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ABSTRACT

Pesticides are widely used in ag-
riculture and livestock production
with potential health hazards. This
study aimed to compare toxic effects
of sub-lethal doses of cypermethrin
and methomyl on rats and to investi-
gate the spontaneous reversibility of
these effects after discontinuation of
exposure. Fifty adult male rats were
randomly divided into three main
groups. Group 1 (20 rats) was given
cypermethrin orally as 5 mg/kg daily,
group 2 (20 rats) was given metho-
myl orally as 1 mg/kg daily and the
third group (10 rats) served as a con-
trol. After one month, half of animals
(10 rats) from test groups (group 1a
and group 2a) beside the control
group were weighed and sacrificed.

The remaining rats were kept without
treatment for 2 weeks then weighed
and sacrificed (group 1b and group
2b). Serum aspartate transaminase,
alanine transaminase and creatinine
were determined. Histopathological
examination of liver, kidney and
testes from each rat were carried
out. Results showed that both meth-
omyl and cypermethrin induced re-
versible toxic effects to liver, kidney
and testes. The present results
should give continued emphasis to
the correct handling and use of
these insecticides at the
mended rates, dose and duration.

recom-

Keywords: cypermethrin, metho-
myl, rats, hepatotoxicity, nephrotox-
icity, fertility, reversibility.
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INTRODUCSTION

The use of cypermethrin (a syn-
thetic pyrethroid), is increasing due
to its high effectiveness, low toxicity
to non-target organisms and easy
bio-degradability (1). Methomyl, a
widely used broad-spectrum carba-
mate insecticide, is classified by the
Environmental Protection Agency
(EPA) as class IB (Highly Hazard-
ous) (2). Misuse of these compounds
carries the risk of poisoning (3).

Some of the toxic actions of cy-
permethrin as well as methomyl
have been reported earlier, but the
comparative effect of oral administra-
tion of sub-lethal doses of both cy-
permethrin and methomyl on the liv-
er, kidney and testes has not been
investigated. So, this study aimed to
compare toxic effects of sub-lethal
doses of both pesticides on rats dur-
ing oral administration and after ces-
sation through clinical manifesta-
tions, histopathological examination
of liver, kidney and testis as well
as analysis of liver enzymes; serum
aspartate transaminase (AST), ala-
nine transaminase (ALT) and creati-
nine.

MATERIAL & METHODS

This is an experimental compara-
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tive study of toxic effects of sub-
lethal doses of cypermethrin and
methomyl on rats. This study follows
the ethical guidelines of Mansoura
University Ethical Committee.

Chemicals :

The requisite amount of commer-
cial cypermethrin {Cypermethrin 10
% (Agrochemical, Jordan)} and
methomyl (Lannate 90, Acta Co.)
was dissolved in 2 ml distilled water.

Animals :

A total of 50 male albino rats
weighing between 140 - 170 ¢
(151.05 + 6.73 g) were used in this
study. The rats were allowed to accli-
mate in the animal care facility for 7
days before the start of treatment.
The animals were maintained in
plastic cages with a controlled tem-
perature of 25+2 °C, a12h light-dark
cycle and the rats were ad libitum
fed with water and food.

Animal grouping and study de-
sign :

Animals were randomly divided
into three main groups. Group 1 (20
rats) received oral cypermethrin as 5
mg/kg/day (4), for one month. Group
2 (20 rats); received oral methomyl
by gavage as 1 mg/kg (5), once daily
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for one month. The third group (10
rats) served as a control.

All animals were weighed and ob-
served daily for signs of treatment
related effects during the 30 days
treatments. Expected clinical mani-
festations are muscular weakness,
swaying gait, respiratory distress
and prostration (6). On the day 30 af-
ter beginning of treatment, half of the
animals (10 rats) from each test
group (groups 1a and 2a) beside the
control group were weighed and sac-
rificed 2 h following the last dose by
cervical dislocation. The remaining
rats were kept without treatment for
2 weeks then weighed and sacrificed
by cervical dislocation (groups 1b
and 2b).

