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Extracts prepared from economically important
marine bivalves such as green mussel (Perna viridis),
estuarine oyster (Crassostrea madrasensis), giant oys-
ter (Crassostrea gryphoides), estuarine clam (Mere-
trix casta), black clam (Villorita cyprinoides) and
mud clam (Polymesoda erosa) were found to possess
high antiviral activity when tested with influenza
virus strains type-A (A/Missisipi  1/85/H3N;) and
type-B (B/Harbin 7/94). Maximum difference in the
EIDsg value was observed in the extract prepared
from P. viridis for in vitro studies conducted with
influenza virus typeA (250Ig) and virus typeB
(3.001g). For in vivo studies, maximum difference in
EIDsy values was observed in the extracts of V. cypri-
noides (4.001g) and P. erosa (4.001g) with influenza
virustype-A.

MoLLUSCS contribute dgnificantly to the totd marine
fish cach of the world. Marine bivadves are abundant in
coastd and edtuarine waters of India. The hivave fish-
ay is condituted manly by clams, mussds and oys
ters’. Molluscan fishery is not well-organized dong the
Indian coast. Molluscs are exploited in large quantities
by traditiond methods and sold live in the maket for
human consumption. The economicaly important species
of maine bhivdves ae green mussd (Perna viridis),
estuarine oyster (Crassostrea madrasensis), giant oyster
(Crassostrea gryphoides) and dam (Mererix  cadta,
M. meretrix, Paphia malabarica, Villorita cyprinoides).

Recent invedtigetions conducted jointly by Russan
and Indian scientits showed that Indian green musss
(P. \viridis) ae not only a rich source of protein for
human consumption, but adso a potentiad source of anti-
vird drug (Chateji e al., unpublished daa). The
edract prepared from Indian green mussel showed high
antivird activity when tested with various vird drains
such as influenza, hepaitis, RSV and herpes®. In con
tinuation with the same invedigaion, the extracts pre-
paed from sx other commercidly importait marine
bivdves were sreened for the presence of antivird
properties. The results of the study are presented in this
communication.
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Marine bivaves such as P. viridis, C. madrasends, C.
gryphoides, M. cada, V. cyprinoids and P. erosa were
collected live from the naturd habitats dong Goa coed.
The bivadves were deshdled with the hep of a shap
knife. Meat (300g) and 50ml mantle fluid from eech of
the sx gpecies wee collected and mixed with equd
volume of doubledidilled waer in a double-necked,
round didillation flask. The extract was prepared by
enzyme-acid hydrolyss process as developed and pat-
ented by Chatterji et al.*.

The antivird activity of the extracts prepared from
marine bivadves was assessed a  Pagewr  Inditute  of
Epidemiology and Microbiology, . Peeshurg, Russa
by usng two human influenza virus dtrains (A/Missspi
185/H3N, and B/Habin 7/94). The extract prepared
from bivaves was diluted to 1/10 times with peptonic
solution®. Stock solution of influenza vird strain type-A
(A/Missspi 1/85H3N,) and srain type-B (Harbin 7/94)
obtained from Inditute of Virology, . Petersburg,
Russa was diluted to achieve virus concentrations from
102 to 107 for vira strain type-A and from 107 to 10°
for vird dran typeB. In the present sudy dlantoic
flud of chicken embryo (10-13-day-old) infected
with  humen influenza virus (heemagglutination titre
1:512/1:1024) was used for in vitro and in vivo stud-
ies.

Gdatin (2¢g) wes thoroughly dissolved in 100ml
double-digtilled warm water. This was followed by the

additon of 8g NaCl, 06gKCl, 08g C«,, 015¢g
MgCl,, 09g ducose, 25ml of 01% phenol and 019
antibiotic-levomycitin -~ (100 unit¥ml media). The find
volume was made to 1000ml with double-didtilled
waer. The pH of the medium for the culture of
chorion-dlantoic  membrane (ChAM) was maintained
between 6.5 and 7.0.

The evduation of the vird inhibition activity of the
bivave extracts with respect to human influenza viruses
was conducted in vitro by infecting the fragments of
ChAM of chicken embryo.

