then
mounted on a platform at an angle of 45° and washed with
phosphate buffer saline (pH 7.4) under a constant flow (10 ml/
minutes). After 20 minutes, the particles which were attached to
the intestine were quantified.

Characterization of ASVS and released ASVS

ASVS solution was prepared using physiological saline and
protein concentration was measured [18]. 1 gm of ASVS:
alginate:: 1:1 beads were taken in a beaker with 4 ml of phosphate
buffer solution (10 mM, pH 7.0) and kept for 4 h to complete the
release of encapsulated ASVS. Released protein was collected and
concentration was measured [18]. Native polyacrelamide gel
electrophoresis (12.5%) (PAGE) was performed to observe the
banding pattern of normal ASVS and released ASVS after
coomassie brilliant blue staining. High performance liquid
chromatography of ASVS and released ASVS were performed
using C18 column (4 mmx250 mm, flow rate: 0.5 ml/minutes,
solvent: 60:40:0.2:: methanol: water: acetic acid).

In vitro simulation of acid digestion in stomach

Acid digestion study was performed according to Li et al. [19].
20 mg of alginate entrapped ASVS beads were taken in a 10 ml
beaker. 0.5 ml of hydrochloric acid (0.01M) was added into it and
was placed in 37°C for 2 h. After 2 h reaction was stopped and
neutralized by addition of 0.01M sodium hydroxide solution. After
neutralization volume of the solution was made up to 4 ml with
phosphate buffer (pH 7.0) and placed in 37°C for 24 h for complete
release of ASVS. It was then centrifuged and ASVS concentration of
the supernatant was measured as protein concentration according to
ultraviolet absorption. The activity of the released ASVS after
digestion was assessed by phospholipase Ay (PLA) inhibition assay.

Ex vivo simulation of intestinal absorption

To study ASVS absorption ASVS was tagged with FITC.
Opvernight dialysis was performed to washout unbound FITC from
the solution. This FITC tagged ASVS was then used in isolated
intestinal preparation for absorption kinetic study. At first jejunum
section of intestine (about 10 cm) was isolated from male Swiss
albino mice under phenobarbital anesthesia and washed with
Krebs-Ringer bicarbonate solution, pH 7.4. One side of the
intestine was tied and FITC tagged ASVS in Krebs-Ringer
bicarbonate solution was poured into the intestine through the
hypodermic needle and then other side was also tied. The intestine
was placed in a medium standard with 95% O,, 5% COy in
phosphate buffer solution pH 7.4 at 37°C. Oy and COy mixture
was bubbled into the solution to obtain intestinal peristaltic
movement. After every one hour interval, 50 pl of buffer samples
from the medium outside the intestine were collected and FITC
intensity of that solution was measured using spectroflurometer
(Jasco FP-6200, Japan). Excitation at 490 nm was used for FITC
tagged ASVS and 505 nm to 530 nm emission spectra was
recorded. A bandwidth of 5 nm was used for the assay. At the end
of the assay the intestinal tissue was washed to remove unabsorbed
FITC into the intestinal layer and it was homogenized. Intensity of
FITC in the supernatant from the homogenate was again analyzed
iIn same measurement by spectroflurometer using the same
excitation and emission wavelengths respectively, to indentify
incorporation of ASVS within the intestinal layers.

ASVS absorbed from the ex vivo intestinal preparation was
collected from the medium outside the intestine compartment of
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the preparation, concentrated and pre-incubated with venom for
neutralization studies.

Phospholipase A, enzyme assay

Phospholipase Ay activity of Naja naja and Daboia russelii
venom was measured according to Dole, 1956 [24]. In this
method free fatty acids released from egg yolk phospholipids
suspended in 1% triton x100, 0.1 M Tris HCL, 0.01M
CaCly,pH-8.5 buffer was titrated against snake venom (5 pg). It
was incubated at 37°C for 15 minutes. Results are depicted as
inhibition percentage, where 100% is the activity induced by snake
venom alone.

Neutralization of hemolytic activity

Naja naja venom was taken for study of hemolytic activity. Blood
was collected aseptically from left radial vein of male healthy
volunteers in heparinised vial and centrifuged at 3000 rpm for
15 minutes. The supernatant was discarded and the pellet
containing human red blood cells (HRBC) were washed thrice
with normal physiological saline by repeated centrifugation at
3000 rpm for 15 minutes. An erythrocyte suspension (hematocrit of
20%) was prepared and 250 pl of it was taken in each tube to which
50 ul Naja naja venom of different doses (2.5 pg—40 pg) were
added. All the tubes were incubated for 1 h at 37°C. After
incubation RBC solution was centrifuged at 3000 rpm for
15 minutes. The supernatant was separated and hemoglobin
concentration was measured spectrophotometrically at 540 nm.
Median hemolytic dose was calculated and ~60% of the median
hemolytic dose (10 pg) was used for neutralization study with
normal ASVS, ASVS released from alginate beads. In brief,
different concentration of normal ASVS (2.5 ug—50 pg)/released
and absorbed ASVS (2.5 pg-50 ug) was incubated with 10 ug of
venom for 1 h at 37°C. After incubation it was centrifuged at
2000 rpm for 15 minutes and the supernatant was incubated with
20% RBC suspension (250 ul) for 1 h at 37°C. After incubation
RBC solution was centrifuged at 3000 rpm for 15 minutes. The
supernatant was separated and hemoglobin concentration was
measured spectrophotometrically at 540 nm [25].

