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THE LIVER OF THE ADULT AND GROWING MALE ALBINO RATS
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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 cnvironment make them potentially harmful (Gassner et al., 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 al., 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 cvaluated age - related differences in response 1o chronic exposure to
lower doses of these insecticides. Eriksson (1997) proved that low - dose exposure
to both persistent and non-persistent environmental agents, €.g. pyrcthroids, 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 usc of insect repellent containing fenvalerate, which isa
pyrethroid pesticide (Garrettson, 1997; Osmitz and Murphy, 1997). Studies of
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Gupta et al. (1999) cxhibited a significant effect of pyrethroid pesticides on BBB,
liver and kidpey functions. Changes in thc BBB permeability (Srinivas et al., 1993),
free-radical generation and oxidative stress (Bagchi et al., 1995) as well as atfection
of mitochondrial and microsomal function (Yamano and Morita, 1995) arc among
the suggesied 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 commerciaily available pyrethroid-containing mosquito
repellent mats (Ezalo mats).

MATERIAL AND METHODS

Sprague-Dawley albing rats were used in this study. Twenty-four adult males,
weighing 190 - 250 gm, and 8 dams with 2 day-old pups (8 pups / 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 cyclé,
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 malces and 4 dams with their pups. The animals
were rcared under normal hygienic conditions as described above. Then three adults
and thrce 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 al. (1999), a partition of Perspex shect 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-
lethrin 93%, a synthetic pyrethroid, and 14.4 mg ol pyrethrum 95%. a natural py-
rethrin, Each threc adult males or a dam with its pups were kept on the other side of
the partition, The animals were allowed daily to inhale the vaporizing pyrethroids
for 10 hours / day. Three adult and three growing males were killed at a time, at in-
tervals of 3. 6 and 9 weeks,
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Group I (pyrethroid withdrawal group) :

Consisted of 3 adult males and 1 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-
roid inhalation.

The animals were killed by over dosc of cther and the liver was ¢xtracted. 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. 1 -a & b).

Histological study :
A) Light microscopical study :

After ¢xcision of a small piece for ultrastructural study. each liver specimen
was fixed in 10% formol salinc and processed for paraffin block. Sections of 7 um
in thickncss 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 picces taken from the liver specimens were immediately fixed in 4%
gluteraldehyde solution for 3 hours and then washed in phosphate buffer, post fixed
in 1% buffered osmium tetroxide for one hour. dehydrated and finally embedded in
epoxy (Epon). Ultrathin sections 50 - 80 nm were contrasted with uranyl acetate
(Watson, 1958) and lead citrate (Reynolds, 1963) and photographed with a Joe! 8,
electron microscope.

Histomorphometric quantification :

Using the binary image of the image-analyzer computer assisted by the soft-
ware Leica Qwin 500 with a standard measuring frame of 118476.6 pm?, the propos-
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 10 ficlds of each specimen and the mean values
were obtained. The results were subjected to statistical analysis and represented in o
table.
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Statistical analysis :

The Statistical Package for the Social Sciences (SPSS version 7.5) was used in
data analysis. Data were expressed as mean + SE. One-way analysis of variance
(ANOVA) was used.

RESULTS

A) Morphometric quantification :

It showed statistically significant increase in the relative liver weight, in all py-
rethroid exposed groups, compared with those of age-matched controls and such in-
creasc was proportional 1o the duration of pyrethroid exposure. In group 111, four
weeks after withdrawal of pyrethroid, there was still statistically significant increase
in the values of mesurements of relative liver weight compared with the age-
matched control values (Table).

B) Histological results :
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Figs, (1 - a & b) :Histograms <howing percemage of mean liver weight / mean body weight in al) experi-
mental grotps of growmg G and adult (b) animals,

significant with respect to the matching control geoup (group [) (P < 0.05)

< highly wgniticant with respect to the matching control group (group I) (P < 0.01)
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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 (pyrethroid- expased) Group I
(control group) Iw 6w 9w (pyrethroid-withdrawal)
% £ SE} 055+£0035 [0.68+0.041[0.78+0.049*{0.81 +0.061* 1.31 £ 0.065**

Experimental groups of adult animals

Group I Group II (pyrethroid- exposed) Group ITL
{control group) Iw 6w 9w (pyrethroid-withdrawal)
% +SEl 05910042 }0.69+0.053]0.71 + 0.063%]0.79 £ 0.055% 0,96 + 0.046%*
W = Week

* : Significant with respect 10 the control group (P < 0.05)
** : Highly significant with respect to the control group (P < 0.01)

Group I (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 hepatocytes 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 sinusoics
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
(clongated, 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 degeneratcd 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 ductulcs ex-
tending into the arca 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 scen (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. 10). Degencrat-
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 organelles and 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 weeks of
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pyrethroid exposure while other lobules showed degeneration of numerous numbers
of hepatocytes with dilatcd 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 microscopicat 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 hepatocyies 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 cxamination 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
organclles and ill-defined cell boundaries (coagulative necrosis) became much en-
countered.

