Delta J. Sci. 12 (3) 1988 1119-1140

EFFECT OF DIMETHOATE ON THE ENZYMATIC ACTIVITIES
IN THE LIVER OF TOAD ( Bufo regiilaris ).

BY
A.E. Abo-Shafey® and S.A. Sakr *#
Zoology Dept. Faculty of Science,
# Tanta University, Tanta , Egypt

#% Menoufia University, Shebin EL- Koum, Egypt

Received + 7 . 7. 1988

ABSTRACT

Adult toads were fed the organophospho-
rous insecticide dimethoate at a dose level
of (40 mg/kg body weight), for two and seven
days. Histochemical investigations of the
activity of acid phosphatase, alkaline phos-
phatase and succinic dehydrogenase showed that
after 2 days acid phosphatase containing
particles {Lysosomes) were increased in both
aummber and size, then after a week liver tissue
exhibited more intensive reaction. Succinic
dehyrogenase activity was also increased acco-—
rding to the period of treatment. Oa the other
hand, a con51derab1e depleticn of alkaline
phosphatase activity was seen in the liver of
48 hours fed toads whereas this depletion showed
a more or less increased in liver of animals fed
for a week.

TINTRODUCTION

Dimethoate is cne of the organophosphorous inse-
cticides which are useful in contreolling many agricultural

insects (Martin and Worthing , 1976). The wide spread
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use of dimethoate for eradication of insects makes it poss-
ible to reach the food of animals or even human beings

(Sannderson and Edson 1964).

Several investigations have pointed out that dimeth-
oate toxicity caused a degenerative effects, chronic leasions
and destructicn of the cells (Gobliks and Friedman 1965; -
Yasnova and Abdasov 1972; El-Ganzuri, (1975) and Moussa and
Hafez 1982).

Murphy, 1966; Tandon et al., 1978; Mikhail et al, 1979;
Nigam et al., 1981 and Verma et al., 1983 pointed out that
acid and alkaline phosphatase showed significant alterations
under the effect of insecticides; Khattab et al, 1986 studied
the effect of curacron and dimethoate on acid phosphatase
activity in the neurones of rat. Effect of cyolane intoxica-
tion on the protein content of the ileal epithelial‘cells

of Clarias lazera were declared by Banhawy =t al, (1986},

Activity of the respiratory enzyme (succinic dehydro-
genase) affected by insecticides was also investigated by
Bahig, 1975; Sitkiewcz et al, 1976; Gil et al, 1980 and
Al- Dahaby, 1986,

The present study declares the effect of dimethoate
toxicity on the activity of acid phosphatase, allkaline

phosphatase and succinic dehydrogenase enzymes in the live:
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of toad as well as the pattern of distribution and locali-

zation of these enzymes in liver tissue.

MATERTAL. AND METHODS
Thirty adult healthy toads (Bufo regularis) weighing

40-50 g. were divided into three groups. The first

group was orally fed a dose of dimethoate (40 m3;/Kg body
weignt) daily for two days. The second group was given the same
dose of dimethoate every day for one week, while the third

group was used as a control.

After the different experimental periods, the toads
were killed and dissected, suitable blocks of liver were

quickly e:cised and then freshly sectioned by cryostat,

Sites of acid phosphatase activity were visulaized
in 107 neutral formalin-fixed frozen sections of 10 microns
thick. These were incubated for 2 hours at 37° - in Gomori
medium (1652).

Alkaline phosphatase was examined in the formalin
postfixed cryostate sections following incubation for 13
hours at 37°C according to Gomori (1952). Succinic dehydro-
genase activity was detected by the method of Nachlas et
al. (1957).
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RESULTS

~ Acid phosphatase :~

In normal toads, enzyme activity was seen in the
cytoplasm of hepatocytes as fine particles. Endothelial
cells of sinusoids were also positively stained (Fig., 1).
Liver cells of animals fed dimethoate for 48 Hours exihib-
ited marked increase in enzyme activity than those observed
in controls; the cytoplasm of hepatocytes exhibited a high
intensity of enzyme reaction. Sites of reaction were seen
as intensely stained plaques giving cytosol appearances.
Endothelium of bile ducts were positively stained while
the blood vessels endothelia were negatively stained
(Figs., 2 and 3 ) .