Inhibition of LDH assay

Different concentration of ASVS (25 pg) and released ASVS
(25 pg) was incubated with 10 ug of Naja naja venom for 1 h at
37°C. After incubation it was centrifuged and the supernatant was
incubated with 20% RBC suspension (250 pl) for 1 h at 37°C.
After incubation RBC solution was centrifuged at 3000 rpm for
15 minutes supernatant was separated and lactate dehydrogenase
level of the supernatant was measured spectrophotometrically at
340 nm as indicated in the assay kit.

Neutralization of hemorrhagic activity

Hemorrhagic activity was quantitatively determined by the
method of Kondo et al. [26] using mice as described by Sanchez
et al. [27]. Hemorrhagic activity was assessed by injecting 0.1 ml
(10 ng) of Daboia russelii venom in saline intradermaly into the back
of the mice (20£2 gm). The hemorrhagic activity was estimated by
measuring the diameter (cm) on the visceral side after 24 hour of
mtradermal injection. Neutralization was performed by both normal
ASVS and released ASVS at the same concentration (25 pug).

Neutralization of minimum lethal dose

The lethality of Daboia russelii venom and Naja naja venom
was assessed by injecting different concentration of venom in
0.2 ml of 0.9% physiological saline (pH 7.4) into tail vein of male
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Figure 2. Swelling, in-vitro release, mucoadhesion capacity study of alginate-ASVS beads and characterization of normal, released
ASVS. (A) Swelling property of alginate entrapped ASVS beads (alginate: ASVS :: 1:1) at different pH solution. (B) Release profile of alginate entrapped
ASVS beads (alginate: ASVS :: 1:1) at different pH solution. Result showed as mean * SEM, n=6. (Ci) Mucin binding study of alginate entrapped ASVS
beads at different concentration ratio of alginate: ASVS :: 2:1; alginate: ASVS :: 1:1; alginate: ASVS :: 1:2 in 2% calcium chloride solution. (Cii) Ex vivo
mucoadhesion study of alginate entrapped ASVS beads at different concentration ratio of alginate: ASVS :: 2:1; alginate: ASVS :: 1:1; alginate: ASVS ::
1:2 in 2% calcium chloride solution. Result showed as mean *SEM, n=6. *# 1 p<<0.05 was considered significant (*Alginate vs alginate: ASVS :: 2:1,
alginate: ASVS :: 1:1, and alginate: ASVS :: 1:2; # Alginate: ASVS = 2:1 vs alginate: ASVS :: 1:1, alginate: ASVS :: 1:2; 1 Alginate: ASVS :: 1:1 vs alginate:
ASVS :: 1:2). (Di) Native polyacrelamide gel electrophoresis of normal ASVS, (Dii) Native polyacrelamide gel electrophoresis of released ASVS. (E) HPLC
of normal ASVS solution (C18 column, 4 mm x250 mm, flow rate: 0.5 ml/min, solvent: 60:40:0.2:: methanol: water: acetic acid); (F) Overlay of HPLC

data of normal ASVS solution and released ASVS solution from alginate beads.

doi:10.1371/journal.pntd.0003039.9002

albino mice (20*2 gm) [28] and survivality was recorded up to
24 h. After determining the minimum lethal dose (MLD),
neutralization of MLD was studied with ASVS and absorbed
ASVS. In brief, normal ASVS (25 pg)/released and absorbed
ASVS (25 ug) were incubated with venom (MLD dose) for 1 h at
37°C and centrifuged at 2000 rpm for 10 minutes. The superna-
tant was injected into the tail vein and neutralization was assessed

for 24 h.

Thermo stability of alginate coated ASVS

Thermo stability of alginate coated ASVS was evaluated by
keeping those protein loaded beads at room temperature for 30
days and then neutralization study was performed with the
released protein from those beads as described above against russel
viper venom.

