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ABSTRACT

Changes in glucose metabolism were studied in freshwater teleost fish, Sarotherodon

mossambicus. A decrease 1n total carbohydrate and pyruvate levels and an increase in lactate

levels were observed. The decrease in total carbohydrate levels is more pronounced in liver
than in other tissues. Oxygen consumption decreased significantly with increase in the exposure

period. However, the blood glucose level

was not altered appreciably in fish exposed to

sublethal concentration for 1 day but a significant decrease in blood glucose was seen in fish

exposed for 2 and 10 days.
INTRODUCTION

PESTICIDE pollution of freshwater system poses a
great threat to aquatic environment!. Organo-

carbamates and other pesticides enter the estuarine
water through industrial effluent and other
applications®. Organocarbamates cause many harm-
ful effects such as ovarian atrophy’, decreased

Table 1 Changes in the levels of total carbohydrates (mollg wet wt), pyruvate and lactic acid (mg/g wet wt} in selected tissues
of fish after exposing 1o sublethal and lethal concentrations of benthiocarb
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Tissues Parameters Control 1 day 10 day 1 day 2 day
Brain  Total carbo- 1996t 116 16.97+1.10 1552%+1.31 10.69%+1.15 13.05%+1.01 8.96 +£1.01
hydrates (- 14.98) (—22.24) (— 46.44) (— 34.62) (—5§5.11)
Pyruvate 1.47 x0.08 1.24 2 0.11 1.07x0.07  0.75120.060 0.965+0.113 0.392+0.102
(— 15.65) (—27.21) (— 48.91) (— 34 35) (— 73.33)
Lactic actd 0.622+0.020 0.699+0.030 0.736+0.020 07740058 0.747x0011 0.819 +0.04}
(+ 12.38) (+ 18.33) (+24.44) (+ 20.09) (+ 31.67)
Liver  Total carbo- 3868+1.05 33.74+135 2763x1.51 1579%x1.24 2389#+1.20 15.37x1.44
hydrates (= 12.77) {—28.59) (—59.18) (—38.248) (—60.26)
Pyruvate 5.03£0.63 439+0.22 4.04 £0.18 2.29£0.15 2252017 0.67220.023
(—12.72) (— 19.68) (— 54.47) (—55.27) (— 86.64)
LLactic acd 1.07 £0.02 1.731£0.04 1.27 £ 0.03 1.71 £ 0.06 1.43+0.12 1.96 + (.29
(+9.35) (+ 18.69) (+ 59.81) (+ 33.64) (+ 83.18)
Muscle Total carbo- 1735183 14.93%x0.72 1283069 10R0:0.67 12722092 10.13+0.25
hydrates (- 13.95) (- 26.05) (~37.75) (— 26.69) (- 41.61)
Pyruvate 0.717£0.110 0.562x£0.040 049220041 0.280%0.03f 0.528£0.051 0.303+0.021
(—-21.62) (—31.38) (~ 59.69) (— 26.36) (~351.74)
Lactic acid 0.743 £ 0.060 0.771 £ 0.831* 08360020 1.02+006 092220020 1.18%0.12
(+3.77) (+12.52) (+ 37.28) (+24.09) (+58.82)
Gill Total carbo-  13.69£0.45 12,12 £ 0.46 9.98 £ 0.55 8.07 £ (.41 9.57 £ 0.40 7.49%£0.36
hydrates (— 11.47) (= 27.10) (—41.05) (— 30.09) (—45.29)
Pyruvate 0.338 2 0.040 04182 0.030 03700101 0191 £0.020 0289+ 0071 0151 £0.020
(—22.30) {—31.23) (— 64.49) (~ 36.28) (—71.93)
Lactic acid G187 20010 017520005 0.202+0.007 02330006 02190006 0.26620.025
(+ 11.46) (+ 28.66) (+ 51.59) {(+ 39,49} (+ 69,43)
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Values are mean £ SD of 6 individual observations; Values in parentheses are per cent changes over control; Values are
significantly different at £<<0.05; * Not significant.
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hatchability and teratogenesis® in animals. They and blood collected in cold to determine the Q,
cause disruption of nerve tmpulses and transmission consumption®,  blood glucose’, total carbo-
by inhibiting acetylcholinesterase (AChE)’. This  hydrates'’, pyruvate'!, lactate'?, glycogen phospho-
paper reports some studies on the physiological and  rylase’,  aldolase'®, lactate  dehydrogenase
biochemical effects of benthiocarb, an organocarba-  (LDH)'", glucose 6-phosphate dehydrogenase
mate on glycolytic pathway in the tissues of teleost, (G-6-PDH)'® and proteins!’.