Group Il (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
hepatocytes. 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 focatly 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 completel;
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 adult animal speci-
mens showed hepatocytes with signs of reactivity represented in increase the inci-
dence of binucleation 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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Fig. (2) : A photomicrograph of cross section of liver specimen of an adult albino rat of
the control group showing normal architecture of a hepatic lobule and pornal tract.
x. & E.; x 200)

Fig. (3) :An Electron micrograph of a liver specimen of an adult rat of the control
group, showing normal hepatocytes with large vesicular nuclei and many intracellular
organelles including rough endoplasmic reticulum (arrow) and abundant mitochondria

(M)..
(x 3600)
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Fig. (4) :A photomicrograph of cross section of liver specimen of a growing rat of
group II, folfowing three weeks of pyrethroid inhalation, showing cellular infiltration
(I) in vicinity of dilated central venule (CV) of a hepatic lobule. Dilated sinusoids (*)
with prominent Kupffer cells (short arrows) and vacuolation of the cytoplasm of some

hepatocytes (long arrows) can be seen.
(Hx. & E.; x 400)

Fig. (5) :A photomicrograph of cross section of liver specimen of an adult rat of group
11, following three weeks of pyrethroid inhalation, showing slightly dilated central ve-
nule of a hepatic lobule (CV). Kupffer cells (short arrows) lined the wall of dilated sin-
usoids (*) as well as vacuolation of the cytoplasm of some hepatocytes (long arrows)

are noticed.

(Hx. & E.: x 400)
Fig. (6) :An electron micrograph of a liver specimen of a growing rat of group II, fol-
lowing three weeks of pyrethroid inhalation, showing a hepatocyte with focal areas of
rarified cytoplasm (*) and giant and irregularly-shaped mitochondria (elongated, horse-
shoe and ring-forms). Note the parts of the hepatocytes in the upper part of the picture
showing a fat droplet (arrow) and lakes of glycogen accumulation (g). (x 1800)

x
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Figs. (7 - a, b) :Photomicrographs of cross sections of liver specimens of growing rats
of group 11, following six weeks of pyrethroid inhalation showing :
a) Focal cellular infiltration and congested sinusoids in a region of degenerated hepa-
tocyles (circle) as well as scattered fibroblasts between the hepatocytes (thick arrows).
Note the prominent Koupffer cells (thin arrows) lining the wa.lrof the sinusoids.

(Hx. & E.; x 400)
b) Peripontal hepatic cell degeneration with massive cellular infiltration and prolifera-
tion of the bile ductules (arrows) extending into the area of necrosis. Note the part of
congested portal venule (PV).

(Hx. & E.; x 400)
Fig. (8) :A photomicrograph of a cross section of liver specimen of a growing rat of
group I, following six weeks of pyrethroid inhalation, showing a hepatic lobule with
dilated congested central venule (CV) and sinusoids (*). Many hepatocytes show large
fat droplets in their cytoplasm (long arrows), some cells are completely degenerated
(short arrows).

(Hx. & E.; x 400)
Fig. (9) : A photomicrograph of a cross section of a liver specimen of an adult rat of
group I fnlrowing six weeks of pyrethroid inhalation, showing massive periporal cel-
lular infiltration (circle) in the region of degenerated hepatocytes with diY:led congest-
ed ponal venule (PV) and sinusoids (thin arrows). Note the proliferated bile ductules
lined with cuboidal epithelial cells (thick arrows) and extending into the area of necro-
sis.

(Hx. & E.; x 400)
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Fig. (10) :An electron micrograph of a liver specimen of an adult rat of group 11, fol-
lowing six weeks of pyrethroid inhalation, showing binucleated hepatocyte with rari-
fied cytoplasm (*), fat globule (arrow) and marked accumulation of glycogen displac-
ing most of the organelles. Note that the mitochondria are less in number and irreguiar
in shape.

