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ABSTRACT

Many toxins both of natural and synthetic origin are
being used in the modern fisheries to clear ponds from unwanted
aquatic organisms prior to using them for fish nursery purposes,
and to catch and trangport fishes. The toxins which are used
for killing the fishes are called as piscicides. The synthetic
piscicides when used show both acute and chronic effects on
non-target aquatic organisms. Their biodegradability is slower
and residual toxicity is higher compared to natural piscicides.
Therefore, the use of natural piscicides have been prefered in
fishery management. One of the natural biscicides commonly used
throughout the world is a phytotoxin called rotenone. Rotenone
is obtained from the plants mainly belonging to the genus
Derrig. In India, rotenone is not available easily and is being
imported for fishery purposes. Thereforé, studies have been
initiated on various plants/plant products to develop suitable

alternative indigenous natural piscicides.

More than hundred plants available in this country have
been cited to have piscicidal property. Only a few of these
plants and their parts have been investigated to establish
their piscicidal potentiality. However, no systematic approach
has been made to investigate scientifically the nature of
toxieity and mode of action of any indigenous plant;or plant
materigl. Therefore, the present study was undertaken to find
out the toxicity of some of the potential pisecicidal plants |
used in native fisheries of North-Eastern India and the mode of

action of the most potent plant part on certain freshwater.fishes.
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A survey of the plants used for fish Xkilling by the
natives of Meghalaya Was conducted. Ten plants wére collected,
identified and their toxicity was screened on two species of
gill-breathing (Puntius ghalynius and Danio dangila) and one

species of hardy air-breathing (Heteropneustes fogsilis)

fish. The results of the exploratory studies indicated that
among the plants/plant parts screened the fruits of Zanthoxylum
armatum DC. (= Z. glatum Roxb.) was most potent as a piscicidal
agent with minimum effective concentration and lethal time.
Therefore, further studies on extraction, bio-assay and mode

of action of Z. grmatum fruit were conducted. The extraction
.of the piscicidal factors of Z. armagtum fruit was done by the
Medicu:l Chemistry Division of Cenfral Drug Research Ingtitute,
Lucknow. The concentrated water soluble alcoholic extract
prepared had retained about 95% toxicity as observed in the

bio-assay experiments.

The bio-assay studies were done following standard
static bio-assay method to find out the iethai dose of the
toxicant using both crude powder and alcoholic extract on
. shalynius and only alcoholic extract on two different weight
groups of H. fogsilis. The results of bio-assay experiments
showed that the toxicity of Z. armatum fruit extract varied with
the behaviour and size of the fish. The air-breathing fish were
more resistant than gill-breathing fish and among the air-brea-
thing fish, the higher weight group was more resistant. The
effect of alcoholic extract and cruie powder on P. shalynius
indicated that the alcoholic'extract‘had sharper action than
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crude powder. The LCSO values were galculated following three
different statistical methods (by graphical interpolation using
regression formula Y = a + bX, semi-logarithimic method and
probit analysis) to reach a near accurate point. The 6 hr LGSO
value of Z. armatum for P. shalynius with crude powder was found
to be 95 ppm =and with alcoholic extract 6.4 ppm. The average
values of 3, 6, 12 and 24 hrs LCSO for H. fossilis were 18.9,
17.2, 14.00 and 14.00 ppm in 8 ~ 12 g weight group and 30.3%5,
20,00, 17.45 and 16.95 ppm in 13 - 20 g weight group respectively.

The fishes showed a typical behavioural pattern on
treatment with the toxin. The fish became more active in the
initial phase of treatment and then showed erratic movements.

The opercular movement increased along with the activity of the
fish. As the fish approached lethal phase, the opercular movement
decreased, the fish failed to reach the surface, lost the equilibr
and finally collapsed in an upside down posture at the bottom

of the jar. If the fishes were transfered to freshwater at the
beginning of lethal phase they recovered slowly.

The effect of the extract on the hematological paramters
of H. fossilis was studied at different concentrations of the
toxin. The relationship of hematological parameters with size
of the fish were studied and was found to be quite variable.
Therefore, it has been suggested that it is necessary to
establish the intraspecific variations in hematoleogical
parameters in a particular species of fish before they are used
for toxicity studies. The alcoholic extract of the fruits of
4. grmatum did not show any effect on the hematological parameters

studied in H. fossilis. Therefore, it was felt that the lethal
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effect might be due to_the damage done by the extraet to

some other physiological process(es).

The effect of the extract of the fruits of Z. armatum
on oxygen consumption by the fish and the ;xygen uptake at
sub-cellular level were investigated. The experiments were
conducted at organismal level using a weed figh Tilapia
mossambica and at cellular level using liver and brain tigsue
homogenates of H. fossilis. The gross oxygen uptake was calculated
from the changes in oxygen concentration of treated water
estimated by Winkler's method. The effeect on tissue oxygen
uptake was studied in Warburg manometers ugsing glucose as the
substrate at two different temperatures. The results indicated
that there was no effect of the extract on tissue respiration
at sub-cellular level and the total oxygen consumption of fish
was inhibited indirectly on tregtment with the extract. The
inhibition of oxygen uptake from water by the fish might be due
to the paralysing effect of the toxicant on the different organs
related to oxygen uptake. The general metabolic activity of the
animal might have also been affected by the extract as total
oxygen consumption of fish is indicative of general metabolism.

The results of the above experimepts indicated that
the extract of Z. grmatum fruits might be affecting the nervous
system and energy metabolism at sub-ce;lular level to result‘in
different behavioural and physiological manifestations leading
to death. Hence, studies on the effect of the extract on the

2+

activities of acetylcholinesterase (AchE), Mg - and Na+, Kt -

ATPase in vivo and in vitro in different tissues of H. fossilis



were carried out. The activities of the enzymes were studied
with relation to the concentration of the toxin asnd duration

of treatment in different tissues of H. fossilis. The results
showed definite inhibition of the enzymes studied by the extract.
The inhibition were both related to the = : concen—
tration of the extract and time of treatment. However, the
magximam inhibition which was about 50% in the different enzymes
studied did not change after a certain cmcentration of the
extract. At sub-~lethal concentration the enzyme activity showed
gradual recovery to normaley. Though the pattern of inhibitibn

of different enzymes with coricentration and time were similar,
the initiation, the peak and the recovery were diffgrent for
different enzymes and tissues. The AchE activity was inhibited
maximally toe about 40% in the three tissues. ATPase showed tissue
specific variations in the rate of maximum inhibition in the
following order (a) total ATPase gill > muscle > brain

(b) Hg2+ ATBase - gill > muscle > brain (e¢) Na¥, K* ATPase - gill
;uscle > brain. In general, the activitie; of ATPase were
maximally inhibited earlder then the AchE. However, at the
initial stages the AchE was inhibited more than ATPase.

The in vitro studies with different concentrations
of the extract indicated that the inhibition of the enzyme
activities needed a higher cmcentration of the toxin than the
in vivo inhibition. This could be due to the fact that the in vivy
inhibition was the result of amplification of the effect of the

extract through some other mechanism.
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. A€ Kinevic studies on AbhE and Mng ATPase showed that
the nature of inhibition was non-competitive for both the
enzymes, Howevgr, the Ki of the extract for AchE was higher thén
for Mgz+ ATPase. The apparent K (Michaelis constant) of brain
and muscle AchE for acetylthiochoiine iodide was found to be
7.1 x 10 M and 8.85 x 107°M respectively. They decreased with
eserine but did not change Wwith Z. armstum fruit extract. The
apparent'Kh of brain, musecle and gill Mg2+ ATPase for ATP were
found to be 9.72 x 1074M, 8.71 x 10™*M and 7.1 x 10~
respeetivély. They decreased with KSCN but increased with
Z. agragtum fruit extract. The specifiec staining of AchE
iso-enzymes on polyacrylamide gels showed only one band in
brain and tWo bands in muscle of He fogsilis indicating that this
tissue spécific molecular variagtion in AchE might be the cause
of the tissue specific differences in the enzymes activity

and effect of the extract.

It is, therefore, concluded that the fruits of Z. armatum
acts as a mild metabolic poison. It does not have significant
effect 6n hematological parameters studied nor on cellular
respiration process in fish. The primary modes of action seem
to be through the blockade of neural transmission and supply
of metabolic energy by inhibiting activities of AchE and ATPases.
Though Z. armatum fruits showed a promise to be used as an
indigenous substitute for rotenone, some work on its secondary
toxicdty and effeects on plankton population are necessary before
this could be tried in the field,
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GENERAL INTRODUCTION
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The development of civiiizatidn has led to the discovery
of many new physical, chemical and biological preducts for
meeting the different needs of human life in this world. In
the procéss, induéfrialization, urbanization and modernizati on
of agriculture have resulted in releasing intermittently a
4‘1arge varietéﬁp-of new chemiecals through industrial effluents,

domestic sewdéesAand agricultural chemicals at different
concentragtions to the environment. These chemicals ultimately
find their way to the aguatic environmeqt and g?adually make
them polluted. These substances which cause impairment of
health or death of the organism due to their specific harmful
properties when taken into the body are called as poisons or
toxins. Some of these toxXxins releaséd to the aquatic environment
are degradable in naturé Where:aé most others accumulate in the
aquatic environment. Some toxins have shown biologiéal
magnification due to their/progressive fetention in the food
chain. Such toxins, naturally, ra;se questiops on the very
existence of human life on this earthw It has been, difficult

to develop and to cope with the growing ngeds of the increasing
population without the use of many such harmful chemicals.
'Ther'efore, scientis_ts all over the world are working
tpwards the proper qanagement of these harmful_substances in k@
<§E}§biosphere and also to figﬁ?ut alternate poisons or toxins
which could be_quickly degraded in the environment‘by some
physico-chemical or biological means. The toxins can be

classified broadly into two groups as synthetic and natural toxinse.
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Synthetic toxins : These include all chemical toxins and

constitute the majof part of the toxicants which are polluting
our environment at present. Most of the fertilizers, insecti-
cides, herbicides, molluscicides, fungicides, lampricides,
algicides, piscicides and industrial pollutants come under

this category.

Natural toxins : These constitute a1l those toxicants which are
produced from 1living organisms. These include microbrial toxins,
venoms produced by snskes, fish and other animals and other

poisonous substances produced by animals or plants.

During the past decade considerable work has been done
on the effects of synthetic toxins on physiological and
biochemical parameters of organisms. f/‘ish has been commonly
used as the test animal in aquatic envirqnménf due to its
economic importance. The effect of different agricultural
chemicals and industrial pollutants h&#z’been studied on
nervous system, respiratory éystem, circulatory system and

metabolic pathways of fish and a few other aquatic organismé.

There are several reports on the effects of toxicants
on fresh water fishes. Popova (1970), Holden (1972), Schnick
(1972, 1974a, 1974b), Shimada (1973), McKim et al (1973, 1974,
1975, 1976), Abel (1974), Hunka (1974), Hamilton (1974a, 1974b),
Nelson (1974), Weiner (1975), Sprague (1976) and Brungs et al
(1977) have reviewed the works done on the effects of toxicants
kagriculture chemicals, industrial pollutants and domestic

wastes) on fresh water fishesm
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Morphological and histologigal changes were studied in
. the.earlier days to evaluate the effect of a toxin on an
organism. Grischchenko (1970) ffom his pathomorphological
studies iﬁ the gill andAliver.of carp and the pattern of
mortality seen on treatment with pesticides, suggested that
(the)pesticides might‘Be acting 55;;21;; by influencing both
-centrai and peripheral nervous system. Schulz (1971, 1972)
‘observed degeneragtive and inflammatory changes—in liver, -
kidney, heart and gonad of carp tfeated with herbicides.
He aiso observed a decrease in RNA content in the pancreatic
tissue of %53 treated fish. Kamarovskii (1972) exposed several
fish species to herbicide, Ronurox for 75 days and observed
morphological changes in erythrocytes and leucocytes.
Abel (1976) from the electron microscopic studies showed that the
anionic detergent caused acute inflammation of the gill tissue
and extensi&e detachment of epithelium which are associated with
lysqsome formation. Higher concentration of the detergent caused
very rapid lysis of cells resulting in complete disruption of
cellular and tissue structure. Histopathological changes like
necrosis of liver tissue, inflammation of postal areas,
hardening of connective tissue, shrinkage of nuclei apd septa
formation studied by Sastry and Gupta (1978) using lead mnitrate
led them to take up some enzymologicalnstudies. Physiological
changes such as loss of appetite and changes in colour
accomp ﬂ%?d by behavioural changes such as uncoordinated movements
were reported by Hattula and Karlong (1972) in gold fish

(Carassius auratus) treated with polychlorinated biphenyls.




Dubale and Shah (1979) have shown that necrosis of liver tissue

occur;ng in Channa punctatus on exposure to cadmium. The effect

of synthetic toxins such as agricultural chemicals and industrial
effluents on different physiological and biochemical parameters
in fish have been studied by various authors. A brief review of

the .same has been presented here.

Agriculturgl chemicals

(a) Hematological parameters : ﬂgesticides and herbicides

are generally known to affect different hematological

\¢>§9w indexes. such as RBC count, Hb concentration, packed cell

volume (PCV), mean corpuscular hemoglobin (MCH), mean
-corpuscﬁlar hemoglobin concentration \MCHC) and blood oxygen
carrying capacity (BOC). Popova (1970) and Svabodova (1971)
s Y
have studied the ‘chronic administration of pesticides on

hematological paramefers of blood of ide (Leviscus idus)

and carp \Cyprinus carpio) respectively. Their studies

indicated that the pesticide increased MCV and PCV
significantly‘and decreased MCHC. Sakaguchi (1972) observed
in blood of carp exposed to organophosphatesha significant
increase in transaminaéés, AchE, glucose, triglycerides

and total cholesterol level in the serum. The liver glycogen

was; however, reduced. Grant and Mehrle (1973) exposed

mature rainbow trout (Salmo gairdneri) to sublethal doses

of endrin and found an increase in the mobilization of
liver glycogen and osmolaglity in the blood serum. Blood

glucose was increased by 50%. This was accompained by
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inhibition in their growth and ultimately led to death of
" the fish. They have concluded that the physiological

dysfunctions cauéed by endrin are due to its effgct on the

above biochemical parameters. Shakoofi et al (1976) have
vshown that'éerum protein increased in the blood of

Channa punctatugs treated with insecticides at chronic doses.
—— T ————

Kawatsu (1977) reported a decrease in RBC number and Hb
concentr;tions in blood of fishes treated with herbicides.
This has also been shown to cause hemorrhagic anemia.

Verma et al (19745 have shown pesticide induced hematological

changes such as decrease in RBC number and Hb concentration,

and incregse in MCHC in a fresh water fish Saccobranchug

fossilis.

(b)“RGSbimatdryfchanggs : The impact of . agricultural chemicals
| én respiratory parameters of fishQég)stﬁdied to a lesgser
extent than on hematological parameters. The uptake of
labelled '*C-DDT and its effect on oxygen uptake of

Gambugia affinis was studied by.Murphy and Murphy (1971).

' They reported a linear relationship between 14C—DD& uptake
and oxygen consumption of the fish. Kamler (1972) observed
&h> inhibition of respiration by the influence of a
herbicide,12—4 dichlorophenol acetic acid (2-4D (Na) ) on
early developmental stages of the carp. Hiitibra; (1974)
studied the effect of 16 insecticides on in vivo o;ygen
uptake by blue gill and found that all insecticides except

for dieldrin and carbofuran inhibited oxygen uptake. The

effects of methoxychlor on surviwagl, oxygen consumption and
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activity of white sucker (Catastomus commersoni) were

investigated by Waiwood and Johansen (1974). They found
that just before lethal concentra%ions&gﬁé oxygen
consumption of fish incregsed by 2 to 3.5 times the control
level. Luhn et al (1976) observed a gradual increase in the
rate of respiratioﬁ of trout with increasing pesticide

concentragtion. The effect of lethal concentration of

thiodon on Mystus vittatus was observed by Reddy and

Gomathy (1977). They found an increase in aquatic respiration

of the fish. Natarajan (1980) found no change in total

oxygen uptake of Anabas scadens on treatment with sumithion

though there was decrease in gill respiration.

Nervous system : Most of the work on pesticide effect on

biochemical parameters are concerned with changes

occurring in key enzyme of neurotransmission, acetylcholines-

terase (AchE). Carter (1971) investigated sub-lethal effects

-~

-of orgaﬁophosphate and carbamate insecticides on AchE in

- channel cat fish. Hogan (1971) examined the action of

carbamate, eserine, organophosphate and some selective
inhibitors on the activity of AchE in the brain of cutthroat

trout (Salmo .clarki)e Coppage (1972) reported that inhibition

of brain AchE beyond 17.7% by the inhibitory effects of
organophosphate pesticides lead to the déath of minnow

(Cyprinodon variegatus). Gibson and Ludke (1973) reported

that treatment of Lepomig cynellus with <:§ N-alkyl compounds

produced a significant proztection against inhibition of

brain AchE by parathion. ‘Benke and Murphy (1974) studied the



(d)

7

time courge of onset of inhibition and recovery of AchE

in mice and pumpkif>eed sunfish exposed to methyl parathion,
parathion and azinphosmethyl at concentrations which caused
moderately toxic symptoms. Post and Leasure (1974) studied
the sublethal effect of malathion on both bréin AchE and
sustained activity of biook trout, rainbow trout and coho
salmon. The data indicated thét a loss of 20 to 30% of
stored AchE activity resulted in less than 5% decrease in
physical ability. Coppage and Braidech (1976) reported

that the fish collected from a river below the discharge
point of effluents from a factory producing organophosphate
and carbamate pesticides had significantly lower level of
AchE activity than {E} fisheg collected upstream. Thirug-

nanam and Forgesh (1977) studied the environmental impact

of mosquito pesticidej;, chloropyrifos on Fundulus heteroclitus.
The pesticide inhibited brain AchE both in vivo and
in vitro. In vivo pesticide inhibition of muscle esterases

of mosquito fish Gambusia affinis has been reported by

Whitemore and Hodges (1978).

Metabolic alterations and changes in other enzymes : Davis
and Wedemeyer :(1971) observed that the organochlorine

pesticides such as dicofol, endosulfan and DDT inhibited

vNa+, KT activated and Mg2+ dependent ATPase activity

in vitro in gill, brain and kidney microsomal preparations

from the yearlings of rainbow trout (Salmo gairdneri).

Cutkomp et=al (1972) used(the)brain ﬂomogenates of blue gill

sunfish to demdnstrate the in vitro inhibitory effects of
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several chlorinated hydrocarbon pesﬁicides to mitoghondriél
Mg2+ and Nat, K* ATPase. Chambers and Yarbrough (1973) found
that organochlorine pesticide resistant fish hadﬂhigher

level of microsomal mixed function oxidase (MFO) activity.
MFO are involved in degradstion of pesticidés. Ghosh and
Konar (1973) showed that phosphomidon inhibited gut invertase

activity in cat fish (Clarias batrachus). McCorkle and

Yarbrough (1974) studied the in vivo effects of mirex on SDH
activity-i; mosQuitofish and green sunfish. Mirex concentra-

tions, even at 10_6

M inhibited SDH activity in mitochondrial
preparations from nbn-resistant individuals of both species.
Deséiahland'Koch (1975a, 1975b, 1975c) examined the effects
of kepone and itsﬁfeduction product on the in vivo activity
‘of brain ATPase in channel catfish. They found inhibition of
all three ATPase tested. The holigomyciQSensitive (mitochon-
drial) Mg’* ATPase of brain showed the greatest sensitivity
to both inhibitors. In vitro inhibition of ATPase activity
in tﬁe brain of chanhel catfish by aldrin, dieldrin,
photodieldrin and aldrin transidol were also investigated.
Chrigstensen and Tucker (1976) studied in vitro activity of

channel catfish carbonic anhydrase. The effect of in vivo

exposure of endrin on the agctivity of acid, alkaline and

glucose-6~phosphatase in liver and kidney of QOphiocephalus
punctatus was studied by Sastry and Sharma (1978). Koundinya
and Ramamurthy (19de studied the effect ofﬁorganophosphate
pesticide, sumi%hion on some aspects of carbozhydrate meta-

bolism in Sarotherodon mogsambica. At LCSO dose blood glucose

level and phosphorylase activity increased and hepatic
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glycogen level @decreased. This indicated that the observed
hyperglycemia was due to breaKQOwn of hepatic glycogen.
Schulz (1971) studied the effects of the herbicide, dowpan
on éarp”énd found g decrease in RNA content of pancreatic
tissue. Bostrom and Johansson (1972) reported that penta-
chlorophenol (PCP) in xlggg:ané in vivo altered the activity

of the liver enzymes involved in emergy metabolism of the

eel (Anguilla anguilla)..McBride and Richards (1975) used an

isolated perfused gill’method to examine the>effects of
atrazine'and trifluralin on sodium uptake and fluid flow rates

in carp (Cyprinus carpio). They found that these chemicals

-décreased gill sodium uptake and had no effect on fluid

flow rates.

Industrial pollutants

Different industries produce various types of waste
products which are usually discharged into the nearby water
bodies. Depending on the industry, the effluents include mainly
different organic chemicals, metal ions and polychlorinated
biphenyls etc. Studies are being done on the effect of various
industrial effluents and their components on different
physiological and bioéhemical parameters of fish. A brief review:

of the work done is presented here.

A lot of work has been done on the effect of(jf;;
individual metal ions on the different physiological parameters
in fish. Christensen (1971-72) studied the in vitro alteration
in the activities of GOT and LDH in the blood plasma of white

sucker (Catostomus commersoni) treated with different metal ions.

-
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Brafield and Matthiessen (1976) studied the rate of oxygen uptake

by stickle back (Gasterosteus aculeatus) exposed to zinc. Oxygen

uptake showed an increase and then became extremely erratic

before declining as death approached. The activity of delta
aminolevulinic acid dehydratase in blood of rainbow trout
exposed to lead was measuréd by Hodson &19753. The enzyme was
inhibited after 4 weeks of exposure %o iead. Gould and‘Mclnnes
(1977) studied short term effects of two silver salts on tissue

respiration and enzyme activity in cunner (Tontogoiabrus

adspersusg). Hiller and Perlmutter (1971) répo:ted that e=zinc
stimulated viral growth and caﬁsedﬁinfectious pancreatic necrosis
in trout at the exposure concentration of 10 ppm. The effects of
copper or zinc on the adaptability of premigrant yearling of

coho salmon to sea Watef, ATPase activity and effect of copper on
down stream migration were examined by Lorz and McPherson (1976).
Exposure of coho salmon for 144 hours to zinc in fresh watér had

almost no effect on Na+, KT activated ATPase activity in gill

microsomes and on the adapt@bility of the fish to sea water.

Effects of some industrial pollutants and factory effluents

on kidney péroxidasé activity in two fresh water fish

(Ophiocephalus punctatus and Clarias batrachus) were studied by
ﬁukherjee and Bhattacharya (1975). Peroxidase activify was greatly
inhibited indicating that s&b—lethal doses of these toxicants

may cause drastic changes in physiological systems. In some cases,
peroxidase activity increased well above control level after

5 and 27 hour of exposure, but declinéd towards the end of the

test by 96 hours. Bhattacharya and Mukherjee (1976) investigated
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" hepatopancreatic protease and esterase activity in fish exposed
to industrial pollutants which inhibited both enzymes. Effect of
mercuric bichloride on some biochemiecgl characteristics of brain,

blood and liver of Rutilus rutilus were examined by Dokholyan

and Akhmedova (1978).vSignificant metabolic disturbances in

brain and decrease in blood protein were observed.

Hattula and Karlong (1972) studied the toxicity of PCB

to gold fish (Carassius auratus). Behavioural and physiological

changes notedawere loss of appetite, changes in colour and
uncoordinated movements. The influence of polychlorinagted
biphenyls (Aroclor 1248) on aquatic organism was studied by
‘Ito'(1973a: 1973b) ané “Ito and Murata (1974). Their finding
suggésts that the plasma P —glucuronid;se activity of fish

may be used as azn index of PCB pollution of water bodies.

Hunn (1972) studied the effect of a lampricide, thanite,
on certain biood characteristics of carp. The effects were similar
to those in cyanide poisoning. Kawatski and McDBonald (1974)
showed that TFM significantly reduced oxygen consumption in

homogenates of brain and liver of white sucker, large mouth

bass and blue gill sun fish.

Natural toXxins

Studies on physiological and biochemical effects of
'natural toxins are much limited in comparison to those of
chemical toxXins. Various types of naturally occurring chemicals
derived from different organism have been taken as natural toxins.
They are either microbial toxins, zootoxins or phytotoxins |

depending on their source of origin. Many of these toxins are
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being used conventibnally by human being without understanding
their actual mode of action. Recently, attention of scientists
hé&gobeen directed to study systematically such natural toxins
for their utilisation. The chemists extract the active

principles and derive their chemical structure where=as the

biologists establish their effects on different organisms.

(i) Microbial toxins : These include the toxins obtained from

- lower organisms such as microbes, algae and fungi. Bacterial
toxins are primarily proteinacious in nature.‘There are
different types of bacterial toxXins depending bn their
‘mode of action. A detail study of bacterial toxins is given
by Ajil et al (1973). The main groups of bacterial toxins
studied are bo%ulinum toxin, tetanus toxin, diphtherial
tbxins and enterotoxins. Botulinum toxin is thought te act
by inhibiting the release of acetylcholine packaged in
presynaptic vesicles of motor end plates in response to nerve
action potential (Koelle, 1965). Tetanus toxins are known to
interfere with transmission-of impul ses in cholinergic nerves.
Fal and Czerchawski (1963) have shown that the acetylcholine
libergtion is enhancéd by tetanus toxin. Diphtherial toxin
is a_metabolic.inhibitor of protein synthesis. Enterotoxins
acts on the nervous system of enteric tract and cause

emetic aclivity.

Blue green algal blooms in water bodies are known to
be toxic to fish and wild 1life (Hashimoto et al, 1968),

Mackenthum et al (1948) reported that the primary cause of
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fish mortality associateq with decomposing algal blooms was
due to depletion of oxygen supply. The toxic elements released
from decomposing algae were of secondary importance.

Phytoflagellates like Prymnesium are known to have hemolytic,

cytotoxic and bacteriolytic activity and damage gill tissues
resulting in specifically the loss of their selective
permegbility. Several toxins from algal sources have been
invegtigated for tﬂeir effects on n%}omuscular junction.

Gymnodinium veneficum toxin potentiates nerve transmission

before blocking and acts as a depolarizing agent {(Abbot &

Ballantine, 1957). The toxin of Gonyaulax cantenella

(Burkeet al, 1960), and saxitoxin produced by Saxidinug
éiganfeus block axonal and muscle conduction without
depolarization and show very little effect on neromuscular
junction (Kao & Nishiyama, 1965). Saxitoxin obtained from
contamina%ed shell fish ié reported to cause vasodiszlation
by direct relaxant action on thelvaspularrmuscle at lower
doses and by an additional blockade of vasoconstrictor nerves

at higher doses.(Nagasawa et al, 1971).

The toxins ?roduced by fungi are called mycotoxins.

Different species of Aspergillus, Pencillium,Fusarium which

are found associéted with food products are known to produce
many pizz% toxins. Aflatoxins are a closely related group

of secondary fungal metabolites and are produced by various

species of Aspergillus and. Pencillium (Detroy et al, 1971).

Aflatoxing inhibit the incorporation of labelled precursors
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into DNA (De Recondo:.. et al, 1966), RN A (Sporn et al, 1966)
and protein, espec1ally into the 1nduc1b1e enzyme proteins.
both in vivo (Wogan & Friedman, 1965) and in vitro (Smith, 1963).
Inhibition ofnnuc;giq acid synthesis>might be due to the
direct action of aflgtoxins with the enzymes involved or
might be due to the toxip~DNA bipding mod;fying thg DNA
template (Clifford & Rees, 1966). @ﬁg,aflatoxins are also

known to be carcinogenic causing cancer in liver.

(ii)Zootoxins Productlon of substances that may be p01sonous

5 or repulsive to other anlmals is well knOWn among the
animals. Thege areﬁspecial products of metabolism ¢@d serve
as chemical defensive mechanism in different organisms.
Most of them are effective only after they have been taken
oraglly or introduced by someispecial puncturing or stinging
device into the body. Some are gffective as contact poisons.
Venoms of both vertebrates and invertébrates are mixtures of
the recognised pharmacologically active subgtances and are
products of nitrogen metabolism. They some~times contain
enzymes such as hyalproqidase and phospholipaée ﬁhich
soften the tissues and quickly spread the venom. It is
probable that various componepts_of venom gct synergistiéally
and their cumulagtive actipn agcdunts for the seyerity of the
effect. These toxicants act direétly upon central nervous
sysfem initiating spontaneous electrical activity followed
by complete cessation of it. Besides neurotoxic action,
venoms from different sources act either by blocking respira-
tion or caqsigg hemolysis or by causing muscular distrophy

'KOWnby et al, 1976;Tu et 21,1976). Venoms from some invertebrates



19

contain toxic carbohydrates and saponins which cause
hemolysis. These are also_found to be secondary plgnt.
products (Gardiner, 1972). Scorpions, bees, Wwasps and some
ants inje;t their poison:by-means of stings. SgorpionA

’venom induce contraction of'smooth_muscle, spas;ic paralysis
énd'increased excitability of central ngrﬁoug system tested

in perfusion systems in vitro. Venoms from Centruoides

scqlpturatus, North-AmeriCan épecies of scorpion, is knbwn
tchause paralysis of neuromuscular Junctlons and partly
ofTsplnalcord (Welsh, 1964) Venom from Indian scorpions
<have been shown to contain several enzymes, such as
proteases, S-nucleotidase and phosphodlesterases (Adams
& Weiss,r1958). Scorpion venoms, in general, havengpme of
the»characte;igtics_of snake venoms gnd may be‘equglly
fatal to humans. Snake venoms which are also enzymatic in
'nature are generally known to be eithgr neurotgxicvo;
cardiotoxic in natu:e'(Meldrum, 1965). Some snake venoms
are kQOWn tq block acg%ylcholipe receptors at post synaptic
ﬁembrane \;fkyag‘gg.él, 1976). nge are also known %o have
the nephrotoxic action such aé Yenoms"of rattle snake and
sea snake (Schmidt et a1, 1976). Besides'theirvtoxic effects
vAsome venomé are known to /possess therapeutic properties.
Venoms from differentﬁgourcesllike sngke, ﬁpad’and spider
are known for their analgesic, hemostatic

applications (DEBlobusitzky, 1971),
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(iii) Phytotoxing : Many plant products have toxic effect

on humans and animals. Various types of toxins are
produced by different groups of plants. A brief accoﬁnt
of different plant toxins and their actiogﬁyare given
below. Many higher plants produce toxic chemicals like
saponins, ta%én, regin, essentiagl . oils and alkaloids
(brucine and strychnine). These are very strong
ﬁrotoplasmic poisons which hagve a stupefying effect on
peripherél, sensory and motor nerves and musclegs af fish
‘(Brapdt, 1972). ‘Harborne (1977) has classified the active
grinciples from higher plénts into Nitrogenous toxins and
Non-nitrogenous toxins and characterised them as follows.
Nitrogen bésed toxins are widely éresént in plants and
may be acting directly as antimetabolites likewaflatoxins.
There are many non-protein aminoacids in this group of
toxin. “These aminoacids may be incorporated into proteins
of the treated organism to produce wrong proteins. These
proteins cannot function properly and thus lead to the
.death “of the organism. The toxicity of some of these
compounds have been worked out on higher group of animals
such as mammals and birds. Non-nitrogenous toxins include
different classes of compounds like cardiac glycosides,
saponins, févonoids, quinones and polyacetylenes which do
. not contain nitrogen atom in their structure. Glycosides
like oubain are known to be cardiac poisons probably acting

" by inhibiting Na+, KT ATPase. Another non-nitrogenous toxin
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ig monofluroacetic acid which cause respiratory arrest
through inhibition of TCA cycle. Some like guinoné are
notable for causing photosensitization in farm animals.
This group of plant toxins includes some of the insecticides
and piscicides such as p&rethrin and rotenone (flavonoid)

which are not very much poisonous to higher group of animals.