In each of the 96 wdls of the three sets of multi-well
plates, 0.5ml peptonic medium and a dngle piece of a
frgment of ChAM (sze 5mm) were trandfered s0 as
to completely dip in the peptonic medium. In plate-l,
01ml extracts of N; (green musd) and N, (estuarine
oyster), in plate2 extracts of Nz (common dam) and Ny
(black dam) and in plate3 extracts of Ny (mud dam)
and Ng (giant oyster) diluted to 1/10 were added to each
well. The plaes were kept a room temperature for 2h.
In each well, except those kept for control in plae-1,
01ml of influenza virus typeA  (A/Missispi
1/85/H3N,) for the firg st of experiments and influenza
virus type-B (B/MHabin 7/94) for the second st of
experiments were added in quadruplicate in descending
diluion from 1072 to 107 and 10 to 10°°, respectively.
All the three plates were closed properly and kept a a
congant temperature of 36+1°C for incubation for
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48h in case of influenza virus typeA and 72h for
influenzavirus type-B, respectively.

In eech wdl of dl the three multi-wel plates, includ-
ing the control columns 0.05ml of chicken erythrocyte
(5%) wes added after removing the piece of the ChAM
fragment. All the three plates were kept undisturbed at
room temperature for 20-30min. Infectious virus titre
(in lg units) was edimated using the haemagglutingtion
assay (HA). The levd of antivird activity was evauated
by the difference in the infectious titre of the virus
i.e Expected Infectious Dose (EIDsg) in the control
(extract without virus) and extract with virus. The cyto-
toxicity in controls (ChAM with no virus) was judged
visudly.

The evauation of vira inhibition activity of the exr-
acts prepared from bivaves was conducted in vivo in
the neutrdization tet on infected chicken eggs with
devdoping embryos (10-13-day-old). Tenfold dilution
of influenza virus type-A (A/Missspi 1/85H3N;) was
added with equd volume of undiluted extracts (0.5ml
of virus and 05ml extract) for the neutrdization test.
The mixture was kept for an hour a room temperature
and then inoculated into the chicken embryos. The eggs
were seded with wax and kept for incubation in an oven
a a congant temperature of 36°C for 72h. The eggs
were cooled in a refrigerator (4°C) for 18h immediaey
after the incubation. About 5ml of dlantoic fluid was
removed from each egg with the hep of a pipette by
meking a sndl hole on the shdl and trandferred into the
respective well of the multi-well plates.

In the neutrdization test, HA assay was peformed
with 1% suspenson of chicken erythrocytes. Erythro-
cyte suspension (0.2ml) was added to each wel of the
wel-plate and kept for 20-30min for heemaggluti-
nation reection. The levd of antivird activity was edti-

Table 1.

mated by the difference between EIDsq in the control
and the extract with virus.

The HA showed a high antivird activity in the exr-
acts prepared from diffeeent maine bivaves when the
test was conducted using human influenza virus dtrans
for in vitro and in vivo dudies. The reduction of the
infectious activity for in vitro studies in the extracts of
different bivaves was 1.75-2501lg EIDsg for influenza
virus type-A (A/Missispi 1/85/H3N,) (Table 1) and 25—
30lg EIDsp for influenza virus type-B (Table 2). The
highest reduction in the infectious activity was recorded
in the extract of green mussd (P. viridis) with virus
type-A (2501lg EIDsp) and virus type-B (3.00lg ElDsg)
compared to the extracts prepared from other bivaves
(Tables1and 2).

The reduction of infectious activity of influenza virus
type-A for in vivo dudies was 275-4.00lg ElDsg
(Table 3). The extracts prepared from V. cyprinoides
and P. erosa showed maximum reduction in infectious

The extracts prepared by enzyme-acid hydrolysis of
the mea and mantle fluid of commercidly important
Indian marine bivaves showed high antivird activity in
both in vitro and in vivo tests. The extracts of black
dam (V. oyprinoids and mud dam (P. eosa) were
found to reduce the infection of influenza virus type-A
considerably, when the tests were caried out on
chicken embryo in vivo. Smilar observations were
mede usng the extract prepared from the Russan blue
musels, where influenza virus types A and B was
found to reduce infectious activity by 3.0-6.0Ig ElDsg
(ref. 3). The treatment of toxigenic influenzarinfected
mice with the extract prepared from blue mussd showed
66-84% surviva®. Administration of extract of mussd
in mice, both intranasd and ord, gave dgnificant

