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ABSTRACT

Cyprinus carpio fingerlings were exposed to sublethal levels of
0.05 ppm and 0.1 ppm Gusathion-A for 30 days.

Cell disarray, hepatocyte necrosis and vacuolation were observed.
Ultrastructural change in the hepatocytes was loss of structural integrity
of the plasma membrane, nuclear membrane, endoplasmic reticulum and
mitochondria and other cell structures. Glycogen deposits were depleted.

INTRODUCTION

Pesticides have been extensively used to increase food production to mini-
mize the incidence of plant diseases since they were first introduced in the 1940’s.
Their widespread use however, has caused damage to many organisms, even to
beneficial ones, resulting in the disruption of the ecological balance. Pesticides
are known to enter the aquatic ecosystem by direct application, spray drift, aerial
spraying, washing from the atmosphere by precipitation, erosion and run-oft”
from agricultural land, and discharge of effluents from factories and sewage.

Pollution of aquatic ecosystem is widespread, sometimes so bad that no fish
can live in the polluted waters (1). Pesticides are one of a wide variety of organic
pollutants contributing to this situation. They cause pollution due to their
stability and persistence in aquatic ecosystems, high toxicity to aquatic fauna and
flora, low water solubility, potential for uptake and bioconcentration in aquatic
organisims, and heavy usage. Because of these, pesticides cause impairments in
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the development of organs, biochemical and physiological processes and his-
topathological changes in non-target organisms (2).

Among the different classes of pesticides such as chlorinated hydrocarbons
(organochlorines), organophosphates, carbamates and chlorophenoxy acid esters
and salts, the first three are the most commonly used. Organophosphates have
been favored due to their greater effectiveness against some species, the develop-
ment of resistance of some insects toward organochlorines, and the presumed
environmental safety of the organophosphates by virtue of their more rapid
degradation (3). Parathion, synthesized by Schrader in 1944, has a high mam-
malian toxicity. Further efforts to find less hazardous compounds led to the
synthesis of malathion and other less persistent insecticides. At the time of this
study, Azinphos-methyl (guthion) was one of the commonly used organophos-
phates in several countries including the Philippines. It was synthesized by
Lorenz in 1953 for the control of insect and mite species (4). It was widely used
here and abroad for controlling agricultural pests. In Chile, it has been used for
the past 12 years as the standard insecticide for the control of rangeland pests (5).
Its diethyl ester, azinphos-ethyl was commercially produced and sold in the
Philippines under six brand names namely; Gusathion-A, Azinos, Bionex, Cot-
nion-ethyl, Crysthion, and Ethyl guthion.

The widespread use of Gusathion-A as a broad spectrum insecticide for the
control of biting and sucking pests made possible its entry into the aquatic
environment through both direct spraying and run-off.

Gusathion was reported to be toxic to fishes and also caused acetylcholi-
nesterase inhibition in Cyprinodon variegatus (7). Though Gusathion-A is a widely
used pesticide abroad, studies on its histological effects on fishes are limited.

This investigation aims to determine whether sublethal levels of Gusathion-
A have toxic effects on the morphology of the hepatocytes of Cyprinus carpio, a
freshwater fish of economic importance in the Philippines. The common carp
was used as the test organism because of its availability, ease in maintenance in
the laboratory and tolerance to a wide range of temperature (8).
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MATERIALS AND METHODS

Chemical

The pesticide used was Gusathion-A ([0,0 -diethyl-5-(4-ox0-3H-1,2,3-ben-
zotriazine-3yl) methyl]-dithiophosphate), commercial grade, 40 E.C. manufac-
tured locally by Bayer Philippines.

Organism

The common carp, Cyprinus carpio, a commercially desirable and popularly
cultured species in Asia and the Indo-Pacific region was used as the test organism.

Determination of 96h-LCs0

Prior to actual experimentation, the 96h-LCs0 was determined by conduct-
ing assays on three replicates of 10 Cyprinus carpio each. They were exposed to six
concentrations of Gusathion-A: 0.1 ppm, 0.2 ppm, 0.4 ppm, 0.6 ppm, 0.8 ppm
and 1.0 ppm in 5.0 liters of test solutions. These are the ranges of 96h-LCsg in
teleosts.