Use of toxins in fisheries management

In modern fisheries management, for clearing ponds and
water bodies before using them for pisciculture, many toxins
both of chemical and natural origin have been used. Some of
these have also been used as anaegthetics while transporting
large fish. U.S. Department of the Interior, Fish and Wild-life
Service have listed about 33 chemicals and their current status
in fisheries management in its fepoft in 1978. These include
herbicides like copper sulphate, diquat, diuron, silvex and also
anagesthetics like MS 222 and quinaldine sulfate. However, the use

R A G
of chemical toxinsg e not been very much fagvoured due to their

gsevere toxicity and many side effects. The efforts have been

made always to use moderately toxic plant toxins.

Plant toxing : DPlant toxins are more readily degradable than the
synthetic chemical toxins. Therefore, rotenone which is produced
from the roots of the'plant species of genus Derris, has been
extensively used for fisheries management in all parts of the
world. At present, rotenone ié not easily available in this

country and is being imported. Therefore, there is meed for
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finding out a suitable sﬁbstitute which will have nearly same
potency as rotenone in their pisciqidal activity. There are
many plants and plant parts reported to have been tried in

fish nursery management. Chopra et §;°(1941) listed about

164 varieties and species of plants foﬁnd in India which have
been reported to contain insecticidal and piscicidal properties.
Only a few of them have been investiéated for their usefulness

in fisheries management. Babu (1965) observed the toxicity of

the seeds of Croton tiglium on predatory and weed fish&s-

Bhuyan (1967) studied the eradication of unwanted fish from

ponds by using an indigenous poisonous plant Milletig pachycarpa.

The use of the seeds of Croton tiglium as a fish poison in ponds
was reported also by Bhuyan (1968). Das (1969) investigated action

of Derris trifoliata roots with reference to its usefulness in

fish nursery practice. Chakraborty et al (1972) studied the action

of crude powder of roots of Barringtonia acutangula as a fish

poison. Certain plants from Japan such as Justicia hayatai

(Ohta et al, 1969) and Marchantia polymorpha (Kanasaki & Ohta,

1976) have been reported to have piscicidal aétion and isolation

of their active principles is being carried out.

Many plant products have aglso been studied for their
usefulness as fish poisons. Konar (1968) studied piscicidal
effect of nicotine. The usage of séed cake of tea (Camellia
sinegis) in China has been reported by Hora and Piilay (1962).
This has been shown to contain 7-8% saponin. Choudhury E1968)-

and Chakraborty et al (1972) have reported the use of oil cake

-
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from mghua (Madhuca indica) in fish nursery management in India.

Nandy and-Chakroborty (1976) reported the toxicity of unrip@f

fruits of Randia dumetorum to freshwater fishes. Juglone is

another plant derived piscicide obtained from walnut trees.

Marking (1970) studied the toxicity of juglone on rainbow trout.

Pyrethrin obtained from the genus Chrysenthimum is reported to
héve 2lethal effect on fish (Mauck et al, 1976) inhibiting the
ATPase activity ¢ in nervous system (Desaiah et al, 1973).

Buchananet al (1976) have reported the toxicity of spruce

(Picea stﬁchenéis) and hemlock (Tsugo heterophylla) to esturine

organisms in South-Eastern. Alasks.

Rotenone which is most eXtensiVely used piscicide is mainly
derived from Derrig roots. Some other plants such as Milletiag

pachycarpa, Milletis piscidia, Randia dumetorum, Pigcidia erythrima

are also known to contain rotenone and are used as fish poisons.
The action of rotenone and its derivative rotenoids on fish was
studied as early as 1933 by Danneel and Bagle. Bianco (1943) has
compiled the plants used in Venezuala for fish poisoniﬁg. He
reported that those‘plants contain substances that paralyse the
respiratory center of fish and also damage the nérvous system.
Simon:: (1948) reported conjuctivitis and scleritis in #ke fishes
treatedﬂwith derris powder and pyrethrum. Petard (1951) studied
icthyotoxic plants of Polynesia and reported the ﬁresence of
rotenone in them. According to Qberg (1959), the rotenone
poisoned fish had a normal rate of bLood flow through gill lamellar

capillaries. Lindahl and Oberg (1960) first demonstgated that
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rotenone treated gill filaments of fish showed reduced oxygen
uptake. Horgan et al (1968) studied the action of rotenone at
sub-cellular level ané repérted that it acts principally by

‘blocking the reduced nicotinamide adenine dinucleotide segment

in mitochondrial electron transport chain. Fromm (1970) later
demonstrated that rotenone reduced perfusion;flowArate in
isolated gill arches. Spitler (1970) analysed the rotenone
treatment <for elimination of fiéh popuiation in Southern
Michigan lakes during 1957-67 and has given the optimum condi-
tions of physico~chemical factors under which rotenone could be
best effective.'Rowe—Rowe (1971) discussed the tolerance of
rotenone on some fresh watér fishes of Natal. Fabacher and
Chambers (19723 have shown tolerance of mosquito fish to
rotenone.AThey reported that rotenone tolerance waé solely due
to the fincrease in the activity of mixed function oxidase
enzyme. Mors et al (1'973) studied the ichthyotoxic activity

of plants of genus ﬁgg;;g and compounds isolated from them.

They have reported that the toxicity of Derris to fish cannot

be due solely to the presence of rotenone as some of the species
which contained no rotenoids were as toxic as the plants which
contained rotenoné. Cumming et al (1975) have studied the control
of grass carp with rotenone and otﬁer chemical piscicides like
antimycin and thanite. Perry and Conway (1977) have indicated
that primary rotenone toxicity develops Because of reduced
oxygen withdrawal from the blood by tissue capillary beds.

Nath et al (1980) have suggested that the inhibitor§ acti&ity of

different rotenoids depends on their structural configurations.



Chemical constituents of some piscicidal plants have been

studied. Hauschild (f936a, 19%6b) reported"aﬂ highly active fish

poison from the bark of Piscidia erythrina. The toxic substance
present in the plant is assumed to contain compounds similar to
rotenone and death of the animal has been reported to occur due

to respiratory stand*still. The dried fruits of Animirta cocculus

has been used as fish poison. The active principle isolated
from it is picrotoxin (Araceli & Alfredo, 1941). Russel and

Kaczka (1944) have extiacted rotenone like mgterial from

Ichthyomethia piscipula. Maiti and Barua (1957) have isolated

triterpenoids from Barringtbnia acutangulé. Prista et al (1962)

have done some phytochemicsl studies on the roots of Albizzig

adignthifolig and shown that it contains saponins. Agarwal et al,

(1963) have isolated triterpenes-from the bark of Myrica'esculenta.

Kawazu and Tetsuo (1967a, 1967b) have isolated callicarpone a

fish killing component from Cgllicarpa inophyllum which is

commonly used as fish poison in South-East Asia. Ohta et al (1969)

studied the piscicidal compounds of Justicia hayatai and isolated

the pis¢icidal component, Justicidin. Kanasaki and Ohta (1976)

igolated the pPiscicidal component of Marchantias polymorpha and

identified it as costunolide.

-~

Fishing with plant poison has been particularly prevalent in
tropical areas like Asia and South America. Fish poisoning by
ichthyétoxic plants are usually done in small water bodies, upto
500 hectares or.in bays or arms of larger lakes; In running waters,
barriers are installed down stream from the place where the poison

is to be used in order to catch the more or less floating helpless



22

fisheg: Poisonous plants_or/“and plant parts are usually crushed,
cut to pieces or pulverized and sprinkled on water or added to
bait for the purpose_§f poisoning. The fish is thereby killed,
narcotiged or at least so affected fhat thex raise to water
surface and can be easily captured. Fighes are seen some times

to recover from these effects when bfought into fresh water.

" Zgnthoxylum grmatum DC. (= Z. alatum Roxb.): The plants of this

species belenging ﬁo-theﬁfamily Rﬁtacgae groy:gs shrub or small
treeg ip the'hot valley_of»subjterical Himalayas from,Trans-Indus
area eastwards ﬁp Bhutan uptq an altitudé of 7,000 fee?} alse in
the Khasi and Naga Hills between 2,000 and 3,000 feet and in the
hills of Ganjam and Vizagapatam at babout 4,500 feet (Chopra .

et al, f958). Very little work has been done on the cﬁemistry and
toxic;ty'oflthis plant. Essential Loils from the seedg of

Z. alatum was first isolated by Simonsen and Rao (1929). They
reported 85% of it as hydrocarbons,‘a small‘quantity of linalol
and in addition an unidentified sesquiterpen&. Nazir and Handa
(1961) investigated the chemica; components. of rqofs of Z. alatum,
ihe eiuents of petroleum ether and benzene on fractionation‘gave a
pungent odour distillate'whiqh was seen to possess strong insecti-
cidal properties. Mathur ég'ggl(y9é1) reported the insecticidal
property of bark powder of g.\aiatug; They observed a 100%

mortality of nymphs of Locusta migratoria within 24 hours.

Deb et al (1962) isolated dictamine from stem bark of Z. alatum.
Abrol and Chopra (1963) found that the volatile oil obtained on
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steam distillation of fruits of Z. glatum wgs highly active.
0.5 ml dose exhibited knock down mortality of 90% against house
flies, the 24 hours kill being 95%, Singh (1969) studied the
antihelminthic property of fruits of Z. al;tum against ascarids.
Dubey and Purohit (1970) further fractionated the chemical
components of the éssential 0il derived from the seeds of Z. alatum
by thin layer chromgtography and found p—myrcene, d-limonene,
methlf) cinnamate and citral besides the constituents reported by
earlier workefs. Lamba (1970) listed £. alatum as a uséful
piscicidal plant. The aﬁtibaéterial activity of Z. alatum was
studied by Jain and Kar (1971). The antihelminthic activity of
essential 6ils from leaves of 4. alatum and reported it to be as
most potent one‘(Kakote & Varma, 1971). Shah and Gupta (1976)
have listed Z. aiatum as a useful medicinal plant of Raﬁikhet.
A1l these studie$ mentioned here are ogiy on the gross toxXicity
of the plant or plant parts and on some of their chemical analysis.
However, no report is seen on the mode of action of this plant

or its fruits which are comparatively more toxic as a piscicide.

Though lot of work has been done on the»effect of different
synthetic toxins like pesticides, herbicides and other industrial
pollutants on physiologicalland biochemical aspects of fish,
comparatively very little work exists on the mode of action of
natural toxins on animals and more specially on fishe® and lower
vertébrates. Recently, many plant derived products have been
tried as insecticides and piscicides. They are found to be more
useful than the synthetic toxins in keeping the aquatic system
less polluted. Rotenone has been extensively used as a good

natural toxin in fisheries management as its physiological
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effects on fish and aquatic organisms have been worked out to

-

some .extent.

Plan of work

Zanthoxylum grmatum DC. '(Z.alatum) and few other plants are

used in this region to catch fish from different water bodies by
local tribal people. There has been no systematic studf;s/bn the
nature of these toxic plants and their mode of action at cellular
or sub-cellular'levels. The indiscriminate use of’these piscicides
without knowing their mode of action might cause adverse @effects
on the aqu%tic fauna in this region and also can cause secondary
toxic effects on the human beings consuming the treated fish and
treated water. A proper scientific investigation might prove any
one of_these plants to be a'potent indégenous piscicide for f;sh
nursery management with less side effects. The mechanism of action
of these toxins would give a measure of its impact on fish and other
aquatic fauna. Keeping these objectives in view, the following
studies were cérried out and the findings have been presented in

the four different chapters of this thesis.

Chapter I presents (a) the results of the survey of the
locally available and usedﬁpiscicidal plants, (b) the results of
the relative toxicity tests with the parts of %hese plants on
certain fresh water fishes and (c) the observations on the

bio~-assay studies on Puntius shalynius and Heteropneustes fossilis

using both the crude powder and alcoholic exfract of the fruits
of Z. armatum. (Among the screened plants/parts, Z. armatum fruit
was found to beAmost effective and was also easily available.
Therefore, detailed studies were conducted on fhe fruits of

Z. armatum).
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Chapter II deals with normal hematologigal parameters of
H. fossilis and the effects of the alcoholic extract of the

fruits of Z. armatum. -

Chapter III presents the observation on the effect of the
alcoholic extract of Z. armatum fruit on (a) the oxygen uptake
by Tilapia mossambica from treated water and (b) the oxygen uptake

-~

by brain and liver homogenates of H. fossilis 12 vitro.

Chapter IV presents the studies on the effect of the
alcoholic extract of Z. armatum fruits on the activity and
kinetics of Acetylcholinesterase, Mg2' ATPase and Na¥, K+ ATPase
in brain, muscle and‘gill fissues of H. fossilis both in vivo

and in vitro.



CHAPTER |

BIO-ASSAY
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‘INTRODUCTION

/

Any foreign substance, either a pure chemical or a
chemical product from natural origin, wili have certain effect
when added to aquatic environmeﬁt. The‘effeqt of these
substances hay or may not be harmful to aguatic organisms.

The substances which have an harmful effect have to be
quantified on various aquatic organisms to find out its range
of effects on gquatic ecosystem. To define toxicify of any
substance. usually laboratory set experiments under controlled
conditions known as "Bio-assay" are conducted before using
them in natural conditions. Different bio-assay procedures
have been developed to quantify aguatic pollutants (ﬁﬁdoroff
et a21,1951; Sprague, 1971; Buropean Inland Fisherieé Advisory
Commission Technical Report, 1975). A bio-assay is a test in
which the quantity or strength of a substance is determined
by the reaction of a iiving organism to it (Sprague, 1973).
The effects of toxins on living organisms c;n'be broadly

classified, into two categories as (i) acute toxicity which is

an immediate effect and usually lethal and (ii) chronic
toxicitz which occurs due to prolonged treaément and may be
lethal or sub-lethal. Acute toxicity involﬁes those stimuii
which are severe enough to brigg about a quicker response,
usuglly within four days in case of fish. Chronic toxicity
involves the stimuli which are less severe than acute and
produces the response(s) in a cbmparatively longer time.

The toxicity of a substance as obtained by bio-assay procedures
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was usually expressed és the median lethal concentratien (LCm).
The currept trend, however, is to use the symbol LC5O (letﬂal ﬂ
concentration far 50 percenf of the individuals), a. aotatiog
which is used in most fields of biological testing. The

symbol TL (formerly known as TLm), the median tolerance

50
limit, has been commonly used by the fisheries workers
in United States. The.two terms, however, have the same numerical
value. A time peried is always specified while expressing LGSO
values, for example 12 hrs LCSO’ The LC50 is merely a convenient
reference point for expressing the acute lethal toxicity of a
given po;lutant to the average or typical organisms. The "gafe"
concentration which'permits successful reproduction, growth and
other normal physiological processes in fish is much lower
than the L050 falue (Warren, 1971). Generally, safe concentration
is calculated by mul%iplying LCSO value for a known period with
an application factor;'In Holland, Germany and Switzerland
application factors of 0.05 to 0.1 for coqcentration lethal
to 50 percent of test.animals in 20 days are geﬁerally considered
acceptable in receiving water (Warner, 1967). The National
.Technical Advisory Committee_(iSéB) under the auspices of the
Federal Water Pollution.Cbntr;l_Administration of United States
has recommended application factors of about 0.002 to 0.1 for |
protecting aqqatic organisms from acutely toxic substances.
The term median lethal dose (LD;y) is seldom valid for aguatic
pollutants, since it means the amount of drug or toxicant which

is acduflally getting into the body.
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Two types of bio-assays are in general use. Qhey are the

gtatic bio-assay with the fish in a container of standing test

water and the continuous flow or flow-through bio-assay in

which the test solution is renewed continually or added
periodically to maintain a particular concentration of the
toxicant.

Various factors like size of the fish, and oxygen level,
temperature and quality of diluenf water play importént roles
in bio-assay tests. It is generally known that the larger
fish@s have better survival capacity than the smaller‘ones
in any toxin (Cairns & Scheier, 1958). Therefore, it has been
suggested tha% in‘an experimental group of fish the larger‘one
should‘not be more than 1.5 times the size of the smallest
fish (Sprague, 1973). Lloyd (1961) dem@nstra@ed'that the
toxicity Qf several suﬁstanc;s to fish increased almost
proportionately with the reduction of oxygen concentration
of the water. He proposed that the se increases in texicity
were primarily due to increased regpiratory irrigation
bringing more of toxicants to gill surface. At lower oxygen
concentration a toxicant may be absorbed more rapidly or may
damage respiratory structures. In one of the reports

Lloyd (1962) however, presented that the resistance of rainbow

trout Salmo gairdneri to copper, lead and zinc was inverSély
related to the ambient oxygen levels. Warren (1971) therefore,
said that this might not be applicable in all cases. Voyer(1975)

studied the effect of dissolved oxygen concentration on acﬁte

toxicity of cadmium to Fundulus heteroclitus at selected
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salinities and reported that it was not influenced by reduction
ip dissolved oxygen. Temperature variations, well ﬁithin a
harglesé range, can greatlx ipfluenoe the tolerance of most
aquatic organisms for lethal'agents (Warren, 1971). Hodson

and Sprggue (1975) reported that inc;eased temperature
accelerated &etabolic processes and'rgte of gill irrigation

in fish. In consequence, the-aquaﬁic animals are usually
killed by toxican?s more rapidly_at moderately elevated

temperature than at lower temperature. The two week LC5O

of zinc for Atlantic salmon (Sglmo salar) was also shown to

increase with the increase in acclimation temperature. The
effects of temperature and hardness of water on toxiecity of

naphthenic acid to common blue gill sun fish (Lepomis

maerochirus) were studied by Cairns and Scheier (1962).
Brungs et al (1976) showed that hardness and such other |
characteristics as pH, acidity and alkalinity of diluent water
-affected Both acute and chrgniq toxicity of copper to fathead
minnow., pH values between 5,0 and 9.0 are generally not
acutely lethal for most fish species (Doudoroff & Katz, 1950;'
Egropean Inland Fisheries Advisory Coﬁmission Technieal
Paper, 1969). ) . ‘
@he~fzéhdﬁfshow(§£;>avoidance reaction immed;ately
after treatment with the toxin. Various types of behavioural
manifestations occur in the figh on exposure to different
types of stress (Wnitemore et al, 1960; Hoglund, 1961; -
Sprague, 1964). éhe observations on the behaviour of the treated
fish help in speculating'the possible mode of action of the

toxins at the physiological level.
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Many plaﬁts.gre used askpiscicida; agents by native
fishermen im many parts of the world (Bradt, 1972). A few of
them such as Croton tiglium (Babu,‘1985, Bhuyan,“1388),

Milletia pachyearpa (Bhuyan, 1967), Justicia hayatai (Ohta

et al, 1969), Derrig’trifoliata (Das; 1?69), Barringténgg

acutangula (Chakraborty et al, 1§72), Randia dumetorum

(Nandy & Chékraborty, 1976) and Maréhantia polymorpha

(Kanasaki & Ohta, 1976) have been tried in modern fishery
ianagement. However, a systematic study on the éffect of these
Plants have not been done except for rotenoné, prqduced from
Derrig root. Some species of planfs are used by the local tribes
of this region for fish catching in freghwgtgr bodies. Therefore,
an effort was made to find out these plants and tpeir
effectiveness as piscicides.‘Before taking up detailed _
physiological and biochem;ca; e?fects gf these piscicidal i
plants on fish their bio-assay and behavioural studies were

carried out.

Plan of work

This chapter deals with our stg@;es_on the screening
and biofassay of some of the 1ocaily available piscicidal
plants as given_below:: Ny B . _ ‘

(1) Screening of the p}ant and their partslwith regard to

- \ _
their toxicity on two species of gill-breathing fish (Danio.

dangila) and_(Puntius shalynius) and one especies of air-
breathing fish (Heteropneustes fossilis).
(From this it was found out that the Zanthoxylum armatum

~

fruit was comparatively more toxic and this was used for

detaillstudies)



(2) Effect of Z. armatum fruit powder on some physico~chemical
%éctors like pH, conductivity and oxygen content of diluent
water. | )

(3) Bio-assay of crude powder and alcoholic-extract of

2. rmgfum on P. ghalyniug and H. fossilis to find out

the LC;, values.

(4) Observations on the behavioural changes in the fish treated

;ith Z. grmatum fruit extract.

MATERIALS AND METHODS

The work was started wifh the collection‘of information#
from the local people on the plants and plant parts they used
for'kiiling the fishew from the streams and other fresh water
systems. Ten species of such plants were collected and
1dent1f1ed with the help of ke taxonomlsts from Department
of Botany of our School. Thej£aant parts were collected
fresh, air-dried in shade and finely powdered. These powders
were used to assess their compapative piscicidal activity on
both gill-breathing and air-breathing fish. Z. armatum fruit
powder which was found to be potent toxin was further purified
to get alcoholic extract following the method given in Indian
Pharmacopoeia k1966) 'The“ggcohollc extract;w;gugrepared by the
Central Drug Researqh Instltute, Lucknow. This preparation
refered to as 'extract' here after was used in all experiments
reported in this thesis to find out its mode of action in figh.
Three species of figh used in different experiments include
one species of air-breathing and two species of gill-breathing

fish. The syecies of air—hreathiﬁg fish was the hardy cat fish,
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Heteropneustes fossilis (Bloch). The two species of gill-breathing

fish were Puntiug shalzgius (Yazsdani & Talukdar) and Danio
dangila (Ham,) available commonly in local streams. H. fossilis
were purghased from the market at Gauhati, Assam and brought

to Shillong. E. ghalynius and D. dangila were collected locally
froi the streams and ponds in and around Shillong, Meghalaya.
The fish were'méintained in the laboratory according to the

© procedure suggestedlby European Inland Fishery Advisory
Commission Technical Paper (1975). They were acclimatized to

20 ¥ 20C in glass aquaria fSr about 3 weeks before they were
used in experiments. The gill-breathing fish vere aeragted to
keep the éissolved oxygen 1¢vgl in the aquaria about é ppm
during acclimatization. P. shalynius and D. dangila were fed

on commercial fish food (obtained from Shalimar Company,
Bombay, India) and H. ggéggllg were fed on dried fish powder
(purchased 1ocally)'on alternate days. No food was given 24 hrs

before the experiments Were'started.

Threé}main parameters pH, conductivity and oxygen
concentration of diluent water, before and after the treatment
of the toxin, were studied. The pH and conductivity were
measured by a pH meter and/conductivity bridge respectively.
The oxygen concentration of water was meagured according to

Winkler's method (Welch, 1948).

-~

The toxicity screening of the plant parts were done
using all the three species of figh. However, the bio-assay
of Z. armatum fruit powder and extract was done in P. §g§1xnig§

!

and H. fossilis.
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The length and body weight of the three species of fish
used in the experiments were as given below. The effect oR
H. fogsilis was analysed in two size groups to compare the

relafive toxicity with size.

- Weight(z) Length(cm)

-~ ~

H. fossilis Gr. I. 8.0 - 12.0 8-10
' Gr. II. 13.0 - 20.0 11-16

The method used for bio-assay tests was that descriBed for
static tests.in'Europegn Inland Fishery Advisofy Commission
Technical Paper (1975). The bio-éssay;of the toxin me;gxiarried
out in 10 litre élass jars containing 6 litre of diluent water
with 6 fish in each jar. A minimum of three replicates ug;gvrun
at each concentration with the control set containing é 1itre
of diluent vater and é number of figh. Fish were removed from the
experimental jars soon after their death. Mortality rates were
recorded affer 3, 6, 12 and 24 hours of treatment. Percent
mortality for each time point was calcula@ed from actual data.
The LCSO values for different time were calculated following
three di?ferent standard methods as given below.

1. By drgwing regression lines based_on percent mortality and
concentration using the formula Y = a + bX, where Y represents
the percent mortality an@ X the concentration of the fruit
extract}‘a'ig intercept and'b is regression coefficient obtained

by calculation (Bailey, 1965).



31

2. By using straight line semilog graphical interpolation as
given by q§doroff et al (1951).
3. By using Probit analy;is (Goulden, 1962).

-

The behavioural changes such as frratic body movement
and 0perculér movement were observed visually in the fish after

treatment with the toxin.

RESULT S

The list of the piscicidal plants collected by us‘and
their parts commonly used in this region are given in Table 1.
The minimal lethal concentrations and lethal time for the
three species of fish tested with crude powders of different
plant materials are given in Table 2. It could be seen from b&e
fTable - 2 that the Z. armatum fruit was most effective as an

.piscicide followed by Myrica esculenta, Randia dumetorum,

Polygonum hydropiper and Potentilla fulgens. Qhe/§tudies on

gill-breathing and air;breathing fish indicated that é;@)
concentration of the toxicant required to produce a visible
response on air-breathing fish was more oemparg%fgg that of
gill-breathing fish. The lethal time was also higher ih
air-breathing fish than gill-breathing fish. The lower range
of time given in Table 2 is for gill-breathing flsh and the
higher range for alr-breathlng fish.

The effect of g._ggggzgg fruit powder on-pH,.conducfivity
and oxygen content of water is given in Table 3. It could be
-seen that the treétment of toxin caused no significant change

in the quality of the diluent water,
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The percent mortality of P. shalynius and H. fossilis

at different concentrations of crude powder and extract of
Z. armatum have been shown in the Tabies 4=-T7. In genergl, it
could be seen that the percent mortality of fish increased
with concentration and duration of treatment of the toxicant.

The lethal threshold concentration (LTC) for P. shalynius
was found to be 60 bpm_with crude powder'(iable 4) and 6 ppm
with extract (Table 5). The survival time of P. shalynius in
crude powder ﬁwas alsé comparatively more than that in the
extract. . 7

The percent mortality 6f H. fossilis in the extract which
was analyged in two weight groups are given in Table 6 and 7.
The LTC for two weight groups of E._fossilis were different
with 12 ppm for 8-12 g wt. group (Table 6) and 15 ppm for
13=20 g wt. group (Table 7). It cguld be seen from Tables 6
& 7 that the maximum mortality of fish occuz;\’gd within 12 hrs
of treatment. There was not much change in the percentage of
mortality between 12 and 24 hrs.

The LCSO values calculated from drawing regression
lines (Figs. 1-4), from semilog graphical interpolation
(Figs.ﬁ4-7) and from probit analysis (Figs. 8-10) have been
;resented together in Table 8. The th;ee methods used for
calculation'of LCSO gave similar values. It could be seen
that the 165y values for different time are higher for
air-breathing fish than for gill-breathing fish.
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The‘behavioural respoﬁses_observed after the treatment
of the crude powder and the extract of Z. armatum fruit were
of similar pattern. The fish were seen to become more active
in the inifial phase of treatment and then showed erratic
movements. The opcercular movement also increésed along with
the activity of the animal. As the fish approached lethal phaée,
the opercular movement decreased, the fish 1bst its eéuilibrium
and finally collapsed in an upside down posture at the

bottom of the jar.

DISCUSSION

A list of piscicidal plants of this region collected
during the initial phase of the present study and their
piscicidal propertiesg hagve been_already reported (Ramanujam &
Ratha,'1980). This gives an idea of varied types_af plants
and parts which can\be‘gsed in fishery managemént. Out of the
plants collected in our stwmdy, toxicity experiments were
conducted with five plants on three species of fish. The results
of exploratorj studies on them (Table 2) indicated that these
plant materials can serve as potent piscicides both on ’
air-breathing and gill-breathing species of fishes. Thus, it
could be suggested that such exploratory studies on many other
plants which have not been investigated may help to find out a
suitablé substitute for rotenone which is commonly used at
presént as a piscicide in fish nuréery management and is being
imported to this country. In the present study 2. armatum fruit
powder was most potent, among the plant parts studied, with

minimum effective concentration and least lethal time. Thus,
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2. armatum show s promise to be an effective indigenous
natural piscicide to substitute rotenone and was chogén for
further studigs after a step of purification by extracting
w:{.th alcdhol gnd concentrating Nthe prodﬂuct. - B ‘
Therg are repo:ts indicating that certain thicants such
as industrial pollutants (Warren, 1971) and chemicals (Cardwell
et gl, 1976) added to waté:.change different physico-cﬁemical
factors like pH, 02 level and conductivity( Chgﬁges in'water
quality upder the influence of environmental factors have been
shown to affect aquatic organisms dirgctly or modify the effect
of different toxicants on them. Increase in teﬁpergtufe is 7
usually accompanied by greater metabolic activity and higher rate
of giil irrigation. The two week LCg, of zinc for Altantic §§%pgg;
(Salmo g3lar) has been shown to increase with temperature |
EHodsoﬁ & Spfague, 1975). Cairns and Scheier (1962) studied the
;ffect of tepperature-and hardness Qf_Water oﬁ toxicity of
naphthenic acid to commén bluegill sunfish. They found that the
variation in temperature did not exert any'gffect,upon-the
tolerance of fish. However, the difference in the qilution of
water altered the toxicity of ﬁéphthenio acid. B;ﬁ%sgg al (1976)
showgd that ptﬁer factors of dilueht water sﬁch as pH, aci&ity
and alkalinity gffected both actiye and chronic toxicity of
copper to fathead minnow. Ehere are conflicting reports about
| the effect of dissolved_oxygen on the_tolerance\of(?Zg fish %o
'a toxicant (Lloyd, 1961, 1962; Warren, 1971; Voyer, 1975).

Asphyxiation and lower dissolved oxygén levels have been
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reported to show marked phy;iological changes in fishc
(Saiv1o et al, 1973; 1974 Ratha & Bhagowati, 1981).

In the present study the ebservations on Water quality
.(Table 3) indicated that there was no signifieant change in
dlssolved oxygen levels till 24 hours after addltlon of four
concentrations of the crude powder. @%@ ggperiments wvere
conducted at the same time and the temperature was kept under
control. It-was also seen.that there was no change in pH and
conductivity of diluent.water on addition of the tox;n. These
results cleafly show that there was no ionic digturbance in
diluent water during the bie-assay experiments and the action
‘of the toxin was solely due ~to its direct effect of the active
principle on the fiéh. -

A comparative account of action of c;udeupowder and
alcoholic extract of Z. armatum fruits on P. shalynius
(Table 4 & 5)vshowed that the crude powder LTIC was 70 ppm
;gd 6 hr Lng was 95 ppm whe:e as the alcqhélic extract LIC
was 6 ppm and 6 hr LCSO was 6.4 ppm. ihe alcoholic.extraéf
showed 96% recovery of activity compafed to cpude powder
which indicatéd»that almost complete toxic fraction was N
recovered and concentrated in aleoholic extract The survival .
time of H. fossilis was longer 6b;£§£éﬁ_xo that of»E. shalynius.
There was almost a cent percent mortality of g.,shaixnius in
alcoeholic eitracy‘within 6 hrs above 7 ppm concentrations. The
death of fish was 80-90% within 6 hrs. Those which survived
after 6 hrs wgre'se;fher not at all affécted by the toxicant
or gradua;ly acclimatized to the prevailing.condiﬁions_after
the initial stress. The ival time of P. shalxnius was longer
in crude powder cqggeaeﬂé%?falcohollc extract. It prolonged upto
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12 hrs and the fish which lived longer showed the.phenomenon of
tolerénce. Such phenoménon leading to acclimatization of the
fish to different toxicants like synthetic detergents (Degens
et al, 1950, Lemke & Mount, 1963), hydrogen ions (Jordan &
Lloyd, 1964), ammonia (Lloyd & Orr, 1969), cyanidé (Neil, 1957)
and zinc (Edwards & Br;wn, 1967) have been reported: The extent
of Qcclim;tization is a function not only of the concentrations
of the factors to which the animal is exposed but also of the
duration of exposure. _

It was seen in the present studies that the active
principle extracted in alcoholic extract showed more acute
toxicity than the crude powder. This might be due to the fact
that alcoholic extraction is the first step in purification
of activevprinciple from plant materials. It was not possible
to select fhe concentrations of toxicant in geometric propprtion
due to a very short survival time and the pheﬁomenon of tolerance
exhibited by the fish. Therefore, it was not possible to
calculate the LC50 values for certain'periods by regression
plot and probit analysis.