Result of neutralization reaction with fragments of chicken embryo (VCA) with six different

extracts of marine bivalves and virus strain (A/Missisipi 1/85/H3N2), in vitro

Virus dilution (A/Missisipi 1/85/HsN)

ElDso Difference

Sample 107 107 107 10 107 107 (Ig9) (Ig EIDso)

Control virus + + + + + + + + - - - - 5.50* -
+ + + + + + + + - - - -

P. viridis + + + + + + + + - - - - 3.00* 2.50
+ + + + - - - - - = - -

C. madrasensis + + + + + + - - - - - - 3.25* 2.25
+ + + - - - - = - - - -

M. casta + + + + + - - - - - - - 3.75* 1.75
+ + + + - - - - - - - -

V. cyprinoides  + + + + - - - - - - - - 3.25* 2.25
+ + + - - - - - - = - -

P. erosa + + + + - - - - - - - - 3.50* 2.00
+ + + + - = - - - - - -

C. gryphoides  + + + + + - - - - - - - 3.75* 1.75
+ + + + - - - - - - - -

+, Shows presence of virus; —, Shows absence of virus; *0.5 added to each value.
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Table 2. Result of neutralization reaction with fragments of chicken embryo (VCA) with six different
extracts of marine bivalves and virus strain (B/Harbin 7/94), in vitro

Virus dilution (B/Harbin 7/94)

ElDso Difference

Sample 107 107 107 107 107 107 (I9) (Ig EIDso)

Control virus + + + + + + + + + + + - 5.50* -
+ + + + + + + + + — - -

P. viridis + + + + - - - - - - 2.50* 3.00
+ + + + - - - - - - - -

C. madrasensis + + + + - - - - - - - - 2.50* 3.00
+ + + + - = - - - - - -

M. casta + + + + + - - - - - - - 3.00* 2.50
+ + + + + — - - - - - -

V. cyprinoides  + + + + - - - - - - - - 2.50* 3.00
+ + + + - - - - - - - -

P. erosa + + + + + - - - - - - - 2.75* 2.75
+ + + + - = - - - - - -

C. gryphoides + + + + + - - - - - - - 2.75* 2.75
+ + + + - - - - - - - -

+, Shows presence of virus, —, Shows absence of virus; *0.5 added to each value.

Table 3. Reaction of neutralization of chicken embryos with extracts from six marine bivalves and virus
strain (A/Missisipi 1/85/H3Ny), in vivo

Virus dilution (A/Missisipi 1/85/H3/N5)

ElDso Difference

Sample 107 107 10™ 10°° 10°° 10”7 1078 (l9) (Ig EIDso)

Control virus + o+ + o+ + 4+ + 4+ + 4+ + 4+ - - 8.00* -
+ + + + + + + + + + + + ++ +

P. viridis + + + + + + + - - - - 5.00* 3.00
+ + + + + + + — - — - =

C. madrasensis + + + + + + + - - - - - - - 4.75* 3.25
+ + + + + + - - - - - - - -

M. casta + + + + + + + + - - - - - - 5.25* 2.75
+ + + + + + + — - - - - - -

V. cyprinoides + + + + + + - - - - - - - - 4.00* 4.00
+ + + + - - - = - - - = - =

P. erosa + + + + + + - - - - - - - - 4.00* 4.00
+ + + + - - - - - - - - - -

C. gryphoides + + ++ + + + - - - - - - - 4.75* 3.25
+ + + + + + - - - - - - - -

+, Shows presence of virus; —, Shows absence of virus; *0.5 added to each value.

protective  effect. Maximum  prophylactic effect has
been obsaved in mice when a dose of musH extract
was given 5h before inoculation of virus® and the mice
showed 100% survivdl.

Maine bivaves ae filte-feading animds and while
feeding they accumulate dorains of various diseases
dong with food from the environment®’. Recent studies
on maine bivaves showed the presence of viruses that
ae virdent for samonid fishe®™°. A number of viruses
have dso been reported from the tissue of maine mol-
luscs such as iridovirus and  Herpes virus®, plague
virus'!, echo, coxsackie and reo'?. The presence of
human pathogens in the body tissue of bivdves has
been reported to be much higher than those in the sur-
rounding waters". Emriquez e al® reported the pres-
ence of Hepaitis A virus 100-fold higher in the muss
tissue than the surrounding weter.