(x 1,800)
Fig. (11) :An electron micrograph of a liver specimen of a growing rat of group II, fol-
lowing six weeks of pyrethroid inhalation, showing degenerated mitochondria with loss
of cristae (thin arrows) as well as those undergoing division (thick arrow). Note the
rarified cytoplasm (¥).

(x 5,400)

Fig. (12) :An electron micmgrzﬂ)h of a liver specimen of a growing rat of group 11, fol-

lowing six weeks of pyrethroid inhalation, showing a hepatocyte (thick arrow) with

shrunken nucleus and absence of organclles. Note the ill-defined cell boundaries be-

tween the hepatocytes (thin arrows). (x3.150)
x 3
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Figs. (13 & 14) :Photomicrographs of cross sections of a liver specimen of a growing
rats of group [I, following nine weeks of pyrethroid inhalation, showing : )
13) Dilated central venules and sinusoids of a hepatic lobule with degeneration of nu-

merous hepatocyles,
(Hx. & E.; x 400)

14) Fibrosis at the region of the portal tract, Note the cytoplasmic vacuolation of most
of the hepatocytes.

(Masson's trichrome; x 300)
Figs. (15 & 16) : Photomicrographs of different fields of a cross section of a liver
specimen of an adult rats of group II, following nine weeks of pyrethroid inhalation,
showing :
15) Sorﬁe inflammatory cell infiltration (arrow) beside the central venule of hepatic
lobule with dilated and congested sinusoids (*). Some hepatocytes are degcnelateJ”(‘D)
while others showed prominent nucleoli (arrows), especially those at the periphery of

the lobule.

(Hx. & E.; x 400)
16) A dilated congested portal venule (PV) with thickened wall as well as duplication
of the bile ductules (arrows) surrounded by inflammatory cells,

(Hx. & E.; x 400)
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Fig. (17) :A photomicrograph of a cross section of a liver specimen of a growing rat.
four weeks after pyrethroid withdrawal (group IIT), showing dilated congested central
venule (C'V) and sinusoids (*). Degenerated hepatocytes can be seen (D). Note the bi-
nucleated hepatocytes (thick arrows) and those with prominent nucleoli (thin arrows).
(Hx. & E.: x 400)
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Figs. (18- a, b) :PhotmﬁcrograEhS of different fields of a cross section of a liver spec-
imen of a growing rat, four weeks after pyrethroid withdrawal (group III), showing in-
creased connective lissue formation around the central venule (a) and focally between
the hepatocytes (arrows) within the lobules (b), N

(Masson's trichrome: x 200)
Figs. (19 & 20) :Photomicrographs of cross sections of liver specimens of a growing
(19) and an adult (20) rats, four weeks after yrethroid withdrawal (group 111), showing
peripontal fibrosis with dilated congested bl%od vessels, Note the duplicated bile duc-
tules (arrows) confining to the portal area (Fig. 20).
(Masson's trichrome: x 100)
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Figs. (21 & 22) :Flectron micrographs of different fields of a liver specimen of an aduli

rat, four weeks after pyrethroid withdrawal (group I1I), showing :

21) Binucleated hepatocytes where the nuclei contain more than one nuclcolus as well

ag irmegularly shaped mitochondria. Note the clear cell boundaries. 5
(x 1350)

22) Hepatocytes with focal areas of cytoplasmic vacuolation (arrows) and irregularly

shaped mitochondria. Note the clear cell to cell contact and the completely degencrated
hepatocyte with a nuclear ghost (¥).
(x 900)
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DISCUSSION

The present study revealed that the inhaled pyrethroid induced light and elec-
tron microscopic alterations of the liver specimens of both growing and adult ani-
mals. Similarly, histopathologital changes were recorded in rat liver following
chronic adlinistration of pyrethroid compounds applicd cither orally (Shakoori et
al., 1988; El-Toukhy and Girgis, 1993; Kostka et al., 2000; Luty et al., 2000),
through intraperitoneal injection (Aldana et al., 1998 & 2001), by inhalation (Gupta
et al., 1999) or dermally (Luty et al., 1998). In the prcsent work, the earliest re-
sponse to pyrcthroid inhalation, in both growing and adult animals, was liver hyper-
emia represented in dilatation and congestion of the central and portal venules as
well as the sinusoids accompanied by massive cellular infiltration. This inflammato-
ry reaction which persisted along the wholc duration of pyrcthroid exposure cxplains
the significant increase of the relative liver weight of the pyrethroid-exposed ani-
mals compared with the age-matched controls. Comparable findings were presented
by Luty et al. (2000) who demonstrated, as wcll, increased phagocytic aclivity of
neutrophils and significantly higher numbers of monocytes and lymphocytes in the
blood of male mice received orally sublethal doses of alpha-cypermethrin, a pyreth-
roid compound,