High enzymatic activity was seen in hepatocytes of
animals treated for seven days. Also marked damage in liver
tissue was seen. The ground cytoplasm of hepatocyfes in
portal areas showed a pale colour in staining . FEndothelia
of blood vessels were positively stained . ( Figs., 4 and
5y .

- Alkaline phosphatase :-

Control liver cells exhibited a normal ievel of enzyme
activity, sites of alkaline phosphatase activity were seen

as fine black deposits lying in cytoplasm. A regular appear-~
ance was seen through different hepatic areas. In dimethoate

fed tecad for /8 hours, allalire phosphatase activiiy was
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considerably deceased. The intensity of enzyme reaction
was highly deleted in hepatocytes arround hepatic artery.
( Figs., 6 and 7 )

The pigments were increased in number and coalesed
in liver tissue. Alkaline phosphatase activity gradally
increased in liver of toad treated for seven days, compared
with that of two days treated liver. Sinusoidal boundaries of
hepatotjtes exhibited a moderate activity while ground cyto-
plasm appeared less stainable. Hepatocytes surrounding -

targe blood vessels showed more enzyme reaction.(Fig., 8 )

- Succinic dehydrogenase:-

The activity of enzyme was seen as deep purple to blue fine
granules in the cytoplasm of hepatocytes. Nuclei as well as
endothelium of blood vessels were unstained. Endothelium

of bile ducts was positively stained . (Fig. 9).

Forty eight hours after fed dimethoate , activity of
enzyme was increased in hepatocytes. Liver cells arround
the blood vessels exhibit more activity . Sites of enzyme
activity were seen as fine to large granules scattered in

the cytoplasm arround the nuclei. (Figs., 10 and 11).

A marked increase in enzyme activity was seen in the
liver cells of toads treated for seven days. Cytoplasm of

hepatocytes exhibited more intensity of enzymatic reacticn.
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Sites of enzyme activity were variable along the sinusoidal
margins. The final reaction products were sit on the sinus-
oidal borders of hepatocytes as fine, small granules and
dense masses. Activity of enzyme was strong in the center-
olobular areas. Cells of bile ducts were strongly stained

while endothelium of blood vessels appeared negatively
stained. (Figs., 12 and 13 ).

The activity of the enzymes under study and its dis-
tribution patterns and localization can be summarized in

the following Table (1) .

Table (1):- The activity of the enzymes under study, its

distribution patterns and localization

Enzymes Control 2 days 7 days
Loads trested toads |treated toads
1 - +++ ++4
Acid phosph-- 2 - - _
atase 3 + - ++
1 +4 + + o+
Alkaline pho- 2 - R - +
sphatase 3 . - +
1 et +++ +4+
Succinic deh- 2 + ++ +++
ydrogenase 3 - + +
1. Hepnrocyres +++ Strong setivity,
2. Endothelium of hilte dJduct +t+ Moderate activity.
9, Endothellum of hloud vessels + Weak acrivity.

~ HNo ascrlviLy.
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DISCUSSION

Acid phosphatase is localized mainly in the lysosomes.
There is also extralysosomal acid phosphatase, which is
found in endoplasmic reticulum and possibly in the hydro-
plasm (Lojda et al, 1979) . Lysosomes have proved to be
implicated in many plysiological and pathological conditions
in animal cells. Banhawy, (1974) reported the higher diff-
used enzymatic activity of acid phosphatase-containing part-
icles (Lysosomes),and the consequent release of the enclosed
enzymes into the ground cytoplasm. He added that the release of
acid phosphatase together with the other hydrolases and their
increase in the cytoplasm is believed to play an impotant
role in the initiation of the autolytic processes which
ultimately lead to cellular autolysis and degeneration.

This assumption was also declared by Sastry and Malik (1979).

The present investigation revealed that acid phesphatase
activity was increased in the liver of dimethoate treated
toads, and this elevation was more clear as the time of

treatment increased.