Oral delivery of alginate coated ASVS

Neutralization of minimum lethal dose. The lethality of
Daboia russelii venom was assessed by intra muscular injection of
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different concentration of venom in 0.1 ml of 0.9% physiological
saline (pH 7.4) in male albino rat (20020 gm) [28] and
survivality was recorded up to 24 h. After determining the
minimum lethal dose (MLD), neutralization of MLD was studied
with perorally treated alginate coated ASVS. In brief, after
injecting the venom intramuscularly alginate coated ASVS bead
(30 mg beads equivalent to 800 pg protein) was per orally
introduced at 0™minute and every 15 minutes intervals up to
6 hours followed by 30 minutes interval up to 12 hours.
Neutralization of hemotoxicity. Morphological alteration
of RBC was studied by collecting blood from retro orbital plexus
after 2 hours of venom injections from venom injected animals
and venom injected perorally alginate coated ASVS fed animals.
Blood film was drawn, dried and RBC was subjected to
morphological analysis by compound microscopy at 40 x.
Clotting time was measured after Clemens et al. 1995 [29].
Intramuscular MLD dose of venom was administered and clotting
time was monitored from retro orbital blood at a regular
30 minutes interval up to 4 hours. Same experiment was also
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repeated with venom injected alginate coated ASVS per orally fed
animals.

Hemolysis study was also performed after 6 hours of venom
injection from venom injected animals and from venom injected
perorally alginate coated ASVS fed animals. In brief blood was
collected, plasma was separated and plasma free hemoglobin
concentration was measured by Drabkin’s method using the
following formulae

R . .
Hb gm/dl= R_[Sj x Concentration of standard in gm/dl

Spectrum was also recorded from 300 nm up to 750 nm using
Simatzu spectrophotometer (model no:1800).

Venom induced renal toxicity study. Venom was injected
intramuscularly at MLD dose and after 6 hours, venom injected
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animals and venom injected perorally alginate coated ASVS fed
animals were sacrificed. Blood was collected and plasma was
separated. Plasma urea and creatinine level was measured using
respective assay kit following manufacturer’s instructions.

After animals were sacrificed, kidney was excised and fixed in
10% buffered formalin for 24 hours. Tissues were dehydrated,
processed, and embedded in paraffin wax (melting point:
56%2°C). Blocks were prepared and 5 pum thick sections from
each block were prepared. Tissue sections were stained with
haematoxylin and eosin, histopathological alterations were eval-
uated under compound microscope (10 x).

Statistical analysis

All the results were expressed as mean®=SEM, n=6. Level of
significance was determined by one way ANOVA followed by
Tukey’s post hoc test. p<<0.05 was considered as significant.
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Figure 3. Venom activity neutralization by ASVS after acid digestion and intestinal absorption in simulated gut conditions. (A)
Schematic diagram of ex vivo simulation of acid digestion in stomach; (B) In vitro Naja naja venom and Daboia russelii venom phospholipase A,
inhibitory activity of normal ASVS, released ASVS which was not acid digested and acid digested released ASVS. Result showed as mean =SEM, n=6.
*4 p<0.05 was considered significant (* Venom control vs normal ASVS, released ASVS, and digested ASVS, # Alginate vs normal ASVS, released
ASVS, and digested ASVS). (C) Schematic diagram of ex vivo simulation of intestinal absorption; (D) Pharmacokinetics of FITC tagged ASVS absorption
from outer intestinal fluid by monitoring FITC intensity in spectroflurometer; (E) Monitoring of ASVS concentration in outer intestinal fluid for 4 h; (F)
Monitoring of ASVS from FITC intensity within the intestinal layer of mice after 4 h.

doi:10.1371/journal.pntd.0003039.g003
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Results Scanning electron microscopy study
. . . The scanning electron microscopy study showed that beads
Entrapment efficiency and loading capacity were spherical and has more homogenous surface in alginate:
Entrapment efficiency and loading capacity were studied by ASVS:: 1:1 beads as compared with alginate: ASVS:: 1:2 beads
varying alginate and ASVS concentration in three different ratios (Fig. 1F, 1G, 1H). Respective surface analysis result confirmed
(alginate: ASVS:: 2:1, alginate: ASVS:: 1:1, and alginate: ASVS: that the surface heterogeneity was increased in alginate: ASVS::
1:2 in v/v) to determine optimum condition for maximum 1:2 beads as compared with alginate: ASVS:: 1:1 beads (Fig. 1F’,

entrapment of ASVS into alginate. The entrapment efficiency 1G', 1H").

was found to be 20.2%0.67% in alginate: ASVS: 2:1,

37.2%0.73% in alginate: ASVS:: 1:1 and 33.7+0.99% in alginate: Swelling study

ASVS:: 1:2 when chelated in 2% calcium chloride solution and The swelling ability of alginate entrapped ASVS beads were
21.6%0.86% in alginate: ASVS:: 2:1, 37.3%20.94% in alginate: studied using different pH solution of 1.2, 6.8, 7.0 and 7.4.
ASVS:: 1:1 and 35.0%0.71% in alginate: ASVS:: 1:2 when Alginate entrapped ASVS beads did not show any significant

chelated in 3% calcium chloride. swelling at the pH 1.2 after 40 minutes of incubation whereas it

