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INTRODUCTION

Pesticide have been used extensively for agricultural. domestic and industrial

purpose (Hayes and Laws, 1991). Pyrethroid insecticides are synthetic analogues of

the natural pyrethrins contained in flowers of genus Chrysanthemum (Leahey,

1985). In recent years. pyrethroids have been used widely due to their good insecti

cidal activity and low mammalian toxicity (Hutson and Roberts, 1985). However.

their wide spread use. their high nonselective potency and their considerable stabili

ty in the environment make them potentially harmful (Gassner et at, 1997). In addi

tion. they are commonly used in mosquito repellents to protect the human popula

tion. either by impregnating bednets with pyrethroids (Huailu et al., 1995) or in the

form of vaporizing mats. coils. scented sticks and liquidators (Miyamoto and

Kearney, 1983; Warui, 1992). Because these repellants are used routinely over

night. it may allow human to inhale vapors that may be harmful especially to chil

dren due to the immature blood - brain barrier (BBB) and metabolic inefficiency

compared to adults (Sheets et at, 1994). Several experimental studies demonstrated

that young mammals were generally more sensitive than adults to the acute toxicity

of insecticides (Pope and Liu, 1997; Moser and Padilla, 1998). However. very few

studies have evaluated age· related differences in response to chronic exposure to

lower doses of these insecticides. Eriksson (1997) proved that low - dose exposure

to both persistent and non-persistent environmental agents. e.g. pyrethroids, nicotine

and paraquat. during the neonatal growth spurt period could lead to functional ab

normalities of the brain during adulthood. Encephalopathies in children have been

reported following the use of insect repellent containing Ienvalerate. which is a

pyrethroid pesticide (Garrettson, 1997; Osmitz and Murphy, 1997). Studies of
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Gupta et at (1999) exhibited a significant effect of pyrethroid pesticides on BBB,

liver and kidney functions. Changes in the BBBpermeability (Srinivas et al., 1993),

free-radical generation and oxidative stress (Bagchi et at, 1995) as well as affection

of mitochondrial and microsomal function (Yamano and Morita, 1995) are among

Ihe suggested mechanisms by which these pesticides may exert their toxicity.

The aim of this work is to study the possible histological changes and their re

versibility that may occur in the liver of the adult and growing male albino rats fol

lowing chronic inhalation of commercially available pyrethroid-containing mosquito

repellent mats (Ezalo mats).

MATERIAL AND METHODS

Sprague-Dawley albino rats were used in this study. Twenty-four adult males,

weighing 190 - 250 grn, and 8 dams with 2 day-old pups (8 pups I dam, no selection

of sex at this age) were kept in plastic cages (16.5" x 10.5" x 7.5") in an air

conditioned animal house (temperature 22 ± 2C) with optimal illumination cycle;

The animals had free access to drinking water and a pellet diet and were divided into

three groups as follows:

Group I (control group) :

This group consisted of 12 adult males and 4 dams with their pups. The animals

were reared under normal hygienic conditions as described above. Then three adults

and three growing males were killed at a time, at intervals of 3, 6, 9 and 13 weeks.

Group II (pyrethroid-exposed group) :

Consisted of 9 adult males and 3 dams with their pups. According to the design

of Gupta et at (I999) , a partition of Perspex sheet with numerous holes was provid

ed in each of the cages (16.5" x 10.5" x 7.5") for the animals of this group. An elec

tric device for vaporizing the pyrethroid from mosquito repellent mats (Ezalo) was

put on one side of the partition where one gm of the mat contained 9.5 mg of bioal

lcthrin 93%, a synthetic pyrethroid. and 14.4 mg of pyrethrum 95%, a natural py

rethrin, Each three adult males or a dam with its pups were kept on Ihe other side of

the partition. The animals were allowed daily 10 inhale the vaporizing pyrethroids

for 10 hours I day. Three adult Lind three growing males were killed at a time, at in

icrvals of 3, 6 and 9 weeks.
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Group III (pyrethroid withdrawal group) :

Consisted of 3 adult males and I dam with its pups. The animals were exposed

to pyrethroids. as described in group II. then, withdrawn from the inhalation after 9

weeks of exposure. The adults and three of the growing male rats were killed 4

weeks later to study the reversibility of the possible alterations induced by pyreth

raid inhalation.
The animals were killed by over dose of ether and the liver was extracted. The

total body weight as well as the liver weight of each animal was calculated. The

mean body weight and the mean liver weight of the animals of each group, at the

same interval, were measured and the percentage of the mean liver weight to the

mean body weight (the relative liver weight) was determined as follows:

% =Mean liver weight (gm) / mean body weight (gm) X 100.