Blood samples (2 ml) from orbits
were collected in 5 ml polypropylene
tubes, left 30 min to coagulate, cen-
trifuged at 2000 rpm and sera were
tested for ALT, AST and creatinine.
Liver, kidneys and testes of each rat
were excised quickly and fixed in
10% formalin. For histopathological
study, sections were cut in 4 micron
thickness and stained with the rou-
tine Hematoxylin and Eosin stain
and examined microscopically (Lica
CX21 microscpoe).

Statistical analysis :Data were
expressed as mean * S.D, median
and range. Data were processed us-
ing MedCalc® program Version 8.1.
Student's t-test was used for statisti-
cal analyses apart from weight. Non-
parametric data (weight) was ana-
lyzed by Mann-Whitney U test. P-
values <0.05 were considered statis-
tically significant.

RESULTS

Clinical manifestations and weight
changes:

No clinical manifestation was in-
duced by either cypermethrin or
methomyl compared to control apart
from decreased weight gain that was
significant in methomyl group while it
was insignificant in cypermethrin
group. Weight increased after two
weeks from cessation of administra-
tion of both cypermethrin and metho-
myl (Table 1).

Biochemical results (Table 1):

Both cypermethrin and methomyl
increased AST and ALT significantly
compared to control group with insig-
nificant difference between test
groups. After 2 weeks from cessa-
tion of administration, level of AST
decreased significantly in methomyl
group but insignificantly in cyper-
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methrin group while level of ALT de-
creased insignificantly in  both
groups.

Creatinine increased significantly
by both cypermethrin and methomyl
compared to control with more signif-
icant increase in methomyl com-
pared to cypermethrin group. Levels
decreased significantly 2 weeks after
cessation of cypermethrin adminis-
tration but not in methomyl group.

Histopathological results :

Histopathological examination of
control group showed normal liver,
kidney and testes (Figure 1). Cyper-
methrin induced liver necrosis, disor-
ganization of hepatic lamina, con-
gested sinusoids, portal inflamm-
ation; lymphocytes and esinophils
infiltrates with atrophy of bile duc-
tules (Figures 2: a, b, c). These
changes improved markedly 2 weeks
after cessation of its administration
(Figure 2 d).

Vol. 43, No. 1 & 2 Jan. & April, 2014

Concerning methomyl, it induced
spotty necrosis, sinusoidal conges-
tion, prominent Von Kupffer cells and
spotty ballooning degeneration of the
liver (Figures 3: a, b). Also these
changes improved markedly 2 weeks
after cessation of its administration
(Figure 3 c).

Both cypermethrin and methomyl
did not induce any observed histo-
pathological changes in the kideny
(Figures 4: a, b respectively).

As regards testes' examination,
cypermethrin caused maturation ar-
rest at spermatogonia and thick
basement membrane (Figure 5 a),
meanwhile methomyl induced matu-
ration arrest at primary spermatocy-
tes (Figure 6 a). These effects re-
solved 2 weeks after cessation of
both cypermethrin and methomyl ad-
ministration (Figures 5b & 6b respec-
tively).
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Table1: Comparison befween different groups regarding weight, liver enzymes (SGOT, SGPT) and creatinine.
At thestart of After onemanth Aftar 15 month

sudy C‘{“i"" Chwl)  ChEl)  Chad)  CHaD
(n: 30) 1 (Cypamethrin)  (Methomyl)  (Cypemethrin)  (Methomy)
. Weight
Melimfangy) 1004010 I87506229) 1B 0MSEY  IMIS0 1SS
Two-ailed probabilty <0000 Donle+ 0018 <0000 <0000*
Pl 01848 il 02200 03601
P 02267 09887
P 062 D03+
. AT
Men + $D 004380 00166 18M:BL ID068 U0
Pl oooL2+ DO <00001* 0ous*
) 01651 00988
P 081% 002+
L ALT
Men + $D 54326 8370 BI0:8% NS0 L9458
Pl 0004 00001 <0001 oo+
P 00584 061
P 0387 039
. Creatinine
Men 2 $D 0D:006  L:005 1016 134007 Lls01
Pl <0001+ <0001 <0000 <0001+
P 0003 06543
P 0014 0%

Two-tailed probahlty 1s for comparison with weight at begtnning of study.