Size and habitat of ‘fish play an important role in
toxicity tests (Sprague, 1973). The fish of ldﬁé; Qeight group,
in general, havé lesser resistance capacity to any toxieant than
the fish of higher weight group. Different types of habitat
like complete dependence on dissolved oxygen or an air-breathing
habitat are known to influence the degree of toxicity. It was |
seen that hardy air-breathing fish showed more resistanée to
mercury. toxicity than the sensitive gill-breathing fishas

(Das et al, 1980). In this study differences in LC5, values of
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i

P. shalyniug and H. fossilis could be accounted in part to their
. o |
differences in hagbitat. H. fossilis is(comparatively hardy

X
and an air-breathing fish where~as P. shalyniug is purely
aquatic and very sensitive to distu;bances ih the media.

There could be difference in LCSO‘values in the same species of
fish with different weight groups. This was observed in our
experiments on H. foggilig of two Weight»groups viz., 8=12 g
and 13-20 g. The percent mortality in 8-12 g weight group was
almost double compared to 13-20.g weight group at 15 ppm
concentration of the extract/jTable 6 & 7). Thif could be due
to the fact that the larger“fgsh&e are/haviagJ%Ztter U,
adaptability to theAchanges in their immediat;renvironment.%hag
the smadier—prese—

The average values of 3,6, 12 and 24 hrs LC., for

50
" H. fossilis by the three méﬁhodé édopted for calculating were
18f9’,17‘2’ 14.00, and 14.00 ppm. in 8-12 g weight group and
30.35, 20.00, 17.45 and 16.95 ppm in 13-20 g weight group

respectively. The LCBO
methods were similar. Studigs on the mode of action of a

valuesg calculated by the three different

toxicant are usually done at LC50 concentration. This is because

at higher concentrations the action will be very écute and

at 1owervconcentrations there may not be enough response to bring

about measurable changes in physiological processes in the

organism. Hence, 20 ppm of Z. armatum fruit extract which is

around 6 hr LC;, value far H. fossilis (13-20 g) was chosen

for further studies on physiplogical and biochemical parameters.
The behavioural responses of fish to various piscicidal

plant materials have been observed visually by different workers
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(Bhuyan{ 1967, 1968; Babu, 1965; Konar, 1969; Charkraborty et al,
;972; Nandy & Chakravérty, 1976). It has been repgrfed, in
general, that_ﬁqst of the piscicidal plant materials produce
immediate.irritant rgsponse'in f;sh. It Yas”obsérved in the
present study that both gill-breathing and airwbreathing fish
showed avoidance reaction on addition of toxin. The fish

became more active in the initial .'phgi_se when
treated‘above the thréshold conqentratiqn.”The frequgncy of the
opercular m_ovem_enf in gill-breathing fish increased at the
in;tial phase and gradqally dec;eased towa;ds the ;ethal

"Phase. As thg_fish becgme more aptivg)sporadic errgtic mqyeménts
were observed. The freqﬁenpy oflsurfacing of the_air-breathing
fish, H. fossil;s ’ inqrease@ and showed conﬁulsivg movements.
Finally, the fish collapsed at the bottom of the jar turning ‘
upside down. The tlme taken for death after reaching the lethal
phase was rg%a%é#ely.less for glll-breathing flshvcsﬂgaggﬁlgézﬂ””L [
air-breathing fish. Some predictions on the mode gctlon_of the
toxin cQuld be madg‘/from the_observations of behav;oural
studies. The prominent convﬁlsive mqvement of both air-preathing
and gill-breathing fish suggests that the toxin or the active
priﬁciple presenﬁ.in 4. agrmatum may be actigg as a neurqtoxic
agenp. The increase in frequency qf opercularAmqvemgnt aﬁd
gurfacing may be due towthe,stress caused by the lack of
availability of energy and hence”the fish is fryipg to increase
oxygen uptake; Apparently,-it Wwas observed that_there was no
bleeding_either in the opercular region or‘in any other part

of thgvfishwboth insidg and outside tpe body. This eliminated)

partially, any speculation on severe action of'the toxicant
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on circulatory system caueing héegoggage. However, morphelogical
symptoms doqﬁ‘not completely reveal7;he physiological changes
occu;%ng in an organism. _ ‘

The behaviour of fish,. espe01ally alr-breathlng, suggests
that the texin mlght be acting on general metabollsm of the
fish. As the lethal phase approached)ﬁhe active fish graduallyv
slowed down their eurfacing activity and settled at.the bottom.,.
ézkzgg:ﬁgt in a position to move. This type of behaviour could
'be due to the effect of the toxicant inm decreasiggrthe
productiop of metabolic energy for different phySielogical
processes. The fish_might have also lost. its ability to_move
to the surface of water to get exygen due to insufficient
production of ATP or block in the release of energy from ATP
and therby settled at the bottom and suecumbed. N |

It could be speculated from the above behavioural studies
on the effect of the tex1cant on the glll-breath;ng and
air-breathing fish, that the toxicant might ee acting either on

the nervous system to paralyse different organs or #on the

circulatory system/causing the failure of preper distribution

of essential and waste produets of metaboelism or on the

respiratory process of the animal causing the failure of

egefgy production or on the release of stored metabolic energy

thus affecting all active physiologieal process€s in the body

or combination of more than one of these or on some other
entl

processes causing severe stress leading to the death of the fish, °

In view of the above, further detailed studies on
hematological parameters, oxygen uptake both in vivo and in vitro

the activities of key enzymes in neural transmission, acetylcholin-
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=esterase (AchE) and in mgﬁabolic energy release ATPase were
carried out in fighes treated with the Z. armatum fruit_extract.
These studies have been seQuentially disegssed in subsequent
chapters to findout the possible mode of action of the

toxicant present in 2. armatum fruit.



CHAPTER I

HEMATOLOGICAL STUDIES
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INTRODUCTION

Studies on cenventlonal bio-assay experiments, of any
.toxieant provide the lethal toxicity data for a particular
species of fish. The measurement of the st;ength of the
toxicant in such studies is done using death as indicator.
However, many texicants are known‘to‘causeAserieus
physiological damages at:}ery ;ow cencentratioh. In recent
years, measurements of subletha; changes in_physielegieal
functions have been attempted and assessment is, often,
possible before these changes become irreyersible. It has
been, therefore, necessary to select such pargmetere which av-
de. very sensitive to a parfieﬁler toxin gnd can,SFQW
immediate measurable effectf: Various behavioural and ‘
physielogical}parameters like»flickering regponse, opercular
rhythhicity, osmoregulation, oxygen consumption and
hematological parameters have been used to know the effect
of a toxicant. The hematelogieal parameters have been
studied most commonly for evaluation of toxieity of any
toxicanf. The alterations in hematological paraﬁeters
like red cell counts, hemeglobin content, hematocrit,
blood.oxygen carrying capacity, bloed clotting time etc.
are taken as the direct effect of a foxicent. _

| It has been reported that various physical and
biological factors like habitat (Anthony, 1961; |
Albritton, 1952 Haws & Goodnlght, 1962; Cameron, 1970),

sex (Slicher, 1961 Banarjee, 1966; Mulachy, 1970),
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age (Lysaya, 1951; Ostrumova, 1960), seasoné (Preston, 1960;
Yama;hita; 1969), body size (Dombréwski, 1953; Preston, 1960;
Pradhan, 1961; Pandey et QL,‘1976) and temperature (Anthony,
1961; Platner, 1950; Griggs, 1968; Syrov, 1970; Pandey, 1977)
cause varigtion in hematologicai parameters in fish.

Many types of environmental stress like hypexia and_
hyperoxia ﬂRandall & Jones; 1973; K.irk,~ 1974; Saivio & Oikari,
1976 Sqi%h &'Hattingh, 1978), hype:capnia (Hans, 19765,

mechanical stress (Casillas ét al 1977)-and~temperaturé

(Houston & Rapert, 1976) are also known to alter blood pH,

§\30029 P02, glucose, hematocrit and hemoglobin concentration.

The effect of diffgrenﬁ chemical factors in the aquatic
system on the hemgtological parameters in.fish have been
studied widely. Some'herbicides (Popeva, 1970; Kawatéu, 1977),
insecticides such as organophosphate (Svabodova, 1971, 1975,
Sakaguchi, 1972; Shakoori et al, 1976), organochlori&es U“*kfvsms
(Lone & Javaid, 1976; Fourie & Hattm_gh, 1979), and
éarbamates (Win%eringham, 1966) and many metal ions like
lead, cadmlum, nickel, mercury,lz1nc ‘and copper (Gardner &
Yev1ch, 1970; Christensen et al, 1972; Whanger, 1973,

Edward & lessler, 1974; O'Connor, 1975; Hodsoq,w197d:uJohanson
& Larsson, 1978; AgaiWal-gg Q;, 1979; Srivastaya &'Agafwal,
1979; Srivastava & Mishra, 1979; Mishra & Srivastava, 1979)
have 5een shown to alter thelhemoglobin cqncentraﬁion{ RBC
number, blood_serum enzymes and other hematological parameters
to a considerable extent in different fishes. Acute exposure
of adult raihbow trout (Salmo gairdneri) ﬁo‘chlorine (Ze;toun

et al, 1977) resulted iﬁ hemoconéentration, hemolysis'of
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erythrocytes, increase in hemgglobin and slight increase
in methemoglobin in its blood. Hemolysis and anemia were

found in fingerlings of‘coho salmon (Oncorhynchus kisutch)

chronically exposed to chlorine (Buckley et al, 1976).
Kristoffersson et al (1974) reported that‘lndustrlal
pollutants like phenol slgniflcantly ipcreased the activities
of LDH, GOT and GPT in the biood. plasma of northern pike.
Chemical piséicides like thanite and malalchite. green have
been shown to influence blood chemistry of coho salmon,

Onchorhynchus kisutch and channel cat fish, Ictalurus

punctatug (Bill & Hunn, 1976 Grizzle, 1977) 4

" Studies on the effect of piscicidal plant toxins on
hematological parameters of fish are scanty. Rotenone, the
only plant material which is extensively used as a piscicide,
has been studied in some detail. Rotenone decreases oxygen |
dissociation from the blood at tissue capillary beds (Perry &

Conway, 1977). Iwama et al (1976) studied the changesﬁin some

hematological characteristiés of coho salmon (Oncorhynchus_
kigutch) in response to acute exposure of'one’of_the several
naturally occuring resin acidé, dehydroabietic acid (DHAA).
This is extracted frgm sqft wood trees during the kr;ff ‘
processing. They found that the clotting time increased and
WBC decreased in the treated.fish. However, there was no
changerin RBC and hematocrit. Saponin obfained from plant
materials is known to cause hemolysis in fish (The Wealth

-~

of India, 1952; Chopra etijal, 1958).



Plan of work
The present study was conducted to know whether the

~alcoholic extract of fruits of Zanthoxylum armatum, has any

effect on blood parameters like RBC’numer, hemoglobin
qoncentration, blood oxygen qarrying capacity and mean
corpuscular hemoglobin. It was thought necessary to establish
the normal hematological parémeters’of the experimental fish
as various facfors like habitat, sex, size etc. are known to
cause Variation in hematological parameters. }ifferent
~hematological parametérs were established in the.experimental
fish (H. ggssiiis) to compare the effects of the toxin on the
treated fish. _

The effect of toxicant on hematological parameters were-Wo
studied in two weight groups (9~14 g and 15-20 g) as there
. were consgiderable variations in their blood parameters in the
two weight groups and the LC5O studies were algo done in

similar weight groups.

MATERIALS AND METHODS

Heteropneugtes foggilis were used for experiments
without discr;minating their .tSeX. The fish were purchased
from market at Gauhati, Asssm and were acélimatized to
laboratory conditions at Shilleng. They were maintained in
aquaria with alternate day feeding at 20  20¢ for three
weekg before commencing the experiménts. Thei} weights
ranged from 8 to 22 g and length from 10 to 15 cm.

Thg fish were sorted‘into two groups for experimentation
on the basis of their weight as 9-14 g and 15-20 g. The alcoholic

extract of fruits of Z. grmatum was prepared by C.D.R.I. as
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mentioned in 6h@pter I. The toxicity experiments were
carried out in 10 litre glass jars containing 6 litre

of tap water with six exper;mental fish at a time in each
jar. A jar with 6 fish in tap water (diluent water) was used
as control. -

In 11 fish, the blood was sampled from the caudal vein
and RBC number/mm3 and gi% Hb were measured using the hemocyto-
meter and hemoglobinometer respectively follow1ng Brown (1973)
The blood oxygen carrying capacity (BOC) was computed by
multiplying the‘hemoglobin content with the oXxygen combining
power of 1.25 ml of oxygen per gfam of hemoglobin (Johansen,
1970). The data on Hb and RBC were utilised to calculate the
different ratios like g% Hb/g wt., RBC number/g wt. and mean
corpuscular Hb (MCH). Correlation between the body weight and
dif ferent paraméters in control fish were calculated and
regression lines drawn as per Bailey (1965).

§§e fishem were treated with faur different ,
concentrations of the toxin (15, 20, 30 and 35 ppm). e
Plood samples were taken froﬁ fish treated with 15'ppm after
12 hours, 20 and 30 ppm éfter 6 hours-and 35 ppm after 3 hours,
since'the thrgshold effect and survival time were lesser at

higher concentrations.

RESULTS

The data for different hematological parameters with
reference to the body size of the fish are given in Table 9.

It could be seen from the table that RBC/mm>, g % Hb and BOC
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increased significantly (p(,0.0S) along with the body size of
the fish upto 12 g and rémained élmost unchanged till 15 g wt.
Again frem 15 g to 16 g there was a significant increase
(p<£0.02) in all three parameters following which there was
;o gignificant change upto 22 g wt. It was observed that there
was no significant correlation between MCH and weight of the
fish with the 'r' (correlation coefficient) value as 0.2888.
The 'r'vvalues-foradifferent parameters in relation to body
weight were observed as follows: weight and length = 0.8520,
weight and RBC number = 0.7829, weight and Hb g %4 = 0.7670,
weight and RBC/g wt, = - 0.8514, weight and Hb g % g wt. = -0.6842
and -weight and BOC = 0.7436. The actual and estimated values
of different parameters in relation to boedy weight<have been
shown in Fig. 11. The rate of increase in length and
different hematological parameters along with the weight
féuowed in order of length (b = 0.2653)> BOC (b = 0.2328)
YHb (b = O.1836)>'RBC (b = 6.0816). The rate of decrease of
Hb g %,/g Wt. was about twenty timesmore than the rate of
decrease of RBC number/ g wt. with increase in body fiweight.
The hemafological values like RBC number, Hb concentration,
MCH and BOC of contro; and treated fish of the two weight
groups'are given in Tables 10 and 11. The four different
concentrations of the extract used in the experiment gh owed
no significant effect(p>0.05) on any of the hematological

parame ters studied in both thé weight groups of fish.
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DISCUSSION

1. Variation in hemgtological parameters of H. fossilig with size

The observations oﬁ the hematologic parameters have
shown that in g; fossilis there was an increase in RBC
number and.Hb cdncentration with the increase in size of .
figh (Table 9; Fig. 11). It can be said from regression
analy;is that the rate of increase pf Hb g % (b = 0.1836)
énd BOC (b = 0.2328) was!more than twice compéred to that of
RBC (b = 0.0816) in relation to the weight of the fish.
Thesé results aie siﬁilar fo fhé findings of Dube and Munshi
(1973) in Anabas and Pandey et al (1976) in H. fossilis. They
ﬂave shown that‘the'percentage of hemogiobin concentration per
erythrocyte incréased with increasing body weight. This also
might be the condition in this fish resulting in higher increase
of'hemoglobin concentration with bédy weight, It has been
shown that there is a close ;elatiohéhip between Hb content
and BOC of five gpecies of marine fishes (Putnam and Freel,
1578). The level of BOC is correlated witﬁ high levels of
activity of the fish which in turn require high metabblic
rate Qf an organism., In the presenf study it was observed that
the rate of increase in BOC with weight was higher than rate
of increase in total RBC.‘BOC is directly related to Hb content
of fish. The length of fisi was more related to BOG: and Hb
‘than RBC. | -

The significant increase (p¢0.05) of Hb g % and
erthrooyte number ppto a body wéight ofl12 tb 13 g may be

attributed to the exponential growth phase of the fish.

.
.
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During the active growth peridd the rate of metabolism of
ény animal increases. Thus, the higher Hb cogcenﬁ#ation with
elevated BOC observed in our study might bg an adaptation for
higher metabo;ic_rate during the growth phase.

The gradual decrease.in“Hb gnd RBC Values bgtween _
13 to 15 g weight of the fish and a s;gnigicant sharp increase
(p ¢0.02) betwgen 15 to 1é g weight may ref;eqt the process of
maturation of the fish during which(::§ gonadal development
takes place. Guéq@r;ezk(1967) rgportgd_ig'blue fin thuna

(Thupnus thymus) that during spawning season there was an

increase in RBC number and Hb concentration of both sexes

and decrease of these values in post-spawning period. It was
observed in H. fossilis with weight above‘16 g that there was
significant change in length, RBC number and Hb concentration.
The RBC numbqr and Hb concentration were observed to be
directly related with the length of the fish with RBC/cm and

~ Hb/cm remaining almost constant and the ratio RBC/g wt. and
Hb/g wt. decreasing significantly. This suggests that probably
there is a maximum liﬁit of length upto which the total RBC
number gnd Hb concentration of H. fosgilis increase along with

weight and there after reach a platue. Similar results were

obtained by Dube and Munshi (197%3) in Ahabas testudineus, and

Joshi and Tandon (1977) .in Clarias batrachus. It is possible

that as the‘fish grows old, it becomes less acfive and the
metabolic rate is retarded resulting in increased weight.
Among the three ratios of hematoleogical parameters

studied it was seen that g % Hb/g wt. and RBC number/ g wt.



o2

showed decreasing treﬁd with increasing weight of fisy. The
rate of decrease of Hb g %#/g wt. was twenty timeg_greatef
"than the decrease of_RBQ number/g wt. with increaging weight.
This suggests that variation in Hb éontent ig more sensitive
to age thah RBC number. However, the mean corpuscular(

hemoglobin, in general, remained constant with the mean value
‘ g . .

F

59.4 £ 7.96 x 1077 g and at 95% confidence limit.AThis appears
to be species specific constant which needs confirmation in a
larger populatioh f;pm different environments. It has been
suggested that the air-breathing fishem have higher Hb
concentration (Lenfant & Johansen., 1972) and highe:-oxygen
holding capaci%y.(Dubale, 1963) than the~wat¢r-breathing fish ema
Comparison of theHHb concentrations and BOC as observed in the

present studies on H. fogsilis and by others in marine fishes

(Hall & Gray, 1929; Putnam & Freel, 19%8), in Anabas testudineus

EDube & Munshi, 1973; Singh et al, 1979), in Obhiocephalus

Sachua, Anabgg scandens and Mystus vittatus (Ramagwamy &

Reddy, 1978), in Clariag batrachus (Joshi & Tandon, 1977)

and in H. fogsilis and Mystus vittatus (Joshi & ‘Tandon, 1976)
reveal that H. fossilis has higher levpi‘of Hb and BOC. Thus,
it could be suggested that H. fossilis is more dependiagwgn

atmospheric oxygen and is more evolved among amphibiousLstudied.

2. Effect of Z. armatum fruit alcoholic extract on hematologic

parameters of H. fossilis:

The effegt of different concentrations of the alcoholic

extract on hematologic parameters of H. fossilis was studied
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in two weight groups{of 9-14 g and 15-20 g. The results have
been presented in Tables 10 and 11. The concentrations used were
chosen to fall on either gide of LC5o:value i.e. 20 ppm. The
different hematological parameters have been reported to be
influenced by different pesticides, herbicides, heavy metals
and chemical piscicides. |

Pesti::cideé like sumithion and sevin are known to

change hematological parameters in ffesh water fish -

‘Sarotherodon mossambicus (Koundinya & Ramamurthi, 19849;
The total £3RBC, packed ceii volume and Hb content were
decreased at 48 hr LCSO copcentrations 6f sevin. Subflethal
concentrations of gumithion and: sevin increased mean
corpuscular volume, mean corpuscuiar hemoglobin and mean
corpuscular hemoglobin concentration. This has beeﬁ attributed
to the hypoxicfcondition in water created by the pesticide,
It is known that hypoxic condition increased RBC and Hb content
(Vanliere & Stickney, 1963). Other types of stress like
ﬁypgroxia, hyperéapnia and thermal shocks also increased blood
hematocrit, hemoglobin and other hematological parameters
(Kirk, 1974; Casillas et al, 1977; Hans, 1976; Smith & Hattingh,
5978; Green, 1977). However, in the présent study thgre wWas
not much change in oxygen content and other water qualities
like pH, conductivity and temperature (Table 3). Further,
experimentgl fish H. fossilig being pfédominantly on air—breather'
would not be much influenced by‘oxygen cénoentration of water.
In the present study,no significant change could be
obtained in Hb, BOC, RBC and MCH of the fish treated with four
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differgnt concentrations of the extract“(Bamaﬁujam & Ratha,
1980a). Certain active principles like séponin deriﬁed‘plant
materials are known tQ cause.hemolygis in fish (Thg Wealth
of India, 1952; Chopra et al, 1958). The chemical analysis
so far done on Z. armatum does not indicate the presence of
any hemolytic factors like saponin (?}mensen_& Rao, 1929;
Nazir & Handa, 1961;'Deshgpande & Sﬁastri, 1977).

Thus{ it can be ceconcluded from_the gtudies on
hematological parameters of H. féssilis’that (i) a ciear
understanding of nprqal leve;s of the_variousﬂpgrameters wmder
considergtion in a particular species ;s qecéssary for to;icity
studies as significant intraspecific Ygriations exist relating
to size and environment of the fish, and (ii) the piscicidal
components present in‘the fruits of Z. grﬁatum do not have any
effect on the hematological parameters and the lethal effect
could be due to the damage done to some other physiological

processes.



CHAPTER 1!

OXYGEN CONSUMPTION STUDIES
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INTRODUC TION

Regpiration is an essential physiological process by which
the living organisms obtain ehergy for_carrying put their
different functions. Respiratiog is classified as aerobic and
anaerobic types depending on availability and utilization of-oxygen.
Aerobic respiration involves the use of oxygen for release of ‘
energy where as anaerobic respiration takes plage‘in absence
of oxygen. Respirat;on (aerobic) in multicellular organisms

takes place in 3 stages;

(1) External respiration : It is usually called’as 'breathing'.

it refers to those mechanisms by which oxygen is taken into
the body from the environment and CO, is expelled from the
body into the environment. The exchange of gases takes place
at the respiratory surfaces such as integument, gills,

air-sacs or lungs.

(2) Transpggz of respiratory gases : This phase of regpiration
involves the transpprtation of oxygen from the regpiratory
surface to the tissues or cells and carbon-dioxide from the
tissues to the regpiratory surface.

(3) Internal or cellular respiration : This phase of respiration

includes the oxidative processesg by which oxygen is consumed
by the cells to produce energj and carbon-dioxide. These are
mostly enzymatic reactions.

In fishes the uptake of dissolved oxygen from water
'takes place mainly through gill and skin. However, in certain
fishln specialised accessery respiratory organs have been

developed to utilise atmospheric oxygen as an additional -
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adaptation. These fishes are called as amphibious or .
air-breathing fishem. Thg air—breathing fiéhgy{ in general,
have a better surjival capacity in ;ess oxygenated water,

The gills and skin are the main routes for uptake of
any toxicant_in aguatic organisms_besédes,their role in
gaseous exchange as theée two organs are in direct contact
with the media. These organs could be damaged by the toxXins
thus affecting the process of respiratiop. The effect of a
toxicant on respiratory system of an orgaﬁism could be
studied either at organismal level, by measuring the amount
of 02 taken by the fish from the medium or by measuring the
rate of oxygem consumed by the tissues using manometric
techniques in presence of the toxicant. The rate of oxygen
consumed by the intact fish gives a measure of Qgeneral body
metabolism where as the rate of oxygen consumptiog by a
tissue indicates the functioning of cellular oxidative
pathways in that tissue.

Some reports are available on the effect of péllutants
on{)gross respiration or oxygen uptake by the organism
determined by direct or indirect means. However, studies on
cellular respiration are very much wanting. Mount (1962)
determined the chronic effect of endrin upon bluntﬁose minnows
and guppies, and found that it had no effect eithep upon the
oXygen consumption or ability of“the_fish to swim ggainst

current. Cairns and Scheier (1964) studied the chronic effect

of dieldrin upon the oxygen éonsﬁmption of Lepomis gibbosus

and reported that there was significant incfease in their oxygen
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uptake. A negr-linear relationship between uptake of 014-1abe€?d

DBT and oxygen consumption in mosquitdfish (Gambusia affinis)
was reported By Murphy and Murphy (1971) at a DDT concentration
of 40 mg/l. Waiwood and Jghansen (;974) stuéied the effects

of methoxychlor on survival, oxygén consumption and activity

of white sucker (Catostomus commersoni). They found that in

all fish before death at 0.10 ppm and 0.04 ppm of methoxy-
chlor, the oxygen consumption rates were 2 to 3.5 times
greatZer than those of controls. Luhn et al (1976) observed a

-~

gradual increase in the rate of respiration, coughing behaviour

and heart rate of trout. (Salmo gairdneri) with the increasing
concentrations of pesticides. Reddy and Gomathy (1977) have
shown that the lethal level of thiodon increasedAthe équatic

regpiration of Mystus vittatus, which is primarily a water

breathing fish. Natarajan (1980) found no change in total oxXygen
uptake by Anabas scandens freated with sumithion. However, the
aerial respiration increased and gill-respiration decreased on

addition of the toxicant in the medium. The rate of oxygen

consumption by stickle back (Gasfe;osteus aculeatus) exposed to
zinc was studied by Brafield and Matthiessen (1976). They found
that the oXygen consuﬁption tended to rise ané then become
extremely erratic before decliﬁing as e death apprs%hed.
Studies on the effect of toxicants on opercular rhythm have been
measured by visual observations as an indirect evidence on the
rate of respiration. Ellis (1937) and Jones (1947) have
established relationship beéween’pol;ufion aﬁd respiratory

activity in fish by observing the changes in the opercular rhythm.
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The electrohic megsurement of opercular rhythm hgs been shown
to be a‘préctical system lending itéelf to automation and
‘adoption for the biomonitoring of waste discharge (Morgan &
Ruhn, 1974; Morgan, 1975). The distinct relationship between
pollution and respirafory activity in fish has led in recent
years to do routine investigationé into the effect of pollution
~on breathing rgte in fish,QSppor EE.@;’ 1971 ;. Sparks et al, 1972).
Some pesticideé (Bergen, 1971; Kawatski & McDonald, 1974;

Gupta & Balbir,‘{974; Rao & Raq, 1979) and metal ions (Janssen,
1970; Hodson, 1976b; Gould & Maclmnes, 1977) have beenrshown

to have advérse effect on the cellular respiration.and thus
cellulagr respiration could serve as an indicator system

for pollution.

Rotenone, a plant derived toxicaht has been only studied
t;:ézg;éa%er~detail among the ﬁlant toxins. It is known to
reduce the capacity of cells to wiﬁhdraw oxygen from blood at:
tissue capillary bed (Perry & Conway, 1977). Lindahl and
Oberg (1950) frist demonstrated in fish that gill filaments
tfeateé in z;ﬁgg with rotenone reduced oxygen uptake.

Horgan et al (1968) studied the action of rotenone at sub«celiular
level and found that it acts principally by blocking the

reduced nicotinamide adenine dlnucleotlde dehydrogenase segment

in mitochondral resplratory chain. Fromm (1970) demonstrated

that rotenone reduced perfusion flow rate‘in isolated gill

arches. Nath et al (1980) have shown that the inhibitory

action of different rotenoids on respiration ggAzlggg

depends on their‘structure. Drugs like antimycin A, oligomycin,

dimercaprol and atractyloside are known either to inhibit

oxidative phosphorylation or act as uncouplers (Harper et al, 1977).
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The toxicity of various substgnces to aguatic organiems
are influenced by different physical féctors (Cairns, 1957).
Some of them like dissolved oxygen (Kusins‘& ﬁangum, 1971),
temperafure fArrington & Sellers, 1576), salinity (Nammalvar,
1977), pH, oemotic pressure and light (Igram & Wares, 1379)
are known to influence the rate of oxyéen consumption in

fishems exposed to toxXxicants.

Plan of work

The pfesent study on the effects of alcoholic extract of
fruits of Z. armatum on oxygen congumption were done both at
organismal level gnd cellular level in metabolically active,
tissues like liver and brain in fish. Studies at organismal
level were done by subjecting the gill—b:eathing weed fish

Tilapia mogsambica to different concentrations of the extract

and measuring the oxygen level in the medium to find out if the
extraet has got any effect on the rate of oxygen uptake from
water with relation fo the concentration and time of treatment.
The cellular respiration experiments were done by treating

in witro fresh liver and brain tissue homogenates of Heteropneustes

fossilis with different concentrations of the extract and
measuring the rate of oxygen consumption by Warburg respirometer

using glucose as the substrate..

MATERIALS AND METHODS

The gill-breathing fish Tilapia mossambica were obtained

from Gauhati fish farm and Heteropneustes fossilis were

purchased from the market at Gauhati, Assam. The fishes were
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brought to Shillong and acclimatized to laboratory conditions at
20 ¥ 20C at least for two weeks before using them for experiments.

H. fossilis were given powdered dry fish and I. mosgsambica rice

bran and oil cake as food, on alternate days. The gill breathing
fish were aerated during ecclimatization peried.

The alcoholic extract of fruits of Z. armatum used in the
experiments was prepared by CDRI as mentioned in Chapter I.
Three different concentrations (15, 20, 30 ppm) of the e;tract
and a control were run in triplicate for oxygen uptake study
by the whoie enimal. The diluent water which was used in thel
experiments was unchlorinated tap_ﬁater, hgving the same
‘qualities as mentioned in bie—assay experiments. The experiments
were carried out in closed jars containing 5 ;itre of tap water
with 3 fish (I. mossambica) weighing approximately 30 g in each
jar. The surface of water was layered with liquid paraffin to
avoid conﬁact with the atmosphere. The oxygen content of water
both in control and experimentaL jars were estimated using
Winkler's method (Welch, 1948) at 30 minutes intervals fill 6 hrs.
The water for oxyéen estimation uégg taken out slowly through
a stoppered out 1et.vA few fish died in 20 and 30 ppm concentrations
during the experimentation period and they were removed soon after
their death. During these eiperiments other physico-chemical
factors were kept constant. The'oxygen content of the water was
kept higher than the critical range. There was no death of*fish'
in the control jars. The average rate of oxygen uptake for each
30 min. interval was calculated and expressed as mg oXygen

consumed/g fish/30min.
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The tissue respiration in vitro was carried out at two

temperatures (20°C & 30°C) in the brain and liver tissues of

H., fossilis. 10% tissue homogenates were used for measuring

the rate of respiration. The oxygen consumption was measured by

Warburg respirometers with glucose as the substrate (Dixon, 1943).