Entrapment efficiency was found to be in the order of alginate: showed significant gradual increase in swelling after 10, 20, 30 and
ASVS:: 1:1 beads>alginate: ASVS:: 1:2 beads>alginate: ASVS:: 40 minutes of incubation respectively at pH 6.8, 7.0 and 7.4
2:1 in 2% as well as 3% in calcium chloride solution (Fig. 1D). solution which was expressed as weight change of beads, shown in

Loading capacity was found to be in the order of alginate: Fig. 2A. Weight of alginate entrapped ASVS beads were increased
ASVS:: 1:2 beads>alginate: ASVS:: 1:1 beads>alginate: ASVS:: by 1.4, 3.3, 3.3 times at pH 6.8, 7.0, 7.4 after 10 minutes

2:1 beads in 2% as well as in 3% calcium chloride solution incubation, Weight of alginate entrapped ASVS beads were
(Fig. 1B). But as the entrapment efficiency is maximum in alginate: increased by 5.4, 9.2, 7.04 times at pH 6.8, 7.0, 7.4 after 20 min
ASVS:: 1:1 ratio, it was used for further study (Fig. 1E). incubation, by 8.2, 10.62, 7.24 times at pH 6.8, 7.0, 7.4 after
@) ®) :
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Figure 4. Neutralization of hemolysis activity and hemorrhagic activity of venom by normal ASVS and released ASVS. (A) Dose
dependent hemolytic activity of Naja naja venom on HRBC (B): Dose dependent protective efficacy of normal ASVS against Naja naja venom induced
hemolysis. (C): Dose dependent protective efficacy of released ASVS against Naja naja venom induced hemolysis. (D): Comparison of anti-hemolytic
activity of normal ASVS and released ASVS on Naja naja venom induced hemolysis. (E) Effect of normal ASVS and released ASVS on LDH level of HRBC
hemolysate. Result showed as mean *SEM, n=6. *p<<0.05 was considered significant. * Venom control vs normal ASVS, released ASVS. (Fi)
Hemorrhagic activity of Daboia russelii venom; (Fii) Neutralization of hemorrhagic activity of Daboia russelii venom by released ASVS from alginate
beads.

doi:10.1371/journal.pntd.0003039.9g004
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30 minutes incubation, and by 8.4, 12.48, 7.4 times at pH 6.8, 7.0,
7.4 after 40 minutes incubation respectively.

In vitro release study

In vitro release of ASVS from alginate entrapped beads was
studied in different pH solution of 1.2, 6.8, 7.0, and 7.4, simulating
gastrointestinal conditions for 4 h (Fig. 2B). From the figure it was
found that burst release of ASVS took place after 1 h of incubation
at 6.8 and 7.0 pH solution respectively which then gradually
reached its maximum capacity. At pH 7.4 solution alginate
entrapped beads showed a steady and firm release of ASVS
which continuously increased from 1 h and reached to the
maximum at 4 h. The release of ASVS from alginate entrapped
beads at pH 1.2 was found to be significantly lower from pH 6.8,
7.0 and 7.4 solution.

Mucoadhesion study by mucin binding study and ex vivo
mucoadhesion study

Mucus glycoprotein assay was performed and the result was
depicted in Fig. 2Ci. Result was calculated by measuring the
unbound mucin concentration spectrophotometrically at 555 nm.
Concentration of the free mucin in the solution were 34.22% for
alginate beads, 36.04% alginate: ASVS:: 2:1 beads, 45.49% for
alginate: ASVS:: 1:1 beads and 49.33% for alginate: ASVS:: 1:2
beads. Thus, from the above result it was found that mucoadhesive
property of alginate is altered with the amount of ASVS
entrapped. Maximum free mucin was found in the condition
where alginate: ASVS:: 1:2 beads were incubated with mucin
solution and lowest free mucin was found in case of pure alginate
beads.

Ex vivo mucoadhesion study was performed using rat intestine.
Results showed that particle binding capacity of alginate: ASVS::
2:1 beads were 91.07%, alginate: ASVS:: 1:1 beads were 85.6%
and alginate: ASVS:: 1:2 beads were 49.56%, when binding
capacity of pure alginate beads were consider as 100%. Thus,
maximum particle binding was observed in alginate: ASVS:: 2:1
beads which was not significantly different from pure alginate
beads and alginate: ASVS:: 1:1 beads and with increase in ASVS
concentration particle binding capacity significantly decreased in

alginate: ASVS:: 1:2 beads (Fig. 2Cii).

Characterization of ASVS and released ASVS

Normal ASVS and released ASVS showed presence of similar
banding patterns after coomassie brilliant blue staining in native
PAGE (Fig. 2Di, 2Dii). Result of HPLC showed the presence of
multiple peaks in normal ASVS solution (Fig. 2E). Similar HPLC
peak pattern of released ASVS (2F) indicated the presence of all
protein fractions in released ASVS solution.