CURRENT SCIENCE, VOL. 82, NO. 10, 25 MAY 2002

The penetration of these virulent viruses in the tissues
of bivaves could dimulae the anima to produce spe
cid types of anitibodies to fight againgt these viruses.
However, when these bivdves ae consumed as food,
there might not be any active antivird property in ther
tissue. The man reason for this could be the presence of
many other substances in the tissue of bivaves that
inhibit the effect of the antivird compound. But as soon
as these inhibitory substances ae removed from the
extract by a process of acid hydrolysis, the nove inert
substances get activated and show antivird effects. The
present  observation confirms that the agglutinins pre-
sent in viruses show haemagglutination  reaction  with
specific substances that are present in the extract pre-
pared from the tissue of bivalves.

Attempts have adso been made during the past severd
decades to devdop effective antivird drugs from the
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naturd resources. The recurrence of vird epidemics in
tropicd and subtropicad countries is a common phe
nomenon where high mortdities were recorded in the
past few years. At present, the control of various vird
dissases has become a matter of great concen. How-
ever, the man ocondrant in devdoping an effective
drug has been the unique characteridics of antigenic
vaiaion of virus reallting in the emergence of new
vaiant virus srains®. There are a number of antivira
drugs introduced in the market such as tricydic sym-
metric  amine, amantadine hydrochloride and its ana
logue rimantadine, which ae effective drugs used for

influenza type-A infection’*. However, though these
drugs have been proved non-toxic, sometimes they
caue dizziness and insomnia, paticulaly in  ederly

persons.

The present invedtigations showed tha marine animds
have grest potentid for deveoping useful drugs. Extrac-
tion of important biologicaly-active compounds from
marine resources will certainly be hepful in protecting
and tregting various vird diseasesin human bengs.
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The glutathione Stransferases (GSTs) of rat testis,
purified using S-hexylglutathione linked agarose 4B
affinity matrix were fractionated into four cationic
and six anionic isoenzymes using the polybuffer
exchangers 118 and 94, respectively. Their pl values
ranged from 5.4 to 9.2. On electrophoresis, the testis
GSTs showed identical subunit pattern to that of
brain, i.e. Yc, Yb, Yb and Yd To study the induction
of these proteins, rat testis treated with 24mg of
b-methylcholanthrene on dot and transblot analyses
with antibodies prepared against affinity purified
GSTs revealed induction of a-class (Yc subunit) and
mlass (Yb subunit) GSTs. This observation was fur-
ther confirmed by using substrate specificity. The
b-methylcholanthrene-induced samples have shown
more activity with peroxides and 1,2 epoxy 3-(p-
nitrophenoxy) propane indicated the eevation of Yc
and Yb subunits, respectively, in rat testis. Therefore
the Yc and Yb subunits may be used as marker pro-
teinsfor chemical toxicity in thetestis.

GLUTATHIONE Stranderases (GST.EC 25118) ae
a family of multigene and multifunctiond dimeric enzy-
mes that catdyse the nucleophilic atack of the thiol
moiety (conjugetion) of the glutathione (GSH) on the
eectrophilic centre of various cacinogens —mutagens
and other xenobiotic compounds'. The primay step of
this reaction is involved in the formaion of mercapturic
acids, a pathway through which hydrophobic xenobiot-
ics are inactivated and excreted from the body?. These
enzymes are ubiquitoudy didributed in a variety of bio-
logicd sysems and in verious organs like liver, kidney,
intestine, brain and testis. They occur in the cytoplasm,
membranes of mitochondria, microsomes and nudlei®.

Each organ possesses a unique profile of GSTs the
liver and tedis having the high GST activity in rodents”.
The GST enzyme sysem condsts of severd isozymes.
In ra liver, the GST isozymes are manly made up of
three mgor subunits, the Ya (Mw 25600), Yb (Mw
270000 and Yc (Mw 27,500). Each subunit has a spe
cdfic function; Yc and Ya cdadyse the reduction of
hydro peroxides Ya Yc and Yd cadyse the isomeriza-
tion of progaglandin, and Yb and Yb ae invoved in
the formation of leukotrienes and conjugation of GSH
to xenobiotics. Yd subunit is sructurdly related to the
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