The Warburg flask contained 3.2 ml reaction mixture as follows:

Control

Main chamber :

0.8 ml1 Sucrose (0.25M)

0.7 ml Phosphate buffer
(1 M, pH. 7.4)

1.0 ml tissue‘
homogenate (10%)

Centrsgl well : 072 ml

Side arm : 0.5 ml

The TB (thermobarometer)
buffer in main chamber..
After allowing 10

temperature the contents

~

of 10% KOH
of glucose (1.0M)

Experimental

0.8 ml Sucrose (0.25M)
0.5 ml phospha%g buffer
(1 M pH, 7.4)

;.0 mlltissue
homogenate (10%)

0.2 m1 of 10% KOH.
0.5 ml of glucose(1.0M)

0.2 ml of Z. armaéum
fruit extract.

was prepared with 3.2 ml of phosphate

minutes for equilibration at required

of side arm were miXed with that in

central chamber. The oxygen consumption was then measured in the

barometer continuously for 30 minutes at 5 minutes interval. All

chemicals used in the experiments were of analytical grade

supplied by either Sigma Chemical Co., U.S.A. or Glaxo.

Laboratories, India.
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RESULTS

Effect of the extract on oxygen uptake by fish (T. mossambica)

~

The oxygen uptake by Tilapia mossambica during initial
stages of the experiments were at a higher level in all the
three concentrations of the extract studied and alsb in the
control (Table.12:Fig 12 & 13). In controlgfish, the oxygen
consumption gradually reduéed to a stable state by 4 hrs. At
15 ppm concentrationﬁ of the extract there were proionged

fluctuations in the rate of oxygen uptgke by fish which
. o~ :

stabilized at a lower level control by~5 hrs.
The patterns of oXygen consumption at 20'and 30 ppm were parallei.
quever, the initial stimulatiOn of oxygen uptake was at an
earlier time and to a comparatively higher level and the final
stabilization point at a lower level in 30 ppm concentration _
ngﬁereé—gb that in 20 ppm. In general, it was seen that the rate
of inhibition of oxygen consumptiop was dependent on the
concen@ration of toxin and the stabilization points reached were
lowe¥ ag the concentration of toxin increased.

The maXimum inhibition of the rate of oxygen consumption
(-=25%) at 15 ppm Was observed between 5 and 5.5 hrs. In 20 and
%O ppm concentrations of toxicant after an initial fgll, the rate
of oxygen consumption reached maXximum at 3 hrs and 2.5 hrs
respectively and then gradually. came down towards the end of
the experiment,

It was observed that»there was no death of fish in
control and 15 ppm concentrations. At 20 and 30 ppﬁ conceptration

few fishgg died during eXperimentation. The rate of mortality was

higher in 30 ppm concentration.
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Effect of the extract on oxXygen consumption by tissues

The results on the oxygen consumption by brain and
liver homogenates of H. fossilis in presence of the extract are
given in Table 13. There was no signifieant change in the
cellular oxygen consumption rate in presence of the toxicant
both at 20°C and 30°C temperatures However, at 30°C the rate

of oxygen consumption was higher than at 20°C in both the tissues.

DISCUSSION

]

Effect of the extract on oxyzen uptake by the fish.

The changes on environmental conditions cause stress to
the animals and influence their metabolic state. Ail organisms,
when squected to stress, sﬁow different physiological responses.
These are either shortiterm or long tefm responses. The short
term responses are meant for @ﬁe;immediate adjustpent to the
changed environment and éccur spontaneously such as $% changes
in the rate of heart-beat, opercular movgment, respiration etc.
The long term responsesAoccur gradually and in a comparativelyA
slower rate to develop a stable changed physiological condition
due fo process of acclimatization to the changed environmental
conditions.

Environmental stress like temperature (Bullock, 1955;
Fry, 1958; Precht, 1958; Wares II & Igram, 1979), salinity
(Job, 1959; Nammalwar, 1977), high oXygen levell(Kewalramani
& Pradhan, 1955; Wares II & Igram, 1979), pH, os&btic pressure
énd light (Igram & Mares II, 1979) have been shown to increase

oxygen consumption in fish. In our experiments on oxygen consumption
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by intact fish (Tilapia mossambica), it was seen that the rate

of oXygen uptake was very high in the initial stage of the

experiment. This might be due to bﬁﬁ disturbances caused to the
fish while transferriné them from aquaria to experimental jars.
This has been further supported by the fact that the fish which

were introduced in different concentrations of the extract

showéd a higher level of oxygen consumptioniﬂoempe§g§;§5 control

»

because of additiqnal irritant stress acting upon them due to

the presence of tﬁe toxin. Ip control fish, the higher rate

of oxygen consumptién decreased after a few hours of the
beginning of the experiment. One reason for this decrease in
oxygen consumption could be due to acclimation of the fish to |
the prevailing conditions. The fish which had become over active
on transfer to the jar due to stresgs, gradually got aqclimated
and became qui/scent and therefore, there might have been a
decrease in its metabolic rate.'The experiment being conducted

in a static state there could havg been a sudden lowering of
dissolved oxygen during the initial few hours due to high

rate of oxygen consumption by fish. It is known thatilower
dissolved oxygen level declines the rate of oxygen consumption in
fish (Wares II & Igram, 1979); insects (Walshe, 1947) and snails
(Kusiﬁs & Mangum, 1971 ). Hence, another reason for the decline in
faté of oxygen consumption might be due to decrease in total. _
dissolved oxygen concentration of the media (Table 13). Towards
the end of the experiment it wasAobseryed théf the rate of

oxXxygen consumption qf control fish again increased_and stabilized

at a little higher level. This may be due to the acclimatization
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of fish to the jar condition or this could be due to the

indegenous circadian rhythm. The fishrshowed-a graded response

in their rate of oxygen consumption to three different
concentration of Z. armatum fruit extract tested. At 15 ppm,

there was no definite alteration in the rate of oxygen

Aconsumption. The gtabilization point of oxygen uptake was

reached by the 4th hour. This was at a lower level to that

fougd in control fish and at a»highe{ level compared tq

20 and 30 ppm. The response of.f;shrat 15 Ppm cohcentration

of toxin cou;d be cogsidered’as a sqbfLethal‘response and

could be related to absence qf mortality during the_tgsﬁ period.
At 20 and 30 ppm of the gxtract the response of fish was parallel,
both showing e;evated rate of oxygen uptake betﬁegn 2nd and 4th
hour of the_treatment following a gradual decrease. The

stabilization points were observed after 4Y2 hours in both the

concenﬁrations. The increase in rate of oxygen consumption in

20 and 30 ppm can be related with thei; hyper active state
requiring more metabolic energy. They alsoAshowed higger rate

of opercular movement. Pesticides.areishown to increqse the

rate of oxygen cogsumptiop of‘fish with the risg'in gctivity
(Woinod & Johansen, 1974; Lingargj‘&'Venugopalan. 1975).

éimilai typé of dose dependént graded response ig rate 6f'
oxygen'uptake has also been reported in zinc toxicity (BEafie}d

& Matthiessen, 1976) and in pesticide toxicitz.(Luhn,gi al, 1976)°
Dechev and Matveeva (197__8) observed that oil _a,na~ detergents | ‘
étimulated regpiratoiy acfivity in fish during the ipiﬁial stages.
Later, there was a sharp drop in»?heir ?espiratory activity. These

results seems to be similar to that found in our studies at
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higher concentrations (20 & 30 ppm).

It could be seen from these studies that the stimulation
and inhibition percentage of the rate of oxygen uptake was alsp
concentration dependent. The maximum stimulation were + 54%,
+151% and % 156% and maximum final inhibition were - 25%, -39%
and -56% at 15, 20 and 30 ppm of 3Z. arm;tum fruit extract
regspectively. The amount of oxygen_consumed by fish in a given
time is dependent on such factors as the amount of muscular
activity displayed, with its consequent greater or lesser
congumption of energy (Beamish, 1964).

The pattern of étimulation and inhibition of oxygen

uptake by Tilapia mossambica observed with the increase in
concentration of toxicant could be related to higher muscular
activity exhibited by the fish due to irritant response produced
by the toxicant. The stabilization points seen at different
concentrationg clearly show a lowering of metabolic activity
at higher concentration. | -

The increase in oXxygen uptake in terms of opercular
frequencies after the threshold time, has been observed in
some mefal ions(like copper (O'Hara, 1971), cadmium (Gardne: &
Yeviach, 1970) and chemicalsAlike phenol (Mitrovic gﬁ al, 1968),
ammonia and cyanide (Jones, 1964). Theldeéline in rate of oxygén
uptake after: a brief period of increased activity might be due
either to the failure in the efficiency of the fish {)for
detoxification or to the activity of the toxicant as a respirétory
depressant acting on some other physiological or biochemical

processess or both.

Effect of the extract on oxygen consumption by tissues

Tissue regpiration gives a measure of oxidation process
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occu;ing at sub-cellular level which involves enzymatic reactions
to liberate enefgy. The inhiblfion of certain enzymatic steps
due to hypoxic conditions by anytype of stress will lead to
decline in production of energy. This * ' ;.in turn will.affect
all other metabolic processes occu;&ng in an animal, as most of
them are energy dependent processee. It is known that many
pesticides (Bergen, 1971 Kawatskl & McDonald, 1974, Gupta & Balblr,
1974; Rao &ﬁRao,~1§79) and metal ions (Janssen,'1970, Hodson, 1976b;
Gould & Maclnnes, 1977) inhibit the tissue oxygen uptake
creating a hypexic condition epd inhibitingioxidative enzymes
of mitochandria. Rotenone treated glll filaments of fish are
known to reduce oxygen uptake (Lidahl & Oberg, 1960). It has
been reported to act by blocklﬁg‘the reduced nicotinamide
adenine dinucleotide dehydrogenase segment in mitocpondrlil
respiration. The results of the present study indicate that
there was no change ip oxygen eonsumptlon of both live; and
brain tissue homogenates wlth glucose as subetrgte at all the
three concentrations of Z.armatum fruit extract. The effect of
toxicant on tissue respiration vas studied at two temperatures
(20°C & 30°C) because high temperature is known to enhance the
rate of organlsmal and cellular resplration (Kanungo & Prosser,
1959a, 1959b; Parvatheswara Rao, 1972) and tox101ty of
many toxicants (Cairns & Scheier, 1959, 1962 Hodson, 1976b)
Though there was a rise in rate of resplratlon at hlgher

emperature both in brain and llvep‘tlssues, the 2. armatum

fruit extract did not alter the rate at both the temperatures.
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It can be,therefore, inferred from these studies on tissue
oxygen uptake that the Z. armatum fruit extract does not
have any direct inhibitory action on sub-cellular respiration'
process. The inhibition of oxygen uptake by intact fish could

be due to paralysing effect of the toxicant on the different

organs related to the oxygen ﬁptake.



CHAPTER |V

ENZYMATIC STUDIES
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INTRODUCTION

Enzymes are a group gf functional>prot$ins catalyzing
different biochemiqallpathways in!an“orgﬁnism:.They contrg;
different metabglic functions in an animal. Many enzymes are
regulétorj in nature and_pespond promptly to various changes
in the environment. The pattern of résponse_of_different
enzymes Vari;s depegding on tyg nature and Qpration of exposure
of the organism_to a particulgr environmental facﬁor. A large
volume of literature is available on the effects of different
xenobiotics on d%ffe;ent enzymes in mammals. However, such
stu@ieé in nonemammalian vertebrates are limited. The behaviour
of a few enzymes to v;rious xenobiotics like pegtiéides, fertilizers,
industrial effluenﬁs and metal ions have been inyestigated in
fish and other qrganisms (Shaw,'1954; Hewitt & Nichqlgs,_19é§; ’
Dixon & Webb, 1984; Ch;iséeqsen, 1971f72; McKim et g;? 1973,1974.
1975, 1976; Brungs et gl, 1977; Krishna Murthy, 1980). The
activity of AchE and ATPase have been fheimain target of
investigation with respect to the treatment of different toxicants.

Mized function oxidaser(MFO)rin liver is known to
mgtabolically degrade the pesticidés. Aﬁ ;pcrease in its level
after the‘trggﬁment with pesticides like'gldrin, chloradane,
mg}athion, parathion, pyrephrin and roteqpne havg bgen shown by
various workerg.(G;bson,-1%71; Ludke et al, 1972; Fabacher &
Chambers, 1972a, 1972b; Chambers & Yarbrough, 1973; Stanton &
Khan, 1973%; Garretto & Khan, 1975§ Mukhopa@hyay»& Dehadrai, 1978).
Moffett and Yarbrough (1972) and McCorkle and Yarbrough (1974)@_
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reported inhibition of succinic dehydrogenase (SDH) activity by
DDT and mirex respectively in susceptible mosquito fish. The
inhibition of gﬁtlinvertase after phosphomidon exposure in cat-

fish Clarias batrachus was shown by Ghosh and Konar (1973).

A positive correlation between endrin toxicity with inhibition

of o« -amylase activity in hepatopancreas of g. batrachus was
suggested by Bhattacharya et QLA(1975)- Thomas and Mur?h& (1976)
gtudied the effect of certain oréanic'pesticidés like phosihomi@on,
endrin‘and sevin on acid phosphatase activity in liver, kidney and

intestine of fresh water fish Heteropneustes fossilis. A

significant increase of thesge enzyme activities in the tregted
fish weré gseen with endrin. However, there was no significant
change in the enzyme activities with other pesticides. Alteratiéns
in the activity of certaih enzymes in liver and kidney of N
Chgnna pgnctatus.exposed to endrin ﬁere‘studied by Sharma and
Sastry (1979). Endrin ighibited acid-,Aalkaling-and Glucose—6§
phophat;se and lipase, and stimulated'amylase activity in liver,
In kidney, though there was slight elevatien in phosphatase
activity,'the inqreaseuin aci@- and alkaline phosphatasg was
insignifieant. Sastry and Sharma (1979) found that the activity
of acid- and alkaline-phosphataseﬁand glucose~6—phosphataée in
liver of C. Qungtatus were inhibited on expoesure to endrig for

15 days, where as exposure for 30 days significantly elevated the
enzyme level. The enzyme levels remained elevated till 30 days

in kidney which has been attributed to the increase in |
transphosphorylation. Agute toxicity of endrin on.the activities

of some oxidases (Sharma et al, 1979) and Diazinon on the
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activities of some brain enzymes (Sastry & Sharma,198q) have

been studied in Ophiocephalus punétatus.

The effect of sublethal concentration of industrial
effluents qn kidney peroxidase have peen studied by Mukherjee
& Bhattacharya (1975). They showed a 70-100% inhibition of the
enzyme in O. pgégzgggg and g.mbatraéhus."Theuinhibition of the
activitiés of fhyroid peroxidése and hepatopanpréatic proteases
respéctively'in Q. punctatus treated with industrial pollutants
- have been reported by De & Bhattéchéryau(197é) and Bhattacharya
and Mukherjee (1976)-respectiveiy. Vermaﬁgi gl (19753 have
reported the iﬁhibifopy effect‘of.d;sti;lery‘wa;te on the

activities of acid-~ and glkaline-phosphatases in liver and

kidney of Q. punctatus and Saccobranchus fossilis. Ingrease in
| exposure time decreased the enzyme.activitymsignificantly.
Stﬁaiés_on mix function mono-oXygenase 1in aquatic organisms have
shown that'the activities of thig enzyme_coyld be an indicator

of aquatic pollution by industrial effluents (Ahokas et al, 1976).
The activity of MFO has been shown to be indu;ed by polychlorinated
biphenyls in trout liver (Addison et al, 19%8; 1979). Petroleum
and other compounds containing hydfocarbons are known to induqe
aryl hydrocarbon hydroxylase activity (Payne & Penrose, 1975).
This enzymé has been suggested_to be u;ed as indicator of aquatic
pollution by petroleum products._AiteratiQns in the activities

of maﬁy digestive, blood serum and metabolic enzymes have been
vstudied with relation to the treatment of many metal ions like

cadmizum (Johanson & Larsson, 19%8), copper (Lee et al, 1973),

- o -~

>
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lead (Hodson, 1976a Sgstry & Gupta; 1978; Sastry &.Agarwél,
197933, mercury (Kendall, 1975;.Hiqton & Koeing, 1975;

Kollef et al, 1957; Sastry & Agarwal, 197%b; Sastry et al, 1979;
Sastry & Gupta, 1979; Sastry & Sharma 1984}, nickel (Whanger,
1973) and zinc (Watson & McKeown, 1976). Sublethal concentrations
of phenol signi%icantly'ele§ated the_aétivities of some blood
plasma enzymes like LDH, GOT and GPT (Kristofferssen et al, 1974).
The inhibitory activity of‘blood qgllhcarbonic anhydrage in A

channel cat fish (Ictalurus punctatus) by inorganic .cations,

organometailic gations, some anions and pesticides were

reported by Christensen and Tucker (1976).

-

Inhibition of LDH, kidney‘peroxidasé and allontoinase by
pesticides like aldrin, parathion, dieldrin and related
compounds, kepone, eﬁdrin,DDT'and PCB have been studied in vitro
(Hendricksen_and Joe, 1976; Apderson & Carter 1977; Passino &
Contant, 1979). Chambers et al '(‘1 979) shoved that the
acfivities of AchE ahd alkaline;phosphatase were enhanced on
chronic exposure to crude oil. Bogin and Abrams (1976) reported
the inhibitory effect of garlic éxtract on hepatic and serum

GOT, GPT, LDH and ChE in guinea pig.

The varied types of reéponses éhown by different enzymes
are reflected on the physiological activities of the ofganism
leading to behavioural changes. Thgs, the selection of an
énzyme fop a partipular toxicant could bé made from the
behavioural regponse of the animal for that particular toxicant.

The hyper activity of H. fossilis on treatment with Z. armatum
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fruit extract and then g gradual reduction in its activity
resulting in its inability to reach the surface of water for
aerial respiration towards fhe lethal pﬁase were assumed to

be the impact of fhe toxin on either neufal transmission or
the_lack of energy production iq fish or both. Considering fhe

behaviour of H. fossilis to Z. armatum fruit extract along with
its effect on physiolqgical parameters.like blood parameters,

| oxygen uptake and respiration, studies on thé key enz&mes

namely Acetylcholinesterase (AchE,E.C.3.151.7) responsible far

neurotransmission and Adenosine triphosphatasét(ATPase, E.C.3.6.

1.3) for release of metabolic energy in treated'fishqp

were undertaken.

Acetylcholinesterase

Nervous transmission is oqe of the suitable targets for
any toxicant since this ig the basis for coordination of
different physiological functions. AchE helps‘in hydrolysis
of acetylcholine (:Dale, 1914), a n%&otransmitter released
during the transmission of nerve impulse in the cholinergic
synapses (Nachmansphn, 1959). Besides cholingrgic synapses,
Ach and AéhE are also present in neuromuscular junctions
(Progser, 1973; Rubin et al, 19795 and nerve free endplates
iWeinbgrg & Hall, 1979). The level of‘AchE activity hé%g been
éonrelated with the generzl state of activity of  animals
(Vijéyalakshmi et al, 1977). Therefore, alterations in AchE
;ctivity could be used gs an indicator for any type of stress

causing change in the activity of an animal. AchE activity mswe &e-
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been shown to be influenced by differenﬁ physiological and

physical factors like aestivation (Mural.i Mohan et al, 1977) ,

photoperiod, light intensity and m;tor activity (Wood & Rose,
1979), hydrostatic pressure (Millar,gg al, 1974): temperature,

| pH (Ngo & Laidler,A1978) and—X—irradiation (Valcana et al, 1974).

Several investigators ha%e reported e different
moleculér farms of AchE both in veftebrates ahd invertebrates.

Principato et al (1973)’rep6rted three forms of AchE in

Allolephorg caliginoesa. The enzymatic forms are shown to be

monomeric, dimeric and tetrameric. The monomeéric farms seems to be

composed of two subunits. The AchE of Electrophorus electric
organ is shown to contain six molecular forms, ‘three.globular
and three gsymmetric forms which are similar as that of

Torpedo marmorata (Bon & Massolie, 1976a, 1976b; Bon et al,

1976; Riégerlgg al, 1976). In chick,.thrée molecular forms of
AchE as 118, 6SAand 438 components have been characterised.
(Marchand et al, 1977). The 115 form represents most of AchE
éctivity in adu;t braiq. In fish there gre six mqlecular forms
of AchE like thgt of mammals (Vigny et al, 1979); Three are
globular forms and other threé asymmetr;c structures. The
gldbular forms occur as monomer, dimer and tetramer where as
the asymmetric forms are found to contain one, two and three
tetramers. Qne of the asymmetric forms has been reported in the
'néuromuscular junction (Hall, 1973%; Vigny et al, 1976). In brain
of mammals 48 and 108 férms are found. The kinetic differences
of AchE observed in different tissues of various animals

(Mohan & Brink, 1970; Moudgil & Kanungo, 1973; GoodKin & Howard,
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1974; Giri et al, 1977; Moss & Fahrney, 1978; Vanker &
Mizukami, 1979) might be due to the tissue specific iso-enzyme

variastions.

Several AchE specific electrophoretically separable bands
have been demonstfated on gels in various tissues of different
animal g. Three electrophoretically separable zones of eserine
sensitive enzyme activity agginst acetylthiocholine in mammalian
brain were identified in starch gel matrices by Bernsohn et al
(1963) and Barron et g; (1963): Maynard (1964a) has demonstrated
fhree AchE’specific bande in embryonic‘bfain and skeletal muscle,
as well as in adult chicken brain. Maynard (1964b) has described
two isoenzymic forms of AchE by gel electroﬁhoresis in three
species of lobster nervous system. The rapidly migrating form

‘was predominant in central ganglia and interganglionic connectives,
while the slower moving enzyme was mostly present in peripheral
nerves. Baldwin and Hochachka (1970) have shown two distinct
bands of AchE in brain of trou%, one being predominant in cold
acclimatizeg and the other being predominant in warm_adapted
fish. Beth forms were found in the fish acclimatized to
intermediate temperature. Moudgil and Kanungo (1973) have
reported only one band of AchE which was eseriﬁe sensitive in
the cerebral hemisphere of rat of different ages. Vijayan and
Brownson (1975) have shown three different bands in different
parts of brain of rat. Gisiger et al (1978) separated five

bands of AchE from rat sympathetic ganglion.

Many of the commercially available insecticides work by

interfering with passage of nerve impulse (Corbett, 1974).
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They are thought.to act on (i) aXonal transmission (ii) acetyl-
choline receptor or (iii) tﬂe-enzyme acetylcholines%erase. The
inhibition of acetyl;holinesterase by toxicants stops the
hydrolysis of acetylcholine leéding to its accumulation and

thus prevention of the smooth transmission of nervous impulses
across the synaptic gap. This results in electrophysiological
disturbances causing loss of muscular coordingtion and induction

of convulsions leading to death.

Most of the work on specifiec anticholinesterase ,;agents and
other reaction-rate-influencing chemicals (in vivo and in z;igg)
are concefned with pesticideé belonging toﬂthe group of
carbamates, alkylphosphates, selenophosphates, fluorophosphates
and organosulfates (Hayama & Kuwabara, 1962; Davis & Mulancy,
1967; O'Brien, 1967; Voss, 1969; Karczmar, 197Q; Su et al, 1971;
Gibson & Ludke, 1973; Corbett, 1974; Mukherjee & Bhattacharya,
19745 Thirugnanam & Forgash, 1975; Coppage; 1977; Olson &
Christensen, 1980). Some metal ions like copper, mercury, lead
and nickel (Abou-Donia & Menzel, 1967), alkyl lead (Galzigna
et al, 1969; Heywood et al, 1978) and industrial effluents
(Karczma¥, 1970; Mukherjee & “Bhattacharya, 1974) have also been
éhown to decrease the level of AchE. Carboxylesterases have
been reported to be inhibited by organophosphate-insecticides‘
(Aldridge, 1953; Oppenoorth & Ven Asperen, 1960; Danford &
ﬁeardmore, 1978; Chin & Sudderuddin, 1979); '

Several toxins from algal sources have been investigated

for their effect on neuromuscular junction. Gymnodinium veneficum

toxin stimulates transmission before blocking and acts as a

depolarizing.agent (Abbott & Ballentine, 1957). The ﬁoxin of
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Gonyaulax catanella (Burke et al, 1960) and saxitoxin from

Saxidomus giganteus block axvnal and muscle conduction without

dépolarization and show very little effect if any on neuro-
muscular junction (Kao .& Nishiyama, 1965). Venoms from wvarious
sources, both from vertebrate and invertebrates are also
known to possess neurotoxic action (Gérdiner, 1972; Levinson

et al, 1976; Tu et al, 1975; Sen et al, 1976).

The tissue specificity.in'terms of reaction to different
toxicants could be explained by presence of different iso-enzyme
patterns of AchE in Various organs and tissues. Different
isoenzymes of AchE have Been shown to have mafked differences
in their-inhibitory aqd recovery time on parathibn treagtment
(Vijayan & Brownson, 1975). Ozretic and de Ligny (1978) have
émphasised the need of isbenzyme studies on AchE %or more
specific monitoring of organophosphate pesticideg. Some of the
new aspects of target enzyme inhibition interaction inclndes the
‘studies on the existence of isomers of AchE and their relative
rates of inhibition by organophosphates, the likely idenfity
between the receptor site for binding of acetylcholiné andv

the multifaceted membrane bound AchE (KrishnaMurthy, 1980).

Most of the neurotoxic action usually lead to behavioural
changgs in their activity. The fish becomes excitéd at the
initial stages of the treatmeﬁt of the toxicant,'then diépla&s
erratic convulsive movements with freqﬁent'tremors and finally

shows a gradual cessation of activity leading to death.

Adenosinetriphosphatase (ATPase)

Most of the physical, physiological and biochemical

processes in an organism depend on the availability of metabolic
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energy supplemented by the breakdown of ATP molecules.. KTPase
is the enzyme which hydrolyées ATP molegule to liberate energy.
Mainly three types of ATPase have beenvrepognised in ;i%ing
systems depending on the reQuirement of dif?erent metal ions
for their activity. They are Mg°® ATPase, Ha', K ATPase and

Ca2+

ATPase. Mg2+ ATPase is mainly concerned with energy

supply for general metabolism and Na+, Kt ATPase primarily
provides energy for active transport to maintain ionic
equilibrium. Ca2+ ATPase is known to be responsible for active
transport of Ca2~F ions on the axXonal membrane. Therefore, the
distribution of different ATPase depend on the functiong carried
out by_them. In aquatic orgénisms Na+, Kt ATPase pXays an -
important role in osmoregulation which is an adaptation of an

aquatic organism to its environment (Jampol & Epstein, 1970).

~

Horiuchi (1977) chaqapterized"Na+, K+ ATPase from heavy:

mnicrosomal fractions of gill of fresh water crayfish Procambarus

clarki. He has reported the K of gill Na¥, KV ATPase for ATP

as 7.1 x 107% and the X of Mg+

2+

ATPase as 3.7 X 1@‘4M. The

presence and properties of Mg“" -~ HCO, stimulated and SCN™

3 .
inhibited ATPase in mouse kidney was studied by Suzuki (1978).

2+ 2+

His studies indicate that SCN~ inhibited both Mg - and Mg —HCOB—

ATPase activities at concentrations above 10"2

M. The Kﬁ of
, Mg2+ ATPase in mitochondrial, microsome I, microsome II fractions

for ATP were found to be 2,77 mM, 1.,49mM gnd 1.47mM respectively.

The activity of the animals could also be related with
ATPase getivity as it is directly related with energy metabolism
in the organism and also indirectly regulate the Ach levels

(KrishnaMurthy, 1980). The endogenous rhythm of ATPase activity
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have been studied in various organisms  (Nishiitsutsuji-Uwo et al,
1967; Bakkerren et al, 1971; Reddy et al, 1977) and are
discussed in relation to neuronal activity and activity of

the animal as a whole.

Various factors like temperature (Shamoo et als 1971
Kohenen et al, 1973; Adams et al, 1973; Zaugg & Mclain, 1976;
‘Lageﬁietz, 1977)'photop¢riod (Wanger, 1974), salt concentration
(Epstein et al, 1967, 1969; Kéﬁiya &,Utida"19§8; Zaugg& Mclain,
1970 Tﬁomson et aL, 1976) and habitat (Maruyama, 1955; Srijastava

et al, 1977) are known to inflaence ATPase activity in animals.

Many pesticides like DD?, DDE, aldr;n,.éieldrin and

~ kepone (Desaiah et al, 1974, 1975a;'Désaiah & Koch, 1975c;

Price, 1976; Desaiah et al, 1977a; Banerjee et al, 1978;

Cutkomp et a1, 1976, 1980; Neufeld & Pritchard, 1979;

Ghiasuddin & Matsmura, 1979; Srivastava et al, 1979), 5. <
polychlorinated biphenyls (Koch et al, 1972), pyrethroids
(Desalah et a1, 1975b), metal like chromium (Kuhnert et al, 1976),
éynthetic detergents (Verma et gl, 197%a, 1979b) are Xnown

to effect total ATPase, Mge' ATPase and Na®, KT ATPase activity
in different tigsues of vertebrates and iﬁvertebrates. Eff ect

of Rubratoxin, a mycotoxin obtained from;Pe@@illium rubrum,'on

Nat, X* and Mg®t ATPase have been studied by Desaish et al,
(1977c). They have reported inhibition of the enzymes in brain,
kidney and liver of mouse. These inhibitions were concentration
dependgnt. There is no . information regarding the inhibition

of ATPases by plant toxins.
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Gertain chlorinated insecticides are known to cause
repetitive discharge of herve impul se @Matgumura & Narahashi,
1971). It also prolongs amplitﬁde and duration bf)the negative
afterpotential at synaptic junctiQnAwhich is caused by release
of KT iciis (Corbett, 1974). A-nervg impulse passes down the
axon as a result of sequg@t;al changes in the permeability of
the axonic membrane %o Naf and Kt ioms. The mainfenance of
membrane potential is an active process and is dependept on
the availability of metabolic energy by the activity of Na®,
Kt ATEase. Therefore, inhibition'of the activity of Na+, Kt
ATPase will affect the smooth passage of nerve impulse. Studies
on developing rat brain hév§ revealéd an increase in ATPase
activity‘of nerve ending frgctions from prenatal to ten days
0ld animal (Abdel-Latif et al, 1967). They have also shown
the correla%ion betwegn appeargnce of electrical activity with
therdevelopmentréf Na‘t, Kf stimulated ATPase in nerve ending

fractions of developing rat brain. °

ATP is known to be an antagonist of acetylcholine
(Krishna Murthi, 1980). H?nce,-it has been suggested that the
synthesis of ATP and ATPase mediated transport are involved
in the regulation of acetylcholine level, The functions of
neurons dependvgmong other things on actiye Na®t and K# transport
ag_well as on_ﬁassive permeability of the'céll membréne. The
passive permeability Qf cgll membrane has been suggested by
Duncan (1967) to be controlled by the activity of the membrane
bound Mé2§.ATPase. Therefore, both Na+, KT ATPase and Mg2+
ATPase activity in the nervous system have their ro;e to play

in neurotransmission.
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Some‘works have been done on the direct gction oﬁ the
pesticides on the ATPase activity in vitro. Desaiah et al (197%3
have shown the non competetive inhibitibn of Mg2+ ATPase b&
kepone in rat liver. There was no change in Km value. Kepone
_abolished the 2-4 Dinitrophenol (DNP) stimulated Mg ATPase
activity. DNP stimulated Mg2+ ATPase are known to be involved
in oxidative'phosphorylation that resu;ts.in production of ATP

(Lardy et al, 1958; Racker et al, 1975).