Sarotherodon mossambicus.

RESULTS AND DISCUSSION
MATERIALS AND METHODS

The modulations in the glycolysis pathway of
Freshwater fish, 8. mossambicus (10 +2g), col- teleost fish during benthiocarb toxicity are pre-
Jected from local freshwater ponds were stored in sented in tables 1-3. Oxygen consumption de-
large cement tanks at room temperature (27+1°C)  creased significantly with increase in exposure
with 12h natural photoperiod. The fish were fed ad period indicating a damage to the respiratory
libirurn with groundnut cake and starved for 24h  system. The blood glucose level was not altered
prior to experimentation®, A technical grade (98%) (table 4) appreciably in fish exposed to SLC for 1
benthiocarb {S-(4-chlorobenzyl)-N, N-diethyl thio-  day whereas a significant decrease was noticed in
carbamate), obtained from the Environmental Pro- fish exposed for 2 and 10 days. Similar changes were
tection Agency, USA was used. LG5 (9.28 ppm) seen in fish exposed to LC. The decrease in blood
was determined’ for 48 h and approximately 1/3rd of  glucose level could either be due to its increased
the LCsy {3 ppm) was selected for sublethal treat- uptake by the tissues or its decreased mobilization
ment. Three batches of six animals each exposed to from glycogen reserves as a consequence of benthio-
sublethal concentration (SLC) (3ppm) for 1, 2 and carb exposure. The benthiocarb probably affects
10 days and another two batches of six animals each the release and action of hormones (such as gluca-
exposed to lethal concentration (L.C) (9.28 ppm) for  gon and epinephrine) involved in glycogenolysis and

1 and 2 days were used. The fish were then sacrificed  glucose metabolism!'®,
and the liver, brain, muscle and gill were separated The decreased levels of tissue carbohydrate and

Table 2 Changes in activity levels of phosphorylase ‘a’ (i mol of Pi/mg proteinth) and aldolase (i mol of FDP cleaved/mg
protein/h) in selected tissues of fish after exposing to sublethal and lethal concentrations of benthiocarb

eyl e — —

Sublethal concentration Lethal concentration
Tissues Parameter Control 1 day 2 day 10 day 1 day 2 day
Brain  Phospho- 2298+2.01 2461 £1.08 27.32+106 3051%1.42 25.19+108 28.49%0.91
rylase ‘a’ (+7.09) (+ 18.89) (+32.77) (+9.62) (+23.98)
Aldolase 0.491 £0.002 0.535+x0.003 0.613x0.002 0.691+0.002 0.567+0.002 0.662%0.001
(+ 8.96) (+ 24.85) (+ 40.73) {(+ 15.48) {+ 35.83)
Liver  Phospho- 31.70+2.47 3469173 39.64+237 4538264 3657x1.59 40.73+2.73
rylase ‘a’ (+9.43) (+ 25.05) (+43.13) (+15.36) {4+ 28.49)
Aldolase 0933+0.001 10800 13020002 1.72120.01 1.18 £ 0.01 1.47+0.01
(+ 16.76) (+ 39.34) (+ 84.35) (+ 26.47) (+ 57.56)
Muscle Phospho- 1267+1.72  13.48+122 1561139 1753+1.13 1404+x1.18 16.26+1.10
rylase ‘a’ {(+ 6.39) (+23.20) {+ 38.38) (+ 10.81) (+28.33)
Aldolase 0.4286+0.001 0.484£0.001 0.559x0.002 0.687x0.002 05080001 0.632%0.002
(+ 13.08) (+ 30.61) (+60.51) (+ 18.69) (+47.66)
Gill Phaspho- 1759+1.01 19172106 21652137 2375x1.16 1961101 22.48+%1.22
rylase ‘@’ (+ 8.98) (+23.08) (+ 35.02) {(+ 11.48) (+27.80)
Aldolage 0.480 £ 0.001 0.533+0.002 0.618+£0.002 0.70120.001 0.557+0.002 0.678+0.002
(+ 11.25) (+28.75) (+ 46.04) {+16.04) (+41.25)
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Values are mean * SD of 6 individual observations; Values in parentheses are per cent changes over control; Values are
significantly different at P <0.05.
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Table 3 Changes in LDH and G-6-PDH activity levels (1 mol of formazanimg proteinih) in selected tissues of fish after
exposing to sublethal and lethal concentrations of benthiocarb