Acid digestion

Acid digestion of particle was made by placing alginate:
ASVS:: 1:1 beads in 0.1M HCl for 1 h and then the encapsulated
ASVS was recovered by placing the beads in phosphate buffer
(pH 7.0) for assessing its activity. In the activity study it was found
that the released ASVS from alginate: ASVS:: 1:1 acid digested
beads showed significant protection by 41.09% against PLA,
enzyme activity of Naja naja venom and by 43.16% against
PLA, enzyme activity of Daboia russelii venom which was not
significantly different in released ASVS from alginate: ASVS:: 1:1
beads which was not acid digested. This data indicates that
alginate entrapment might protect ASVS to overcome the
damage caused by the acidic environment of the gastrointestinal
tract (Fig. 3A, 3B).
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Neutralization of venom by ASVS after intestinal

absorption in simulated gut conditions

Presence of FITC emission at 520 nm after excitation at
490 nm of the fluid from outer intestinal medium indicated that
FITC tagged ASVS was permeated across the intestinal barrier. A
time dependent gradual increase in FITC tagged ASVS concen-
tration was observed up to 4 hour which was started from 15"
minutes (Fig. 3C, 3D, 3E). The permeated concentrated ASVS
also showed neutralization of Daboia russelii venom and Naja
naja venom induced lethality in male albino mice.

Emission of FITC from the intestinal tissue homogenate in the
same experimental condition also indicated the transport of FITC
tagged ASVS through the intestine (Fig. 3F).

Phospholipase A,enzyme assay

The PLA, enzyme activity study was performed to find out the
activity of released ASVS from alginate: ASVS:: 1:1 beads as well
as normal ASVS. In the present experiment it was found that
ASVS showed a significant 47.88%, 48%and79% protection
against PLAy enzyme activity of Naja naja venom and Daboia
russelii venom whereas the released ASVS from alginate: ASVS:
1:1 beads showed a significant 45.79% and 47.35% protection
against PLAy enzyme activity of Naja naja venom and Daboia
russelii venom respectively as shown in Fig. 3B.

In vitro hemolytic activity

In vitro hemolysis of RBC was increased dose dependently
after Naja naja venom incubation (2.5 ug—40 ug) as was
observed from hemoglobin concentration of sample supernatant.
The median hemolytic dose of Naja naja venom was found to be
17.45 pug in 20% RBC solution (Fig. 4A). Released ASVS dose
dependently (2.5 ug—50 pg) neutralized the hemolytic activity of
Naja naja venom (10 pg) significantly. The median neutralization
dose of normal ASVS and released ASVS hemolytic activity of
Naja naja venom was found to be 12.5 ug and 12.05 ug
respectively (Fig. 4B, 4C). The neutralization capacity of hemo-
Iytic activity for released ASVS did not show any significant
alteration as compared with normal ASVS in a similar 25 pg
dose (Fig. 4D).

Lactate dehydrogenase assay

Lactate dehydrogenase concentration of RBC hemolysate
significantly increased after incubation with 10 ug of Naja naja
venom. Normal ASVS, and released ASVS treatment significantly
decreased lactate dehydrogenase concentration of RBC hemoly-
sate after incubation with 10 ug of Naja naja venom. No
significant difference was observed in lactate dehydrogenase level
of HRBC hemolysate in normal ASVS, and released ASVS
treatment (Fig. 4E).

Neutralization of hemorrhagic activity

Normal and released ASVS (25 pg) showed to neutralize
hemorrhagic activity of Daboia russelii venom (10 pg) significantly
(Fig. 4F).

Neutralization of MLD

Minimum lethal dose (MLD) of Naja naja venom was found to
be 6 ng/20 gm mice while that of Daboia russelii venom was
found to be 4 pg/20 gm mice. These respective MLDs of Naja
naja and Daboia russelii venoms were significantly neutralized by
24.108 ug of released ASVS as well as similar amount of normal

ASVS.
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Figure 5. /n vivo neutralization of venom induced hemotoxicity. (A1) RBC morphological alteration after venom induction (A2) RBC
morphological alteration in alginate coated ASVS fed animals after venom induction, (B) Venom induced clotting time alterations, (C) Hemolysis
assay. (C1) Spectrum of plasma hemoglobin, (C2) Pictorial depiction of plasma of venom injected animal and venom injected perorally alginate
coated ASVS fed animal. (C3) Assessment of plasma free hemoglobin concentration measurement by Drabkin’s methods. Result showed as mean
+SEM, n=6. *p<<0.05 was considered significant. # Normal control animals vs Venom control animal, * Venom control animal vs alginate coated

ASVS fed animal.
doi:10.1371/journal.pntd.0003039.g005

Thermo stability of alginate coated ASVS

The minimum lethal dose of Daboia russelii venom was found
to be 4 pg/20 gm mice. Protein released from the alginate coated
ASVS beads after 30 days incubation at 37°C showed a complete
neutralization of lethality at a dose of 26 pg protein which did not
show any significant difference from normal ASVS.