The results were subjected to statistical analysis, and were represented in histo

grams (Figs. I - a & b).

Histological study:

A) Light microscopical study:

After excision of a small piece for ultrastructural study. each liver specimen

was fixed in 10% formol saline and processed for paraffin block. Sections of 7 urn

in thickness were cut and stained with hematoxylin and eosin and Masson's tri

chrome (Masson, 1924) for light microscopical examination.

B) Electron microscopical study:

The small pieces taken from the liver specimens were immediately fixed in 4%

gtuteraldehydc solution for 3 hours and then washed in phosphate buffer. post fixed

in I % buffered osmium tetroxide for one hour. dehydrated and finally embedded in

epoxy (Epon), Ultrathin sections 50 ~ 80 nm were contrasted with uranyl acetate

(Wat..-,on, 1958) and lead citrate (Reynolds, 1963) and photographed with a Joel SIl)(1

electron microscope.

Histomorphometric quantification:

Using the binary image of the Image-analyzer computer assisted by the soft

ware Leica Qwin S(Xl with a standard measuring frame of 118476.6I-l-m2. the propor

tion of collagen fibers in the frame was calculated as follows:

Area % =area of collagen fibers / total area of the field X 100.

This data was measured in to fields of each specimen and the mean values

were obtained. The results were subjected to statistical analysis and represented in a

table.
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Ststisticat analy$is :
The Statistical Packagc for thc Social Sciences (SPSS version 7.5) was used in

data analysis. Data were expressed as mean + SE. One-way analySis of variance

(ANOVA) wa$ used.

RESULTS

A) Morphometric quantification :
It showed $tatisticatly significant increase in the relative liver weight, in all py'

rethroid exposed Efoups, compared wilh thorre of age-matched controls and such in-

creasc was proportional lo the duralign o[ pyrelhroid exposurc. In group III, four

weeks afrer withdrawal ot'pyrethroid. there was still statisticillly signiticant increase

in the values of mesurements of relative liver weight compared with the age'

matched con(rol values (Table).

B) Hititokrgical results :
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Table: Mean area percent of collagen fibers in liver specimens of all experi

mental groups.

Experimental groups of the growing animals

Group I Group II (pyrethrold- exposed) Group III
(control group) Jw 6w 9w (pyrethroid-withdrawal)

%±SE 0.55 ±0.Q35 O.68±0.041 0.78 ± 0.049* 0.81 ±O.061* 1.31 ± 0.065**

Experimental groups of adult animals

Group I Group II <pyrethroid. exposedl Group m
(control group) Jw 6w 9w (pyretbrold-wlthdrawat)

%±SE 0.59 ± 0.042 0.69±0.053 0.71 ± 0.063* 0.79 ± 0.055* 0,96 ± 0.046**

W=Week

* : Significant with respect to the control group (P < 0.05)

** : Highly significant with respect to the control group (P < 0.01)

Group 1 (control group) :

The light microscopical examination of liver specimens from both adult and

growing animals showed normal architecture of hepatic lobules and portal tracts

(Fig. 2),

The electron microscopical study of both adult and growing liver specimens of

this group demonstrated normal hcpatocytes with large vesicular nucleus and many

intracellular organelles including rough endoplasmic reticulum and abundant mito

chondria (Fig. 3).

Group II (pyrethroid exposed group) :

Three weeks exposure:

The light microscopical study of the hepatic lobules of the growing animals

showed cellular infiltration in vicinity of dilated central venules, Dilated sinusoko

with prominent Kupffer cells and vacuolation of the cytoplasm of many hepatocytes

were demonstrated in some lobules (Fig. 4). Examination of the adult animal hepatic

lobules showed similar histological pattern as that of the growing ones but the cen

tral venules were less dilated with absence of the cellular infiltration (Fig. 5).

The electron microscopical study of the hepatocytes of growing and adult ani-
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mal specimens were nearly similar and revealed focal areas of rarified cytoplasm

with some fat droplets as well as giant and irregularly-shaped mitochondria

(elongated, horse-shoe and ring-forms) denoting reactivity. Lakes of glycogen accu

mulation were also noticed (Fig. 6).

