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REGULATION OF GLUTAMATE DEHYDROGENASE, AMMONIA AND FREE AMINO ACIDS IN

THE TISSUES OF THE TELEOST TILAPIA MOSSAMBICA (PETERS) CONSEQUENT
TO SUBLETHAL MALATHION EXPOSURE: A TIME COURSE STUDY

1. KABEER AHMAD SAHIB* K. 8. SWAMI anp K. V. RAMANA RAO*
Department of Zoology, S.V. University, Tirupati 517 502, India

ABSTRACT

The activity potentials of glutamate dehyvdrogenase (GDH) alone with the levels of ammonia and
free amino acids were investisated at 12 h intervals upto 48 h. Tha time bound changes associated with
GDH and ammonia showed a general decraase in most of the time intervals studiad suggesting that
the malathion exposad {ME) fishes try {0 reduce the production of ammonia probably aimed to diminish
the toxic impact of malathion. The free aminoacids (FAA) in the tissues of ME fishes showed an
irregular trend upto 24 h and later increased consideratly in all the tissues suggesting an enhanced

proteolysis.

Thus the time bound changes associated with GDH. FAA and ammonia were discussed

in relation to their regulation to bring out a harmonious interplay of metabolites, which may or may

not be due to an adaptive response.

INTRODUCTION

HE inhibition of cholinesterases, a group of hydro-
Iytic enzymeas responsible for terminating the
action of acetylcholine, a cholinergic neurotransmitter,
is generally regarded as the biochemical mechanism
for the insecticidal activity and the toxicity to verta-
brates of the organophosphorus (OP) insecticides'»2
A knowledge of the involverment of cholinesterases
(ChE) is extsnsive in neurophysiology??® neurobio-
chemistry* and  neuropharmacology®. The OP
compounds have little, if any, direct inhibitory activity
on ChE, and are transformed biologically by oxidative
desulfuration processes in the liver into more active
compounds®®, These biotransformation processes of
OP insecticides have been demonstrated in many fish
species? and are related to the ChE inhibitory and lethal
effects produced by these compounds in fish®®  Even
though there is an extensive work pertaining to the
action of OP compounds, the work on the secondary
effects produced by the OP compounds after inhibition
of ChE is inadequate and poorly understood. In the
present study we attempted to evaluata the secondary
effects of an OP compound, malathion, in the species
Tilapia mossambica, choosing glutamate dehydro-
genase (GDH), the enzyme that catalyses ammonia
production and the guantitative levels of free amino
acids. Investigation of this nature is useful in under-
standing the orientation of biochemical changes during
syblethal toxicity to asceriain the degree of effective-
ness to intensify the toxicity of malathion.

MATERIAL AND METHODS

Collection and maintenance of the fish, 7, mossam-

bica, wore given elsewhere'®, A stock solution of

ﬂ .

* Present address :  Department  of  Zoology,
S,V,UP.G. Extension Centre, Kavali324 20Z.

1000 ppm malathion was prepared iIn acetone and
suitably diluted with tap water. Acetone used in the
quantity was found to be non-toxic to fish'', Fishes
in batches of 8 each (each weighing 8 -+ 2 g) were
exposed each time to 701 of 2 ppm (2 mg/1) malathion
solution for 48 h, Fishes were not fed during that
period in order to restrict the entry of pesticide through
gills'2. To avoid diurnal rhythms in fishes, the
exposure perigds were so adjusted that at a time
two batches of fishes representing two different inter-
vals with 12 h gap were obtained. At 12h intervals,
tissues like, red muscle, gill and liver were isolated
quickly and kept in ice-jacketed petrti-dish, After
10 min the tissues were homogenized in 0-25 M cold
sucrose solution with a Yarco tissue homogenizer,
The homogenates were centrifuged at 5000 g and
employed for the assay of Glutamate dehydrogenase.
For the estimation of free amino acids, TCA {10%
W/V) extracts of the tissues were used. In all the
tissues the levels of glutamate dehydrogenase (GDH:;
EC. 1.4.1.3) were estimated by the methoed of Lee
and Lardy}3?. The reaction mixture (2 ml) contained:
40 1 moles of sodium glutamate, 100 p moles of
potassium phosphate buffer (pH 7-4); 0-1 » mole
of NAD, 4 u moles of INT [(2-P-iodophenyl)-3-(P-
nitrophenyl)-5-phenyl tetrazolium chlorid¢] and 05 m]
of homogenate supernatant. The quantitative levels
of ammonia were estimated at 12 h intervals by the
method of Bergmeyer'd, The free amino acid of the
tissues was estimated by the method of Moore and
Stein'®, The data were subjected to statistical analysis
using student *¢* tost's,