Oral delivery of alginate coated ASVS

Neutralization of minimum lethal dose. Minimum lethal
dose (MLD) of Daboia russelii venom was found to be 1 mg/kg
intramuscularly in white albino Wistar strain rat. Oral delivery of
30 mg beads which contains approximately 800 ug protein in
regular 15 minutes interval up to 6 hours and 30 minutes interval
up to 12 hours showed to neutralize MLD of Daboia russelii
venom in treated group of rats.

Hemotoxicity study. Intramuscular administration of Daboia
russelit venom (1 mg/kg) significantly alter erythrocyte morphology
after 120 minutes as seen in light microscopy. Normal discocytic cells
have been altered to different morphological shapes like spherocytes,
echinocytes, stomatocytes, etc., thereby decreasing the population of
discocytes. Oral ASVS beads treatment found to prevent this
morphological alterations (Fig. 5A, 5B) in treated group of animals.
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Intramuscular administration of Daboia russelit venom (1 mg/
kg) significantly increased clotting time after 120 minutes com-
pared to normal animals. Figure 5B showed that the clotting time
reaches greater than15 minutes from the 120 minutes after venom
injection. Oral delivery of alginate coated ASVS beads showed
delay in increase in clotting time in treated group of animals as
compared with venom injected group of animals (Fig. 5B)

Plasma free hemoglobin concentration was increased in venom
injected group of animals as compared with normal group of
animals. Oral delivery of 30 mg alginate coated ASVS beads
(800 pg) in every 15 minutes up to 6 hours showed lower level of
free hemoglobin in plasma by 43.16% in treated group of animals
as compared with venom injected group of animals (Fig. 5C1,
C2,C3).

Venom induced renal toxicity study. After 6 hours of
intramuscular administration of Daboia russelii venom (1 mg/kg)
plasma creatinine and urea level significantly elevated in venom
injected animals as compared with normal group of rats. Oral
delivery of 30 mg alginate coated ASVS beads in every 30 minutes
up to 6 hour showed significantly decreased level of plasma urea
and creatinine by 63.31% and 67.55% in treated group of animals
as compared with venom injected group of animals (Fig. 6A, 6B).
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Figure 6. /n vivo neutralization of venom induced renal toxicity. (A) Measurement of plasma urea concentration in both venom induced
group as well as alginate coated ASVS fed animals. (B) Measurement of plasma creatinine concentration in both venom induced group as well as
alginate coated ASVS fed animals. (C) Microscopic image of venom induced alteration in renal tissues after hematoxylin and eosin staining at 10 x.
(C1) Microscopic image of venom induced alteration in renal tissues after hematoxylin and eosin staining at 40x. (D and D1) Microscopic image of
renal tissue of alginate coated ASVS bead fed animals after hematoxylin and eosin staining at 10x and 40x respectively.

doi:10.1371/journal.pntd.0003039.g006

Histopathological studies revealed alteration in glomerulous as
well as in tubular part of kidney after eosin and hematoxylin
staining after venom injection. Glomerular membranes undergo
degeneration as well as acute tubular necrotic features in venom
injected animals which were restored in orally alginate coated
ASVS bead treated group of animals (Fig. 6C, 6C1, 6D, 6D1).

Discussion

Choice of delivery system

The aim of present study was to entrap multiple proteins of
ASVS in alginate beads which will be functionally active against
snake venom upon release. So far oral delivery systems have dealt
with simple and small proteins like insulin or BSA [9,30] or
vaccine, which use different strategy for delivery system [31]. From
drug delivery point ASVS has some peculiarities which make it
worth individual attention. The ASVS comprises of immunoglob-
ulins raised biologically in animals against venom. The ASVS
which was used in this study provided antibody against four major
Indian snake venoms (cobra, common krait, russell viper, saw
scaled viper). ASVS contains multiple proteins which vary and
thus, the chemical properties, isoelectric point or neutralization of
venom components by individual proteins has not been studied in
detail. Moreover, as ASVS is not a lucrative business [32], making
sophisticated oral delivery system is a commercially unviable
project. To overcome these problems the different protein
components were not given individual consideration; rather those
were encapsulated as a whole in alginate, a cheap polymer, cross
linked by divalent cation calcium. This delivery system has the
capacity to entrap proteins with different isoelectric pHs unlike
ionic gelation method [33] and therefore may proof efficient for
entrapping every component of the multiple components of ASVS.
Results showed (Fig. 2D, 2E, 2F) that this system indeed was
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proved efficient in entrapping every component of the multiple
component ASVS.