In the present work, cellular infiltration started earlier in the pyrethroid-
exposed growing animals and was more extensive than in the corresponding adult
oncs. In the growing animals, it was located in the pericentral and periportal areas as
well as focally within the hepatic lobules at sites of degenerated hepatocytes while
in the adult animals it was located mainly in the periportal areas. The distribution of
the inflammatory cellular infiltration and the areas of cellular necrosis, in cases of
liver toxicity, have been explained by Haschek and Rousseaux (1991), according to
whether the toxic agent is inherently toxic or it becomes so after being metabolized
by the hepalic cells. In the first condition, the periportal hepatocytes become more
sensiave to toxic injury, compared with the central lobular ones, since they receive
blood-borne toxins first and presumably in the highest concentration. In the second
condition, the central lobular hepatocytes ar¢c more affected. compared with peripor-
tal ones, as they have a much higher concentration of cytochrome P - 450 and asso-
ciated enzymes that metabolize and thereby activate xenobiotics (Haschek and
Rousseaux, 1991), According to this view, the hepatocytes of the growing animals.
of this study, seem 1o be sensitive to both pyrethroid and its metabolites while the
sensitivity of those of the adults is mainly to the 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 arcas 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 vsually 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 vltrastructura) 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 Shakoori et al. (1988) and Aldana et al. (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 al, (1998) attributed the
presence of lipid droplets, the accumulated glycogen and the appearance of giant
mitochondria to the translated but not secreted apo A - 1 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 al. (2000) who emphasized that the pyreth-
roid permethrin affected DNA synthesis and increased binuclear hepatocytes but did
not increase the number of mitotic figures suggesting that permethrin might inhibit
phase G2 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 3% week and be-
came marked by the 9" week of exposure. Equivalent observation was reported by
El - Tawil and Abdel - Rahman (1997 & 2001) who deduced that the pyrethroid
cypermethrin had toxic effects on rat hepatocytes in a dose - and time - dependent
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manner. El - Tawil and Abdel - Rahman (1997) added that female rat hepatocytes
could be more sensitive to the toxic effects of cypermethrin 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 gencration oxidatively damaging hepatic tissues of
the experimental animals (Bagchi et al., 1995; Piotrowski et al., 1996; Gupta et
al., 1999; Giray et al., 2001; El Demerdash et al., 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 protgin, measured as protein carbonyls as well as oxidative modification
of the cellular proteins in liver and kidney of developing rats following pyrethroid
inhalation. Moreover, El Demerdash et al. (2003) rcported reduction of liver en-
zymes including aminotransferase and alkaline phosphatase associated with the free
radical gencration 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 cypermethrin
(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-exposed 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 pyrethroid intoxica-
tion as revealed by Yamano and Morita (1995) Gassner et al. (1997). The authors
demonstrated potent inhibitory effect of pyrethroids (tralomethrin, permethrin and
cyhalothrin) on complex I and uncoupling state 3 respiration of the hepatic cell mit-
ochondria suggesting the possibility of mitochondrial dysfunction. Such explanation
is compatible with the ultrastructural findings of the present work, which demon-
strated irregularly shaped as well as degencrated mitochondria in the hepatocytes of
both adult and growing pyrethroid-exposed 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 (ElI-Toukhy and Girgis, 1993),
alteration of the sodium channel kinetics (T'atebayashi and Narahashi, 1994) and
inhibition of Ca** channels (Kadous et al., 1994). Howcver, whether any of these in-
teractions are responsible {or the toxicological effects of pyrethriods in higher ani-
mals remains unclear,

The current work showed that 4 wecks following pyrethroid withdrawal, result-
ed in partial recovery of the hepatic tissue of both adult, 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 pyrethroid-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 exposurc to pyrethroid leads to irreversible changes in the hepatic
lobules with more affection of the growing animals than adult ones, In agreement,
El-Toukhy and Girgis (1993) revealed irreversible histopathological changes in rat
liver following chronic cxposure 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 dcltamethrin (pyrethroids). On
the other hand, Gupta et al. (1999) declared that inhalation of pyrethroid-based lig-
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 hepatocytes 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 10 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 incomplcte 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 chronic 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. Withdrawal 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 1 (control group) reared
under normal hygienic conditions, and killed at intervals of 3, 6, 9 and 13 weeks,
group 1l 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 1o their age-matched conuol 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.