Six weeks exposure:

Light microscopical examination of liver specimens of the growing animals re

vealed some hepatic lobules with focal cellular infiltration and congested sinusoids

in regions of degenerated hepatocytes (focal necrosis) as well as scattered fibroblasts

between the hepatocytes (Fig. 7 - a). Periportal hepatic cell degeneration (periportal

necrosis) with massive cellular infiltration and proliferation of the bile ductules ex

tending into the area of necrosis were also demonstrated (Fig. 7 - b). Some other he

patic lobules showed dilated congested central venules and sinusoids with large fat

droplets occupying the cytoplasm of many hepatocytes (fatty degeneration); some

cells were completely degenerated (Fig. 8). On the other hand, the light microscopi

cal examination of the adult animal specimens demonstrated massive cellular infil

tration in the region of degenerated hepatocytes located mainly close to the area of

portal tract (periportal necrosis) with dilated congested portal venules and sinusoids.

Proliferated bile ductules lined with cuboidal epithelial cells and extending into the

area of cellular infiltration were also seen (Fig. 9).

The ultra structural study of the hepatic cells of growing and adult animal spec

imens showed mono-or binucleated hepatocytes (more encountered in adult animal

specimens) with rarified cytoplasm (focal cytolysis), fat globules and marked accu

mulation of glycogen displacing most of the organelles. The mitochondria were less

in number, compared with the controls, and irregular in shape (Figs. to). Degenerat

ed mitochondria with loss of cristae as well as those showing division could be no

ticed (Fig. 11). In different fields, the hepatocytes showed shrinkage of the nucleus

(pyknosis), absence of organellesand ill-defined cell boundaries (coagulative necro

sis) (Fig. 12).

Nine weeks exposure:

Light microscopical examination of the hepatic lobules of the growing animals

showed that some lobules had similar histological patterns as those after 6 week') of
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pyrethroid exposure while other lobules showed degeneration of numerous numbers

of hepatocytes with dilated central venules and sinusoids (Fig. 13). A statistically

significant increase in fibrous tissue formation in the hepatic lobules compared with

the control group was noticed (Table) and was clear in the regions of the portal

tracts (Fig. 14). Light microscopical study of the hepatic lobules of the adult animal

specimens revealed some inflammatory cell infiltration beside the central venules

and dilated and congested sinusoids, Some hepatocytes in the cords surrounding the

central venules were degenerated while others showed prominent nucleoli (sign of

reactivity), especially those at the periphery of the lobule (Fig. 15). Dilated portal

venules with thickened walls (periportal connective tissue formation) and prolifera

tion of the bile ductules surrounded by cellular infiltration were encountered (Fig.

16). There was statistically significant increase in fibrous tissue formation in the he

patic lobules compared with the control group (Table).

The electron microscopical examination of the hepatocytes of growing and

adult animal specimens showed ultrastructural findings similar to those Obtained af

ter 6 weeks of pyrethroid exposure. However. shrinkage of the nucleus, absence of

organelles and ill-defined cell boundaries (coagulative necrosis) became much en

countered.

Group III (drug withdrawal group):

Light microscopical examination of the hepatic lobules of the growing animal

specimens 4 weeks after withdrawal of pyrethroid, have still showed dilated central

venules and congested and dilated sinusoids as well as degenerated and necrotic

hepatocyres, Binucleated hepatocytes as well as those with prominent nucleoli were

also encountered denoting reactivity (Fig. 17). Increases of the connective tissue for

mation around the central venule and focally between the hepatocytes within the lo

bules (Figs. 18 - a, b) as well as periportal fibrosis with dilated congested portal ve

nules were revealed (Fig. 19). The inflammatory cellular infiltration completely

subsided. Light microscopical study of the adult animal specimens showed similar

histological findings to those of the growing animals. However, fibrous tissue for

mation was seen only in the periportal regions with congested blood vessels and du

plicated bile ductules that regressed to the portal area (Fig. 20). There was highly

statistically significant increase in the fibrous tissue formation in the hepatic lobules
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-----------------------
of the specimens of both growing and adult animals compared with the age-matched

controls and such increase was much more in the growing animals than in the adult

ones (Table).

The electron microscopical examination of the growing and adul! animal speci

mens showed heparocyres with signs of reactivity represented in increase the inci

dence of binuclearion with nuclei containing more than one nucleolus as well as ir

regularly shaped mitochondria (Fig. 21). Hepatocytes with rarified cytoplasm

(cytolysis) and those showed complete degeneration with nuclear ghost were also

encountered (Fig. 22). The cell boundaries and cell to cell contact became clear

(Figs. 21, 22).
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Flg. {2} :A phoonicro6traph of cr,rss seclion of liver specimen of an arlult albino rat of
the conlrol gnrup showing nomral archilecture of a hepatic lobulc and portal tract.