The influence of preparation condition like the concentration of
the polymer alginate as well as the concentration of calcium
chloride solution will be different for encapsulation of different
proteins [34,35]. In the present study alginate: ASVS:: 1:1 beads
were used as it showed maximum entrapment efficiency though
the loading capacity was higher at alginate: ASVS:: 1:2. The SEM
study too confers less heterogeneity of alginate: ASVS:: 1:1 beads.
The calcium chloride concentration (2% or 3%) variation did not
show significant alteration in entrapment efficiency or loading
capacity. Therefore 2% calcium chloride solution was used for the
preparation of beads for the biological studies.

pH dependent swelling property is one of the advantageous
phenomenon of alginate beads, widely used in oral drug delivery.
The alginate meshwork swells or shrinks respectively in alkaline and
acidic pH, which helps to release or entrap proteins within alginate
beads [36].Shrinking the beads in low pH ensure protection of
entrapped protein from digestion within stomach. Result showed
that at pH 1.2 the alginate beads did not swell but with increase in
pH the swelling property increases. At pH 7.0 the beads swell
maximally, ensuring release of entrapped protein in the intestine.

In vitro release of protein from polymer was studied in different
pH, simulating gastrointestinal condition. The release pattern of
ASVS from alginate beads showed an initial burst release in
alkaline pH. Though it is considered an undesirable and
uncontrollable phenomenon as it prevent sustain release and
creates problem in many controlled delivery systems but burst
release is beneficial in situations like wound healing [37]. An initial
burst is necessary to provide immediate relief, followed by
sustained release to maintain the action, as is the situation in
snake envenomation, similar to wound healing, the burst release
may be beneficial.
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Figure 7. Schematic diagram of oral delivery procedure of alginate coated ASVS beads.
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One of the main purposes of the study was to encapsulate all the
protein components of ASVS within polymer and released them in
the intestinal environment so that the polyvalent nature of ASVS
and its bioactivity could be maintained. Similar banding pattern in
native PAGE and similar chromatogram pattern in HPLC of
released ASVS in comparison with normal ASVS indicated that
all the components of normal ASVS were present in released
ASVS. Thus, these results confirm the entrapment of every protein
component of ASVS into alginate beads.

The released proteins are susceptible to intestinal protease
activity. Mucoadhesive drug delivery systems increase the bioavail-
ability of drug by increasing the contact and residence time of the
drug on gastrointestinal tract, the absorption surface. Mucoadhesive
polymers can bind to mucus by physical or chemical interactions.
Alginate, consisting of mannuronic acid and guluronic acid forms,
has more hydroxyl groups than the other polymers and thereby
binds more strongly with the oligosaccharide chains of mucin [38].
Mucoadhesive property of alginate and alginate encapsulated
ASVS of different concentrations were studied in two different
models. Despite the difference between alginate beads and ASVS
loaded alginate beads in mucin binding property, ASVS encapsu-
lated alginate beads adhere to rat gastric mucosa significantly. So it
could be assumed that alginate encapsulated ASVS beads could be
able to bind with gastric mucosa in significant amount.

Venom neutralization potential

After characterization of the bead it was necessary to study
whether released ASVS could permeate the intestinal barrier. An
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isolated intestinal preparation was used to study this phenomenon.
The flurochrome FITC was tagged with ASVS and after excess
unbound FITC was washed out, the permeability was assessed by
measuring FITC intensity kinetically from the outer intestinal
fluid. This is an alternative model of in vivo absorption study
where it was found that FITC intensity was started to increase
from 15 minutes of the experiment gradually up to 4 hours. FITC
tagged ASVS concentration was also increased gradually from
15 minutes to 4 hours. FITC tagged ASVS from outer intestinal
fluid significantly neutralized the venom induced lethality which
signify that all the major components required for venom induced
lethality neutralization was absorbed through the intestine.
Further experiments with the released proteins from beads were
performed to study whether any alteration in biological functions
of the released ASVS had occurred due to entrapment or during
release from the beads as compared with normal ASVS. The
released protein was thus used to evaluate the functional aspects of
ASVS. WHO [39] has recommended assay of ASVS based on
neutralization of lethality in experimental animals. In the present
study this assay was performed using two different kinds of venom
viz Naja naja and Daboia russelii. It was found that the released
ASVS neutralizes the lethality of both venoms. But neutralization
of lethality does not necessarily correlate with neutralization of
specific venom actions [40] and death can occur due to these
actions beyond the time frame taken for lethality studies. For this
reason in vitro neutralization of the PLAy activity; [41,42], passive
agglutination [43], hemolytic activity [44], hemorrhagic activity
and ELISA [28,45] have been substituting the in vivo method.
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In the present study phospholipase Ay enzyme activity was
measured to study the functional ability of the released ASVS
protein in neutralizing the snake venom. Snake venom possesses
PLA; enzyme activity, which manifests many of the toxic effects of
the venom [46]. In this study released ASVS showed significant
inhibition of venom PLAjy activity. Naja venom possesses direct
hemolytic factor [27] which dose dependently showed hemolysis in
washed RBC solution. Released ASVS also showed significant
protection against hemolytic activity dose dependently. Lactate
dehydrogenase is a marker for cellular toxicity and hemolysis.
Released ASVS also significantly restored LDH released from
RBC lysate. These activities of released ASVS were comparable
with freshly constructed ASVS which clearly indicate that the
biological activity of ASVS remains unaltered after entrapment
and also after release from the alginate beads. A similar result was
obtained from hemorrhagic activity study with viper venom.
Intradermal injection of viper venom causes local manifestations
such as hemorrhage which was also neutralized by released ASVS.