REFERENCES

1. Aldana, L.; Gonzalez de Mg¢jia, E.; Craigmill, A.; Tsutsumi, V. and
Armendariz-Borunda, J. (1998) : Cypermethrin increases apo A-1 and apo B
-mRNA but not hyperlipidemia in rats. Toxicol. Lett., 95 (1) : 31 - 39,

2, Aldana, L.; Tsutsumi, V.; Craigmill, A.; Silveira, M. and Gonzalez de Mejia,
E. (2001) : Alpha-tocopherol modulates liver toxicity of the pyrethroid cyper-
methrin. Toxicol. Lett. 125 (1 - 3) : 107 - 116.

3. Atterberry, T.T.; Burnett, W.T. and Chambers, J.E. (1997) : Age-related dif-
ferences in parathion and chlorpyrifos toxicity in male rats : target and nontarget
¢sterase sensitivity and cytochrome P 450 - mediated metabolism. Toxicol. Appl.
Pharmacol., 147 : 411 - 418,

4, Bagchi, M.; Bagchi, E.; Hassoun, E.A. and Stohs, S. (1995) : In vitro and in
vivo generation of reactive oxygen species, DNA damage and lactate dehydroge-
nase leakage by selected pesticides. Toxicology, 104 : 129 - 140.

5, Barja, G.; Torres, M.L,; Campo, R.P.; Rojas, C. and Cadenas, S. (1994) :
Dietary vitamin C decreases endogenous protein oxidative damage, lipid peroxi-
dation and maintains fatty acid unsaturation in the guinea pig liver. Free Rad.
Biol. Med. 17 : 105 - 115,

6. El-Demerdash, F.M.; Yousef, M.IL. and Al-Salhen, K.S. (2003) : Protective ef-
fects of isoflavone on some biochemical parameters affected by cypermethrin in
male rabbits. J. Environ. Sci. Heaith B,, 38 (3) : 365 - 378.

7. El-Tawil, O.S. and Abdel-Rahman, M.S. (1997) : Effect of cypermethrin on
isolated male and female rat hepatocytes. J. Toxicol. Environ. Health. 52 (5) : 461
- 474,

- 274 -


echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle


8. El-Tawil, 0.8, and Abdel- Rahman, M.S. (2001) : The role of enzyme induction
and inhibition on cypermethrm hepatotoxicity. Pharmacol. Res., 44 (1) : 33 - 40,
9. E)-Toukhy, MLA. and Girgis, R.S, (1993) : In vivo and in vitro studies on the ef-
fect of larvin 5n_d cypermethrin on adenosine triphosphatase activity of male rats.

J. Environ. Sci. Health B., 28 (5) : 599 - 619.

10. Eriksson, P. (1997) : Developmental neurotoxicity of environmental agents in
the neoate. Neurotoxicology, 18 : 719 - 726.

11. Eriksst;n, P. and Fredriksson, A. (1991) : Neurotoxic effects of two different
pyrethroids, bioallethrin and deltamethrin, on immature and adult mice : changes
in behavioral and muscarinic receptor variables. Toxicol. Appl. Pharmacol., 108
(1) : 78 - 85.

12. Garrettson, L. (1997) ;' Caution for children still needed. Toxicol. Clin. Toxicol.
35:443 - 451, '

13. Gassner, B.; Wuthrich, A,; Scholtysik, G. and Solioz, M. (1997) ;: The pyreth-
roids permethrin and cyhalothrin are potent inhibitors of the mitochondrial com-
plex L. J. Pharmacology and Experimental Therapeutics, 281 (2) : 855 - 860.

14. Giray, B.; Gurbay, A. and Hincal, F. (2001) : Cypermethrin induced oxidative
stress in rat brain and liver is prevented by vitamin E or allopurinol. Toxicol.
Lett.,, 118 (3) : 139 - 46,

15. Gupta, A_; Nigam, D.; Gupta, A.; Shukla, G. and Agarwal, A. (1999) : Effect
of pyrethroid-based liquid mosquito repellent inhalation on the blood-brain barri-
er function and oxidative damage in selected organs of developing rats. J. Appl.
Toxicol. 19 : 67 - 72.