The present results are in agreement with those of
Bryc (1972) and Niepolomski, et al. (1972), who noticed that,
liver cells of rats displayed a higher activity of acid phosph—
atase under thioridazine intoxication and emphetamine treatment.

Similar observations were also reported by Cavallero, et sl.
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(1972), and Banhawy and El-Ganzuri (1980 b). The decrease

in the activity of alkaline phosphatase, probably indicates

a disturbance in the metabolic processes of the liver. This

is in accordance with the findings of Batzinger and Bueding,
(1977) and Bideand Boward (1970). Mukhopadhyay and Dehadrai
(1980) reported that intestinal alkaline phosphatase activity
was markedly altered by nutritional status.

Sastry and Malik, (1979) observed that dinecron increased the
acid phosphatase but decreased the alkaline phosphatase acti-
vities in the intestinal mucosa of the fresh water Channa
punctatus. Also Sharma and Sastry (1980) stated that the
activity of the two phosphatases was inhibited in the liver
cells but some what elevated in the kidney cell post-endrin
exposed.

The above findings confirm the study which showed a marked
depletion in the activity of alkaline phosphatase in liver

of two days treated toads, then enzyme activity diéﬁlayed a
considerable recovery in the liver of seven days treated
animals. Boseila et al. (1987) also noticed variable decreases
in alkaline phosphatase activity in the kidney of rat affected

by niridazole (ambihar).

Succinic dehyrogenase enzyme, plays an important rolé
in the respiratory processes of most living cells (Novikoff

and Essner 1960).

Succinic dehyrogenase activity was noticed to be
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definitely increased in both liver of toads treated for two
and seven days respectively . The enzymatic increased activity
extended in all hepatic tissue components. This indicates

that dimethoate has a definite lesion actioen on the cellular
mitochondrial membranes which are responsible for the increased
succinic dehyrogenase activity. This result is in agreement
with Johnson and Daniels (1979). Similar observations were
repoted by Boseila et al (1987) on the colonic mucosa of

human infected with carcinoma.

Organophosphorous insecticides, apart from inhibiting
acetyl cholinesterase activity , cause disturbances of other
metabolic processes (Heidker and Pardini 1972). It seems
that these insecticides are capable of binding the lipid com—
ponents of mitochindrial membranes and consequently may alter

mitochondrial functions (Sitiewicz and Zalewska, 1975).




1128

Deita J. Sci. 12 (3)1988

Effect of Dimethoate on

REFERENCES

Al-Dahaby, Al-A, 1986. Experimental studies on the
enzymatic activities of some dehydrogenases
in the ileal mucosal cells of Clarias lazera.
Egypt. J. Histol. 9(1) 101-106.

Bahig, M. R. E., 1975. Effect of subacut poisoning by
cyolane on acetylcholin-esterase and succinic
dehyrogenase in the rat. Experientia, 31

836~ 837.

Bahawy, M.A., 1974. Histological, cytological and histo-
chemical effects of insecticides on inesct and
mammalian tissues. Symp. on the use of Isotopes
in pesticides and pest control, Beirut (Lebanon),
113- 123.

Banhawy, M.A., Al. Zahaby, A. and Shalaby, A..1986.
Histopathological studies on the effect of
cyolane on the ileum of (larias lazera (cuv.&
val.). Egypt. J. Histol. 9(1) 77- 85.

———————————— - and M.A. El-Ganzuri, 1980 b. Pathologcal

effect of insecticides on acid phosphatase
particles (lysosomes) in mammalian liver cells.
Proc. Egypt Soc. Environ. 5ci. (1) 55 - 70.

Batzinger, R.P. and Bueding, E. 1977. Acute toxicity
of antischistosomal drug. J. pharmacol. Exp.

ther (200) 1-9.



1129

Delta J. Sci. 12 (3)1988
Shafey and Sakr

Bide, R, W., Dorward, V. J., 1970., Plasma alkaline
phosphatase in the fowl: changes with starvation.
Poultry Sei., 49(3) 708-713.