Plan of work

This chapter deals with the effect of Z. grmatum fruit
extract on the activities of AchE, in brain and muscle and of
total,"Mg2+ and NatL Kt ATPase in brain, muscle and gilliof

H. fossgilis. The detailed experiments were as given below.

1. BEffect of different concentrations of the extracti' on
the activities of the enzymes in vivo. |

2. Effect of LCSO concentfation of the extract (20 ppm)
on the activities of the enzymes in vivo with relation
to the duration of treatment. |

3. Effect of the extract on the activities of AchE and

Mg2+

4. Effect of the extract on the kinetics and nature of

ATPase treated in vitro..

inhibition of AchE and Mgt ATPase.
5. . Isoenzyme pattern of AchE of brain and muscle by specific

staining on polyacrylamide gels.
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MATERIALS AND METHODS

The gir-breathing fish H. fossilis was used for the

enzymatic studies. The fish were collected and maintained in

the laboratory as mentioned in the Chapter I. The weight of

the fish used in the experiments ranged between 12-15 g

indiscriminate of sex.

-

Treatments

1.

Bffect of different concentrations of the extract on the

activities of the enzymes in the fish in vivo

A group of six fish were sabjected to a range of concentrations

"of the extract (15, 20, 25,.35 and 45 ppm). The tréatment

procedure were the same as described in the Chapter I. The

- fish were sacrificed by decapitation at 6 hours post-treatment

or at lethal phase whichever was earlier. The gctivities of AchE

.. were estimgted in brain and muscle, and ATPase in brain,

muscle and gill tissues.

Effect of LCEO concentration of the extract (20 ppm) on the

“activities of the enzymes in the fish in vivo with relation

to the duration of treatment

The fish were treated with 20 ppm (LCSO) concentration of the
extract and the enzyme activities %ere estimated gt different
time intervals (1hr, 2hrs, Bhrs, 4hrs, 6hrs, 8hrs, 10hrs,
12hrs and 24hrs3 in brain, muscle and gill.tissues. At each
time inﬁerval 6 fish were Sacr;ficed for estimations. The

treatment procedures were the game as described in Chapter I.
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3. Effect of the extract on the activities of AchE and Mg2™

ATPase treated in vitro

The effects of different concentrations of known inhibitors
like eserine and KSCN fo; AchE and Mg2+ ATPase respectively
were compared with inhibition by Z. armatum fruit extract
in vitro. The inhibitors were added in the reaction mixture
at different concentrations snd the enzyme activities were

estimgted.

Tissue processing

The fish were killed by decapitation and different tissues
were removed immediately. Théy were washed in ice ébld 0.25M
sucrose and blotted dry with filter paper. The tissues were kept
deep frozen at -15°C till estimgtions were made. All estimations
were completed witﬂin a week. of experimentation. It was observed
that deep freezing upto one week did not alter the activities
of the enzymes, studied. Each tissue was weighed in a single pan
balance and 5-10% homogenate was prepared in 0.25M sucrose in
an all glass Potter-Elvehjem type homogeniser. The homogenates
were centrifuged at 14,000 x g at Oi 2°C for 20 minutes to
sediment ﬁitoghondrial and nucleagr fraétions. RThe supernatant

thus obtained was used for estimations.

Enzyme assay :

(1) Acetylcholinesterase : The AchE activity was estimated

— spectrophotometrically following the method of Ellman
et al (1961) using acetylthiocholine iodide as the substrate.
Thg en;yme activity was measured at 412 nm in a double

beam digital spectrophotometer (Beckman Model 26) using
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silica cuvettes with 1.0 cm light path. The rate of increase
in 0.D. due to the yellow colour complex formed by the
reaction of thiocholine, produced by the enzymatic activity,

with di-thio~bis-nitrobenzoate (DTNB) was followed.

-~

AchE

+ H O-————a&Cd - CH,CH,S™

, + , ,
QCHB)BN == CH,CH,SC0 CH 3)3 + CH,CH,

2 3 2

o~

Thiocholine

+ CHBCOO— + 2t

., TR
ECH3)3N u‘Ch2CH2S + RSSR-——9KCH3)3 CH20H2SSR + RS
\DTIB) 5 thio-2-Nitrobenzoic
GOd:fl-mx acid

where R = oZN_.-.__

The final volume of the reaction mixture was 3.12 ml which

‘consisted of

Phosphate buffer ..... cesesree s 83;33 P.moles
(pH 8.0)

gTNB ................. " 0.32 P.moles
Substrates ;....;. ....... .o O°32,P moles
Enzyme extra&t cresseesesenses e 0.1 ml

The blank cuvettes contained all the reactants except the
enzyme in 3. 12 ml. The increase in 0.D. was noted a%

30 seconds interval for 3 minutes when the rate of" change
was linear. The rate of increase in 0.D. for the first

2 minutes was used for calculating the enzyme activity.
The supernatant were suitably diluted so that the change in

O0.D. in ome minute did not exceed 0.1. One unit of enzyme
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activity was defined as p moles of substrate hydrolysed/min/g

tissue and was calculated as follows (Ellman et al, 1961).

A | 1

1.36 x 104 (400/3120) €O

or

R =5.74 x 1074 x &
co
where R = moles of substrate hydrolysed/mln/g, -= change
in absorbance/mln. CO = original concentratlon of tissue

(mg/ml).

(ii)Agenosine-triphoﬁphatase : ATPase activity was estimated

~

colorlmetrlcally follow1ng the method of Swanson et al (1964)
The 1norgan1c phosphate 1iberated by enzyme actlvity was
measured by the method of Fiske and Subba Row (1925)

-~

_ATPase

ATP 4+ H,0 ___ K*, Na¥, Mg®* 0P + B

The standard reaction mixture of 1 ml contained

tris-Hcl buffer, pH 7.5 secvse 30?p.molés
RQL | ;;;..; 30 P.m@les‘
ﬁgCl2 ;..... ZB)u moles
NaCl - croese 100 p moles

Erlzyme ® 0o & 0600 001 m.].

The enzyme was added to start the reaction after

preincubation of the mixture at 37°C for 5 minutes.
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The reaction was stopped after 10 minutes by adding 1 ml
of 10% ice-cold TCA (w/v) and was centrifuged. The
liberated phosphate ﬁas_éstimated in the supernatant. The
standard graph was prepared using different concentrations

of KZHPO The Mg2+ ATPase gctivity was measured in presence

4
of 1 mM oubain in reaction mixture, the latter being a
speaific inhibitor of Na¥, K ATPase activity. One unit of
enzyme activity was defined aS/u moles of substrate
hydrolysed or p.moles of Pi liberated/minute. The enzyme
activities were expressed as total activity (units/g wet wt.)

and specific activity (‘units/mg protein).

Protein estimation

The concentration of protein in the supernatant were
estimated following Lowry et al; (1951) using Bovine Serum
Mbumin (BSA) as the standard. A linear standard graph was

obtained using 10 to 70 jpg concentrations of BSA.

Kinetic studies

~

(a) Determination of apparent Km for the substrates :

The activity of AchE in brain and muscle and Mg2+ ATPase

in brain, muscle and gill}of H. fossilis was assayed at

0.01, 0.02, 0.03, 0.04, 0.05, 0.08, O.1 and 0.2 mM of
acetylthiocholine iodide and 0.25, 0.5, 1.0, 2.0, 2.5,

4.0 and 5.0 mM of ATP respectively. The apparent Km both

for AchE and Mg?+ ATPase were determined by Lineweaver-Burk

plot of the data.
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(b)- Inhibition of AchE and Mg°' ATPase :
The effect of eserine, KSCN and Z. armatum fruit extract

on the act1v1ty of AchE and Mg2+ ATPase were studied. In

brain AchE act1v1ty Was assayed W1th acetylthlochollne .
-6 —6M

iodide as substrate in presence of 5.1 x 10" "M and 6.4 x 10

eserine, and 1360 and 1600 ppm of the extract. However, in
the muscle AéhE activity was assayed in presence'of 3.2 X 10'6
and 6.4 x 107M eserine, and 1200 and 1600 ppm of the extract.
Mg2+
presence of 1.81 x 107°M and 5.45 x 107°M KSCN, and 80 and

ATPase abtivity was assayed with ATP as substrate in

240 ppm of the extract in the three tissues. The substrate
concentrationslwere same as those.useq for the Kh studies for
different tissues. The data were plotted on Lineweaver-Burk
plof to determine the nature of binding of the inhibitors
with the enzymes,

The K; (Z. armatum fruit extract) for AchE in brain and

muscle, and Mgz,*

ATPase in brain, muscle and gill with
respect to their respgctjyg substrates,iacetylthigcholi§e
iodide and ATP, Qere studigd. The AQhE aqtijity was éssayed
at two conéeﬁtrations of a—cetyithiochéline iodide, 0.1M and
0.05M and the extract concentratlons of 1040, 1120 1200, ’
1280, 1360, 1440, 1520 and 1600 ppm for brain and 560 640,
720!;800, 960, 1040, 11%9{ 1200 ppm for musc}e.‘The Mg
AT?ase activity was assayqd at two cogcentrationé of ATP,

1 and 2 mM for brain md gill, and 2 and 4 md for muscle,
and the extract concentrations of 40,_80, igo, 200, 240,
320 and 400 ppm forvﬁhg three tissues. TKi was determined by

Dixon plot of the data.
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Isoenzyme pattern of AchE on polyacrylamide gel

Polyacrylamide gel electrophoresis was carried out to
find the isoenzyme pattern of AchE in brain and muscle,
7.5% gel were prepared according to the method of Davis
(1§64). Electrophéresis was carried out ingide a réfrigerator
ét 2 I 20¢ using tris-citrate buffer 0.02M, pH 8.6 (Maynard,
1964) fof about 2 hours with a constant current of 4 mA/gel.‘A
The gels were pferun for 30 minutes before loading the enzyme.
About 18 units of AchE was loaded in 80% sucrose and bromo-
phenol blue (0.001%) was used as the tracking dye. Following
electrophoreéis, the gels were specifically stained for
AchE following the method of Koelle (1951). The gels were
prgincubated at 0°C in_test tubes coﬁtaining the following

reaction mixture (Maynard, 1964):

0.6 ml of the solution containing 0.375% CuSO4 5 Hy0 and

0.25% glycine,

0.6 ml of 9,5% Magnesium chloride,
0.5 ml of 0.2M Sodium acetate buffer (pH 6.1) and
0.4 ml of 0.1M Copper sulphate. N

After 30 minutes the gels were transferred to another reaction
mixture with thé substrate that had all the above ingredients
and in addition included freshly prepared acetylthiocholine
iodide (0.3M). Incubatipn‘was carried out for 2 hours at

room teiperafure (25°C). The gels were theﬁ washed with
ice—cold watgr ana péeserved in distilled water. The white
pands of copper thiocholine sulphate representing the AchE
activity were observed, photographed and scanned in a double

beam digital spectrophotometer (Beckman Model-26).at 425 nm

~
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to find out the isbenzyme pattern.

All chemicals and biochemicals used were of analyticél
grade, purchased from either Sigma Chemical:. Co., USA;
E. Merck, Germany;_Glaxo Laboratories, Bombay; Centron
Laboratories, Bombay or CSIR center for biochemicals, Delhi.
The glass wares were of ﬁeutral glass purchased from
Borosil Glass Co., Bombay. Double glass distilled water was

used for all biochemical estimations.

RESULTS

°

Effect of different concentrations of Z. armatum fruit extract on

the activities of AchE and ATPase in vivo (Table 15-18;Fig.15-17)

=

Z, armatum fruit extract inhibited the activities of

2+_ and Na¥, K* ATPase in different tissues of H. fossilis.

AchE{ Mg
The activities of these enzymes showed a similar pattern of
decrease ~with increase in concentration. The decrease in enzyme
activities ﬁgés?gradual with ingreasing concentration of the
extract and reached a‘plateau after which the activities did not
qhange. The gpecific activity of AchE was inhibited maximum upto
about 50% in the brain and 40% in the muscl@ by 35 ppm concentrag-
tion of the extract. The inhibition of total ATPase activity was
ﬁakimum in giil (46%) followed by brain (38%) and muscle (35%).
These_maximum 1e;els were reached by 20-55 ppm concentfation of the
extract. It is interesting to note that the maximum inhibition of
the activity of ATPase was achieved at a much lower concenﬁration
of the extract than the maximum inhibition of AchE activity.

It could also be seen that the percentage inhibition of the

activities of total and Mg®* ATPase was higher (35-45%), than

~
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Na®, K* ATPase (20-22%). Therefore, the Mg’' ATPase which was more
- sensitive to g.ﬁarmatum was taken up lalong with AchE for kinetic

studies.

Effect of LCSO conéentration (ZQ ppm) of the extract_on the

~

activities of AchE and ATPase in vivo with relation to the

duration of treatment (Tables 19-30; Figs. 18-21),

The activities of different enzymes SAdhE, total ATPase,
Mg2+ - andNat, x* ATPase) were inhibited gr;duaily with time on
treatment with LC;, concentration (26 ppm) of Z. armatum fruit
extract. The pattern of inhibition of the activities of the
enzymes in different tissues was simi;ar. The inhibit;on was
increased till ?—6 hrs of treatment and then it decre;sed
gradually. The activities returned almost to the normal level
by 24 hgprs. However, different“enzyﬁes shqwed different intensity
and duration ofminhibition in different tissues. The AchE actiﬁity _
was inhibited maximally upto about 40% in the three tissues studied.
However, ATPase showed some tissue specific variat;ohs in thé rate
of maximum inhibition in the following‘qrder, (a) total ATPase -
gill (50%) > muscle (35%) > brain (33%), (b) Még+ ATPase - gill
(56%);»muscle (40%) > brain (33%) ;nd (C)Hha+, K* ATPase-gill
(30%) > muscle (22%) » brain (17%). The activities of AchE were
inhibited earlier than the ATPases. However, the activities of
Brain and gill ATPases were‘maxima;ly inhibited by 34 hrs where

as AchE and muscle ATPase were inhibited maximally by 6 hrs.
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Bffect of different concentration of a known inhibitor and
2+

Z. armatum fruit extract on the activities of AchE and Mg

ATPage jn vitro (Table 31-35; Figs. 22 & 23)

The activifies of muscle AchE showed inhibition much earlier
fhan the brain AchE for bdth the inhibitors, eserine and the
extract. Eserine completely inhibited both muscle and brain AchE
at higher concentrations. The extract above 1§OO pp concentration
 inhibited muscle AchE activity maximally by 45% only. However, the
brain AchE was inhibited maximglly upto 29% with the extract
goncentration above 1600 ppm. The activities of brain Mg2+ ATPgyse
showed maXimum inhibition on in vitro treatment with the extract.
There was no significant difference in the perqentage inhibition
of the activities of muscle and gill Mg2* ATP=gse with the extract.
In gmneral, the patterns of inhibition of the activities in vitro
of both the enzymes were similar to those in vivo reaching a
plateau at higher concentrations. The conéentration of the extract
required for AchE inhibition was also much higher than that for
inhibition of Mg2+ ATPase in all the tissues. However, thé
concentrations needed for maximum inhibition in vitro were much
higher for both AchE (1600'ppm) and ATPase (400 ppm) than the
maximum inhibition in vivo. KSCN inhibited partially brain, muscle
and gill Mg®* ATPase of H. fossilis upto 47%, 45%, and 43%

respectively.
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' Kinetic studies (Tables 36-39; Figs. 24-27).

The apparent K (Michaelis constant) of brain and
muscle “AchB for acetylthiocholine iodide Was found to be
7.27 % 10~4M and 8.90;x 10'$M“respectively._They increased
with eserine but did not change with Z. armatum fruit
extract. The apparent Kh'of brain, muscle and gill Mg2+
ATBase for ATP were found to be 9.72 x 10 4M T. 10 x 10~ %
and 8.71 x 10 4M respectlvely. They decreased Wlth KSCN but
increased with Z. armatum fruit extract. The natdre of
_inhibition of AchE with eserine Was competitive and with
mg. armatum non-competitive. The nature of inhibition of
Mg2+ ATPase with KSCN and'g.'armatum were non-competitive.

The inhibition constant (Ki)“of thg‘extract fo: AchE with
acetylthioqholine iodide~as-substrate was T00 and_BOQ ppm

for brain and muscie reapectively and Ki for ATPase with ATP

as the substrate was 220, 240 and 250 ppm for brain, muscle

and gill respectlvely as determined by Dixon's plot of the data.

Polyacrylamide gel electrgphores1s of AchE (Fig - 28)

~

Specifia staining_of AdhE od_polyacrylamide ge} showed
one distinct band in brain tissue and tWwo distinct bands in
muscle of H. fossilis which were eserine sensitive. This
result was supported by the abserption spectra of the gels
at 425 nm,



94

DISCUSSTON

Different.behavioural and.physiological manifestations
in an organlsm treated with a tox1cant are the result of the
alterations Whlch %as taken place at cellular and sub cellular
level. The later changes are mainly the variations in the
quantity and quality of difﬁerent biomolecules controlling
different biochemical pathways. The Enzymes belong to an
1mportant group of blomolecules which control the gynthesis
and degradatlon of othe; b;omoleculee and also4i£%;own.

The most eignificant character of iHie¢ enzymes is to catylyze:
different reactions in the total net work of'biochemical
pathways operating in the cell to express its living
characteristics. ;he.énzymes are sensitivelto various changes
in theirrenvironment. Many enzymes_show adaptive changes with
the variations in the environmenf and there-=by control the
functioning of the organism. Studies on the effect of different
toxicants on the regulatiogﬂ'of the enzyme activities give
proper inslght into the mode_of action of the toxicants at

the cellular and sub-cellular level.

Aan and ATPase_are te key enzymes of neural trang-
migsion and energy metabolism_respectively in an organism.
AchE ig a hydrolase which catalyzes the hydrolysis of |
acetylcholine into choline and acetic acid. ATPaee is also
a hydrolase which is involved in liberation of energy by

dephosphorylating ATP molecules.
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Effect of different concentrations of Z. armatum fruit extract

on the activities of AchE and ATPase in yivo :

The activities of both AchE and ATPase Was inhibited in
different tissues of H. fosgilis with the tregtment of different
concentratioﬁs of the fruit extract of Z. armatum. However,
the levels of inhibition were @ifferent.ip different tissués
but the maximum inhibition in any case Was not exceeding 50%
of the normal 1evgl. The brain Achk vas inhibited to a
greater extent than thelmuscle AchE at higher concenfrations
{35 & 45 ppm). This indi cates ﬁhgt the brain and muscle AchE
ﬂave different regulatory mechanisms and the brain enzyme is
more sensitive than that of muscle;’However, at 20 ppm
concentration there was not much differgncehin the pe;centage
~inhibitien of the enzyme activity in brgin agd muscle. Tge
inhibition of the enzyme activityiinereased:and reached a

Plateau with increase in concentration in both the tissues.
2+

Among thg thrge_ATPase gctivities, Mg ATPase was inhibited
maximum gnd Na+,'K+ QT?ase minigum in_all.fpe threg tissueg
studied. The ATPgse activities also showed a-gradual increase
in their percentage inhibition ahd then reached a constant
level at higher concentfatiéns. |

The inhibition of AchE and ATPase by Z. armatum fruit
extract was goqcenfratioh de?endent upto a certain limit and
ran almost_parallel. §imilar concentratiqn,dependgnt inhibitiqn'

of enzyme activity have been reported with different thicants

like pesticides (Desaiah et al, 1974{ Cook et al, 1976;

~
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Desaish et al, 1977a; Chin & Sudderuddi\n,v 1979), PCB (Koch

gt al, 1972) and detergents (Yefma et al, 19795). The‘maximum
percentage inhiBition of}the:activities oﬁ the enzymes in the
present study was never above 50% of normal activity‘and reached
a plateau at hlgher concentratlons of the extract. Thls might be
due to the fact that the 1nhib1ted levels of enzyme activity
wvere enough to b;lng about physlologlcal changes which were
lethal to the fish. The inhibition of the activities of these
enzymes might have breught4about_disturbagces ln neuronal
transmisslon, ienic equilib;ium and eaergy-metabolism in tpe
fish treated‘with the extract. This was seen in behavioural
responses of fish to various eoheeatratioas of the extract.

The activity of an enzyme in a tissue at a particular time is

" the outcome of the quantity and quality of the enzyme molecules
ex1steﬁ?at that tlme. Hence, the alterations 1n the activities
of enzymes 52_1;19 ;n relatlon to the treatment of the flsh
with any chemical in vitro could be the result of either the
direct action of the chemieal on the quality of the enzyme ,
molecules or the indirect action of the'chemical on the quantity
- of the enzyme molecules by regqlating their rate of.ayntheeis
and degradation. It is not possible from these observations to
say whether the ihhibition of the activities qf 4chE and ATPase
was the dipect or indirect effect of the extraet. Hewever,'it
is true that the inhibition of the enzyme is at least a part of
the physiological lmpactrcaused by the extract leading to the

death of the fish at higher concentrations.
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Bffect of LCgg concentration (20 ppm) of the extract on the

activities of AchE anad ATPaseﬁ;g vivo with relation to the

duration of treatment

The studies on the act1v1t1es of the enzymes with

relation to the duration of the treatment of the toxin help
1n flndlng out the threshold tlme and pattern of phy31ologlcal

and metabolic changes occurrlng in the gnlmal after the
treatment. The changes ig the_act;vitiggvof_the enzymes
(AchE, total.AT?aSe, Mng ATPase ghd Na+, Kt AiPase) studied
in these experiments showed~similar patterq»of‘inhiﬁition
with the time of treatment. However, the pattern of inhibitions
wé;zodifferent for different tissues. The maximum inhibition
of the activities qf all four en zymes g;;? found between
4-8 hours posﬁc-ﬁreatment. This coincided with the time of
mgXimum mortality of treated fish. The time required for
recovery of thq activities;of these enzymes was, however, much
larggw_inggomparison to'that for inhibiﬁion. The threshold time
to show inhibition of enzyme activity was smsller for AchE than
the ATPasgs studied. However, the rate of inhibitioniwas_faster
and the maximum inhibition was obtained earlier in case of
ATPases than AchE. Brainrand g;ll enzymes showing - cempmrztivrely—
quicker iphibition indicate that either the énzymes in those
tissues are more sensitive or the toxicant is promptly taken
up by those tissues thanvthe muscle.inwever, gills hgve been
shown to pe the major source for toxiéant uptake to the body

from the aquatic environment in the fish (Holden, 1973).

~ -
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The recovery of animals from ﬁheir affected state when
treated with sublethal doses of toxicants have been known.
The recovery in enzyme activitles h§?2 been reported With the
recovery of the anlmals 1n cases of pesticldes such as
chlorpyrifos (Thlrugnanam & Forgesh, 1977), methomidophos
(Chin & Sudderuddln, 1979) Rubratoxin B (Desaiah et al, 1977c)
The recovery indicates the mechanism and level of tolerance
‘of the animagl fo; the toxin. In the present study, the
recovery of the activities ef'AehE and AiPases were found to
be a_élower process taking about 24 hours when the maximum

inhibition was seen by 6-8 hours.

These. observatlons indicate that the initial irritant
activ1ty showing convulsive tremors in the fish 1mmediately
after the treatment ef the extraet mlgh?‘be due to the early
effect of the toxicant on the perveus”system ;nhibiting AchE
and affecting neural.integration. This fol}ows the»inhib;tion
of ﬂaf, Kt - and Mg2+ ATPase act;v}t;es resulting in ionic’
imbalance end reduction in the availability of metabolic
energy for actlve phy51olog1cal functlons. At sublethal
concentrations recovery: of these damages takes Place gradually
but in higher concentrations the cumulative action qf all these
and may be some others, both in terms of intensity and duratien

results in the death of the fisgh,
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Effect of known inhibitors and Z.armatum fruit extract on the

- t

activities of AchE and Mg2+ ATPase in vitro:

Some chemicals inhibit enzyme activity by binding
directly to the enzyme moelecules either at the aétive gite
or af a regulator site. Most of_the ﬁoxins_act on‘thg enzymes
through one of the above processes and some of them are
Vspecific for specific enzymes. These chemicals which have
similar structure like the suhstratg, bipd atwthe active gite
and inhibit enzyme activity. They are called(é%)competitive
inhibitors. Prostigmine énd phy tostigmine (eserine)‘show .
structural4resemblance;'with acetylcholing;which eﬁable them
ﬁ@‘become attached to the active site of acet¥lcholinesterase.
apparently by ferces similar to those involved in nprmal
reaction with acetylcholipe. They, ﬁhus; competé with acetyl-
choline, 80 limiting_its accesé tpﬂéctive sitg of the enzyme
and its rate of Breakdown;(McIlyainr& Bachelard,.1§71)n
The;efore,.eserine_completélyAinhibifs the AchE activity at
higher concentrations. The effects of agquatic pollutants and
other chemicals includihg eserine, on the Ad@BHactiVityw

in yitro in muscle of fathead minnow (Pimephalss promelas)

were studied by Olson and Christenseni(1980); They found eserine
. : TERLA IR - .
to be?yery powerful inh;bitor, inhibiting AchE activity at

concentrations as low as 3.2 x 10~7

M followed by carbamates,
oneforgano-oxy—phosphaﬁe, the‘gpsgnife ion and ce:tain heavy
métal cations. The inhibitory action of pesticides like

dichlovos, temefos, ch;orpyrifo%/’pn AchE activity in giggg

has been studied by various workers (Thirugnanam & Forgash, 1975,
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1977; Danford & Beardmore, 1978;Giri et al, 1977). In the

present study eserine did show complete inhibition. in vitro

of brain and muscle Ath activity of H. fossilis.However,

the extract of Z. armatﬁp fruits could not inhibit completely
the AchE activity in brain and muscle homogenates éf

H. ﬁossiiis even at very high'qoncentrationa, AchE activity

was inhibited maximally upto 45% in muscle and 28% in brain

at 1600 ppm of the extract and did not change upto 2400 ppm
concentration of the extract. Ai lower concentrations of both
egerine and the extractAthe AchE activity.in muscle homegenagtes

.was inhibited at a cempm=mRively higher rate than that in

brain homogenates. These observations indicate that Z. armatum
fruit extract imhibition is different from that of eserine

and therefore, cannot be of ;ompetitivé nature. B‘esides! the

responses of AchE to both the toxin§<in_muscle and brgin .

of H. fossilis were different indicating_that this enzyme might

exist in different isoenzyme forms in the two tissues studied.

. The in yitro inhibition of Mg®' ATPase by SCN~ (thie-
cynate ) has been repérted by various wofkers (Ratz & Bpstein,
1971; Tanisawa & Forte, 1971; Hansen gt al, 1975; Suzuki, 1978;
Miwa et al,1980). Recently ~Ko_1_nn;i.ck. _9__1_§ al (1980) have shéwn

~ the competitive nature of inhibition of HCO, dependent Mg2+

3
ATPase by SCN . Hdwever? in the present;stﬁdﬁ/the activities

of ?Mgé* ATPase in vitro could not be inhibited completely

by KSCN in the three tissue (brain, muscle and gill) homogenates
of H. fossilis studied, indicating that the nature of inhibition

was not of'competitive type.vThe percent inhibition of Mg2+
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ATPése by KSCN in different tissues did not exceed 50%, eten
at higher conéentrations, unlike that seen(in AchE inhibition
by eserine. The in vitro inhibition of ATPase by varioug
toxicants like polychiorinated biphenyls (Koch et al, 1972),
pesticides like aldrin, dieldrin and phot;dieldrin, DDT and
TDE (Cutkomp et al, 1971; Desalah & Koch, 19750), kepone
(Desaiah et al, 1977a, 1977b), pyrethr01ds (Desalah et al, 1975b)
have shown that both Na®, K* = and Mg2* ATPase are being

inhibited by the toxicants. Riedel and Chfiste_nsgn (1979) have
studied the effect of selected'gquatic_pollutants aﬁd otﬁer
chemicals upon ATPaseiactivity in vitro. The salts of silver,
mercury, copper and cadmium were mqst efféctivg in inhibiting
ATPase activity followed by cylorinated hydrocarbon_pesticide,
dicofol. Cﬂblﬁgsticides such'ag DDT, dieldrin; lindape, carbarylA
and malathion also inhibit ATPase activity, but to a lesser

degree as qgg'metal ions, methyl mercury, aﬁ?inium, fl?or;de,
nickel and cobalt ioms. In the present study with Z. armatum
fruit extract, the maximum ighibition of._Mg2+ ATPase obtained

were 35%, 26%, and 26% in brain, mugcie and gili respectively

at 400 ppm. There was no further change with higher concentrati ons
of the toxin. Thug, the extract could hot inhibit Mg2+ ATPage

completely, similar to that seen in AchE indigating_that'this;i

inhibition also was not of competitive nature.

The concentration of Z. armatum fruit extract requiredk
for inhibition of AchE in vitro was found to be much hlgher

than for the inhibition of Mg2+

ATPase activity. The inhibition
of Mg2+ ATPase activity reached ifs maXimum level around

400 ppm of Z. armatum fruit extract where as at that concentration
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the inhibition of AchE actiyity started, regching the maximum
level atv1606 ppm conceptration. This indicates that AchE
inhibition follows Mg2+ ATPase inhibition on treatment with the
extract. This is in conformity with the results of our time
bound eiperiments on effect of Z. armatgm fruit extract, whe:e
ATPase activities were seen to be inhibited before the"

~ inhibition of AchE activity. The inhibitor concentration for a
particular enzyme dependSon its molecular structﬁre and nature
of binding of the inhibitor molecule._The differences in

inhibitor concentration for theAtwo'enZymes studied might be

due to their structural differences and/or the nature of

binding with the toxin.

glnetic studies:

AchE - ;K%'ginetie studies on AchE from different laboratories
indicate that there are variations “in the K values of AchE

in different tissues and in different animals. The AchE of

the electric organ of.Eiectrbphorus electriéus has shown the

K, value of 1,79 x 10"4leor aéetylthiocholine (Mohan & -
Brink, 1970). Moss and Fahrney (1978) reported K value of

2.5 x 10-4M for fish brain AchE:.TheTKh yalues‘bf rat brain
AchE has been repogfed by seversl workers (Mohan & Brink, 1970;
Beaver & Dobson, 1978; Moudgil & Kanungo, §973; Mosé & Fahrney,
1978). The values varied betyeeﬁ 1.2 x 16_7 to i.28 x.1b'4M°'

The lung AchE of Trat was fownd to be 7.2 x 104N (6iri et al,
-1977)»and that of synapﬁogomaeréhE in';gngolian éérbil»varied
from 9324 x 10~ %M (neonatal) to 3.02 x 10~4m (adult) (Vanker &

-~

s le]359
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Mizukami, 1979). Nistri et g; (1978)'ha¢e reported the K,

value of 1.41 X 10'4M fo: AchEﬁin central nervous system of
leech. The apparent Kh_values obsqrved in the present study
with acetylthiocholine as the substrate :"~ > i -7 " were

7.27 x 10-5M and 8.9 x 10-5M respectively, in brain and

muscle of H. fosgilis. These values are similar to thosé
reporﬁed by the earlier workers. The differenge in K valués

in brain and’mﬁscle may be due $o the tissue variations
observed in different animals by diffezent-workerg. However,
brain AchE has shown to have higher affinity for acetylthio-
eholihe.iodidg than the AchE of muscle. Esgrine showed a
competitive nature of iﬁhibition of AchBE actiﬁity for the

- substrate acetylthiocholipe ;odide both in brain and muscle.
This ﬁype of inhibition has a;;eady been reporte@ in éﬁ}”
literature. However, with Z. armatum fruit extract the nature
of inhibition of AchE with acetylthiocholine iodide was of o
noncompetitive type both in brain and muscle tissues. Therefore,
the two possibilities by which AéhE is being inhibited'by thg
extract may be (1) by combining with some functional group :of
the free enzYme.other than at active site or (2) by forming a
cémparatively inert enzyme substrate inhibito;‘cgpplex combining
with the enzyme substrate complex. The K. of Z. armatum fruit
eitract for AchE in brain’was highe: cqmpared fcthi fqr_AchE

in muscle showing that the inhibitqr has got greafer affinity
to bind With muscle AchE rather than brain AchE. These |
differences in the kinetic propertieé.df Achﬁ amohg_fhe brain
and muscle tissues indicate that the:e might be tissue.speciﬁic
variations in the molecular structure of AchE for their functional

adaptationse.