Sublethal concentration

Lethal concentration

—

Tissues Parameter Control | day 2 day 10 day I day 2 day
Brain LDH 1.583 £ 0.041 054820022 04780031 0.35720.011 0,438+ 0.021 0.29320.012
(—7.72) (— 18.01) (—38.77) [—24.87) (—49.74)
G-6-PDH 0.187 £ 0.0I1 01932 0.210" 020420012 ¢g2134£0.020 01950031 0.212 +£0.011
(+ 3.21) (+ 9.09) (+ 13.96) (+4.28) (+ 13.37)
Liver LDH 484 +£0.030 0,301 £0.012 031420021 021420010 0328+0.023 0.164 £0.011
(— 18.21) (—35.12) {— 55.79) {(—32.23) (— 66.12)
G-6-PDH 0.275x0.021 0.294+0.033* 0.316 +0.02 033620021 QW60 031 335 +0.022
(+6.52) (+ 14.49) (+21.74) (+ 10.87) (+ 21.38)
Muscle [LDH 0.109 £ 0.003 0.092x0.004 0.072F0.004 0.055+0004 007410006 0.058+0.002
(— 15.59) (— 33,94) (— 49.54) (- 32.11) (— 46.79)
G-6-PDH 0.000 £ 0.003 0.094£0.023% 0.09820.005 0.103£0.007 0.093+0.036% 0.101 £0.006
(+4 44) {4+ 8.89) {+14.4%) (+3.33) (+12.22)
Gill LDH 0.087+0.004 0.072x20.003 00670004 0043420001 0.069+0.003 .042+0.005
(- 17.01) (— 22.99) (— 49.43) (— 20.69) (—31.72)
G-6-PDH 0.047 £0.001 0048+ 0.061* 0049 F0.0697 0.051 FQ.002  0.048 2 0.056% (.05 +0.002
(+2.13) (—34.26) (+3.51) (+2.13) (+ &.31])
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Values are mean # SD of 6 individual observations; Values in parentheses are per ¢cent changes over control;, Values are

significantly different at £<<0.05; * Not significant.

pyruvate (table 1) could be due to their decreased
synthesis as a consequence of toxic stress'”. A
significant decrease in pyruvate content is strange
despite the elevated aldolase activity. It is possible
that pyruvate is converted to lactate®. Wilson and
Cascarano®! reported that decreased oxygen uptake
(due to hypoxic conditions) might be due to low
levels of pyruvate which probably diverts the meta-
bolic pathway at the phosphoenol pyruvate level.
The increased tissue lactate levels are possibly due
to increased formation from pyruvate as a result of
anaerobiosts. Lactate accumulation alters the per-

meability properties of cell resulting in disturbances
i osmoregulation leading to degeneration of
tissues®?.

An increase in the specific activities of phosphory-
lase, aldolase and G-6-PDH and a decrease in
NAD™-LDH were observed in all tissues of the fish
as a consequence of benthiocarb exposure. The
increase 1n phosphorylase ‘b could be due to the
increased conversion of phosphorylase *b’ to phos-
phorylase 'a’ as a result of activation of adenylate
cyclase®®. Kallicheran and Gibson™ reported that

pesticides stimulate secretion of epinephrine which

Table 4 Changes in blood glucose (mgimi) levels of fish after exposing 1o subleihal
and lethal concentrations of benthiocarb

M = e i

Subiethal concentration

Pl

Leihal concentration

L el ol

-
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Control | day 2 day 1) day 1 day 2 day
6.442 081 S472 081 4652082 381076 4691098 3.6120.95
(= 1506) (-27.79) (=40.84) (=27.147) (—=4399)
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Values are mean2 SD of 6 observitions: Yialues in parentheses are per cent
changes over control, Values are significantly differenmt at P <005,
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in turn activates adenylate cyclase resulting in
increased formation of C-AMP and leading to
elevation of phosphorylase activity. Increased aldo-
lase activity indicates increased breakdown of hexo-
ses into trioses, suggesting the possible need for
greater energy by the tissues during toxic stress,
During toxic conditions large quantities of glyceral-
dehyde-3-phosphates and FAD are formed in the
cells ensuring greater energy-!. Decrease in NAD*-
[L.DH activity seen in the present study due to
herbicide exposure indicates poor clearance of
lactate resulting in lactate accumulation and pyru-
vate depletion in all the tissue of benthiocarb
exposed fish. The prevalence of anaerobiosis conse-
quent to decreased oxygen consumption results in
lactate accumulation®.