Boseila, A.W.; Arafa, M.A.; Mohamed, M.S.F. and Masoud,
M.A., 1987. Morphological and histochemical
studies on the kidney of rat under the effect
of praziquantel (Bilrricide). Egypt. J. Histol.
10 (2) 337-342, '

Bryc, R., 1972. Histlogical and histochemical investiga-
tions of the liver and kidney of rats in chronic
thioridazine intoxication Patheol. Pol.,

23 (2) 241 - 240,

Cavallero, C.; Turolla, E.; Carnevali, E.; Finardi, G.
and Pedini, G., 1972, Enzyme histochemistry
in liver pathology. Path. Europ., 7 (1) 3-16.

El-Ganzuri, M. A., 1975. Cytological and histochemical
studies on mammalian nerve and liver cells,
Ph. D. Thesis Faculty of Science, Ain Shams
Univeristy.

Gil, D.L., Ferreira, J. and Reynafaje, B. 1980. The 1,2,
3- benzolhiadiazoles. A new type of component
acting on coupling sites I, in rat liver mito-

chondria. Xenobiotica 10 (1) 7 - 15,



1130

Delta J. Sci. 12 (3)1988
Effect of Diﬁethoate on

Gobliks, J. and Friedman,L. 1965. Responses of cell
cultures to insecticides. Acute toxicity of

human cells. Proc. Soc. Exp. Biol. Med. 120
(1)163 - 168,

Gomori, G.F., 1952. Microscopic histochemistry principles
and'practice. Univ. - Chicago press. Chicago.

Heidker, J. C. and Pardini, M., 1972. Inhibition of mito-
chandrial electron transport by Guthion, some
related insecticides and degradative products.
Bull. Environ. Contam. Toxicol., (8) 141-146.

Khattab. F.I.; Ganzuri, M.A. and Fares, M.H., 1986. The
histochemical effect of curacron and dimeth-
oate on the acid phosphatase activity in
neurones of the white rat. Zool. Soc. A.R.
Egypt.(10)245 - 256. 4

Lojda, Z.; Gossray, R., and Schiebler, T. H., 1979.

Enzyme histochemistry. laboratory manual

Springer Verlag. Berlin, Heidelberg, New-

York.

Martin, H. and Worthing, C.R. 1976. Insecticide and fun-

gicide handbook for crop protection. The

white friars press ltd, London and Tonbri-

dge PP : 394 - 406.



1131

Delta J. Sci. 12 (3)1988
Shafey and Sakr

Mikhail, T.H.; Assour, N.; Awadallah, R.:; Boulos, M.N;
El- Dessoukey, E.A. and Karima, AT., 1979,
Acute toxicity of organopnhoshorous and
organochlorine inscticides in laboratory
animals. Z. Ernaehrunsswiss, 18(4) 258-268.

Moussa, T.A. and Abdel-Hafez, M.M., 1982, Effects of
dimethoate on the guinea pig testes. Egypt.
J. Histol. 5(2) - 181.

Mukhopadhyay, P.K. and Dehadrai, P.V. 1980 Studies on

air- breath Cat frish Clarias batrachus

(Linn) under Sublethol malathion exposure
Ind. J. of Exp. Bicl. V. 18 : 348 - 352.
Murphy, $.D. 1966. Response of adaptive rat liver enzymes
to acute poisoning by organophosphate
insecticides. Toxicol. Appl. Pharmacol.,
8 (2).P. 268.
Nachlas, M.M.;Tsou, X.C.; Sousa, E.; Cheng, C.S. and
Seligman, A.M. 1957. Cytochemical demonst-

ration of succinic dehydrogenase by the
use of a new P-nitrophenyl substituted dite-

trazoie J. Histochem. Cytochem 5 : P. 420.

Niepolomski, W.; Luoiak, M.; Panasiewicz, and Trzeciak,
H., 1972. Histochemical changes in the liver
of rats under the influences of prolonged
administration of amphetamine. Pathol. Pol.,
23 (3) 409 - 414,



1132

Delta J. Sci
Effect of Di

. 12 (3)1988

methoate on

Nigam, S.K. Bhatt, D.K.; Xarnik, A.B., Thakore, K.N;

Novikoff, A.