The 96h-LCs (0.30 ppm) was determined and computed using two meth-
ods :1) the graphical method of Finney wherein the percent mortality of fish in
different concentrations of Gusathion-A in 96h was plotted against Gusathion-A
concentration and 2) the Dragstedt-Behrens method wherein the percent mor-
tality was calculated from the cumulative mortality.

Exposure to Gusathion-A

Cyprinus carpio fingerlings (2 months old) obtained from Tanay Research
Station, Bureau of Fisheries and Aquatic Resources, Tanay, Rizal were used in
the study. They were acclimated at the Institute of Biology laboratory for one
week prior to initial exposure to Gusathion-A. Twenty Cyprinus carpio were placed
in each 20-liter aquarium with aerated aged tap water, and Gusathion-A was added
to attain a concentration of 0.05 ppm and 0.1 ppm. Each treatment was done in
triplicate. Twenty fishes per aquarium were used for the control group, also in
triplicate. Commercial fish flakes were given to the fish twice a day. The
aquarium medium was changed every 48 hours to replenish the Gusathion-A
concentration and to reduce the build-up of waste products.
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The study was conducted for 30 days employing a static method of organo-
phosphate exposure.

Histologic Procedure

Ten fishes from each control and experimental group were sacrificed after
15- and 30-day exposure for identification of histological changes that may have
occured in the developing liver.

Resin Sections

Liver tissue of five fishes from each experimental and control group were
removed immediately and processed using the standard resin technique.

Observations were done using the Bausch and Lomb light binocular micro-
scope and JEOL JEM 100U electron microscope. Photomicrographs and electron
micrographs were prepared.

RESULTS AND DISCUSSION

Morphology of control and Gusathion A-treated hepatocytes of day 90
Cyprinus carpio fingerlings.

1. Light microscopy
a. Control hepatocytes

Light micrograph of a section of control liver tissues of day 90 Cyprinus carpio
fingerlings has the features of the typical vertebrate liver (Figs. 1, 4).

b. Gusathion-A treated hepatocytes

Cyprinus carpio fingerlings exposed to 0.05 ppm Gusathion-A for 30 days
show less intense pathological lesions of the hepatocytes than those exposed to
0.1 mg/L of Gusathion-A . Hepatocytes are disorganized resulting in the loss of
the normal cord pattern (Figs. 2,5). There is severe hepatic vacuolation (Fig. 2),
such that nuclei are displaced from a central location within the hepatocytes

(Fig.5).

Pathological lesions are aggravated in the hepatocytes of day 90 Cyprinus carpio
after exposure to 0.1 ppm Gusathion-A for 30 days. Plate disarray and vacuolation
are intensified and sinusoids are dilated (Fig. 3). The most pronounced lesion
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observed 1s necrosis leading to loss of normal liver appearance. Cell membrane
disruption is evident producing atypical hepatocytes (Fig. 6).

2. Electron microscopy
a. Control hepatocytes

Electron micrographs of ultra thin sections of control liver tissue of day 90
Cyprinus carpio reveal the typical fine structure of hepatocytes (Fig. 7). It is similar
to the cytoarchitecture of typical vertebrate hepatocytes.

b. Gusathion A- treated hepatocytes

Several ultrastructure changes are observed in the hepatocytes of day 90
Cyprinus carpio exposed to 0.05 ppm Gusathion-A for 30 days. As seen in Fig. 8,
there is a change from the spherical shape of the nucleus to an irregular form with
an indentation. The nuclear envelope is distinct. Mitochondria are swollen and
have indistinct cristae and disintegrated outer membrane. In general, organelles
lose their typical architecture (Fig. 10).

Electron micrographs of several sections of the liver tissue after 30 days of
exposure to 0.1 ppm Gusathion-A reveal more serious histopathological changes
in the hepatocytes of day 90 Cyprinus carpio (Figs. 9, 11, 12). The nuclear envelope
appears intact in some hepatocytes but some manifest an irregular outline (Figs.
9, 12). Chromatin material is either clumped (heterochromatin} or dispersed
(euchromatin). Numerous vacuoles of varied sizes become prominent feature of
the cells (Fig. 9). Mitochondria are swollen and cristae are unrecognizable (Fig.
11). Some cisternae of the endoplasmic reticulum are broken and reorganized
into sinuous and circular profiles (Fig. 12). The plasma membrane is severely
disrupted just like in the hepatocytes exposed to 0.05 ppm Gusathion-A. Glyco-
gen granules appear depleted.