RESULTS AND DISCUSSION

The time bound changes associated with free amino
acids (FAA) during malathion exposure showed an
insigniicant ducreass upto 24 h in musclo and livar
tissues (Table I). While in gill tissuc the FAA contant
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TARLE [

Chanees in the [ree artno acoud of the musele, gifl and liver tissues of the normal and malathion exposed {ME) fishes
ar dfcrens hours of malathion exposare.  The values are respresented in p nolesig wet wt of the tissue

T k.

Hours of exposure

e I B e h i

i . =1 S T - FRrY )

Tissug 12 24 36 48
Normal ME Normal ME Normal ME Normal ME
Muscle 21-2 20-4 22-6 22°2 22-2 23-7 21:2 25+ 6
+ 1-7 4 72 4+ 54 L 3-0 + 3'8 + 3-8 + 20 + 3-4
— 3-9% — 1-6% + 67 120- 6%
NS NS NS P <9005
16-1 16-5 16-7 16-2 18- 5 Z1-3 20-5 25-4
Gill + 22 £ 33 4+ 31 4+ 40 1 2-4 + 3-1 + 3-0 4 20
+ 2:6% — 31% 152 +23- 8%
NS NS P «<0-05 P <0005
Liver 035 28+3 307 31-4 35-8 42+ 4 35-3 47-4
4+ 37 X 49 + 28 L 5-9 + 3-0 + 3-0 4+ 3-4 4 51
~ 1-3% + 219 "+18-57, +33+9%
NS NS P <0001 P <0001

_-——‘__-“_._-p—_-—! ——

Eaeh value is the mean 4+ S.D. of 6 individual observations.

P="t¢ test. NS = Not significant. The

signs + or — indicate per cent increase or decrease over normal respectively,

showed variations, probablv due to the presence of
blood wherein the FAA content varned from time
to time during transportation. The decrease in FAA
content was not consistent throughout the course,
since a significant increase was observed from 24 to
483 h in the three tissues of malathion exposed (ME)
fishes (Table I). The increased FAA content of ME
tissues suggests many possibilities; it may be due fo
enhanced proteolysis or/and due to synthesis of FAA
to cope up with the demands from stepped up protein
synthesis as observed earlier'?’, However except for a
fenv amino acids all the other amino acids cannot be
synthesised by fish tissues. Thus it can be inferred
that enhanced FAA pool portrays increased proteolysis
and a consequent rise in the FAA pool as a possible
sourca of energy after glycogen depletion to meat
the energy demands under malathion stress.

The time bound changes associated with glutamate
dehydrogenase (GDH) and ammonia showed a general
decrease in the muscle, gill and liver tissues of ME
fishes (Table II). In line with the decreased ammonia
content, the activity of GDH also showed a corres-
ponding decrease in most of the time intervals studied

(Table 11). However a 67 rise in ammonia of the
muscle at 12th hr 1s not 10 consonance with the GDH
activity, which showed a 139 decrease (Table Il).
This evidantly suggests that the increase in ammonia
content of the muscle at 12 hr is not due to the produc-
tion through GDH, but is due to vascular mobilisation
from other tissues., Subsequently, from 12tb hr,
the GDH activity decreased with a corresponding
decrease in ammonia Jevel suggesting the accumulation
of glutamate. The glutamate may aid in meeting the
c¢nergy demands under toxic impact, by being fed
into TCA cycle through aminotransferase reactions'.

In the gill tissue the GDH activity showed an insigni-
ficant decrease with a corresponding decline in
ammonia Jevel throughout the time course (Table II),
resulting 1n the accumulation of glutamate. The
accumulated glutamate was reported to be converted
to glutamime 1in gli’®. Since high protemn synthesis
was recorded in ME tissues'?, the enhanced levels of
glutamine mav contribute towards protein synthesis
m the gill.