103

Mg2* ATPage - The apparent K value of Mg®* ATPase in different

tigsues of H. fossilis were found to be different. Brain had

the highest value (9.72 x 1074M) Followed by gill (8.71 x 107*M)
and muscle (7.1 x 1074M). It is aifficult to say from these
observationé whether these differenceg_are significaqt. However,
these values show similarities with garlier findingg, Thé Kﬁ

of gill Mg2+ ATPase in crayfish Erocambrug cla:ki has been-_

reported to be 8.7 x 10”4 (quiuchi, 1977). The mitochondral
Mg2+ ATPase in liver of ratﬂhas bgen reported.to possess a Km
value of 4 x 10f4M for ATP. The values of K of ATPase in
different tissues obtainéd in t@e prgsent étudy sééms to be
consiétent with the physiological state of the tissues. Ko@ﬁck
et a1 (1980) have reported competitive inhibition of Mg2+ ATPaée
by thiécynate. However, ig the”present study’a.nonfcompetitive
type of inhibition of Mg2+ ATPage by KSCN in brain, gill and
muscle tissues of H. fossilié was obsérved using #TP as the
substrate. More detgiled kinetic studies with pu:ified enzyme
could resolve this conflict. The nature of inhibition of Mg2*
ATPase in brain,’gill anda?uscle homogenates witﬁ Zi grmatu@
fruit extract was also ofkpon-cpppetitive type. Desaiash et al
(1977h) have reported that the action of;on-qom;;et‘itive- |
inhibitor like kepone to Mg2f ATPase in perfused :at liver can
be reversed by repeated washingiqf the tissue, Hence, the
recévery of Mg2+ ATPase inhibitiqn'with timg as‘observed in
ouf in vivo studies may be due to the gradual removal of the

non-competitive inhibitor by some biological process. The



104

inhibition constant (R;) of Z. armatum fruit extract for

Mg?* ATPase was found to be 220 240 and 250 ppm in _brain
muscle and gill respectively. Thls was lower comparsd<bo the K:L
of the extract for AchE in brgln anq mugcle, Therefore,

it could be said that the Mg°' ATPase was more sensitive to

the inhibitory effect of the extract than AchE and was
affected first.

Specific gtéining of gchE on polyacrzlamide gel:

Many enzymes have been shown towbg‘pyesent in different
iso-enzyme forms with diffe;gnt biological activity. Several
iso~enzymic forms of AchE have been_reporjed in different
mammalian, and fish tissues (Be;nsohn et al, 19%3; Davis &
Agranoff, 1968; Baldwin & Hoéhachka; 1970; Mongil & Kanuhgo,
1973; Vijayan & Brownson, 1975;.§Gis;5ger et al, 1978). Fhe

}ﬂifferent iso-enzymes>show different enzyme activitieé aﬁd
their kinetics also vary. The anticholinesterase activity of
most of‘the toxins have been established by assaying the
enzyme activity inrpresence of the toxin. Very little effort
has been ynede towards the evaluation of the resources of
different iso-~enzymes of AchE to different toxins. Vijayan -
and Brownson (1975) have shown differential inhibition of
iso-enzymic férms of AbhE in vivo following parathion toxicity
in different tissues of rat. They observed differential
responses in the iphibipién of the iso-enzymes of AchE in
brain, serum and akeletal muscle of rat after parathion

injection. The recovery of the brain iso-enzyme started after



100

2 hourg, serum iéo-enzyme by 24'hou:s when the skeletal muscle
iso-enzymes were sfill inhibited. Eowever, no repbrt is seen on
;;g vitro effect on iso-enzymes, may be due to the difficulty

in getting the purified AchE iso-enzymgs in measurable
quantities. In the’present study, it was not‘possible to

purify the enzymes. Hoyever, due to the tigsue specific
variations in enzyme activities, kinetiecs and inhibition
kinetics of AchE, it was decided to see if these results could

- be correlated to any iso-enzymic variations in AchE of brain
and muscle of H. fossilis. On specific staining on polyacry-
lamide gel for AchE and recording the absorption spectra at

425 nm of the stained gels, it was seen that brain had one

AchE band where as muscle had two; These bands were sénsitive
to eseriné. These iso-enzymesmight have different properties to
account for the observed tissue specific variationsin the
response of AchE, Howevef, fhis was a preliminary obsefvation
and a detgiled study on the kinetics of the purified iso-enzymes

is necesgsary to prove this proposition.

.o
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.The use of various types of biqpi@es has become a
commbn practice in modern fisheries management to control
weed fighes and ofher aquatic organiéms in diffgrent water
bodies. Both natural andrsynthetic piscicides have begp tried
from time to time. Chemical piscicides like thanite, antimycin,
ammonia, 3-triflurome§hy154 niﬁro;phenol (TFM) ,copper sulfate
and mglachite green, and natu{al piscicidés ;ike rotenone,
pyrefhrin,lnicoting, juglone and justicidin areAcommonly used.
$he chemical’piscicidesvcause acute and chrqnic effects on the
aquatic organisms even at very low conqentrations. Their
bio-degradability is slower and residual toxicity‘is7higher
compared to natural piscicides. Many of the natural piscicides
also acf as insecticides. Thergfbre, the natural piscicides
have gained more significanee_in'fish nursery management.
Rotenone which is obtained mainly from Derris root and from some
other groups of plants has béen widely ﬁsed as a piscicide
throughout thé world. Compoun@s commonly known as rotenoids _'
and pyrethroids, gsimilar to naturally obtained rotenbne and
pyrethrin are being synthesized and put into trial éé

piscicides and insecticides (Desaiah et al, 1973).

~

In our country, rotenonen which is the most commonly
used piscicide for clearing pgnds in‘nursery practices is at
present imported. Therefore, attempts.have been made to
substitute various other plant produqts to develop indigenous
natural piscicide. There are more than 150 plants in our country

which have been reported to have piscicidal action (Chopra et al,
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 1949). But very few of them like Croton tiglium (Bhuyan, 1968),
Milletia pachycarpa (Bhuyan, 1967), Randia dumetarum‘(Nandy &

Chakraborty, 1976), éa?ringtgééacutaggg;g (Chakraborty et al,
1972) and Madhuca indica (Choudhury, 1968)‘have been tested

for thelr pisclcidal actlon. In Japan some plants like

Marj@tla polymorph a (Kanasakl & Ohta, 1976) and Justicia

hyatai (Ohta et al, 1969) have been reported for the;r
pisciéi&al action. Some of theae natural piscicides are known

to have useful si@e.effects like fertilizing the pond by_
increasing the plankton productivity (7Chakraborty 33 g;, 1972).

The piscicidal actlon of most of those plant materlals
have been studled on the basis of their lethallty alone. It is
evident from the available literature that very little work
has been done on the mode of action of these piscicides at
physiological and biochemical_level though some of them have
been used in fish nursery mamagement. Differant toxins are known
to prq&uce their effecta by combining éith enzymes, cell
- membrane o:_qther speéialized functional cqmponents of cells.
Such interactions betwaen cell:componants and toxins induce
different biochemical_andlphysiological changes. The effecps
of toxins could be ¢haracterized on the basis of_biochemiqal
or physiologica; changes which may ba_produced at sublethal
qoncentrations also. Therefore, the stadies on physiological
and biochemical effects of a toxin on any organism helps to
understand the;mode of its.action_yhicp in'tufn helps in the
better utilization of the toxin causing minimum hazard to

the environment.
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The presént study was taken up with abpve ideas in
éﬁew,4t6 know thg méde anaction of piscicidal plants
available in this region systematically and to find out if
a suitable substitute for potenone could be.developed. Ten
plants, commonly used in this region fqr fish catching, were
collected, identified and toxicity'tests were done using crude
powder of these'plants and their_parts on a few fresh water
fishes (Ramanujam & Ratha, 1980). The results of these bio-
assays_iroved that the fruits of‘g; armatum was most potent
as a piscicide among the different plant parts studieq.
It also indicatgd the varied types of plants which have
definite piscicidal properties and could be explored for their
‘uge in f;sh_nursefy magnagement. The fishes which were treated
with Z. armatum fruit powder could be recovered back to mormalcy
on transfer:ing them to fresh water. Therefore, due to its
stupefying action'rathgr than lethal.éctiqn,‘g. armatum fruits
coﬁld bg_used as aﬁ anaesthetising agent also._The gtudies_on
bio-assay have shown that both gill-breathing and air-breathing
fishes were affected-by the alcoholic extract of the fruit,
though thekcqncentrgtions of the extraqt reqﬁired for airebrea-
thing fish was comparatively‘higher than those fqr gill-breathing
fish. Similar reports are available for othef plants like
Randia dumetorum (Nandy & Chakraborty,_1976) and Barringtonia

acutagula (Chakraborty et al, 1972), and also with industrial
pollutantsﬁ(Das et al, 1980), This might be due to the
physiologicgl, behavioural énd.size differences of these two'
groups of fishes which are gnown to influence the effect of an

toxicant (Sprague, 1973). Air-breathing fishes are more hardy
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and less depehdent on aguatic environment gompared to
gill-breathing fishés.which are purely équatiq. Besgides,

the gill-breathing fishes are affected to grgater extent by the
changes in aquatic envirogment.»Many toxins are known %o
drﬁstically alter the aquatic environment making it harmful

for the fish to live. However{ our resu;ts on some major
physico-cheﬁical factors Qf water such as disgolved oxygen
le&el,‘pH and condqct;vity showed no gignificant differences

on addition of Z. armatum fruit extract.

The behavioural response of fish mentiqned by earlier
workers during their experiments With different plant materials,
though to some extent similar to that seen in our experiments,
have not been qtilised tp know the mode of actipn of the
th;cant. The actualuchanges in physioclogical and_biocbemical
parameters are ultimately reflected asAvbehavioural responses.
Behavioural responses of an grgéniSm, therefore, give an
approach for physiqlbgical and biochémical studies to be taken
-up. The fishes treated with Z. armatum fruit powder and extract
showed rapid convulsive movement with occassional tremors,
increase in opercular movement of'gil;—breathing fish, surfacing
activity of ai;-breéthing fish an;%?;ability.of.the fish tb
‘ reach the surface of water. Thése'resppnses suggested broadly
that the &. armatum fruit extract could be affecting the
nervous~transmission or the availability of metapolic energy
in the animals, thuslaffecting other_physiolpgical processes
in the body. The gvailability of metagbolic energy is dependent

on the structure and function of different systems like blood
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circulation, exygen transport, cellular respiration and
release of gtored energy. Therefore, qutherrstudies were
carried out on the functioning ofhﬁﬁese suspected systems

in figh using Z. armatum fruit extract.

Conventional bio—assay'experiments'measure'th¢‘strength
of the toxicant using death as indi@ator. However, many toxicants
at sub-lethal le&els are known to cause serious physiological
damages. ‘therefore, changes in physiolqgical;and biochemical
parameters at sub—lethai.concentrations help us to_know the
effect of the toxin before it becomes irreversible. The“mode
of action of many insecticides, herbicides and,industrial
effluents have been, therefore, studied‘at celiular and )

- sub-cellular level. Chemical pesticides like sumithion and

seein (Koundinya & Rgmamurthi, 1?80) and'patural'toxicants

like s;ponin (The Wealth of India, 1952) are knowm to have
hemolytic andﬁothef”adverse‘effécts oﬁ Hematologicaliparameters,
The hematologica} parameters'like4RBC count, Hb concentration,
MCH and BOC studied in H. fossilis hgve indicated that there
exists considerable intraspecific variations in hematological
parameters with relation to the size of the fish. Similar
intraspecific variatidns in hematoldgical parameters have been

reported by Dube and Munshi (1973) in Anabas ‘testudineus,

Joshi and Tandon (1977) in Clarias batrachus, and Pandey et al,

(1976) in H. fossilisf In the present study H. fosgilis showed

; very high pqncentrgtion of hemoglqbin. There are reports
indicating that the gir-breathing fighes contgin.mqre.hémqglobin
than the purely aquatic fishes (Lénfant & Johansen, 1972)

The fishes treated with four dlfferent concentratlons of the

extract of the fruit of Z. armatum did not alter the hematologlcal
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p;fameters studied (Ramanujam & Ratha, 1980a) and thus elimi-
nated the possibili%y of the toxin's effect os a hemolytic
agent . Thls has been further supported by ohemlcal analy31s

of the frults of Z. armatum done by Simensen and Rao (1929),
Nazir and Handa (1961), Deshpande and Sastri (1977) showing
the absence of koown hemolytio factors liko s;ponioo However,
studies on oxygen binding‘capaoity, and plasma charaooeristics
of the treated fishes could not be conducted due to laok of
facilities to oomp;otely rule out the possibility of any

impact of the extract on blood.

The oxygen uptake by Tilgpig mossgmbica f;om water treated
with Z. armgtum fruit extract have'demonstrated a dose dopéndent
graded response of~the pattern of oxygen uptake showing an
initiél enhan cement and ultimate inhibition bothwin térms ofltime
and intensity. Simila: typo of dose dependent graded response
in rate of oxygen uptake has been reported in zinc toxicity
(Brafield & Matthiessen, 1976) and in pestlcide toxicity (Luhn
‘et al, 1976) In tho present study, it was seen that at a
sub-lethal coocentra;ion (15Appm) there was no defined altera-
tion io_the_ra?e_of oxygeﬁ oongumption; but at the end of 4 hours
of_treatment it’staoilized at a lower level compared to control.
‘However, at 20.ppm god'BQ"ppm the inhibition of oxygen uptake

were more defined, and stabilized_at a lower rate compared to

control and 15 ppm concentrations. The commonly used natural
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respiratlon (Lindahl & Oberg, 1960) The results of the present
study on. tlssue resplratlon showed no such change in oxygen
uptake by brain and liver homogenateg,u31ng glgcose as the
substrate. Thus, it could be said that the total oxygen
consumption of fish was being inpibitgd indirectly and there
was no direct effect of the extract on‘tissue respiration at
sub-cellular level. Tﬁe inhibition of oxygeh uptgkg by fish
could be due to the paralysing effect of the toxicant on
different organs reldted to oxygen uptakeg The_totallgxygen
consumption of an organism is indicative of'its general
metagbolism. Hence, the_reduced oxygen coqsumption by the
treatéd fish was indicative of the toxicant affecting the
general metabolic act?vity of the animal. Further studies on
the effect of the Z. armatum fruit extract on the activities
of AchE, the key enzyme of neural ﬁransmission and ATPase,
key enzymes of energy metébolism and ionic eéuilibrium, were
taken up both in vivo and in z;ﬁgg'to find out the gites of

damage caused by the toxin at sub-cellular level.

Studies on the effect of Z. armatum fruit extract on the
. enzymes of H. f038111s showed that the neural transm1891on,
energy production and ionic equlllbrium were being affected.
The levels of AchE and ATPase activities in d;fferent tissues

of the fish in vivo ron treatment with differént concentrations
of the extract and with Varlatlon 1n duratlon of treatments have
1ndlcated that both the crlterla are important in toxicity

studies.»
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Manx commerciaslly évailable insecticides, industrial_
effluents and other toxins are known_to interfer with the passage
of nerve impulse inhibiting AchE activity, the key enzyme in
neural transmission (Corbett, 1974; Mukherjee & Bhattacharya,
1974; Olson & Christénsen, 1980). Various groups of toxins |
like pesticides, po;ychlorinated biphenyls, synthetic

detergents and rubratoxin from Peﬁb&llium rubrum are known to

inhibit Mg2+_ATBase and Na+gyK+ ATPase in different tissues

of vertebratesAahd invertebrates (Koch et al, 1972; Desaiah
et al, 1974, 197Tc; Ghiasuddin & Matsumura, 1979; Verma et al,
- 1979b). The inhibition of Mg2+ ATPage results in short supply
of energy from the stored ATP,@oleeules and the inhibition

of Na+, Kt ATPasé lead to the loss of ionié equilibrium.in
'diffefenf membrane system. Inhibitiqn of these enzyme activi-

ties are reflected in the behavioural changes of the animals.

In the present study, the behavioural changes like
répid convulsive movements with occassional tremers which is
coinciding with the inhibition of AchE activity might be due
to accumulation of AchE in ﬁhe‘tissues. It is knoﬁn that
accu@uiation-of AchE at synaptic junction will'legd to loss of
muscular co-ordination, induction of convulsions and ultimately
death (Corbett, 1974). The activities of AchB in vivo were
inhibited to a maximum level after 6-8 hours of the treatment
of the extract. The inability of fish to reach the surface of
water and graduallcessation‘of opercular movements of gill-

breathing fish observed during the Bio-assay studies might
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be due to inhibition of'Mgz+ ATPase aetivity as an added
factor. _ B

The levels of enzyme activities at different time
intervals on treatment with the extract showed that the
activities of AchE was inhibited earlier than Ne+, Kt -
and Mgz+ ATPase activities. Therefore, thefsynaptic'trans- :
mission might have been affeetea at the early stage of effect.
Besides, a nerve impulse passes down the nerve as a result ef
"sequential changes in the permeability of the‘axonic memb;ane
for Na’ and X¥ ions. The maintenance of membrane potential
is,an active process and is dependent on the availabil;ty
of metabolic energy. Therefore, inhibition of Mg2+-ATPase
and Naf,.K+ ATPase might have éffected the passage of nerve
impulse aiopg the‘axons. It is implied from theee etudies that
the fish Was affected first by the blocking of synaptic
transmission and then by_ehorﬁ supply of metabolic energy due
to the inhibition of Mg?+ AiPase fqlleweq'by disturbances in
ionic equilibbium due to inhibition of Na*, K* ATPase.

It was observed that the enzyme activities were inhibited
with the imﬁregsing concentration:of the extract upto a certain
ma Xi.mum limit and then. did not change at higher concaatrations.
| The percenﬁage.inhibitiop of AchE activity in muscle was
greater than that of brain at lower concentrations of the
extract. The response was reverseq at higher concentrations, N
thdugh there Was‘not;much.difference in percentage inhibitien'at

20 ppm concentration. Ahong the ATPase activities, Mg2+

ATPage
was inhibited to greater extent than the Na™, xkt AQPase in all

the three tissues studied. The‘maximum percentage inhibition of
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enzyme éctivities, in any case, Was gpfuexceeding.SO% and at
higher concentration it reached a p;atéau._Similar concentration
dependent inhibition by toxicants have beenirgported by differgnt
workers (Chin & Sudderuddin, 1979; Koch et gl, 1972; Verma et al,
197§a). The recovery of fish at lower concentrations on transfer
to freshwater might be due to lowg: inhibition of these enzyme
activities which were reversible at sub-lethal level. Ailhigher
concentfétions the inhibition might have persistéd for.a

longér time, beyond the critiéai time for Tecovery, leading to
the death of the fish. Thege fishes which_survived at higher
concentrations might be having some extra tolerance capacity

to the toxin by some unknown biological mechanism.

The in vitro studies on the effect of different concen-
trations of the ffuit extract on the enzyme actiyities have
shown the tissue specific inhibitiop of_enzyme activities.

It was seen tﬁat’the AchE activity was inhibited &% a' ‘compara-
tively higher rate in muScle_homogenate than in brain homogenate.
Similar tissue specific variaﬁions were found in Mg2+.ATPase
activities also. The.Mgz+ ATPase activity inhibitionywas highei
in the brain~homogenate than seen in muscle and gill.‘In.general
the congeﬂtration of the extract needed for thg‘inhibifion of
enzyme activities.;g vitro were much higher than those in

in vivo. This could be due to the fact that the in z;zg»
inhibit;ons>might not be the‘direct effect of the toxin on the
enzyme at molecular levei, rather the effect of the extract

was amplified due to some unknqwn intermediary mechanism. The

kinetics studies have al so shown tissue specific differences in
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these enzymes. The apparent Michelis constant (Km) of AchE

was fohnd to be dlfferent for brain and muscle of H. fossilis.
However{ the Km for ﬂg ATPasg of_prain, muscle and gill
Ahomogenates Were_in a very close range. The pajure oﬁ inhibition
of AchE and ATPase PY,E- ggggggg_fruit extract in brain, musgle
and gill homogenates was found to be of noﬁtcogpgtitive typeq
However, tperg were differences in the Ki valueg. Such tisgsue
specific variation§ have beenﬁreported in l;te;aturg fgr
different enzymes and the reason for such Yariations have been
attributed to their differences in molecular structures or
different isoenzyme patterns. In the present study, the specific
staining of AchE on polyacrylaiide gels have Shown two distinct
bands in muscle and only one band_in brain. The tissug specific
"inhibition of AbﬁE.by parathion has been shown by Vijayan and

| Brownson (1975), based on the isoenzymic differences of AchE

~geen in dif ferent tissues.

Flnally, 1t can be concluded that the fruits of
Z. a ﬁ ) acts ‘as a mild metabollc poison, jhe toxicity of
which can be Jreversed at};ower concentrations, butﬂbecomes
lethal at higher concentratioqs. It_dqes not have any
significant effect on the hematol ogical param?ters stpdied_por
on the cellular respiration process. The primgry modes of action
seems to be through the blockade of neural transmiésiqn and
supply of metabolic energy by inhibiting the activities of
AchE and AT?asgsf Thus, Z. armatnm fruits showed a good promise

to be used as an indigenous substitute for rotenone in fisheries
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management, both as a stupefier aﬁilowgr qpncentratiog to
catch and transport the fish apd also as a piscigideAto remove
the unwanted fish from ponds gt highgr cpnqentrations. However,
some more workg on its seconda#y toxicity and the'effecps on

plankton populatior are necessary before this could be applied
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Table 1 : Piscicidal plants commonly used by the tribals
of N.E. India in fishing.

Botanical name

Part(s) used

[ SR S

Local name

Croton tiglium L.

Eupatorium odoratum L.

Milletig pachycarpa
Benth.

Myrica esculenta

Polygonum hydropiper L.

var. flaccidum steward

Polyzonum hydropiper L.

var. hydropiper .

Potentilla fulgens
wall.ex Liehm.

Taxus baccats L.

Xeromphis ‘spinesa
{Thumb) Keay

(= Randia dumetorum Poir)

Zanthoxylum armgtum DC.

{=Zanthoxylum alatum
Roxb.)) _

N

Seed and fruit
leaf and'sﬁoot
root

bark

whole plant
whole plant
root

leaf, shoot &

seed.

fruit

root, fruit
bark & leaf

Jambola gota

Assam-lata

Bakoa-biri, Bokal bih,

Bishloti

Soh-phi, Keifang, "
Naga-teng, Kai-phal

Pani maricha

Pani maricha

Dinggableh

Dieng-makasing-
Khlaw, Gurol, Behmona,
Mainphal

Gaira, Tambul



Pable 2 : Toxicity . ef some piscicidal plant parts (crude powder),
"on (a) P. sHalynius (b) D. dangila and (c) H. fossilis

Roxb.)

- T M [] 1
Botanical N ! Minimum effective i Lethal time
name E Part used 3 concentration(ppm) E (hr)
1 ' ] , .
2  S— . 1
(a) 80
Myrica egculenta R (bj 80 12215
‘ bark .
Buch~Ham, (C) 100
Polygonum:hydropiper .. (a) 100
‘ . leaf (b) 90 10-12
L. var. hydropiper ,
. C (e) 125
' (a) 150
Potentilla fulgens : -
. A (b) 160 8~-10
walleprehm. root (c) 200
(a) 120
Xeromphis spinosa
E (b) 120 10-12
(Thumb.) Keay Fruit
: (c) 140
(= Randia dumetorum" '
Poir. )
(a) 50
Zanthoxylum aramtum
- fruit (v) 50 8-9
DIC. (= Z. alatum
' (c) 70




Table 3 : The effect of different concentrations of Z. armatum
fruit powder on gquality of* diluent water in open jars
at different time intervals.

T 1 1 KN
1 1 1 1
- H Oxygen H Conductivity I
) ! Pime ! pH
Concentration E (nr) i content (ppm) § (n mohs/cm) i
j._ 1 ‘! 1
0 ppm 0 8.00 | - 44.10 6.08
(Control) 6 7.93 : 45.50 6.07
12 7.86 ' 44.80 5.97
24 T7.86 44.45 6.05
0 7:73 48.30 6.07
6 7.86 47.95 5.96
75 ppm o o
12 7.66 46.55 5.93
24 7.66 45.50 6.12
0 7.73 ~45.50 5.98
| 6 ~7.80 49.70 6.00
100 ppm | 12 7.66 48.30 5.98
24 T7.66 48.32 6.03
@ . 7060 46020 P 6001
120 ppm 6 7.86 ' 51.10 5.98
15 7.66 ' 50.05 5.99

24 7.60 ' 50.05 6.03




Table 4. The rate of mortality .of P. ghalyniug with different
concentrations of Z. armgtum_fruit (crude powder)
at different time intervals. ‘

Percentage mortality

;
Concentration i ' : '
(ppm) iv 3 hrs § 'é hrs § 12 hrs g 24 hrs
Control 0 (30) 0 0 0 0
50 (12) 0 0 0 0
60 (12) 0 0 0 25
70 (42) o 12 55 98
80 (18) 0 28 95 100
% (24) 0 42 96 100
100 (12) 10 92 100 100
150 (12) 100 100 | 100 100

Figures in parentheses‘represent{i the number of fishes used

for each concentration.



Table 5 : The rate of mortality .of P. shalyniug with different .
concentrations of Z. armatum fruit (alcoholic extract)
at different time intervals.

Percentage mortality

T
Concentration'§ _ ’ . : :
a ‘Ppm?""'j 3 hrs § 6 hrs i¥ 12 hres § 24 hrs
Control O (30): onlw o 'o | 0
5 (24) .6 0 0. : 4
6 (185 o 22 22 22
T (36) 42 | 86 160 100
8 (30) 54 93 100 100
9 (18) 66 160 100 100
10 (36) 72 | 100 100 100
12 (18) 100 100 100 100
15 {24) 100 , 100 100 100

Figures in parentheses represent the number of fishes

used for each concentration.



Table 6 : The rate of mortality of H. fossilis (8-12 g. wt. group)
with different concentrations of Z. afmatum fruit
(alcoholic extract) at different time intervals.

? Percentage mortality
Concentrationi : ' : ;
. . . !
(ppm) E 3 hrs E 6 hrs E 12 hrs s 24 hrs
z : L L
c°nt;ol,o'(24) 0 0 0 0
12 ( 6) o 0 0 0
15 (15). 20 - 40 67 67
20 ( 7) 71 85 100 100
25 (12) 75 91 100 100
30 ( 8) 88 100 100 100
35 (7) 100 100 100 100
0 (6) 100 100 100 100

Figures in parentheses represent the number of fishes used

for each concentration.



Table 7 : The rate of mortality of H. fossilis (13-20 g. wt. group)
' with different concentrations of Z. armatum fruit
(alcoholic extract) at different time intervals.

Percentage mortality

b S R L

Concentration : ‘ ' :
(ppm) 3 hrs .: 6 nrs i 12 hrs ;: 24 hrs’
Control 0 (30) . O 0 | 0 | 0
12 ( 6) 0 0 0 0
15 (355 3 20 37 37
20 (48) 37 60 . 75 84
25 (43) 42 72 88 96
30 (32) 50 100 100 ' 100
35 (25) - 69 92 100 100
40 (26) 69 100 100 100

Figures in parenthesﬁs represent the number of fishes used

for each concentration.



Table 8 : LC50 values of Z. armatum for P. shalynius and two
weight groups of H. fossilig calculated using methods
(1) Drawing regression lines using the formula Y=a+bX,
(2) Semi-log graphical interpolation and (3) Probit

anglysis.

Species of fish
| s ks s e eam e }ow ke m o on o e ok 0 e 2 m 2m = 2 e e 20 e e @ e > e e 2 e e o e o e m o o e o

Plant

name Z. armatum fruit

Nature of Alcoholic extract LCSO(ppm)

S Bttt T

1
|
toxioant Crude powder LCg, (ppm) s
1 4 1
1 T T * T
Time 3 hrsi6 hrg !12hrs 524 hrs 53 hrs i6 hrs ;12 hrs ; 24 hrs
'Metho -
H H '
a {1 - 95 - - 8.20  6.20 - -
gl P ~
(] 1
al H
il ! c
I' H
iMean | - 92 67.5 - 7.87  6.37 5.90 5.90
I
t t
R - - - 19.00 18.50 -~ -
o] '
- N; ]
AT o2 - - - - 17.73  16.50 14.00 14.00
g ?;;‘ ; s - L ] -
o 1 H ' : . '
. g{ 3 4 - - - - 19.95 16.60 - B
mlcbi E
t 1
'Mean ; - - - - 18.90 17.20 14.00 14 .00
——
¥ 1 .
1§ 1 e - - - - 22.00 19.50 18.50
0 O :
] ot t
| W )
ey 201 - - - - 35.00 18.50 16.25 16.13
S |
RCH i
1 Al
E Means - - - - 30.35 20.00 17.45 16.95




E

I
Table 9 Thé hematological parameters of H., fossilis in relapion to its body size,

! . “ T ! " 3y ] “ E
No fof | | 5 “ ! 5 8 | t (BC/mn/bn) | “ :
fishes ! length in em ! RBC/mm” x 10 ! Hb g% } ' RBC mm”/g.wt x 10 ! Hb g%/g.wt. | A | ! Bb g%/cm | MCH | Average BOC
used “ " : | : L x 10 ! : !

1] t 1 1 1 1 1 ] 1]

1 _ 1 .: m ] ‘ 1 1 1
8(4) 10.55 £ 1,22 1.72 £ 0.40 13.20 ¥ 0.86 21.52 ¥ 4,90 1.65 ¥ 0.10 16.25 113,86 1.26 £ 0,07 7.88 £1.41 16.55 ¥ +.08
10(6) 12.76 ¥ 0,60 2,19 F 0.44 14.26 £ 1,56 21,96 £ 4.56 1.27 £ 0.15 17.17 3/ 3.64 1.10 ¥ 0.03 6,05 £ 1.48 17.83 L 0.58
12(7) 13.45 £ 0.86 2.38 ¥ 0.43 15.08 ¥ 0,94 19,79 ¥ 3.56 1,11 £ 0.05 17.57 J2.77 1.10 ¥ 0,08 5.74 0.8 18.85 & 1,10
13(4) 13.45 2 0.44 2.66 £ 0.19 15,00 ¥ 1.35 20.47 + 1.24 1,03 ¥ 0.03 20.00 uwo.mm 1.13 £ 0.08 5,03 ¥ 0.49 18.75 *.1.69
14(4) 13.25 £ 0.25 2,39 ¥ 0,51 14.65 £ 1,235  ~17.10 £ 3,50 .06 £ 0,13  18.25 #43.78 1.13 £ 0,08 6.21 £ 0.80 18,31 & 1,8
15(4) 13.55 & 0.41 2.13 £ 0.5% 14,10 & 1.25 14.24 T 3,29 0.93 ¥ 0.09 16,00 4 3.56 1,04 £ 0.09 6.69 ¥ 0.78 17.63 * 1.7
16(3) 14.23 ¥ 0.45 3.10 £ 0.49 16.5%3 £ 0.46 19.37 ¥ 3.07 1,03 ¥ 0.02 21.67 33,18 1,15 ¥ 0,03 5.42 £1.05 20.66 & 0.%
1742) 14.50 ¥ 0,42 3,01 £ 0,79 15.80 ¥ 0.84 17.70 £ 4.61 0.92 ¥ 0,14 20.50 14,95 1,07 £ 0.15 5.3 F1.45 19,75 T 1.06
18(4) 14.70 £ 0.34 2,64 T 0.75 14.90 ¥ 1.32 14.66 T 4.43 0.82 ¥ 0.10  18.25 % 3.20 1,02 £0.05 5.8 ¥1,06 18.65 % 157
20(3) 15.00 ¥ 0.20 3,10 £ 0.75 16,13 1,39 15,51 * 3,82 0.80 ¥ 0.14 20.30 h 4483 1.08 ¥ 0.08 5.36 T 1,02 20.16 ¥ 1.60

-~ ]
) ¥

22(3) 14.73 * 0.28 2.83 ¥ 0.51 16,06 £ 1,33 12.86 ¥ 2.32 0.72 £ 0.06 19.3% 4 2.13 1,09 £ 0.05 5.75 ¥ 0.68 20.08 ¥ 1.57

Values are expressed as Mean ¥ S.D.