As a metabolic centre, the liver is particularly exposed to harmful substances
received via the food and, especially in the case of aquatic organisms, to environ-
mental influences. In histochemical tests on Gusathion-A exposed Cyprinus carpio
(9), there is an initial increase in certain enzymes in the liver indicating higher
enzyme activity. This shows detoxification of Gusathion-A in the hepatocytes of
the carp. However, as the exposure period is lengthened, the enzyme activity
becomes lower. It is not surprising therefore that lesions have been reported in
the livers of numerous fishes in response to any form of water pollutants (2).
The lesions associated with Gusathion-A are non-specific i nature and have
been reported in Cyprinus carpio fishes exposed to other pesticides (10). The extent
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of liver damage observed in the present investigation indicates that chronic
exposure causes changes to the architecture of the liver tissue. Since liver is
nvolved in the detoxification of pesticides (11), it is susceptible to greater degree
of disruption in its structural organization due to toxic stress.

Liver disarray and vacuolation were the initial toxic effects of Gusathion-A
on the hepatocytes of Cyprinus carpio fingerlings. Increasing the concentration of
the pesticide intensified the lesions observed. Cytoplasmic and nuclear degen-
eration had been reported also on mammalian and fish livers exposed to thiodan
and agallol *3 MEMC (12), diazinon, methyl parathion and dimethoate (13).

Vacuolation is a dominant feature of the Gusathion-A exposed carp hepato-
cytes. This 1s a very common hepatic response to toxic agents such as CCl (14)
and various pesticides (15). Vacuolation could be due to progressive dilation and
distention of the cytoplasmic membranes believed to be caused by intracellular
edema (16). Similar mechanism may work for Gusathion-A treated hepatocytes
of carp. The vacuolation observed in the hepatocytes could be due to the failure
of the ATPase system at the plasma membrane level. This disruption of the
ATPase system can cause disturbance in fluid balance and bring about increased
movement of water into the hepatocytes thus altering the hydrophobic core of
the lipid bilayer. Certain components of the cell membrane, most notably
phospholipid and cholesterol, are modified by exposure to organophosphate
compounds thus membrane fluidity is dramatically altered.

Vacuolation could also be due to accumulation of fat. Hepatic injury char-
acterized by cellular lipid accumulation is a common hepatic response to toxic
substances. Various mechanisms may cause lipid accumulation in the liver.
They include disturbances of the hepatocellular granular endoplasmic reticulum
(18); increased lipid mobilization from peripheral tissue (19), and impaired
release of lipoprotein from the liver cell (14). In this study no test was made to
determine if fat accurnulation was the cause of the extensive vacuolation ob-
served.

Vacuolation is also associated with mitochondrial injury which impairs the
function of citrate cycle causing diminished availability of ATP. This affects the
fatty acid oxidation mechanism and causes the enhanced influence of free fatty
acids to the liver and triglyceride accumulation. Acephate , an organophosphate
nhibits the release of very low density lipoprotein (VLDL) from the liver and it
has been proposed that it is due to a disturbance in the hepatic synthesis of
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lipoproteins (20). There could also be mobilization of energy-rich lipids for
production of energy during toxic stress caused by pesticides (21).

Generally, under any type of stress condition, the animals are bound to add
extra energy to overcome the stress through the oxidation of either carbohydrates
or proteins or lipid constituents (21). The increase in total lipids correlates with
the increased activity levels of the enzyme lipase, responsible for the breakdown
of lipids into free fatty acids and glycerol. The free fatty acids and glycerol formed
might be diverted to yield energy to mitigate the toxic stress due to Gusathion-A.
The mobilization of lipid reserves testifies the imposition of high energy demand
under pesticide toxicity.