{ t l x .&E .1  x200 )

FIg. (3) ;An Elcctron micrograph of a liver specirnen of an adult rflt of the control
group, showing normal hepatrrcyles with large vesicular nuclei and many intraccllular
organelles including rough endopla$fiic reticulum (arrow) and abundant mitochondria
(M). .

(r 3600)

3
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Flg- (4) iA photomicrogrflph of cross section of liver tpecimen of a gmwing mt of
group II, following thrce wecks of pyrcthroid inhalation, showing cellulnr infiltrntion
(I) in vicinity of dilated central venule (CV) of a hcpatic lobule. Dilated rinusoidr (*)
with prominent Kupffer cellr (chort armwt) and vacuolation of the cytoplasm of rome
hepatocytes (long arrorvr) cnn be secn.

( f lx .&E.;xt l {Q)
Flg. (5) :A photomicrograph of cross section of liver specimen of an adult rat of group
II, following thrce wecks of pyrcthroid inhalatiur. thowing slightly dilated central ve-
nule of s hebatic lobtrle (CV)-. Kupffer cells (shon anows) lined thc wall of dilated sin-
urcidr (+) ar well as vacuolationbf lhe cyto,plasm of some hepatocytes (long arrows)
sre noticcd,

(Hx.&8.1 x400)
Flg. (6) :An electrorr micrograph of a liver rpecimen of a growing rat of group II. fol-_
lowing thrce weks of pyrethroid inheletion, thowing a hepatocyre with tocal f,reas of
rarified cytoplerrn (') urd giant and irrcgularly-shapcd mitochfidrifl (elongeted, horse-
shoe and'ring-formr). Nue the parts of the hepatocyter in the upper pat of the picture
showing a fai droplet (arrow) and lakes of glycogen accumulation (g)' 

(x lg00)
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F igs. ( 7 " t, b) : Photonicrographs of cross scctions of livr'r specinrens of growing rals
of group II. following six wccks ofpyrethroid inhalalim showing :
a) I,ittcal ceUular infiltration and congested sinusoids in a region of degcneratcd hepa-
Ih-yle$ (circle) as well as scattered fibroblasts between thc hepatocytes (thick anows).
Notr: the prominent Koupffer cells (thin amrws) lining the wall of the sinusoids.

b) Pcnporlal heprtic celt degeneration wirh nrassivc ccllular infiltratiH a.tttrHHt
tion of the bile ductules (amrws.l cxtcnding into the arca of necrosis. Note the part of
con*esled portal venule (PV)' 

(Hx. & E.: x 40o)
Fig, (8) rA photomicrogmph of a cross scction of liver specimen of a growing rat of
group II, following six weeks of pyrethroid inhalation, shbwing a hepatic lobule with
dilated congested ccnlral venule (CV) rnd sinrrsoids (*). Many hcpatocyes show large
fat droplcts in their cytoplasm (long anows), some cells are completely degeneraled
(shon arrows).

F-ig. (9) :A phoromicrograph of a cross scction of a liver specimen lT:;lRir-.fl}
group II. following six wccks of pyrethroid irrhalatim, showing ntassivc priponal cel-
lular infiltration (circle) in the region of dcgcncrated heprtocytes with dilated conge$t-
cd pnnl vcnulc (PV) an<J sinusoids (lhin arrows). Note the prolifemled bile ductules
lincd with cuboidal epithelial ctlls (thick amws) and extending into the arca of necro-
s i s .

(Hx.&E.;  xr l00)
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l lg. (f0) ;Au elcctron nricrograph of a liver specinren of an adult rat of group II, fol-
lowing six weeks of pyrcthroid inhalation, showing birrucleatcd hepatocyte with rari'
fied cytoplasm (*). fal globule (anow) and ma*ed accumulation of glycogen displac-
ing most of the organelles. Ndle that thc' mitochondria are less in numhcr and irrcgular
in shaPe' 

(x l'Boo)
Flg. (f f) :An electron micrograph of a liver specimen of a growing rat of grcup II, ftrl-
lowing six weeks of pyrethroid inhalation, showing degeneraled mitochondria with loss
of cristne (thin arrows) as well as those undergoing division (thick arrow). Note the
rarified cYqlasm (+). 