P11 for comparng al test groups with contral group after one month

P21 for compaing G1 (cypermethrin) and G2 (methomyl) within the same duration (pesticide effect)
P31 for compaing subgroups a (ater one month) and b (after 1.5 months) {time effect)
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Figure (1): Representative micrographs for normal histo-pathological findings in control

rats showing; (a) normal hepatic portal tract with potal artery, portal vein
(double headed arrows) and bile ducts (arrow)x400, (b) kidney: normal
proximal convoluted tubules (arrow)and glomeruli(double arrows) x 200
and (c) normal testes showing normal spermatogenesisx 100.

Figure (2): Representative micro

%ra hs, for some histopathological changes in the liver
of cyBermqthrm -treated animals showing; (a) Portal inflammation showin,
lymphocytic and esinophilic infiltrates to the left of figure with atroghy o
bile ductules (arrow)x400, (b) disorganization of hepatic lamina and con-
gested sinusoids and prominent Von kupffer cells (arrow) x400, E)c) spott
necrosis which is a small collection of lymphocytes (arrow) x400 and cg
normal structure 2 weeks after cessation of cypermethrin administration
s}i(())\(’)vmg central vein (arrow) and normal single cell thick of liver cell cords
x400.
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Figure (3): Representative micrographs for some histopathological changes in the liver
of methomyl-treated animals showing; (a) ballooning degeneration (swollen
hepatocytes with vacuolated and clear cytoplasm) and focal spotty necrosis
(arrow) x400, (b) spotty necrosis (arrow) x400 and (c) normal structure 2
weeks after cessation of methomyl administration x400.

Figure (4): Representative micrographs for normal glomeruli and proximal convoluted
tubules in the kidney of; (a) cypermethrin - treated animals x 200 and (b)
methomyl - treated animals x 200.

MANSOURA MEDICAL JOURNAL
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Figure (5): Representative micrographs for some histopathological changes in the testes

of cypermethrin -treated animals showing; (a) maturation arrest at spermato-
gonia with only spermatogenic cells above a thick basement membrane (ar-
row) x400 and (b) showing restoration of normal spermatogenesis 2 weeks
after cessation of cypermethrin administration x400.

<3 -
sw s

Figure (6): Representative micrographs for some histo-pathological changes in the
testes of methomyl-treated animals showing; (a) maturation arrest at pri-
mary spermatocytes (arrow) x400, and (b) showing normal spermatogenesis
2 weeks after cessation of methomyl administration x200.

Vol. 43, No. 1 &2 Jan. & April, 2014
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DISCUSSION

The non-controlled use of pesti-
cides gives rise to various health re-
lated problems. The majority of
these chemicals tend to accumulate
in environment and enter into the
food chain (7). The results of the
present study showed that oral dose
of both cypermethrin (1 mg/kg) and
methomyl (5 mg/kg) for one month
induced reversible toxic effects on
liver, kidney and testis.

In the present research, both cy-
permethrin and methomyl did not in-
duce any clinical manifestation on
rats. It seems that due to the relative
low dose used for both cypermethrin
and methomyl in the present re-
search, clinical toxic effects were not
observed as higher oral doses were
reported to induce mild to moderate
toxicity (4. 8). Nevertheless, both
pesticides decreased animals'
weight gain as previously reported
(4,9, 10). However, this effect was
more significant by methomyl and
improved significantly 2 weeks after
cessation of administration.

Both cypermethrin and methomyl
significantly increased AST and ALT.
Similar results were reported (11, 12)
although dose and duration of expo-

sure differ. High serum AST, ALT in-
duced by cypermethrin and metho-
myl were closely parallel to histo-
pathological liver damage. Similar
histopathological toxic effects on the
liver were reported for cypermethrin
(4,9, 13, 14) and for methomyl (15,
16) however, the dosage and route
of administration were different. Tox-
ic effects of cypermethrin on the liver
could be due to oxidative stress in-
duced during its metabolism in the
liver via the hydrolytic ester cleavage
by the cytochrome P-450 microso-
mal enzyme system (1, 17). This is
augmented by cypermethrin induced
lipid peroxidation (18) and improve-
ment of these toxic effects by antioxi-
dants as vitamin C (19). Hepatotoxic
effects of methomyl on the liver may
be due to oxidative stress (20) or
vascular changes particularly in the
portal vessels (16).