Massive swelling of mitochondria was similarly observed in the livers ex-
posed to CCl, lindane and bacterial toxins (22). Mitochondrial swelling may be
due to an increase in mitochondrial membrane permeability caused by an
alteration of the ATPase membrane system thereby allowing the influx of Na
ions and water (22). When the permeability of the inner mitochondrial mem-
brane increases, the outer membrane is interrupted causing further expansion.
Mitochondrial damage indicates change in the rate of respiration, phosphoryla-
tion and increase ion uptake in the fish.

Structural changes in the granular endoplasmic reticulum such as cisternal
dilation and reorganization into sinuous and circular profiles may be considered
tunctional changes (15). However, several studies attributed such changes to the
interaction of the pesticides with lipid membranes (23). The insccticides modify
the basic membrane mechanisms, eg. permeability to non-clectrolytes and trans-
port of cations mediated by ionophores which is similar to the mechanism that
explains the vacuolation observed in the hepatocytes.

The depletion of glycogen was noted in the liver of rats subjected to fasting
and refeeding (24) and Chanos chanos subjected to starvation (25). Glycogen
depletion was also noted in pesticide-exposed fish livers (26). The reduction of
liver glycogen would seem to be due to an effect of Gusathion-A on carbonate
metabolism. The amount of glycogen depends on the nutritional state of the
animal. Liver glycogen is a depot for glucose and is modified if the blood glucose
falls. This is related to the low blood glucose level due to the damage done by
Gusathion-A to the intestinal epithelium affecting digestion and absorption.

It has been suggested that the increase in the liver glycogen is presumably
due to the depression of the glucokinase activity resulting in the reduction of
G-6-PO4 which diminished the quantity of hexosephosphate, an intermediate
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compound essential for the synthesis of glycogen (27). Another possible mecha-
nism is that, the effect of pesticides involves some sort of activation on the
sympathetic nervous system resulting in the release of adrenalin from the adrenal
medulla which stimulates the anterior pituitary to secrete adrenocorticotrophic
hormone (ACTH). ACTH then activates the adrenal cortex to produce more
glucocorticoid hormone (GCH) which stimulates hepatic glucose production
from hepatic glycogen (28).

Organophosphates like Gusathion-A may exert their toxic effects to non-
target organisms in two ways: 1) by altering the structure, function and activity
of biological membranes and enzymes; and 2) by inhibiting the active transport
systems which function to maintain the cellular level of inorganic electrolytes
and fluids and the correct osmotic pressure within cells. The permeability of the
hipid membranes is said to be modified by organophosphates by altering the
hydrophobic core of the lipid bilayer. The impairment of the active transport
systems is made possible by inhibiting electron transport in the mitochondria and
altering the configuration of the ATPase molecule.

Liver lesions in teleost indicate the need for toxicological studies since these
hepatic alterations have been linked to deterioration of the aquatic environment.

The decision of the Fertilizer and Pesticide Authority to finally ban the use
of Gusathion-A is laudable.

LITERATURE CITED

1. Holden, A. V. (1972). The effects of pesticides on life in freshwaters. Proc.
R. Soc. Lond. B180: 383-394.

2. Meyers, D. S. (1962). & Hendricks, J. D. (1982). A summary of tissue
lesions in aquatic animals induced by controlled exposures to environmental

contaminants, chemotherapeutic agents and potential carcinogens. Marine Fish.
Rev. 44:1-17.

3.Freed, V. H,, Schmedding, D., Kohnert R. & Hague, R. (1979). Properties
of several organophosphates: Some implications in environmental biological
behavior. Pestic. Biochem. Physiol. 10: 203-211.

4. Fest, C & Schimdt, K. J. (1982). The Chemistry of Organophosphorous
Pesticides. New York: Springer-Verlag. 360 pp.

30 SCIENCE DILIMAN, vol. 6, nos. 1 and 2



5. Agrochem International Courier. (1983). Activities in Chile: Gusathion
controls rangel and pest. 22 pp.

6. Kaur, K. & Toor, H. S. (1977). Toxicity of pesticides to embryonic stages
of Cyprinus carpio communis. L. Indian J. Exp. Biol. 15: 193-196.

7. Cripe, G. M., Goodman, L. RM & Hansen, D. J. (1984). Eftect of chronic
exposure to EPN and to guthion of the critical swimming speed and brain
acetylcholonesterase activity of Cyprinodon variegatus. Aq. Toxicol. 5: 255-266.