Anaerobiosis causes oxidation of glucose through
HMP shunt as seen from the significant increase in
G-6-PDH activity in the experimental tissues. This
increased production of NADPH; is a compensatory
source of energy to meet the energy demand caused
by reduction in oxidation of glucose through citric
acid cycle. During pesticide stress, the increased
oxidation of glucose will be through HMP shunt,
mediated by the G-6-PDH due to anaerobiosis®.
The present study indicates that benthiocarb en-
hances glucose oxidation through anaerobic glycoly-
sis and HMP shunt as a consequence of anaerobiosis

as evidenced from the reduced oxygen uptake by
fish.

19 September 1987; Revised 1 January 1988

1. Johnson, D. W., Trans. Am. Fish Soc., 1968,
97, 398.

2. Flickinger, E. L., Annual Progress Report, US
Fisheries and Wildlife Service, Denver Wildlife
Research Centre, Denver, Colarado, 1973.

3. Weppleman, R. M. et al., Biol. Reprod., 1980,
23, 40.

4. Proctor, N. H., Noscioni, A. D. and John, E.,
Biochem. Pharmacol., 1976, 25, 757.

5. O'Brien, E. D., In: Insecticide action and
metabolism, Academic Press, New York, 1967,
p- 33.

6. Jones,J. R. E., In: River pollution 2: causes and
effects, (ed.) K. L. Butterworth, Academic
Press, New York, 1972, p. 254.

7. Bayne, B. L., Widdow, J. and Worral, C., In:
Physiological response of marine biota to pollu-

e —

10.

11.

12.

i3.

14.

15.

16.

17.

18.

19.

20.

21.

22,
23.

24.

25.

26.

tants, Academic Press, New York, 1977, p. 379.

. Welsch, H. and Smith, M., In: Laboratory

exercises in vertebrate physiology, Burgass,
Mineapolis, 1961.

. Mendel, B., Kemp, A. and Myees, D. F.,

Biochem. J., 1954, 56, 639.

Carrol, N. V., Longley, R. W, and Roe, J. H.,
J. Biol. Chem., 1956, 220, 583.

Friedmann, T. E. and Hangen, G. E., J. Biol.
Chem., 1942, 139, 535.

Barker, S. B. and Summerson, W. H., J. Biol.
Chem., 1941, 139, 535.

Cori, G. T., lllingworth, B. and Killer, P. G.,
Methods Enzymol., 1955, 1, 200.

Bruns, F. H. and Bergmeyer, H. V., In:
Methods of enzymatic analysis, (ed.) H. .
Bergmeyer, Academic Press, New York, 1963,
p. 724,

Nachlas, M. M. M., Margulius, S. P. and
Seligman, S. P., J. Biol. Chem., 1960, 235, 499.
Lohr, G. D. and Waller, H. D., In: Methods of
enzymatic analysis, (ed.) H. U. Bergmeyer,
Academic Press, New York, 1965, p. 744.
Lowry, O. H., Rosebrough, N. J., Farr, A. L.
and Randall, R. J., J. Biol. Chem., 1951, 193,
265.

Wasserman, D., Wasserman, M. and Lazorovi-
cl, S., Bull. Environ. Contam. Toxicol., 1970, S,
373.

Dezwaan, A. and Zandee, D.
Biochem. Physiol., 1972, B43, 47.
Sreemvasamoorthy, K., Modulation of carbo-
hydrate and associated metabolism in the selected
tissues of freshwater musel, Lamellidens mar-
ginalis during induced methy! parathion stress,
Ph.D. thesis, S. V. University, Tirupati, India,
1983.

Wilson, M. A. and Cascarano, J., Biochem.
Biophys. Acta, 1970, 216, 54.

Fluke, D. J., Radial. Res., 1972, 51, 56.
Kallicheran, R. and Gibson, M. A., Can. J.
Zool. Biol., 1972, 50, 2685.

Nikkila, E. A. and Ojala, K., Acta. Chem.
Scand., 1963, 17, 554,

Proklina-Kaminskaya, T. L., Ref. Zh. Biol
Chin., 1968, 4, 153.

Bhatia, S. C., Sharma, S. C. and Subramany-

am, T. A. V., Arch. Environ. Health, 1972, 24,
369,

1., Comp.