While, Abdel Aziz and Zabut (21)
reported spontaneous improvement
in liver enzymes after cessation of
methomyl administration to rats, in
the present work, spontaneous im-
provement in hepatic histopathologi-
cal damage induced by either cyper-
methrin or methomyl was not
accompanied by normal AST or ALT
levels. In their research, methomyl

MANSOURA MEDICAL JOURNAL
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was administered for only five days,
a relatively short period compared to
the present research. Another expla-
nation is the poor correlation of ALT
serum levels and hepatic histopatho-
logical findings as previously report-
ed for ethanol-induced liver injury in
both human (22) and rats (23). In the
same time, some other toxins have
been reported to increase serum
ALT with no histopathological liver
finding (24).

In the present study both cyper-
methrin and methomyl significantly
increased serum creatinine level
(more in the methomyl group) in
spite of the non observable histo-
pathological changes in the kidney. It
seems that at the used dose, both
cypermethrin and methomyl induced
cellular dysfunction manifested by in-
creased creatinin but not severe
enough to be seen by light micro-
scope. Elevated creatinine is corre-
lated with increased protein catabo-
lism being its end product (11, 25),
However, serum creatinine level im-
proved significantly after cessation of
cypermethrin more than methomyl.
While spontaneous reversibility of el-
evated serum creatinine induced by
cypermethrin was not reported be-
fore, reversible increase in serum

Vol. 43, No. 1 & 2 Jan. & April, 2014

creatinine induced by methomyl aug-
ments previous report by Fayez and

Bahig (15) and Abdel Aziz and Zabut
(21),

Lukowicz-Ratajczak and Krechni-
ak (26) failed to prove any nephrotox-
ic effect of cypermethrin, while Gre-
wal and colleagues (4) could.
Meanwhile, cypermethrin (5 mg/kg/
day for 30 days) induced only mild
sloughing off renal tubular epithilium
with no effect on glomeruli, higher
doses (20 mg/kg/day for 30 days) in-
duced mild shrinkage of glomeruli,
necrosis of renal tubules as well as
hemorrhage and sloughing off renal
epithelial cells in the convoluted tu-
bules in rats; these effects were at-
tributed to oxidative stress (27). At
the cellular level, Luty et al. (28)
demonstrated that dermally applied
high dose of cypermethrin (250 mg/
kg i.e. 1/2 LD50 for dermal applica-
tion) to rats induced considerable
number of autophagocytic vacuoli of
renal proximal tubules, widened en-
doplasmic reticulum and widened
Golgi apparatus as well as swollen
mitochondria.

For methomyl, severe nephrotox-
ic effects were reported in rats (2
mg/kg, 3 times weekly for 3 months)
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and in mice (1 mg/kg, for 20 and 30
days) by Radad et al. (16) and EI-
Demerdash et al. (27) respectively
that was thought to be due to oxida-
tive stress (30). Absence of histo-
pathological toxic effects of metho-
myl on the kidney in the present
work may be due to relatively lower
dose (1 mg/kg once daily) and rela-
tively shorter duration (only 30 days).

Reversible toxic effects of metho-
myl on testis found in the present
study augment previous studies by
Radad et al. (16) and Shalaby et al.
(5). On the other hand, higher doses
(17 mg kg) daily for 2 months in-
duced persistent toxic effects on rat
testes (31). Cypermethrin as 30 and
60 mg/kg/day induced severe testic-
ular damage while slight distortion of
seminiferous tubules was reported at
7.5 mg/kg/day. This testicular dam-
age was attributed to testosterone
disruption effect (32),

In conclusion, both cypermethrin
and methomyl were found to be po-
tentially toxic to liver, kidney and
testes when administrated daily for
30 d at a dose of 5 mg/kg and 1 mg/
kg respectively. However, methomyl
was found to be more toxic on the
kidney. The observed hepatic, renal

and testicular damage could predis-
pose to hepatic insufficiency, renal
failure and impaired fertility in ex-
posed individuals. The spontaneous
reversibility of toxic signs of both in-
secticides on cessation of exposure
ensure that continued emphasis
should be given to the correct han-
dling and use of these insecticides at
the recommended rates, dose and
duration. Observations on regularly
exposed workers should be main-
tained. These compounds must be
used only where necessary and spe-
cial precautions should be followed
to avoid environmental over expo-
sure. Further investigation is needed
for longer durations to know if these
effects are completely reversible or
not.
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