(x 5,4ffi)
Fh. (f2) :An electrdn microgr:rph of a liver spccinren of a growing rat of gnrup ll, fol-
lowing six weeks of pyrethroid inhalation, showiug n hepatocyte (thick arrou') with
thrunken nucleus and absence of orsanclles. Note the ill-defined cell boundaries be-
lween the heprtocytet (thin arrowr). 

-

(x 3.150)
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Figs. (f3 & l.l) ;Photomicrographs of cross scctions of a liver specimen of a grcwing
rats of grilp II, following nine weks of pyrethroid inlralation, rhowing :
l3) Dilated antral venules and sinusoidi of a hepatic lobule with degeneration of nu-
merous hepatocyes,

(Hx .&E , ; x t $a )
l4) Fibrosis at the rogion of thc ponal tract, Note the cytoplasmic vacuolation of mort
of the hepatocytes.

(Massrn's trichrcme; x 300)
Figs. (fS & l5): Phoromicrngrephs of different fields of a cross sectim of a liver
specimen of an adult Ets of group II, following nine weeks of pyrethroid inhalation,
showing :
15) Some inflammatory cell infiltration (arrow) besidc the central venule of hcpatic
lobule with dilated and cmgested sinusoids (rI Some hepatocyes arc degenelated (D)
while.othen showed prominent nucleoli (arrows), especially thore at the periphery of
the lobule.

( f lx .&E. lxr l00)
16) A dilated congested portal venule (PV) with thickened wsll as well ar dupliceriur
of the bilc ductules (amwr) surrounded by inllammarory ccllr.

(Hx.&E' :x '100)
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Fig. (fD :A photomicrograph of n cross scction of a liver specimen of a growing rat.
frrur weeks after pyrethmid withdnawal (group III). showing dilated congested central
venule (CV) and sinusoids (*). Degcnerated hepatocytes can be seen (D). Nore rhe bi-
nucleated hepatocytes (thick arrows) and those with prominent nuclcoli (thin anows),

( [ I x .&E . ; x400 )
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t'igs' (r-t ' e' b).:Photonricro8raphs of differcnr fields of a cross :iectiofi of a liver smc-
rmen of a growing gr. fonl weeks after pyrcrhroid withdrawal (gnrup llr). showind in-
crea$ed connectlve tlssue tomation around the central venule (a) aria focatty hetieen
the hepatocyes (anrrws) within rhe lobules (b).

FU$. (re & 2o) rphoronricrographs of cr<rss sections .f ili:1T;T;l"tffiTTH3ffl
t|? Tg llldrll 

(20).raq, foul *eeks afrerpyrcthroid wirhdmwal furoup III). itro*in!
penponat llbrosr$ wlth drlated cflrgested bloorl vessels. Note the dupliiated bile duc-_
tules (arrows) confining ro tlre pona-l arc" (Fig. Z0).

(Mflsson'$ rrichrorrre: x t00)
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Figs. (2r & 22) :Fllecrron micrographs of differc.t fiekjs of a liver specimen of an arjulr
f,tl {yg-y:*l,"fterp,yrethroid.iitfidrawal 1*.oup fffl, rt o*,ng .il,l $rrrucleated hepalocyles whqre llre nuclei conlain nroru thin one nuclcolus as wellas irregularly shaped mitirchondria. Nore rt. creaiceii iio*u,iau.i"*.

2.2) HeFatocytes with focal arcas of cyroplasmic vacuolarion (arrows) -"0 ,rfill;t?lshaped mitochondria. Note rhe clear ceir tit 
"*n ","tru"i ""Jth-;;pi;i.IJ;;l;-ff;rihepatocyte with a nuclear ghost (*).