Aravinda, B.K.; Lakkad, B.C.; Kashya, S5.X.

and Chatteryee,S.K. 1981. Experimental studies
on insecticides commonly used in India. J.
Cancer Res. Clin Qncol., 99 (2) 143-152,

B., and Essner, E., 1960. THe liver cell:

some new approaches to the stydy. Am. J.

Med., (29) : 102.

Sanderson, D.M. and Edson, E.F. 1964. Toxicological

Sastry. K.V.

Sharma, S.K.

Sitkiewicz,

properties of organcphosphorous insecticide,
dimethoate, Br. J. Med. 21 : 52 - 64,

and Malik, P.V. 1979, Studies on the effect
of dimecron on the digestive system of frresh
water fish, Channa punctatus. Arch. Environ.
Contam. Toxical., 814 : 397 - 407,

and Sastry, K.V. 1980. Aiteration in enzyme
activities in liver and kidney of Channa
punctatus exosed to endrin. Bull Environ -
Contam. and Toxico., 22 (1-2) : 17 - 20.

D. and Zalewska, Z., 1975, Effect of organo-
phosphata in rat brain mitochondria. Neuro-

pathal . Pol., 13 (3-4) 463 - 469.



1133
Delta J. Sci. 12 (3)1988

Shafey and Sakr

Sitkiewicz, D. , Konecka, A.M.; Chojnacka, B.K., and
Czerska, T.A. 1976. Effect of organophosphate
insecticides on cytochrome oxidase and succinic
dehydrogenase activity in rat and hen brain.

Rocz, Panstw. Zakl. Hig, 27 (3) 277 - 286.

Tandon, S.K.; Datta, K.K.; Gupts, P.XK. and Bahari, J.R.
1978. Comparative response of male rat to
parathion and lindane: histopathological and

biochemical studies. Environ. Res. 17 (1) 1-9,.
Verma, S.R.; Bhatnagas M.C. and Dalela, R.C., 1983,

Alkaline phosphatase activity in the fish,
Channa gachua exposed to thiodan and rogor.

Proc. Nath. Acad. Sci. Ind. Sect., 52(2) P.
199,

Yasnova, G.P. and Abbasov, T.G., 1972. Biochmical and

bacteriological tests on veal from calves
poisoned with organophosphorous inscticides.

Problemy Veterrinarno Sanitarii, (41) 138 -
141.



1134

Delta J. Sci. 12 (3)1988

Effect of Dimethoate on

Fig. 1. Normal liver section .Acid phosphatase activity in
hepatic cells {granular staining). X 100.
Fig.2. Two days treated liver. High activity of enzyme in
different hepatic areas. Densely stained cytoplasm
(cytosol ).X 160.

Fig. 3. High magnification of the same above figure. X 250.
Fig. 4. High activity of acid phosphatase surrounding blood
vessels X 160.

Fig. 5. 7 days treated liver. High activity of enzyme.
Endothelial of blood vessels are positivly stained.
X 60.

Fig. 6 . Normal activity of alkaline phosphatase. Endothelial

of blood vessel positively stained . X 100.
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Fig. 7. Two days treated liver. Activity of alkaline phospha-
tase are highly decreased. X 60.
Fig, 8. Liver section of 7 days treated toad. high activity

of enzyme in' the sinusoidal borders of hepatocytes.
X 60.

Fig. 9. Liver section of normal toad, moderate activity of
succinic dehydrogenase which appears fine granuies
in cytoplasm of hepatocytes. X 250.

Fig.10. Two days treated liver showing increas in activity

throughout whole cytoplasm. Bile duct is weakly
stained (arrow). X 60.

Fig. 11.High magnification of the above figure.
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Figs 12, 13, Liver section of 7 days treated toads. High
. activity of enzyme, Cells of bile duct are strongly

stained. Sites of enzyme activity appeared as

fine granules and densely masses. X 250,100 res-

pectivily
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