The figures ‘ln parenthesis indicate

number of fish sampled for each weight

group.




Table 10 : The effect of different concentrations of
Z, armatum fruit extract on hematological
parameters of H. fossilisg (9-14g wt. group,

Pgrameters Concentrations of fruit extract

_
1
E<
studied K _ : : N '
i Oppm | 15 ppm § 20 ppm ; 30 ppm ; 35 ppm
Weight of = 11.86 T 1203 12.81 2.2 12.92
' (22) (11) (11) (14) (14)
(g) . A A
Length of 13,09 13,11 12,93 12.42 12.69
. + + + A + +
the fish * 0.89 ¥ 0.64 ¥ o0.72 t .2 .22
(cm) B
RBCx10%/mm>  2.29 2.25 2,22 2.17 2.14
t 0.51 % 0.35 ¥ 0.5% ¥ 0.473 ¥ 0.38
Bb g % 13.7 13.73 13.60 13.58 13.38
*1.06 ¥o.99 - *1.00 t 0.83 ¥ 0.61
MCH |
(g% Hb/RBC  6.61 6.17 6.10 6.40 6.35
x107%)  *o.79 * 0.70 *1.20  *o0.93 * 1.44
BOC 17.13 17.16 17.00 16.97 16.73
1,33 L I A -5 *1.04 ¥ 0.76

Values afe expressed as mean ¥ s.p. Figures in parenthesés indicate- the
number of fishes studied in each concentration.



Table 11 : The effect of different comcentrations of
Z. armatum fruit extract on hematological
parameters in H. fogsilis (15-20g.wt. group).

Concentrations of fruit extract

.75 ¥ o.98 *1.67 *1.46

Parameters E
studied ! : ! | !
i O ppm E 15 ppm i 20 ppm 5 30 ppm i 35 ppm
Weight of 17.12  17.16 16.88 15.66 16.66
the fish .87 * 1.9 *4.88 1.3 o271
(g) , (16) (6) (9) (6) (9)
length of 14.17 13.55 13.97 13.76 14.03
the fish ¥ 1.42 * 0.59 % 0.66 *0.81 * 0.45
(cm)
RBCYmm” - 2.74 2.43 2.44 2.32 2.47%
: * 0.66 ¥ o.53 ¥ 0.39 * 0.70 T o0.70
Hb g% 15,35 14.03 16.48 | 14 .80 15.31
* 1.40 ¥ o0.78 t1.33 t1.17 .17
~ MCH | . ,
(g%Hb /RBC 5. 85 5.92 6.96 6.45 6.29
x 1070) t 4.6 * 0.97 * 4.40 *0.91 * 0.78
BOC 19.19 17.54 | 20.60 18.50 19.14
T 1.46

Values are expressed as Mean ¥ s.D. Figures in parenthesés
indicate the number of fishes studied in each concentration.



Table 12 : Effect of different concentrations of Z. armatum
fruit extract on oxygen uptake (mg 0_2 consumed/30 min/

g fish) x 10° by T. mogsambica till 6hrs post treatment

Time 4? O‘ m(control) E 15 s 20 m f 30
interval | ° PP ' ' ppm ' PP ; ppm
i 1 . i 1
1st Y2hr -~ 8.26 ¥ 1.59 8.56 ¥ 0.67 13.53 £ 1,29 9.49 ¥ 1,78
. (+3.56) (+63.77)*+ (+14.93)
ond  Y2hr 6.33 £ 0.55° 7.07 % 0.81 6.59 ¥ 0.63 -6.42 F 0.58
| (+11.67) (+49.59) (+1.52)
Zrd  Y2hr 6.02 X 1.23 3.32 % 0.25 3.08 3 0.31 6.88 ¥ 0.51
o (+44.75)** (-48.75)%*  (4+14.36)
4tw yonr  3.41 Y o422 5.27%0.92  3.12%0.30 6.92% 1,25
: (454 .62)%* (+8.31) (+103.22)**
5th ¥2hr 3.03 ¥ 0.46 3.78 £ 1.50 7.37 % 2.11  7.76 ¥ 0.56
: o (+24.73) (+143.11)%% (415607 )%*
64h ¥2hr 3.14 £ 0.50 3,94 0.66 7.91 % 1.46 6.84 * 1.42
o (+24.25) (+151.58)**  (+117.53)**
. Tth ¥2hr 3.40 £ 0.70 3.02%0.92 6.78%1.94 5.26 % 0.75
| | (-11.31) (+99.42)%x  (454.73)**
8th ¥2hr 4.21 ¥ 1,25 5.40 £ 0.52  7.76 ¥ 0.42 3.76 ¥ 0.74
(+28.26) (+84.35)**  (-10.68)
9th ¥2hr 5.12 ¥ .35 4.90 £ 0.56  3.47 % 0.44 3.36 % 0.45
(-9.04) (=12.70 )%= (-34.28)**
10thY2hr 4.97 ¥ 0.45 4.38 £ 0.1 3.89 £ 0,56 2.39 ¥ 0.68
_ (-11.78) (=21.75)* (=51.89)**
114h¥2hr 5.07 £ 0.19 3,76 £ 0.45 3.362 0.97 2.31.% 0.65
o (-25.86)%* (-33.88)**  (-54.48)**
12thy2hr 5.18 ¥ 0.95 4.24 £ 0.26  3.16 £ 0.35 2.25 ¥ 0.60
‘ (-18.19) (=39.00)* (-56.61)*%

Values are expresgsed as Mean ¥ s.D.
Figures in parentheses represent percentage change in oxygen uptake
* p¢0.05; ** p(0.01.



The level of total oxygen (mg) in experimental jars

Table 13 :
with different concentrations of Z. grmgtum, during
oxygen uptake experiment.
: -
Time ' Concentrations of Z. grmatum fruit extract
interval | q : . T
i 6 ppm(control) ! 15 ppm ' 20 ppm 1 30 ppm
1 1 |

0 hr 34.03 * 2.27  32.50 ¥ 0.45 36.08 £ 0.98 32.44 ¥ 0.63
1st ¥2hr 31.59 % 2.14 29.97 £ 0.60 32.18 ¥ 0.98 29.71 * 0.88
ond  Y2hr 28.90 ¥ 2.08 27.11 £ 0.44 29.45 ¥ 0.95 27.11 ¥ 0.77
3rd  ¥2hr 26.36 L 1.98 25.41 £ 0.39  27.75 ¥ 0.92 24.42 ¥ 0.81
4th  ¥Y2hr 24.64 T 2,01 2%3,16 £ 0.21  26.10 £ 0.90. 21.78 £ 0.65
5th  Y2hr 23.01 ¥ 2.00 21.35 £ 0.35. 23.63 % 0.8 18.96 ¥ 0.66
6th  ¥2hr 21.42 % 2.65 19.55 £ 0.34 20.97 ¥ 1.21  16.66 ¥ 0.34
7th  ¥Y2hr 19.78 ¥ 2.09 18.15 £ 0.44 18.98 ¥ 1.68 15.13 ¥ 0.48
8th ¥2hr 18.00 ¥ 2.01 16.00 £ 0.32 17.07 £ 1.97 14.03%3 ¥ 0.61
9th  Y2hr 15.85 I 2.29  14.05 ¥ 0.24 15.91 * 2.20 13.23 % 0.64
10th ¥2hr 13.86 2.19 12.30 ¥ 0.30  14.75 X 2.29 12.55 ¥ 0.61
11th ¥2hr 11.85 & 2.20 10.78 ¥ 0.19 13.78 £ 2.15 11.89 ¥ 0.58
12th ¥2nr 9.96 £ 2.03 9.15 £ 0.18 12.8% * 2.28 11.25 ¥ 0.57




Table 14 : Effect of Z. armatum fruit extract on oxygen
consumption by brain .and liver homogenates of

H. fossilis at two different temperatures.

!

Bl 0, donsumed/hr/g tissue

] ¥

t 1

EConéentration i

1 1.
Temperature 'of Z. armatum : g

! : Brain : Liver

1 1 1

1 1 1 h

o ppm  307.6 ¥ 9.44 496.1 ¥ 14.%1

(Control)

12.5 x 10° ppm 320.5 ¥ 11.03 512.6 * 13,97
3000

25.0 x 10° ppm 300.3 * 7.04 492.5 * 7.64

37.5 x 10° ppm 291.8 ¥ 9,13 492.2 ¥ 2,51

0 ppm 264.3 ¥ 13.20 438.3 ¥ 15.96

(Control)

12.5 x 10° ppm 275.4 * 12.60 431.6 ¥ 13.70
20°C 3 -

: 25.0 x 10° ppm 285.6 ¥ 14.54 458.4 ¥ 8.92

37.5 x 10° ppm 275.8 ¥ 9.95 443.2 * 14.87

Values are expressed as Mean % s.p.



Pable 15 : Specific activity (units/mg protein) x 10°
of AchE in brain and muscle of H. fossilig
treated with different concentrations of
Z. armatum fruit extract.

Concentration

45

ppn

(=50.97)**

20.42 ¥ 5,00
(=50.19 )#*

1 []
s Brain K Muscle
. HE
0 oppm 41.00 ¥ 2.60 54.50 ¥ 3.40
(Control) .
15 ppm 34.60 ¥ 2.90 46.00 ¥ 5,20
(=15.61)% (=14.81)*
20 ppm 31.80 ¥ 5.00 40.00 ¥ 4.80
(=22.44)* (=25.93)%*
25 ppim 22,70 ¥ 5.80 39.20 & 3.50
(=44.63)%* (-28.07)**
35  ppm 20.10 ¥ 9.00 33.10 ¥ 2,70

(=39.44 )%+

3316 + 1.80
(=39.16 ) **

Values are exXpressed as Mean ¥ s.D.
Figures in parenthesés indicate percentage change.

* p¢0.05; *%*p0.04.
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Table 19

: Tissue activity (units/g tissue) and specific activity
(units/mg protein) x 10° of AchE in brain of H. fosgilis
at different time intervals.omn treatment with 20 ppm

of Z. armgtum fruit extract.

Tissue activity

Time § é Specific activity
fggztment: : 4 - ; '
(hr ) E Control E Treated E Control 3 Treated
. _1 1 3 1
0 3.25 £ 0.15 - 43.2 £ 2.6 -
1 3.07 ¥ 0.20  2.36 ¥ 0.12 39.1 £ 2.8  29.7 + 3.5
. (=23.12)%* (=24.04 )%
2 3.2%3 £ 0.24 2.20 £ 0.12 42.2 £ 3.4 28.7° % 0.7
(=3%1.89 )¢+ (=31.75)**
3 3.22 £ 0.18 2.16 ¥ 0.1 42.1 % 2.6 28.1 ¥ 2.4
: (=32.92)%+* (=34.19 )**
4 3.07 ¥ 0.26 2.01 £ 0.06 39.3 * 3.1 25.7 ¥ 1.4
(=34.53 )% (=34.60 )%
6 3.18 ¥ 0.09 2.05 * 0.19 45.7 1 3.8 27.1 % 2.2
(=35.53)%* (~40.7)%%
8 3.31 2 0.14 1.99°F 0.04 42.5 ¥ 2.6 25.4 % 0.3
(-39.8)%» (=40.24 )%
10 3.26 £ 0.17 2.34°% 0.1 44.4 X 1.9 31.1°% 0.9
(=28,22)%+ (=29.95 ) #+
12 3.2% £ 0,09 2.65 % 0.10 46.7 ¥ 0.7 38.5 ¥ 1.8
(=17.96)%* (=17.56)**
24 3,08 0.12 2.78 £ 0.08 48.3 ¥ 1.9 45.0% 1.8
(=9.74)** (=6.83)%

. Valueg are expressed as Mean + S.D.

Figures in parentheses indicate percentage change.
* pl 0.05; ** p(O0.01.



Pable 20 : Tigsue activity (units/g tissue) and specific activity
(units/mg protein) x 10° AchE in muscle of H. fossilis
at different time intervals on treatment with 20 ppm-

Z. armatum fruit extract.

Time f Tissue activity ?7 Sbecific activity
) . 1
post i T ‘ f i
tr?i:?ent: Control ! Treated ! Control !  Treated
; 1 : ! :
0 1.64 ¥ 0.21 - 46.9 % 4.3 -
1 1.62 £ 0.08 1.41 % 0.15 50.6 & 3.7 45.9 % 4.6
(=12.96)* (-9.29)
2 1.65 ¥ 0.09 1.32° % 0,04 50.3% 2.6 40.7°% 3.0
(=20.00)** (=19.09) *+
3 1.67 £ 0.07 1.00 ¥ 0.03 51.4 ¥ 3.3 31,43 1,16
(=34.12)%% , (-38.91 )%+
4 1.64 £ 0.08 1.08 £ 0.13 51.0 % 4.1 30.9 £ 5.4
(=34.15)** (=39.41)%*
6 1.66 X 0.06 0.98 ¥ 0.02 52.8 ¥ 2.8 31,0 ¥ 1.3
(~40.96 )*® , (=41.29)%*
8 1.71 £ 0.06 1.00 ¥ 0.05 53,0 ¥ 2,73 31,1 3 1.1
(=41.52)%*® (=41.32)%*
10 1.6%3 % 0.08 1.13°% 0.01 51.7 ¥ 2.4 37.3 £ 1.9
(=30.67)%* (=27.85) %+
12 1.67 £ 0.11 1.42 ¥ 0.03 52.3 £ 1.7 45.4 ¥ 0.3
-14 .97 )** (=13.19 ) **
24 1.67 £ 0.05 1.62 ¥ 0.05 52.5 £ 1.0 51.3 ¥ 1.0
("1 033)

(-=2.99)

Values are expressed as Mean * s.D.
Figures in parentheses indicate percentage change.
* pc0.05; ** p ( 0.01.



Table 21 : Tissue activity (units/g tissue) and specific activity
(units/mg protein) x 102 of AchE in gill of H. fossilis
at different time'intervals'on treatment with 20 ppm
Z. armgtum fruit extract.

T [
gtgi ! Tissue activity E Specific activity
treatment ! H : ' '
(h ! Control H Tregted .3 Control H Treated
2 : : :
0 - 1.94 ¥ 0.15 - 60.5 ¥ 1.4 : -
1 1.85 ¥ 0.12 1.53 % 0.24 58.7 ¥ 6.2 50.7 % 7.4
(=17.30)* (-13.63)
2 1.87 £ 0.14  1.44t 0.12 61,9 % 5.7 47.4°% 4.4
(=22.99 )** L (=23.42) %%
3 1.77 ¥ 0.20 1.26 ¥ 0.19 59.3 % 1.2 41.4 ¥ 2,6
(-28.81 )% : (=30.19 )%
4 1.75 ¥ 0.19 1.14 % 0.17 56.4 1 4.0 36.6 X 4.3
 (%34.86) % 2520133
6 1.75 ¥ 0.08 1.02 ¥ 0.16 57.9 ¥ 3.2 34.0 2.5.1
(~41.71 )%+ : (-41.28)**
8 1.83 * 0.36 1.24 ¥ 0.12 62.1 ¥ 3.9 41.6°% 3,0
. (=32.24 ) %% (=33.01) %=
10 1.74 ¥ 0.23 1.32 ¥ 0.05 61.9 ¥ 7.7 47.5 ¥ 2.6
(=24 .14 )** (=23.26)**
12 1.71 ¥ 0.10 1,50 £ 0.09  60.1 % 1.0 54.6 ¥ 3.5
(=12.28)% (=9.15)%
24 1.67 £ 0.07 1.59 £ 0.08  56.4 % 1.4 53.9 & 1.5

Values are exXpresgssed as Mean I s.p.

Figures in parentheses indicate percentage change.
p<o'05; * 3% p (‘0.010



: Pissue activity (units/g tissue).and specific activity

Table 22
(units/mg protein) x 102 of total ATPase in brain of
H. fossilig at different time intervals on treatment
with 20 ppm Z. armatum fruit extract.
Time ?ﬁ Tissue gctivity 5 Specific activity
post ! T + 7
1 1
trfii?enti Control ! Treated ! Control : Treated.
\ 1 . 1 - . 1
0 45.44 ¥ 5,15 - © 60.27 ¥ 7.04 -
1 44.94 ¥ 2,66 44.48 T 2.97 57.13 % 4.24 55.78 ¥ 2.57
(=1.02) : (23@
2 48.29 ¥ 2.93 42.83 % 2.83 62.98 ¥ 4,21 56.43  4.51
(-11.28)* (-10.4)
3 48.82 £ 2.55 36, 5 0,68 64.66 % 3.34  46.42 ¥ 0.90
(-25. 5)** (—28 21)**
4 50.85 £ 2.40 34.73 % 3.93 66.44 ¥ 3.88  44.39 % 5.69
(=31.70)** (-33. 19)**
6 50.73 ¥ 2.42  35.24 £ 3.37 67.11 ¥ 2.88  50.40 * 2.3
_ ( -30. 53)** ‘ (=24.9)#*
8 49,52 * 3,32 37 83 ¥ 4. 16 63.47 ¥ 3,13 48.47 ¥ 1.49
, ( 23, 61)** ( 23. 63)**
10 46.3%3 ¥ 2.51  42.10 £ 2.53 63.22 £ 4.75 55.75 ¥ 2.74
( 9. 13)* . ( 11. 80)*
12 43.65 = 2.01 "~ 40.09 £ 2.10 62.90 ¥ 1.64  58.20 % 2.93
: ( 8. 50)* (=7.47)% :
24 £4.73 ¥ 0.51  41.45 £ 1.67 70.48 £ 3.38  67.21 £ 2.94

(=7.53)%x

(-4.64)

-+

Values are expressed as Mean - S.D. .
Figures in parentheses indicate pércentage change.

* p{0.05;

*¥

p<£0.01.



Table 23

(units/mg protein) x 102

:

with 20 ppm Z. armatum fruit extract.

: Tissue activity (units/g tissue) and specific activity
of total ATPase in musche of
fosgilig at different time intervals on treatment

Time ? Tissue activity s Specific activity
post ' - T — + 7 -
triizgent{ Control i ?reated i' Control i Preated
0 " 54.19 ¥ 0.68 - 155.95 * 7.92 -
1 56.76 £ 3.70 48.85 % 3,41 170.80 ¥ 11.26 158.8% ¥ 8.92
(=1%.94)% (=10.16)
2 56.58 £ 1.27 45.82 ¥ 0.80 172.10 ¥ 5.30 142.13 % 7.49
( 19. 02)** .( 17. 41)**
3 51.90 £ 1.39 - 39.26 ¥ 0.57 159.84 % 5.50 117 72 % 5.65
V ( 24. 35)** | ( 26. 35)**
4 51.80 £ 2.80 37.00.-% 2.48 160.33 ¥ 14.65 ‘117 13 ¥ 10.47
( 28. 27)** ( 26. 94)**
6 53.08 1 1.86  34. 23 t41.8% 167.94 ¥ 2.46 107.77 * 2.85
‘ ( 35. 51)** ( 35, 83)**
8 56.77 £ 1.70  40.77 * 1.75 176.45 ¥ 5,60 126.60 ¥ 4.48
( 28. 18) xR (-28.25)**
10 51.52 £ 2.51  41.44 % 1.05 164.01 £ 8.65 134.25 % 6.37
(- 19 57)** " (-18. 15>**
12 44.90 ¥ 0.90 38.82 £ 1.42 140.61 T 4.26 124.15 % 4.47
« (-13.54)** (=11, 71)**
24 44.5% £ 1.68 41.85 X 1.02 138.62 ¥ 3.65 133.90 ¥ 4.45
(-3.41)

1

(~5.99)*

" Values are expresgssed as Mean * s.po..

Figures in parentheses indicate percentage change.
p{ 0.01.

*

P<0.05; **



_Table 24

(units/mg protein) x 102

: Tissue activity (units/g tissue) and specific mtivity
of total ATPase in gill of

'E. fossilig at different time intervals on treatment
with 20 ppm Z. armatum fruit extracts

T - - 1 !
gtzi i Tissue activity : Specific activity
1 - 1
tfﬁ;ﬁ?enti Control i Treated i Control . Treated
0 42.49 * 3,62 - 136.51 * 12.28" -
1 42.91 X 4.16 36.52 * 1.49 136.93 £ 19,00 120.%6 ¥ 3.78
. (-14.89)* (-12.10)
2 41.58 % 3,90 31.62 % 1.06 138.72 * 20.28 104.42 % 4.51
(=23. 95)** (=24.73)%
3 43.81 £ 1.57 23.17 % 2.47 145.85 ¥ 10.69 92.09 ¥ 8,90
(- 35 70)** (-36.86)%®
4 44.58 £ 2,69 22,42 % 1.28  133.06 £ 11.18 T71.60 ¥ 5.04
(-49 71)** (-49. 95)**
6 43.19 ¥ 3,25 24.91 % 2,04 143.18 £ 9.28 81.82 £ 2.11
‘ (-42.32)#+ (-42. 86)**
8 35.58 £ 3.09 24.42 & 2.25 120.85 ¥ 11.81 81.38 ¥ 6.57
(=31. 37)** (-32. 66)**
10 38,36 * 3.26 28.56 * 2.9% 135.28 ¥ 8.51  102. 95 £ 9.62
: (- 25 55)** . (=23.90 )%+
12 38.66 £ 1.85 34.25 % 1,71 136.72 ¥ 3.32  124.75 £ 5.29
(-11. 41)** (~8.76) %+
24 39.77 £ 0.97 37.35 % o, 66 134.21 £ 1.28 126:38 % 0.39
, (=6.08)** (=5.83)#»
Values are expregsed as Mean t s.p.

Figures in parentheses indicate percentage change.
* pL0.05; ** p ¢ 0,01,



Table 25 :

activity (units/mg.protein) x 10°
in brain of H. fossilisg .at different time intervals

on treatment 20 ppm Z. armatum fruit extract.

2+

Tissue activity (units/g tissue) and specific .

of Mg ATPgse

Time ?7 Tigsue activity ; Specific activity
post i . i 3 .
tr%;ﬁ%ent: Control ! Treated ! Control ' Treated
0  34.36 % 2.65 - 45.50 ¥ 4.62 -
1 33.16 & 3.91  33.13 % 2.79 42.13 % 4.74 41.62 X 4.19
2 35.39 £ 2.57 32.16 £ 3.67  46.21 ¥ 4.50 42.63 ¥ 3.78
(- 9 13) (=7.75)
3 36.06 ¥ 1.27 25.85 % 1, 66 47.76 £ 1.40 3%.49 ¥ 1.87
. (-28. 31)** (=25. 18)**
4 42.55 * 2,29 27, 36 3.27  54.60 ¥ 2.95 34.96  4.67
(-35. 70)** (-35. 97)**
6 39,53 & 1,29 26.12 * 1.16 52,33 ¥ 2,38 37.50 1 2,75
(-33. 92)** (=28.32 )%+
8 39.37 * 1.50 28.59 * 2.29  50.53 ¥ 2.79 36.48 * 4.22
' ( 27. 38)** ( 27 81)**
10 37.10 £ 2,71 33.62 % 3 55 50.61 ¥ 4.09 44.717 3,02
(—9 38) ( 11. 65)
12 33,05 £ 1.69- 30. 16 % r1.79 47.62  2.42 43%.78 ¥ 2.27
(-8.74)% - (=8. os)
24 35.70 ¥ 0.40 32.79 % 1.26 56.05 * 2.53 53.93 ¥ 2.24
(~8.15)

(-3.78)

Values are expressed as Mean ¥ s.p.

Figures in parentheses indicatehpercentage change.
p<0.05; ** py 0,01,



Table 26 :

(units/mg protein) x 10
fogsilis at different time intervals on treatment
with 20 ppm Z.

H.

armatum fruit extract.

Tissue activity (units/g tissue) and specific activity

2 of Mg2+ ATPase in muscle of

B T ) -
gtﬁi ! ~ Pissue activity é4 Specific activity
treatment! ' i : :

(hr) ! Control : Treated ! Control ¢« Treated
0 45.27 ¥ 1.17° - 130.28 ¥ 6.72 -
1 47.06 T 1.88 39.50 * 2,74 147.37 ¥ 19.24 128.40 ¥ 10.49
(=16. 06)** ( 12. 87)
2 42.84 * 2.53  33.65 * 2.60 130.46 ¥ 9.27  104.30 * 8.22
(=21. 45)** ( 20. 05)**
3 37.83 ¥ 0.63 26.51 ¥ 0.05 116.56 % 4.39 79.45 ¥ 2.62
(-29. 92)** ( 31. 84)**
4 39.00 ¥ 1.34  25.73 £ 0.55 121.18 £ 8.73 81.37 ¥ 3.64
(=34.03)** ( 32 85)**
6 40.33 £ 1.99 24.27 ¥ 2,39 127.88 ¥ 4.46 76.69 * 10.03
( -47. 61)** (-40 43)*ﬁ
8 40.56 * 2.78  26. 36 % 2.79 126.14 % 10.19 82.01 ¥ 9.66
(=35.00)** ( 34. 98)**
10 37.60 ¥ 3,01 29.09 % 2.32 119.55 ¥ 7.66 93.78 ¥ 13.93
A (=22.63)%% (-21.56)*
12 32.70 £ 1.56 27.60 £ 1.43 102.09 ¥ 6.71 88.28 ¥ 4.03
(~8.33)** (=13.53) %+
24 32.01 £ 0.85 29.82 % 0.88 99.65 £ 2.92  95.41 P4.02

‘(-6.84)**

(-4.25)

Values are expressed as Mean * s.D.

Figures in parentheseées indicate percentage change.

* pl 0.05;

** p 0:01.



Table 27

: Tissue activity (units/g tissue) and specific activity

(units/mg protein) x 102 of Mg2+ ATPgse in gill of
H. fossgilis at different time intervals on treatment
with 20 ppm Z. armatum fruit extract.
i 4 ‘
Time : Tissue activity ' Specific activity
post : 7 ; 7
treatment! H H :
(hr) ! Control ! Treated ! Control 4 Treated
1 i | 1 1
o 34,75 ¥ 3,77 - 108.79 % 14.52 -
1 34.69 £ 4.19  29.24 % 0.41 110.71 £ 17.33 - 96.48 £ 9.83
(=15.71)* (-12.85)
2 34.27 £ 4.0%  25.31 % 2.60 114.61 £ 21,12 83.43 % 8.43
(=26.15)** (227.21 )%
3 34.77 £ 2.39  21.99 ¥ 1.75 115.88 ¥ 12.58 72.11 ¥ 6.60
(=36.76)** (=37.77)%*
4 37.15 ¥ 1.53.  16.50 ¥ 1.69 119.28 * 3.06 52.77 ¥ 6.32
o (-55.58)** (=55.76 )%
6 35.%37 ¥ 3,58 18.48 & 0.58 117.37° % 12,16  60.92 £ 3.89
. (=47T.75)** J (-48,09)**
8 30.27 ¥ 1.91  19.97 % 1,73 103.09 ¥ 8,30 66.57 £ 5.36
(=34.02)w* (=35.43) %%
10 33,54 13,01 24.05 ¥ 2,31 118.62 ¥ 13.76 86.61 ¥ 5.78
(-28.29)* (~26.99 ) %%
12 33.71 ¥ 2,11 29.54 % 1.45 119.21 ¥ 3,01 107.62 % 5.43
(=12.37)%x . (=9.72)%*
t9.38 32,91 F .39 118.72 * 2.93 111.34 * 0.94

24 35.19

(-6.48)*

(=6,22)%*

Values are expressed as Mean * s.D.

Figures in parentheses indicate percentage change.
* p¢0.05; ** p<0.01. '

{0



- Table 28

¢ Tissue activity (units/g tissue) and specific activity

(units/mg protein) x 10° Na* K™ ATPase in brain of
H. fossilisg at different time intervals ¢n treatment

with 20 ppm Z. armatum fruit extract.

T - 1]
g;gﬁ ' Tissue activity ! Specific activity
treatments ' : . i
(hr) 1 Control ! Treated ! Control i Treated
) L 1 L
0 11.08 ¥ 4.19 - " 14.66 * 3,04 -
1 11.82 £ 2,06 11.35 ¥ 4.40 16.59 £ 1.70  14.15 ¥ 5.25
(~3.98) (=14.71)
2 12.88 £ 1.79  10.54 ¥ 2,44 16.75 £ 1.97  13.91 ¥ 3,41
(-18.17) | ( 16. 96)
3 12.75 ¥ 2.64 10.89 ¥ 2,81 16.89 £ 3.38 ~ 14.04 % 3.26
(-14.59) ( 16.87)
4 8.30 ¥ 0.68 7.36 1 .61 10.65 ¥ 0.96  9.:41 ¥ 2.16
' . (=11.32) ( 11.64)
6 11.20 ¥ 3,27  9.12 %308 12.782% 4.1% - 12.87 * 3.90
‘ (~18.57) ( 12. 92)
8 10.15 T 4.18 9.23 % 1,97 12.935 ¥ 5,00 11.82 ¥ 2, 63,
(-9.06) (-8. 58)
10 9.21 ¥ 1.7 8.48 £ 1.70 - 12.59 T 2.53 11.29 ¥ 2.45
(=7.93) ( 8. 73)
12 10.61 £ 0.25 9,92 ¥ 0.39 15.29 ¥ 0.14. 14, 41 T 0.40
(-6.50) ( 5. 76)
24 9.0% ¥ 0.12 8.66 £ 0.42 14.18 ¥ 0.68 14.05 ¥ 0.70
(=4.10) (~1.00)

Values are expressed as Mean * s.D.

Figures in parenthesées indicate percentage change.



Table 29

(units/mg protein) x 102

: Tissue activity (units/g tissue) and specific activity
of Nat’K+ ATPase in muscle of

H. fossilig at different time intervals on treatment

.with 20 ppm Z. armatum fruit extract.

Tissue activity

Specific activity

Time s E
poSt ment | ' ! !
,tr?iﬁgentg Control, ! Treated i Control H Treated
1 . | 1
0 8.91 % 1.11 - 25.61 F 3,38 -
1 9.70 ¥ 3,05 9.37 ¥ 1.75 32.51 ¥ 9.04 20.39 ¥ 4.96
(=3.40) (=5.47)
2 13.69 £ 2.72 12.17 ¥ 2.38 41.61 ¥ 7.82 37.78 * 8,04
(-11.10) A : (-9.20)
3 14.05 ¥ 1.32 12.75 ¥ 0.94 43.30 ¥ 3.37 38.29 ¥ 3.64
(-9.25) : (=11.57)
4 13.07 £ 1.58 11,27 £ 2.06 40.54 ¥ 5.56 35.76 £ 7.12
_ (-13.77) ‘ (-11.79)°
6 12.74 £ 1.77 9.95 * 1.57 40.28 ¥ 5.10 21.28 X 4.43
(-21.89)* ‘ (=22.34 )%
8 16.19 £ 3,37 14.40 ¥ 1.39 50.25 ¥ 9.79 44.69 ¥ 2.88
(=11.06) (11.06)
10 13.92 £ 3.86 12.35 L 3.44 44.45 ¥ 12.91 40.46 * 14.12
(-11.27) £8.98)
12 12.20 £ 0.79 11.23 ¥ 0.71  38.17 ¥ 2.06 35.87 T 1.44
(=7.95) (=6.03)
24 12.52 £ 0.61 12.03 % 0.66 38.97 * 2.17 38.48 £ 1.16
(-3.91) (-1.26)

Values are expressed as Mean I s.D.