The gold standard to test ASVS activity is neutralization of
venom lethality in animals done by injecting preincubated venom
and antivenom in experimental animals. Since oral formulation
cannot be pre-incubated we have shown lethality neutralization of
ASVS released from alginate bead after crossing the intestinal
barriers. This mimics the real situation as empirically as preincu-
bated models and needs new methodology to study efficacy of
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ASVS as well as oral ASVS (Fig. 7). But the above studies cannot
confirm that how much this oral delivery is beneficial as there are
lots of other factors involved in it like peristaltic movement, effects of
protein digestion enzymes as well as the uptake kinetics. Thus the
feasibility of alginate coated ASVS bead to provide sufficient
amount of antivenom required for neutralization of venom was
studied in animal model. Alginate coated ASVS was given orally by
the method of Matsuno et al 2008 [47] with minute modification
(Fig. 7). Viper venom induced lethality, hemotoxicity and renal
toxicity was chosen as venom toxicity models as these effects are
irreversible and are affected by delay in ASVS administration.
Alginate coated ASVS was per orally administered in every
30 minutes interval up to 6 hours for hemotoxic and nephrotoxic
models and till 24 h for lethal model. Peroral administration of
ASVS significantly prevented venom induced toxicity which is
depicted by delay in increase of clotting time, inhibition of
morphology alteration of RBC, decrease release of free hemoglobin,
and low plasma urea and creatinine level as compared with venom
induced group of animals. Above all neutralization of MLD has
been found after peroral delivery of alginate coated ASVS. From
these studies it has been found that oral delivery of alginate coated
ASVS prevented the damage caused due to venom administration.
The above study confers that oral delivery of ASVS could be
possible and it could help to decrease number of deaths occurring
due to snake bite in remote places.
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Intestinal absorption does not delay ASVS availability in blood
in a dose sufficient to neutralize venom infiltrated from muscle site
before toxic effects of venom could be recognized. Being
immunoglobulin in nature might have helped intestinal absorption
of ASVS by direct binding with IgG-Fc receptor (FcRn) mediated
transport, which can account for timely action of oral ASVS in
venom neutralization in animal models.

Observation on limitations of methodology

In this study we have selected alginate for its low cost. However,
ASVS is expensive and the low loading capacity of alginate system
has to be improved for better economy of ASVS. Alginate-
antivenom bead will not reduce the cost of antivenom production.
But, the increment in price of this novel antivenom when
compared to the traditional one would not be much. Another
limitation of this study which has to be detailed is the
thermostability of alginate-ASVS preparation at room tempera-
ture. We have not studied whether the thermal stability of
alginate-antivenom would be greater than that of the antivenom
alone and beyond one month. This would imply that the alginate-
antivenom mixture could not be stored at room temperature and
would require cold chain conditions unless the polymer formula-
tion is developed to address this problem. Approaches like addition
of the polyols [48] to increase thermostability of liquid ASVS can
address both the problems of cost and thermostability of freeze
dried ASVS, and hence, such approaches have to be taken for
improving our formulation. Moreover, oral ASVS can be given
only as first aid and the minimum dose to prevent the irreversible
damages taking place during transit. This warrants detail study
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with ASVS dosing separately for venom toxicities for choosing
optimum dose and release kinetics as well as for pharmacokinetic
and pharmacodynamic analysis.

Conclusion and future prospect

Antisnake venom serum is the only drug available against snake
envenomation but is limited by infrastructure required to
administer this intravenously as soon as the bite occurs. In this
paper we have addressed this limitation by testing the feasibility of
controlled oral delivery of the drug (Fig. 8) for future use as first
aid. Advantages of alginate system were retained after ASVS
loading and venom neutralizing properties of ASVS was unaltered
after release from the beads. Hence, alginate could be used to
develop controlled oral delivery system of ASVS but requires
polymer modification for animal experiments and clinical trials.
Moreover, this is the first report of encapsulating multiple proteins
of a drug to reconstitute a functional drug, for which new strategies
should be proposed.
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