(x 900)
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DISCUSSION 

The prcsent study rcvcaled that thc inhaled pyrethroid induced light and elec- 
Iron microscopic alterations of the liver specimens of both growing and adult ani- 
mals. Similarly, histopathological changes were recorded in rat liver following 

chronic adliriistration of pyrethroid compounds applicd cilher orally (Shakoori et 
al., 1988; El-Toukhy and Girgis, 1993; Kostka et al., 2000; Luty et al., 2000), 
through inlrape~itoneal injection (Aldana et at., 1998 & 2001), by inhalation (Gupta 
et al., 1999) or dermally (1,uty et al., 1998). In the prcsent work. Ihc earliest re- 

sponse to pyrcthroid inhalation, in both growing and adult animals. was liver hyper- 
emia reprcsented in dilatation and congestion of the ccntral and portal vcnules as 

well as the sinusoids accompanied by massive cellular infiltration. This inflammato- 
ry reaction which persisted along the wholc duration of pyrcthroid exposure cxplains 
Ihc significant incrcase of the rclativc liver weight of the pyrethroid-exposed ani- 
mals compared with the agc-matched conlrols. Comparable findings werc presented 

by Luty et at. (2000) who dcmonstnrted, as wcll, increased phagocytic activity of 

neukophils and significantly higher numbers of monocytes and lymphocytes in lhc 

blood of male micc received orally sublethal doses of alpha-cypemethnn, a pyreth- 
roid compound. 

In the prcscnt work, cellular infiltration starlcd earlier in the pyrethroid- 
exposed growing animals and was nlorc extensive than in the corresponding adult 

oncs. 111 the growing animals, it was located in the pericentral and periportal areas as 
well as focally within the hepatic lobules at silcs of degenerated hepitocytes while 
in the adult animals it was located mainly in the periportal areas. The dislrihution of 

the inflammatory cellular infiltration and thc areas of cellular necrosis, in cases ol  

liver toxicity, havc bcen explained by Haschek and Rousseaux (lYYl), according lo 

whether the toxic agent is inherently toxic or it becomes so after being metabolized 

by th: hepatic cells. In the first condition, the pcriporlal hepatocytes bccome more 
sei~s;~~vc to toxic injury. compared wilh ~ h c  ccntral lobular ones. sincc they receive 
blood-borne toxins first and presumably in thc highest concentration. 111 the second 

condition, the central lobular hepatocyrcs arc more affected. compared with peripor- 

td oncs, as they have a much higher concentration of cytochrome P - 450 and asso- 
ciated enzymes that mctaholize and thereby activate xenobiotics (Haschek and 

Rousseaux, 1991). According to this view, thc hcpatocytes of the growing animals. 
of this study, scem lo be sensitive to bolh pyrcthroid and its metabolites while the 

sensitivity of those of the adults is mainly to thc pyrethroid only. 
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One of the interesting finding of the present work was the proliferation of the

bile ductules and their extension into periportal areas of degenerated hepatocytes,

followed by their regression after pyrethroid withdrwal, Such phenomenon was dis

cussed by Haschek and Rousseaux (1991) who attributed the proliferation of the

bile ductules and their extension into the areas of degenerated cells, in cases of he

patotoxicity, to their participation in the process of repair. They added that with ad

ditional time after the toxic insult, the bile ductules usually regress so the periportal

area is once again composed of normal-appearing hepatocytes.

Moreover, the current experiment revealed that inhalation of pyrethroid result

ed in marked ultrastructural alterations of the hepatocytes represented in rarified cy

toplasm, appearance of intracytoplasmic fat globules, accumulation of glycogen and

giant, irregularly shaped as well as degenerated mitochondria. These findings par

tially match those represented by Shakoorl et al, (1988) and Aldana et aJ. (1998 &

2001) following exposure of albino and Wistar rats, respectively, to cypermethrin

(pyrthroid). The former authors added that the hepatic cells became hypertrophied as

result of accumulation of glycogen. Moreover, Aldana et at (1998) attributed the

presence of lipid droplets, the accumulated glycogen and the appearance of giant

mitochondria to the translated but not secreted apo A-I and B mRNA, which are

molecular marker of liver damage. resulting in alteration of metabolism of lipids and

proteins in rat liver.

In the current experiment, signs of reactivity of the hepatocytes were represent

ed by the irregularly shaped mitochondria, increase in binucleated hepatocytes and

the presence of more than one nucleolus within the hepatocytic nuclei. Matching ob

servation was represented by Kostka et aJ. (2000) who emphasized that the pyreth

roid permethrin affected DNA synthesis and increased binuclear heparocytes but did

not increase the number of mitotic figures suggesting that permethrin might inhibit

phase 02 in the cell cycle and consequently it could suppress the cell entering into

the stage of mitosis (M-phase). This suggestion is consistent with ultrastructural

findings of the present work which did not record any mitotic figure in the hepatocy

tes apart from occasional division of the mitochondria.