Figures in parentheses indicate percentage change.

* p< 0.05.



Table 30 :

Tissue activity (units/g tissue) and specific activity
(units/mg protein) x 10% of Na® KT ATPase in gill of
H. fossilis at different time intervals on treatment

-with 20 ppm &Q armatum fruit extract.

.gizi | 5 Tissue activity f Specific activity
treatment ! H } : '
(hr) ' Control ! Treated ! Control ! Treated
1 1. L 1
0 7.74 £ 0.75 - - © 23,66 ¥ 1.84 -
1 8.26 ¥ 1.25 7.27 % 1.27  26.36 ¥ 4.67 24.44 ¥ 3,35
(=11.98) (-7.28)
2 7.30 £ 1.29  6.31 ¥ 1,07 23,97 ¥ 3,33 21.00 ¥ 9.08
(-13.56) (-12.39)
3 9,0% ¥ 1.49 6.16 X 1,72 29.93 ¥ 7.00 20.77 ¥ 1.17
(-31.78)* : (=30.60)*
4 7.42 % 1.2% 5.90 ¥ 1.19  23.78 ¥ 3.50 18.79 * 3.41
(-20.49) (-20.98)
6 7.80 £ 1.79 6.43 ¥ 1.85 25.77 ¥ 5.27 20.90 ¥ 5.02
(=17.56) (-18.90)
8 5.31 £ 1.24 4.45 ¥ 1.30 18.0% ¥ 3.86 - 14.81 ¥ 4.18
: (=16.20) . (-17.85)
10 4.64 T 1,13 3.95 ¥ 0,43 16.23 £ 3,09 14.32 £ 2,57
(-14.87) (=11.77)
12 4.95 ¥ 0.25 4.70 ¥ 0.31  17.50 ¥ 0.73 17.13 £ 0.36
_ (~5.05) (-2.11)
24 4.58 £ 0.43 4.45 T 0.23 15.84 ¥ 1.64 15.09 ¥ 0.8
(~2.84)

(-2.52)

Values are expressed as Mean ¥ s.po.

Figures in paréntheses indi cate percentage change.

t p¢ 0.05.



Table 31 : Specific activity (units/mg protein) x 10° of AchE in
| brain of H. fossilig treated in vitrg with Eserine and

Z. armatum fruit extract.

AchE Specific
activity

Concentration
of Eserine(M)

fo = e o - s o

Concentration of
extract (ppm)

| SR

AchE specific
activity

0~00 33.76 ¥ 0.09
(Control) '
1.28 x 10~° 33,56 ¥ 0.48
2.56 x 1070 32.89 ¥ 0.28
(~2.58)*
" 3.20 x 1070 32.45 ¥ 0.11
(=3.88)%*
5.12 x 10-6 31.00 ¥ 0.37
- (-8.18)%*
5.76 x 10~° 22.77 * 0.19
(=32.55)%
6.40 x 10™° 11.66 £ 0.11
(=65.46)%x
1.28 x 1070 2.40 ¥ 0.11
(-86.97 )**
3,20 x 10~2 0.77 * 0.11
(=97.72)**

L e v e o o)

0.00
(control)

400

800

1200

1600

2000,

2400

42.60 ¥ 0.10

41.90 £ 0.10

("‘1 064 )**

40.05 ¥ 0.10
(=4.93)*»

38.50 ¥ 0.00
(—9062)**

30.40 £ 0.20
(-28.64 )**

30.50 ¥ 0.10
(~28.40)**

29.70 ¥ 0.10
(-28.28)*?

Values are expressed as Mean X S;D.

Figures in parenthesés indicate percentage change.

* p<0.05; ** p<0.01.



Table 32 :

Specific activity (units/mg protein) x 107 of AchE

in muscle of H. fogsilis treated in vitro with Eserine
L

" and Z. armatum fruit extract.

v

Concentration
of Eserine

AchE gpecific
activity

Concentration of
extract (ppm)

ot w8 o - D e oty -]

AchE gpecific
activity

PR S SRR

V) sty ot et ]

0.00 49.03 ¥ 0.19 0.00 47.90 ¥ 0.06
(control) (control)
3.20 x 10™7 47.92 * 0.%2 400 43%.60 ¥ 0.10
(~2,26)* (~8.97)#®
1.28 & 10°° 40.42 % 0.10 800 35.60 * 0.10
(=17.56)%% . (Z25.68) %%
3,20 x 10°° 30.75 £ 0.39 1000 32,70 £ 0.13
(=37.29)#+ (~31.73)%%
5.12 x 100 27.38 ¥ 0.12 1200 30.70 ¥ 1.10
(=44.16)»¢ (=35.91)%*
6.40 x 10°° 17.82 % 0.57 1600 26.40 ¥ 0.30
(=63.65)** (-44.89)%*
1.28 x 1072 6.09 ¥ 0.10 2400 26.00 £ 0.10
(-87.58)%* (=45.72)**
3.20 x 1072 1.22 £ 0.1% - -
~97.51 )**
6.40 x 102 1.22°% 0.13 -

Values expresgssed as Mean ¥ s.p.
Figures in parentheses indicate percentage change.
* pe0.05; ** p < v.0t.



Table 33 : Specific activity (uhits/mg protein) x 102 of Mg2+ ATPase
in brain of H. fossilis treated in vitre with KSCN and
Z. armgtum fruit extract.

> T . T 7
Concentration E Mg2+ ATPase § Concentration of | Mg2+ ATPase
of KSCN (M) ! specific activity! Extract (ppm) | specific activity
1 t 1
i . , _
0 46.67 £ 2.63 0 45416 ¥ 0.34
(control)‘ (control)
1.81 x 10~° 42.50 ¥ 0.17 40 42:.5% X 1.73
("8094) (-5-82)
3,63 x 10”2 35,37 £ 0.53 . 80 42.55 ¥ 0.98
6.60 x 10~° 33,40 ¥ 0.17 160 36.17 £ 0.06
(-28.473 )%+ (=19.91 )*=
7.20 x 10™° 27.37 ¥ 0.50 240 33.45 £ 0.62
- (=41.35)%* L (=25.93 )%
9.09 x 1072 24.37 £ 1.04 320 30.62 £ 0.28
(=47.78) %= | 4 (=32.20) %
10.90 x 10~  24.50 % 0.78 400 | 29.10 ¥ 0.55
(=47.50) %+ (=35.56)**
- - 480 ~ 29,49 ¥ 0.72
(=34.70)%*

Values aree expressed as Mean ¥ s.D.
Figures in parentheses indicate percentage change.

* p40.05; ¥** pc0.01.



2 2+

Pable 34 : Specific activity (iunits/mg protein ) x 10° of Mg
ATPase in muscle of H. fossilis treated in vitro with
KSCN and Z. armatum fruit extract.

] 4
]

. [] !
- : ] 1]
Concentration of 1,2+ s1pyge gpecific! Concentration iMg?*t ATPage
KSCN (M) :

i activity E of extract(ppm)}specific activity
1 1 1
1 - 1 1
| o 139.37 £ 1.15 . 0 132.91 ¥ 2,06
(control) | (Control)
1.81 x 10°° 120.08 X 2.72 40 126,31 ¥ 1.24"
(»13.84 )% | (-4.97)*
3.63 x 10°° 102.37 ¥ 0.68 80  120.59 % 0.91
(=26.55)%* N (=9.27 )%+
6.60 x 1072~ 96.19 % 1.18 160 115.44 * 1.07
(=30.98)%+ (=13,14)%%
7.20 x 107> 87.62 % 0.73 240 101.26 ¥ 0.99
(=37.13)%* (~23.81 )**
9 x 1072 76.58 £ 0.48 ‘ 320 100.46 * 0.99
: ‘(-45.05)** (=24 .42)%%
10.9 x 1072 76.65 ¥ 0.53 400 98.12 * 0.96
(-45.00)*x (=26.18) %%
- - . 480 ©99.68 ¥ 0.92

(=25.00)**

Values are expressed as Mean ¥ 8.D.
Figures in parenthesés indicate percentage change.

* pL0.05; ** p¢o0.01.



Table 35 :

Specific activity (units/mg protein) x 10

2 of Mgt ATPase

in gill of H. fossilis treated in v1tro with KSCN and

Z. armatum fruit extract.
1 1 T
Concentration | Mg®t ATPage ! Concentration !Mg®® ATPase
[ ] t t
of KSCN (M) ! specific activity! of exXtract(ppm)!specific activity
: L P
0 140.94 % 1.21 | 0 - 124.28 * 0.49
(control) (control)
1.81 x 10”2 135.69  3.51 T 40 110.79 £ 0.63
- (=3.72) (-10.85)**
3.63 x 10”2 118.26 * 0.38 80 104.15 % 0.25
(-16. 09)** ( 16. 20)**
6.60 x 10~° 102.30 ¥ 1.14 160 98.60 * 1.00
(-27. 42)** (-20.66)**
7.2 2 1072 85.24 ¥ 0.64 240 95.12 £ 0.90
(=39.52)** . (223.46)%%
9.0 x 10™° 80.24 ¥ 1.02 320 92.98 * 1.98
' (—43 07)** (~25.26 )%
10.9 x 1072 81.04 % 0.94 400 190.98 ¥ 1.98
(-42.50)*® ( 26. 80)**
- - 480 91. 65 0.78

(-26.25)*+*

Values are expressed as Mean * s.D.
Figures in parenthesés indicate percentage change.

** p¢ 0. 01
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Table 38 : The nature of inhibition of (A) AchE with Eserine and
Z. armatum and (B) Mg®* ATPase with KSCN and Z. armatum

fruit extract in brain, muscle and gill of H. fosgilisw

(A) Acetylcholinesterase

1 1
[} t
. : -
Substrate |Inhibitor : Nature of inhibition
1 H
H B ; B :
H Brain H Muscle ! Gill
- i !
! _ ,
: -
Acetyl Eserine !
! o ,
]
thiocholine E Competitive - Competitive
R t [
-iodide Z.armatum | Noncompetitive  Noncompetitive
g ‘
!
1
t
H

(B) Mg®* ATPase

Noncompetitive Noncompetitive Noncompet:

KSCN

, tive
ATP

Z.armatum Noncompetitive  Noncompetitive Noncompeti

tive

I St w WM S e e -




Table 39 : Inhibitor constants-(Ki) of Z. armatum fruit extract
‘ for AchE and Mg2+ ATPasé in brain, muscle and gill

for H. fossilis

t

1
Tissue ! i
' S N 2+

v AchE i . Mg“" ATPase
Brain 700 ppm : 220 ppm
Muscle 500 ppm - 240 ppm

Gill 250 ppm
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values are aiso plotted ).
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FIG.14. -THE PERCENTAGE CHANGE IN OXYGEN UPTAKE OF
TILAPIA MOSSAMBICA TREATED WITH DIFFERENT
CONCE.NTRATION.S; OF ALCOHOLIC EXTRACT OF
Z- ARMATUM FRUIT (Each point represent
change in oxygen uptake for 30 minutes).
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The Specitic staiming on polyacrylamide gel and the absorption spectra
at 425 nm of the gels stained for AchE with acetylthiocholine iodide
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(b) muscle of H fossilis
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-EFFECT OF Tl-iE ALCOHOLIC EXTRACT"OF ZANTHOXYLUM ;MRMATUM FRUITS ON‘
CERTAIN HAEMATOLOGIC PARAMETERS OF HETEROPNEUSTES FOSSILIS

It has been reported earlrer1 trat there are about ten

-plants and their parts which are used as ‘piscicidal

agents in fish capture by the people in North-Eastern
India. Among these, we found the 'e'xtract"of the

fruits of Zanthoxylum armatum DC (=z. alamm

Roxb.) to be the most potent-in ifs piscicidal activity.
However, the mode of action of its toxicity is not yet

-fully understood. The detailed mechanism of action

of the only piscicidal plant product, Rotenone, derived
from Derris root has been 1nvesngated2“ At the
Rotenone - is -known to block - the
nicotinamide adenine’ dinucleotide dehydrogenase seg-

“ment of the mitochondrial resplratory chain, resultmg

m reduced oxygen uptake by ﬁs -es%% Many toxins
.are known to have a direct eﬁ'ect on the baematologlc
parameters™®. The present study, was, therefore

-aimed to find out if the alcoholic extract of tre fruits
-of Z. armamum had any. similar effect on some
—of the haematologlc parameters of 'the cat fish

H Sossilis.
The fishes were collected from nature and were

-acclimatized to the laboratory condmor_rs at 20 £2°C

“the effect of the toxin.

Cin aquarla for three. weeks, and were fed. on alternate

days. The weight of the fishes ranged from 8-22 g and
thelength 10-15.cm. The.fishes were weight-sorted into
two groups (9-14 g and 15-20 g) in order to compare
About 500 g of shade dried
powdered fruits of Z.. armatum were extracted with
alcohol following Indian Pharmacopeia.and concen-
trated to 39g. A 101 glass jar containing 61 of tap
water was.used with 6 fishes for each set of experi-
ment. Four. different concentrations. of the fruit
extract (15, 20, 30 and.35 ppm) were used. - The blood
samples were taken from. fistes treated with 15 ppm
after'12 hrs, in.20 and 30 ppm treated fish.after 6 hrs,
and with 35 ppm treatment after 3 hrs, since the lethal
time was different for different concentrations. - The
blood samvles ‘were collected through the caudal vein
and the RBC number/mm?® and Hb g8 were estimated
using haemocytometer and haemoglobinometer res-
pectively'l. The haematologic values like RBC number,
Hb concentration and Hb/RBC ratio of control and
treated fistes of the two weight groups were calculated

- (Table I). It could be seen fr_om-t}te'data that the

- E - TABLE 1
Eﬁect of different concentrations of Z.. armatum (=Z. alatum) frkits on- the haematologxc parameters of H. fossrhs

Average wt Average RBC/mm“ % Hb[R.BC*
of fish (g) léngth of X108 0% Hb* X 10-8
fish (cm) . . ) i
0 ppm. ey 13-1 23401 13-740-2 6:6£0:2
(control) .
(22) .. . R
15 ppm. 12-3 13:1 2:240-1 13-740-3 6:240-
(13). ‘ ’
914 g. 20 ppm. 12:2 129 2-240-1 13:640-3 6-1+0-
'Wt. group. (1) _ :
30 ppm. 12-2 12-4 2:240-4 13-640-2 6:440-
(14 . ) .
35 ppm. 12-3 1247 2:440-1 ‘13'-4:{:0'2 6:310-
0_ppm. 17-1 14-2 27402 15-3+0-3 5-840-,
(control) o
(16) ) -~
15 ppm. - 17-2 13-6 2+44:0-2 14:040-3 5:940-
® : <
15-20 g.* 20 ppm. - 169 14-0 2:4:40-1- 16:540-4 6-9+0-
“Wt. group. ) - ' .
30 ppm. 157 13-8 2:340-3 14-8-0-5  6°4:£0-
(6) .- S ) '
35 ppm. 16:7 140 . 2-440-1 15-34£0-4 6°240-
® ' ‘ '

* The valués expressed as Mean + S.E.M.
Numbers in parentheses indicate the number of fishes used.


http://from.fish.es

four different concentrations ‘apparently had no signi-
ficant effect on the two weight groups of fishes.

Certain pesticides, insecticides and piscicides have
been reported to affect the different haematologic
parameters like erythrocyte number, haemoglobin
concentration, packed cell volume, mean corpuscular
volume, erythrocyte haemoglobin,. mean corpuscular
haemoglobin and haematocrit’™®. Saponin is one
of the plant derived piscicides known to cause hacmo-
lysis in fishes!'13, Beside toxins, the lower oxygen
tension of water has been shown to change the haema-
tologic parameters in fish'¢. However, in the present
study, the authors did not observe any change in the
oxygen levels of the experimental medium with change
of time. Further, the experimental fish, H. fossilis
being an air-breather would not be much influenced.
by the changes in oxygen concentration of waters
The ctemical analysis so far done on Z. armatum does
not indicate the presence of the any- of the -known
haemolytic factors such as Saponin or Rotenone'g.'
Thus, it is evident from the foregoing account that
piscicidal ‘components present in the fruits ‘of
Z. armatum. do not have haemolytic properties and
the, lethal effect could bedue to interference in other
physiological processes.

The authors are thankful to Professor R. George

- Michael, Head of the Zoology Department, for his
interest in this study and to Dr. Nitya Nand, Director,

CDRI,- Lucknow, for-bhelping in the preparation of

the alcoholic extract of the fruits. The award of

JRF from CSIR (to SNR).and financial assistance

from NEHU and UGC (to BKR) are gratefully

acknowledged.’ '
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STUDIES ‘ON PISCICIDAL PLANTS: OF ‘NbRTH-EASTERN INDIA: HOPE FOR AN
INDIGENOUS PLANT POISON FOR FISH NURSERY MANAGEMENT -

Y

IN modern fisheries plant products-2 like rotehoﬁe“,‘

jugplonet, pyrethrin and pyrethroids® are used to
remove predatory and weed fishes from rearing ponds.
The toxic action of these plant products have been
observed to be of short duration depending on the
concentration of the toxin, In many cases, the fishes
which have been poisoned can be revived back to
normalcy by transferring them to fresh water. Chemi-
cal poisons are sometimes used in fishery management
However, due to their acute toxicity on fishes, sus-
tained residual toxicity and their side effects on other
aquatic organisms, they are not much acceptable.
Among the plant products, the most important one is

" rotenone which is obtained from Derfis root (Derris

trifoliata Lour.) and is at present imported to India.
- Hence, there is an urgent need to find out a suitable
substitute for rotenone from indigenous p;scmdal
plants. -

Chopra et al.® have described 112 plants in India
reported to have piscicidal action. "Out of these, more
than 40 plants occur in N.E. India?. Tke authors have
collected and identified 10 plants reported to have
piscicidal effect from N.E. India (Table I). Toxicity
‘studies were carried out on 5 of them on two species
of fresh water fishes commonly found in hill streams,
Puntius shalynius ' (Yazdani and Talukdar),

Danio -

_jars with a minimum cf 10 fishes.

dangila (Hamilton) and on one species of brackish
water air-breathing fish, Heteropneustes fossilis (Bloch.).
The toXicity experiments were carried out in 101, glass
Tte plant parts
were first air-dried in shade and finely powdered. The
results are provided in Table II. - These results indi~
cate that the fruits of Zanthoxylum armatum DC
(=Z. alatum Roxb.)) have more acute toxic effect
among thke different plants screened. Zanthoxylum
armatum ocours commonly in the hilly tracts of N.E.
India and the-fruits are extensively used fcr catching
fishes locally.

Some of the investigated plants for piscicidal action
are Barringtonia acutangulae (L.) Gaertn., Croton tig-
lium L., Derris trifoliata Lour. and  Milletia piscidia
Wt.8-11, Many of the piscicidal plants contain sapo~
nin, alkaloids, glycosides and essentjal . oils?. They
mostly act on the nervous system causing paralysis
or on the blood resulting in haemolysis or dlrect]y
act on the muscle actmty12

The behavioural responses of the fishes in relatioq
to the toxins studied by the authors were similar to
earlier workers made on different plants®!, In the
initial phase of treatment of the toxin, the fish was
more active, then showed erratic movements, "turned
upside down and finally collapsed at the.bottem of

TABLE T

Details of piscicidal plants commonly used by the N.E. Indian_tribals in fishing

Batanical name

Part/s used

Local name

Croton tiglium. L.

seed and fruit

Jambola gota

Eupatorium odoratium L. leaf and shoot Assam-lota - . :
Milletia pachycarpa Benth, oot Bakoa-biri; Bokol-bih; Bishloti.
Moyrica esculenta Buch -Ham. - bark ‘Soh-phi; Keifang; Naga-teng; Kaipt.ak
Polygonum hydropiper L. var. oo

faccidum Steward wholé plant Pani maricha
Polygonum hydropiper L. var, hydropiper  whole plant
Potentilla fulgens Wall, ex Lehm, root

Taxus baccata L.

Xeromphis spinosa (Thunb.) Keay
(=Randia dumetorum Poir.)

Zanthoxylum armatum DC,
(=Z. -alatum Roxb.)

leaf, shcot and, seed

fruit

root, fruit, ba:ic and
leaf

Dingsableh

Dieng-makasing-khlaw; Gurol,
Mainphgl

Gaira, Tambul

Bel.mona g
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TaBLE m .
Comparative lethal dosage af different piscicidal plants on P, Shalymus,

. dangila and H. fossilis .

. Lethal time

Botanical name . Part ysed Minimum effective
e o DR concentration (ppr) (o).
Myrxca esculenta Buch., —Ham “bark . © 80-100 12-15 '
}’olygonum hydlop:per L var, hydrop‘per leaf, « 100-125. 10-12.7
Potentilla fulgens Wal ex Lehm, root = 150-200 810
Xetomph:s spinosa (Thunb) Keay ' . ) . - )
" (=Randia dumetorum P oir) . ) fruit " 120-140 10-12,

;,Zanthoxylum armatum DC, (=Z. alarum Roxb.) -- - fruit 50-70 89

t;ﬁe jar. The gill movement increaéed at the injtial 3. Rowe-Ro»'ve. D. T, J South Afr.-Wildi. Mgme;—

phase and gradually decreased towards the lethal phase.
It was also observed that the dosage required for air-

breathmg fishes was more compared to that of gill-

brea.thers Further studies on the purification of the
foxins, their phyarologlcal mode of action-and’ res;dual
tOXicity are in progress :

_.The authors are thankful to Professor R. Gcorge
er‘hael Head of the Zoology Department for his
keen interest and constant encouragement in this study
and to Dr. R. R. Rao for identifying the plants. The

financia! supporf from CSIR -(to SNR), NEHU (to

BKR) are gratefully acknowledged.
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Glucose-6-Phosphate Dehydrogenase (G6PDH) and Lactate
Dehydrogenase (LDH) Activities in two Air-breathing and two
_ Gill-breathing Species of Fish—A Comparative Study

S N RAMANUJAM and B K RATHA

Biological Chemistry Unit, Department of Zoology, School of Life Sciencés,
North-Eastern Hill University, Shillong 793014

(Received 7 November 1979; after revision 26 June 1980). '

The activities of G6PDH and LDH were studied in the brain, gill and
muscle tissues of two species each of the air-breathing and the gill-breath-
ing fishes. In all cases LDH activities were significantly higher than those
of G6PDH. G6PDH activites between the two groups of fishes indicate
that the primary gill-breathers had higher activities in comparison to the

air-breathing species.

The highest activity of G6PDH was seen in the

gills and lowest in the muscle whereas the LDH levels were in the reverse

order.

These enzymatic variations between the tissues and species are

possibly due to the physiological, metabolic and behavioural differences.

Key Words: G6PDH, LDH, Adaptation, Glucose metabolism

’ Introduction

The main route of glucose metabolism in
most of the tissues is by Embden-Meyerhof-
Parnas (EMP) pathway, when glucose is
converted to pyruvate. The reversible reduc-
tion of pyruvate to lactate is the terminal
step that characterizes glycolysis in verte-
brates. A secondary pathway of glucose
metabolism is the Hexose
phate (HMP) shunt which diverges from
glycolysis at the level of glucose-6-phos-
phate. It has been shown earlier "that the
presence of glucose-6-phosphate  dehydro-
genase (G6PDH, E.C. 1.1.1.49) is a strong
evidence for the HMP shunt (Hellman 1964,

monophos- .

Kauffman et al. 1969) and the presence of
Jactate dehydrogenase (LDH, E.C. 1:1.1.27)
indicates the capacity for anaerobic glycolysis
(Hochachka 1973). Hochachka (1961) re- -
ported that during aerobic metabolism both
EMP and HMP pathways were operative
whereas exclusive EMP participation -for
glucose metabolism is seen during anoxic
condition.

A shortage of dissolved oxygen has been
shown to be the primary environmental
factor which stimulated the development of
air-breathing mechanism .in fishes (Carter &
Beadle 1931). Purely gill-breathing fishes live



in well aerated water and are more active
whereas the air-breathing fishes usually live
in oxygen-deficient water and - less active.
This habitat difference is expected to have
some impactlon their metabolism.

Therefore, a comparative work has been
carried out on the two key enzymes, LDH
and G6PDH in gili, brain and muscle tissues
of two species of surface-dwelling, active and
purely gill-breathing fishes (Puntius shalynius
and Danio dangila) and two species of bottom
dwelling, sluggish and air-breathing fishes

(Heteropneustes fossilis and Channa orientalis)

to find out, if there exists, any difference in
their glucose metabolism.

Materials and Methods

The fishes were collected from natural
sources and were acclimatjzed to laboratory
conditions for three weeks. They were kept
in aquaria at 204£2°C with 12 hours’ dark
and light conditions. Food was given on
- alternate days and aeration was done only
for the gill-breathing fishes. The weight range
of different species of fishes used was : 1.2-
2.0 g (P. shalynius), 1.0-1.6 g (D. dangila),
4.0-6.0 g (C. orientalis) and 8.0-12g  (H.
fossilis). Eight matured fishes from each
species were decapitated at a fixed time of
“the day and tissues (brain, gill and muscle)
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were removed, washed in ice-cold sucrose
0.25 ™, blotted dry and were immediately
deep-frozen at —15°C until estimations were
carried out. All estimations were completed
within a week of sacrifice. .

Enzyme assays: A known percentage of
homogenate for each tissue (10% for muscle
and gill and 5% for brain) was prepared in
0.25 M ice-cold sucrose and centrifuged at
14,000 x g for 20 min at 0+2°C. The super-
natant collected was used for enzyme assays.
Both G6PDH and LDH activities were
measured spectrophotometrically at 340 nm
according to the methods of Langdon (1966)
and Kornberg (1955) respectively. The pro-
tein contents were estimated according to
Lowry et al. (1951). The enzyme activity is
expressed both in terms of total activity
(units/g wet wt.) of tissues and specific acti-
vity (units/mg protein). All biochemicals used
were purchased from Sigma Chem. Co., USA
and other chemicals were of analytical grade
from BDH.

Results and Discussion

The levels of G6PDH activity in the different
tissues studied showed a general pattern of
gill>brain>muscle in all the four species of
fishes. The level of G6PDH was extremely
low in the muscle (table 1).

Table 1 (4) Total activities (units|g wet wt.)X 10° and (B) Specific activities (unitsjmg proteinx 10%) of GGPDH
and LDH in brain, gill and muscle of four different species of fishes (Data has been expressed as mean+-S.D.

caleulated from 8 experiments)

Species of fish Brain Gill Muscle
G6PDH LDH G6PDH LDH G6PDH LDH
H. fossilis 133443 77.8+79 189444 31.3474 09402 146.44-60.3
C. orientalis 11.8+5.6 102.845.8 18.24+6.8 62.9-+23.4 0.8+0.3 66.34-22.2
A | P. shalynius 18.7-+9.2 54.8+179 25.94-4.8 44.14+9.8 0.840.3 66.7417.1
D. dangila 27.244.9 76.6+16.5 27.74+6.0 36.94+£5.6 2.940.9 116.94-38.5
H. fossilis 37.946.7 . 230.11448.7 11634202 154.64-27.9 49+1.3 584.24+98.0
C. orientalis 27.24-47 291.4+60.2 93.24-45.6 312.24-98.9 7.0-+3.4 391.54+25.9
B | P. shalynius. 51.64£7.1 150.3430.2 103.6+11.6 175.74-33.7 34403 270.54-83.2
D. dangila 48.6+12.1 131.7413.8 93.4421.1 144.249.7 15.3+4.6 593.84-75.6
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The specific activity of LDH is significant-
1y high in muscle in comparison to brain and

gill in all the species. However, the total

activity of LDH is significantly high only in
the muscle of H. fossilis. This higher activity
of LDH in muscle may be due to- the higher
rate of anaerobic glycolysis taking place in
muscle. Hochachka (1969) has shown that
the energy requirement in the muscle tissue
usually arises suddenly and is supplied by
rapid glycolysis resulting in increased for-
mation of pyruvate. In an anaerobic tissue
like 'muscle, the higher activity of LDH is
necessary to convert the accumulated pyru-
vate into lactate utilizing the NADH: pro-
duced during pyruvate formation and allow
the anaerobic glycolysis to continue. On the
other hand, the brain and gill do not face
such sudden energy requirements. Besides,
the oxygen is more readily available to those
two-tissues enabling aerobic metabolism.

" The higher activity of G6PDH in gill and
brain in comparison to muscle indicate the
existence of efficient HMP shunt in addition
to that of glycolytic pathway. It is known
that the HMP pathway is predominantly
found in red blood corpuscles (Harper et al.
'1977). The gill tissue having high network of
‘blood circulation and circulating red blood
corpuscles’ for oxygen uptake should show a
corresf;ondingly higher G6PDH activity.

The higher level of G6PDH activity ob-
served in the brain may be due to the in-
creased rate of pentose production for
nucleic acid synthesis and a higher rate of

phospholipid synthesis. These results are

similar to those reported by Farnararo et al.
(1977) in two other species, Anguilla anguila
and Ameiurus rebulosus. The negligible
‘amount of G6PDH in. muscle does not
. necessarily mean that the muscle cannot
synthesize pentoses or nucleotides. Ribose
could be synthesized in the muscle by a
reversal of the HMP shunt utilizing fructose-
6-phosphate, glyceraldehyde-3-phosphate and

the eazymes transketolase-and- transaldolase.

(Harper et al. 1977). Mayers (1977) has
proposed that in insect larvae the HMP
shunt serves as a by-pass from glucose-6-
phosphate to produce triose . phosphates
which again enter glycolytic pathway. This
process could save the ATP which is needed
for converting fructose-6-phosphate to fruc-
tose-1-6-diphosphate if ATP is in short
supply. The negligible amount of G6PDH
activity indicating a near absence of HMP
shunt in the anaerobic tissues tike muscle
and the presence of HMP shunt and’ glyco-
lytic pathway in the aerobic tissues like brain
and gill of these four species of fishes are in
keeping with the findings of Hochachka
(1961).

Our studies show that the GEPDH activiti-
es in all cases are much lower in comparison
to that of LDH. Perhaps the HMP shunt is
a secondary pathway of glucose metabolism
in fishes, unlike that of some snail hepato-
pancreas where the activity of G6PDH has
been shown to be much higher than that of
mammalian liver (Mark et al. 1977). How-
ever, our studies indicate that the anaerobic
glycolysis perhaps operates at a much higher
rate that than of HMP shunt for glucose
metabolism in the four species of fishes in-
vestigated. Further studies using radioactive
substrates can confirm this hypothesis.

It is also found that the G6PDH activities

.in all the tissues of the primary gill-breathers,

are generally higher in comparison to those
of the amphibious species. G6PDH activity
were reported to increase in cold acclimated
brook trouts (Yamaguchi et al. 1975, Hocha-
chka & Hochachka 1973) and the pheno-
menon was probably associated with increase
in lipogenesis during cold acclimation (Fried
& Levin 1973). The purely gill-breathing
species of fishes like D. dangila and P.
shalynius used in our. experiments are basi-
cally ‘cold-water species and normally avail-
able at high altitudes (Yazdani & Talukdar
1975), compared to those of the sluggish air-
breathing fishes.. Thus,. the tissue specific and



species specific differences observed in these
two enzyme activities in the two groups of
fishes are mainly in keeping with the physio-
logical status of the tissues and in turn ref-
lects their adaptation and behaviour to their
respective habitat.
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