8. Palma, A. L. (1986). The biology and culture of carps. BEAR Technical Paper
series 9: 1-8.

9. Herrera, A. A. (1992). Histochemical study of Cyprinus carpio exposed to
Gusathion-A. NSRI Technical Report.

10. Cope, O. B., Wood, E. M., & Wallen, G. H. (1970). Some chronic effects
of 2,4-D on the bluegill (Lepomis machrochirus). Trans. Am. Fish. Soc. 99: 1-12.

11. Philip, H., Sriraman, P. K., & Ramamurthi, R. (1989). Histopathological
changes in the liver and kidney of Musmusculus following oral BHC feeding,
Bull. Environ. Contam. Toxicol. 42: 499-502.

12. Amminikutty, C. K., & Rege, M. S. (1977). Eftects of acute and chronic
exposure of pesticides, thiodan E.C. 35 and agallol ‘3’ on the life of widow tetra
(Gymnocorymbus ternetzi). Indian J. Exp. Biol. 15: 97-200.

13. Anees, M. A. (1978). Hepatic pathology in a freshwater teleost Channa
punctatus (Bloch) exposed to sublethal chronic levels of three organophosphorus
insecticides. Bull. Environ. Contam. Toxicol. 19: 524-527.

14. Recknagel, R.O. Carbon tetrachloride hepatotoxicity. Pharmacol. Rev. 19.
145-208.

15. Hacking, M. A., Budd, J., & Hudson, K. (1978). The ultra-structure of
the liver of rainbow trout:normal structure and modifications after chronic
administration of a polychlorinated biphenyl arochlor 1254. Can. J. Zool. 56:
477-491.

16. Chang, L., Tiemeyer, T., Wenger, G., & McMillan, D. (1983). Neuro-
pathology of trimethyltin intoxication III changes in the brain.stem neurons.
Envi. Res. 30: 399-411.

SCIENCE DILIMAN, vol. 6, nos. 1 and 2 31



17. Davies, D. B. & Folub, B. J. (1983). Comparative effects of organophos-
phorous insecticides on the activities of acetylcholinesterase, diacylglycerol ki-

nase, and phosphatidylinositol phosphodiesterase in rat brain microsomes. Pestic.
Biochem. Physiol. 20: 92-99.

18. Smuckler, M. A. & Overstreet, R. M. (1982). Histopathological changes
in two estuarine fishes, Menidia eryllina (Cope) and Trinectes maculatus (Bloch and

Schneider), exposed to rude oil and its water-soluble fractions. J. Fish Diseases 5:
13--35.

19.Brodie, B. B. & Maickel, R. P. (1963). Role of the sympathetic nervous
system in drug-induced fatty liver. Ann. NY, Acad. 104: 1049-1058.

20. Choudhari, P. D. & Chakrabarti, C. H. (1984). Effect of acephate
(orthene), an organophosphorous insecticide on lipid metabolism in albino rats.
Indian J. Exp. Biol. 22: 45-49.

21. Reddy, S. & RaO, K. V. (1989). In vivo modification of lipid metabolism
in response to phosphamidon, methylparathion and lindane exposure in the
penaeid prawn, Metapenaeus monoceros. Bull. Environ. Contam. Toxicol. 20: 674—677.

22. Rasheed, V., Limsuwan, C., & Plumb, J. (1985). Histopathology of
Bullminnows, Fundulus grandis Baird and Girard, infected with a non-haemolytic
group B, Streptococcus sp.. J. Fish Diseases 8: 65-74.

23.Mishra, J. & Srivastava, A. K. (1983). Malathion induced hematological
and biochemical changes in the Indian catfish (Heteropneustes fossilis). Environ. Res.
30: 393-398.

24. Chapman, G. B. (1981). Ultrastructure of the liver of the fingerlings
rainbow trout Salmo gairdneri Richardson. J. Fish Biol. 18: 553-567.

25. Storch, V. & Juario, J. V. (1983). The effect of starvation and subsequent
feeding on the hepatocytes of Chanos chanos (Forsskal) fingerlings and fry. J. Fish
Biol, 23: 95-103.