From the results of the present work, it is obvious that the hepatotoxic effect of

pyrethroid increased with prolongation of the duration of exposure where the histo

logical and ultrastructural changes of the rat liver were mild at the 3rd week and be

came marked by the 9th week of exposure. Equivalent observation was reported by

EI - Tawil and Abdel- Rahman (1997 & 2001) who deduced that the pyrethroid

cyperrnethrin had toxic effects on rat hepatocytes in a dose - and time - dependent
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manner. EI - Tawil and Abdel - Rahman (1997) added that female rat hepatocytes

could be more sensitive to the toxic effects of cypennethrin than male cells.

The underlying mechanisms of the hepatotoxic effects of pyrethroids have been

discussed by many authors. Pyrethroids have been reported to exert their toxic effect

through induction of free radical generation oxidatively damaging hepatic tissues of

the experimental animals (Bagchi et al., 1995; Piotrowski et al., 1996; Gupta et

at, 1999; Giray et at, 2001; EI Demerdash et at, 2003). Giray et al. (2001) re

vealed the increased oxidatively damaged end-products of lipids, measured as lipid

hydroperoxides in cerebral and hepatic tissues of rat following daily oral doses of

cypermethrin Additionally, Gupta et al, (1999) demonstrated increased oxidative

product of protein. measured as protein carbonyls as well as oxidative modification

of the cellular proteins in liver and kidney of developing rats following pyrethroid

inhalation. Moreover, EI Demerdash et al. (2003) reported reduction of liver en

zymes including aminotransferase and alkaline phosphatase associated with the free

radical generation in cypermethrin treated animals. The oxidative stress-mediated

mechanism of pyrethroids in production of cellular damage was proved by the pre

ventive effect of antioxidants including alpha-tocopherol (Aldana et al., 2001). vita

min E and allopurinol (Girary et al., 2001), isoflavone (EI Demerdash et al., 2003)

as well as vitamin C which was considered as a primary antioxidant and hepatopro

tector modulating up to 90% of the hepatic cell damage caused by cyperrnethrin

(Barja et al., 1994). The appearance of fat globules as well as accumulation of gly

cogen in the hepatocytes of both adult and growing pyrethroid-cxposed animals of

the present experiment are in favor of the assumption of free radical generation asso

ciated with affection of liver enzymes as a mechanism for the pyrethroid induced he

patotoxicity. However, the preventive effect of the antioxidants needs further study.

Furthermore, disturbance of mitochondrial respiratory chain by pyrethroids

could provide a new explanation for some of the symptoms of pyrcthroid intoxica

tion as revealed by Yamano and Morita (1995) Gassner et al, (1997). The authors

demonstrated potent inhibitory effect of pyrethroids (tralometbrin, permethrin and

cyhalothrin) on complex I and uncoupling Slate 3 respiration of the hepatic cell mit

ochondria suggesting thc possibility of mitochondrial dysfunction. Such explanation

is compatible with the ultrastructural findings of the present work, which demon

strated irregularly shaped as well as degenerated mitochondria in the hepatocytes of

both adult and growing pyrethroid-exposcd animals. Moreover, other biochemical

interactions of pyrethroids have been described in the literature including inhibition

of the ATPase activity in liver tissues resulting inhibition of active transport of metal
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ions and oxidative phosphorylation of hepatic cells (EI-Toukhy and Girgis, 1993),

alteration of the sodium channel kinetics (Tatebayashi and Narahashi, 1994) and

inhibition of CaB channels (Kadous et al., 1994). However, whether any of these in

teractions are responsible for the toxicological effects of pyrethriods in higher ani

mals remains unclear.

The current work showed that 4 weeks following pyrethroid withdrawal, result

ed in partial recovery of the hepatic tissue of bothadult, and growing animals repre

sented mainly in subsidence of the inflammatory reaction, and increased reactivity

of the hepatic cells. However, healing by fibrous tissue formation around the portal

tract, in all pyrethroid-exposed animals, around the central venules and sporadically

within the hepatic lobules, in pyrcthroid-exposed growing animals, implied that res

toration of the normal appearance of the hepatic lobules could not be achieved, even

with longer periods of pyrethroid withdrawal. This leads to the assumption

that, prolonged exposure to pyrethroid leads to irreversible changes in the hepatic

lobules with more affection of the growing animals than adult ones. In agreement,

EJ-Toukby and Girgis (1993) revealed irreversible histopathological changes in rat

liver following chronic exposure to cypermcthrin, while Eriksson and Fredriksson

(1991) detected permanent changes in the cholinergic system of both adult and neo

natal rats following daily exposure to bioallethrin or deltamethrin (pyrethroids). On

the other hand, Gupta et at (1999) declared that inhalation of pyrethroid-based liq

uid mosquito repellent by developing rats for a short duration (8 days) could exert

some toxic effects on the liver that were non-persistent in nature and could recover

soon after cessation of exposure. However, the authors warned against using these

repellents for younger individuals on long-term exposure.