Liver being the centre of metabolic potential the
lgvels of GDH and gmmonia showed high fluctuations



, . . . .
%}i;, ‘*290’ ?}7‘9’3020} Regulation of GDA, Ammonia & FAA in Tissues of Teleost T. mossambica 78]

TABLE 1T

Changes in the levels of gluramate dehydrogenase (GDH) amf_ammonfa contenf in the muscle, gill and liver
tissues of the normal and malathion exposed (ME) filishes at different hours of malathion exposure. The

values are expressed in pM formazan forimedimg proteinfhour for GDH and u/Mg wet wt of tissue
for ammonia

Hours of exposure

___.__—-L.—-ll-_-.—--i._———-" P Y— ¥ L —!- —— _ 3 Y I T TS T T (R T T 1 ) ; . N

Tissue 12 24 36 4R

ok d ) e e S [

k]
] e, i daremesimry -y = | - o — -

Normal ME  Normal ME  Normal  ME  Normal  ME

Glutamate dehydrogenase

Muscle 0-023 0-020 0-019 0-016 0-015 0-013 0-015 0-013
+ 0003 £ 0003 0005 4+ 0002 L0005 £ 0002 i 0004 £ 0002
—12-8%, —12-9% —11- 5%, — 8-6%
P <005 NS NS NS
Gill 0-0058 0-0053 0-0030 0+0050 0-0049 0-0042 00052 0- 0041
+ 0-001 4 0-0008 X 0-0006 & 0:0009 <+ 0:0020 4 0°00C6 & 0-0012 X 0-0008
— 867, Nit —14-3% —21-1%
NS NS NS P<0-05
Liver 0-036 0-027 0047 0060 0- 040 0-032 0-039 0-031
L+ 0-018 4 0-008 &£ 0-008 L 0-013 £ 0013 4 0-011 4 0-006 -+ 0-008
—23-8% +26-2% —20° 37, —19-4%;
P <005 P <<0-05 NS P < 0-005
Ammonia
Muscle 13-5 14-5 13-3 116 13-1 9-1 12+ 8 11-4
+ 27 + 30 2°3 + 21 + 23 + 1-8 1+ 26 + 2-7
+ 6-7% —12-8%; —30-7%, —11-4%
NS NS <0001 NS
Gill 9-3 8-0 9-8 7-5 8:9 7-3 9-3 7-5
+ 1-4 + 10 + 1'6 + 1-0 + 17 3 19 4 1:4 4 1-0
—14-1%, —23-5% —17-7% —19.8°7
P <005 P <0005 P<0-05 P <0:001
Lver 15-8 13-8 167 12'8 8-6 65 105 77
4 2-8 4 2-2 4 24 + 2:0 + 20 4 1-8 = 1-0 4 2-5
—-12: 6%, —-22:9%, —-24+1%, —-26+9%
NS P <0045 P <0-05 P <0001

e T T T . " TP . '
Fach value is the mean 4+ S.D. of 6 individual observations, P = *t’{est, NS = Not significant, Thy

signs + or — indicate per cent increase or decrease over normal respeoctively.
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during time course (Table T1). At 12th hr the GDH
activity increared by 2395 followed by a 1294 drop
in ammonia. It was hkely that the decreased ammonia
content at ths (2 hr might be due to the diversion
of ammonia for the synthesis of amino acids including
glutamime. However at 36 and 48 hr ths levels of
GDH and ammonia showed 2095 and 2475 and 199
and 267, de.rease respectively. Thus in the liver tissue,
the nitrojen metabolism  appeared to be diverted
towards lowering of ammonia production and thus
rostoring higher glutamate content.

In gensral the ME fshes try to reduce the produc-
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PROF. T. R. GOVINDACHARI 60th BIRTHDAY COMMEMORATION AWARD IN
ORGANIC CHEMISTRY

who was formerly Principal and also Professor of
Chemisiry at the Presidency College, Madras. The
award is made once in two years to a distinguished
Indian Otganic Chemist working in India on the
basis of his or her published work in Organic Chemistry .
The above award fo Professor S. Swaminathan is the
first under the endowment.

University of Madras—Prof. T. R. Govindachari
63)th Eirthday Commemoration Award in Organic
Chemistry for 1980 has been awarded to Dr. S. Swami-
nathan, Senior Professor, Department of Organic
Chemistry, University of Madras. The above award
is administered by the University of Madras from the
proceeds of an endowment created during the 60th
Birthday celebrations of Professor T. R. Govindachart
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