26. Van Lecuwen, C. J., Helder T., & Seinen, W, (1986). Sublethal effects of
tetramethylthiuram disulfide in rainbow trout. Aq. Toxicol. 9: 13-19.

27. Awasthi, M., Shah, P, Dubale M. S., & Gadhaia, P. (1984). Metabolic
changes induced by organophosphates in the piscine organs. Environ. Res. 35:
320-325.

32 SCIENCE DILIMAN, vol. 6, nos. 1 and 2



28. Verma, S. R, Rani, S., Tonk, LP., & Dalela, R. C. (1983). Pesticide-in-

duced dysfunction in carbohydrate in three freshwater fishes. Environ. Res. 32:
127-133.

29. Witherspoon, F. G. Jr. & Wells, M. R. (1975). A.'T.P. activity in brain,
intestinal mucosa, kidney and liver cellular fraction of the reader turtles following

in vitro treatment with DDT, DDD, and DDE. Bull. Environ. Contam. Toxicol.
14: 537-544. '

SCIENCE DILIMAN, vol. 6, nos. 1 and 2 33



i

A N NI N TR I ANy
Figure 1. Control hepatocyres of day 90 Cyprinus carpio fingerlings in a

cordal array. The hepatocyte (H) has an irregular polyhedral
shape.

Figure 2. Hepatocytes of day 90 Cyprinus carpio fingerlings after exposure to
0.05 ppm Gusathion-A for 30 days showing severe vacuolation

V).
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Figure 3. Hepatocytes of the day 90 Cyprinus carpio fingerlings after expo-
sure to 0.1 ppm Gusathion-A showing plate disarray, extensive
vacuolation (V), and dilated sinusoids (S).

Figure 4. Control hepatocytes of day 90 Cyprinus carpio fingerlings display-
ing polyhedral forms with a more or less centrally located nucleus
(N).
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Figure 5. Hepatocytes of day 90 Cyprinus carpio fingerlings after exposure to
0.05 ppm Gusathion-A for 30 days showing loss of normal pattern
and displaced nucleus (N).

Figure 6. Hepatocytes of day 90 Cyprinus carpio fingerlings after exposure to
0.1 ppm Gusathion-A for 30 days. Advanced degenerative changes
are observed (arrows)including cell membrane disruption.
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Figure 7. Electron micrograph of a portion of a control hepatocyte of day
90 Cyprinus carpio showing a part of the nucleus (N) with several
nuclear pores (NP). Granular endoplasmic reticulum (gER) 1s
seen composed of parallel stacks of cisternae studded with ribo-
somes.

Figure 8. Electron micrograph of day 90 Cyprinus carpio hepatocyte after
exposure to 0.05 ppm Gusathion-A for 30 days. Endoplasmic
reticulum and mitochondria are not distinct structures. A nucleus
(N) with an irregular outline is shown. V = vacuole.
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Figure 9. Electron micrograph of day 90 Cyprinus carpio hepatocyte after
exposure to 0.1 ppm Gusathion-A for 30 days. Endoplasmic
reticulum and mitochondria are hardly recognizable. A large
vacuole (V) larger than the nucleus is shown. The nucleus has lost
its spherical shape. Cy-cytoplasm, NE-nuclear envelope.

Figure 10. Electron micrograph of day 90 Cyprinus carpio hepatocyte after
exposure to 0.05 ppm Gusathion-A for 30 days. The nucleus (N)
appears intact but the mitochondria (M) appears abnormal.
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Figure 11. Electron micrograph of day 90 Cyprinus carpio hepatocyte after
exposure to 0.1 ppm Gusathion-A for 30 days. The endoplasmic
reticulum is not distinct and the plasma membrane is absent. The
nuclei (N) are necrotic. M-mitochondria; Cy-cytoplasm.

[

Figure 12. Electron micrograph of day 90 Cyprinus carpio hepatocyte after
exposure to 0.1 ppm Gusathion-A for 30 days. The endoplasmic
reticulum are reorganized into sinuous and circular profiles
(arrows). Mitochondria are hardly recognizable. Glycogen gran-
ules appear depleted. Cy-cytoplasm
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