In the present study, though the ultrastructural changes of the hepatocytcs of

the pyrethroid-exposed growing and adult animals were similar, yet the early ap

pearance of cellular infiltration, the more extensive inflammatory reaction and the

more spread of the fibrous tissue formation in the hepatic lobules of the growing ani

mals, indicates their more sensitivity than adults to the hepatotoxic effects of pyreth

roids. More sensitivity of developing animals than adults was also reported in the

neurotoxic effects of chronic exposure to sublethal doses of pyrethroids and organo

phosphorus insecticides (Eriksson, 1997; Liu et al., 1999). Eriksson (1997) attrib

uted that to the immaturity of body organs, both structurally and functionally, as

well as to the incomplete development of enzymes which catalyze the metabolism of

pyrethroids in liver of young animals. Furthermore, Atterberry et al, (1997)

ascribed the age related differences in sensitivity to pesticides to the metabolic
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differences in their distribution and excretion. In contradiction to the present finding.

Sheets et al, (1994) and Sheets (2000) concluded that young rats were more sensi

tive than adults to a lethal dose of pyrethroid (cypermethrin and permethrin) but not

to ch;~nic lower doses where the young animals were protected by existing toleranc

es.

In conclusion. long-term exposure to pyrethroid containing mosquito repellents

is hepatotoxic to both growing and adult animals with more affection of the growing

ones. Withdmwal of pyrethroid following prolonged exposure results in partial re

covery of the hepatic lobules with persistent changes represented mainly in in

creased fibrous tissue formation. This draws the attention to the importance of using

these repellents in a very narrow scale with a short period of exposure especially for

younger individuals. The preventive effect of the antioxidants needs further study.

SUMMARY

Twenty-four adult males and 8 dams with 2 day-old pups were used in this

study. The animals were divided into three groups; -Group I (control group) reared

under normal hygienic conditions, and killed at intervals of 3. 6. 9 and 13 weeks.

group II exposed daily to inhalation of pyrethroids vaporized from mosquito repel

lent mats (Ezalo) and killed at intervals of 3. 6 and 9 weeks and group III exposed to

inhalation of pyrethroid for 9 weeks then killed 4 weeks after its withdrawal. Three

adults and three male pups. of each group. were killed at each interval of those men

tioned above. The percentage of the mean liver weight to the mean body weight

(relative liver weight) was calculated. in each killed animal then the liver specimens

were prepared for light and electron microscopical studies.

The morphometric quantification showed statistically significant increase in the
relative liver weight. in all pyrethroid exposed groups. compared with the age

matched controls and such increase was proportional to the duration of pyrethroid

exposure. Four weeks after withdrawal of pyrethroid was not enough for the meas

urements of the relative liver weight to return to their age-matched comrol values.

The light microscopical study revealed that pyrethroids had an adverse effect

on hepatic lobules represented in cellular infiltration. dilatation and congestion of

the central and portal venules as well as of the hepatic sinusoids, degeneration of the

hepatocytes and increased fibrous tissue formation which was periportal. in both

growing and adult animals. pericentral and sporadical within the hepatic lobules. in

the growing animals only. The electron microscopical study of the hepatocytes
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revealed ill-defined cell boundaries, intracytoplasmic fat droplets, accumulation of

. glycogen, irregularly-shaped as well as degenerated mitochondria and more frequent

binucleation with nuclei containing more than one nucleolus. Complete degeneration

of the hepatocytes with disappearance of all cytoplasmic organelles was also demon

strated. Withdrawal of pyrethroids resulted in subsidence of the inflammatory reac

tion and much increase of the connective tissue formation as well as increase of the

hepatocytes reactivity with clear cell boundaries.

In coclusion, long-term exposure to pyrethroids is hepatotoxic to both growing

and adult rats with more affection of the growing ones, and its Withdrawal, after

prolonged use results in partial recovery of the hepatic lobules with increase in fi

brous tissue formation. This draws the attention to the importance of restricted use

of pyrethroids as mosquito repellent especially for younger individuals.
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