16. Haschek, W.M. and Rousseaux, C.G. (1991) : Hand book of toxicologic pa-
thology, Academic Press, Inc. New York : 283 - 300.

17. Hayes, W.J. and Laws, E.R. (1991) : Handbook of Pesticide Toxicology.
Academic Press, Inc. New York.

18. Hutson, D.H. and Roberts, T.R. (1985) : Progress in Pesticide Biochemistry
and Toxicology : Insecticides, vol. 5, Wiley-Interscience, New York.

19. Huaifu, C.; Wen, Y.; Waumin, K. and Chougyi, L. (1995) : Larg. scale spray-
ing of bednets to control mosquito vector and malaria in Sichuan, China. Bull
WHO, 73 : 321 - 328.

20. Kadous, A.; Matsumura, F. and Enan, E. (1994) : High affinity binding of 3-
verapamil to rat brain synaptic membrane is antagonized by pyrethroid insecti-
cides. J, Environ. Sc. Health B, 29 : 855 - 871,

-275-


echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle


21. Kostka, G.; Palut, D.; Kopec-Szlezak, J. and Ludwicki, J.K. (2000) : Early
hepatic changes in rats induced by permethrin in comparison with DDT, Toxicol-
ogy, 142 (2) : 135 - 43,

22, Leahey, J.P. (1985) : The Pyrethroid Insecticides, Taylor and Francis, London.

23. Luty, S.; Latusznska, J.; Halliop, J. Tochman, A.; Obuchowska, D. and
Tokarska, M. (1998) : Toxicity of dermally applied alpha-cypermethrin in rats.
Ann. Agric. Environ, Med., §(2) : 109 - 116.

24. Luty, S.; Latusznska, J.; Obuchowska-Przebirowska, D. and Tokarska,
M. (2000) : Subacute toxicity of orally applied alpha-cypermethrin in Swiss mice.

“Ann. Agric. Environ. Med., 7 (1) : 33 - 41.

25. Liu, J.; Olivier, K. and Pope, C.N, (1999) : Comparative neurochemical effects
of repeated methyl parathion or chlorpyrifos exposure in neonatal and adult rats.
Toxicol. Appl. Pharmacol., 158 (2) : 186 - 96.

26. Masson, P. (1924) : Some histological methods, trichrome staining and their
preliminary technique. Bull. Int. Ass, Med., 12: 72.

27. Miyamoto, J. and Kearney, P.C. (1983) ; Pesticide Chemistry : Human Wel-
fare and the Environment. Pergamon Press, New York, Vol. 2: 154 - 155.

28. Moser, V.C. and Padilla, S. (1998) : Age and gender-related differences in the
time course of behavioral and biochemical effects produced by oral chlorpyrifos
in rats. Toxicol. Appl. Pharmacol., 149 : 107 - 119.

29. Osmitz, T. and Murphy, J. (1997) : Neurological effects associated with use of
the insect repellent N, N-diethyl-m-toluamide (DEET). J. Toxicol. Clin. Toxicol.,
35:435 - 441,

30. Piotrowski, W.].; Pietras, T.; Kurmanouska, D, and Nowak, D. (1996) : Ef-
fect of paraquat intoxication and ambroxol treatment on hydrogen peroxide pro-
duction and lipid peroxidation in selected organs of rats, J. Appl. Toxicol., 16 :
501 - 507.

31. Pope, C.N. and Lin, J. (1997) : Age-related differences in sensitivity to organo-
phosphorus pesticides. Environ. Toxicol. Pharmacol., 4 : 309 - 314,

32. Reynolds, E.S. (1963) : The use of lead citrate at high PH as an electron-opaque
stain in electron microscopy. J. cell Biol., 17 : 208.

33. Shakoori, A.R.; Ali, S.S. and Saleem, M.A. (1988) : Effects of six months’
feeding of cypermethrin on the blood and liver of albino rats. J. Biochem. Toxi-
col.,3:59-71. ‘

-276 -


echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle


34, Sheets, L.P.; Doherty, J.D.; Law, MW, and Crawflow, K.M. (1994) : Age-
dependent differences in susceptibility of rats to deltamethrin, Toxicol. Appl.
Pharmacol. 126 : 186 - 190,

35. Sheets, L.P. (2000) : A consideration of age-dependent differences in suscepti-
bility to organophosphorus and pyrethroid insecticides. Neurotoxicology, 21 (1 -
2): 57 -63.

36. Srinivas, P.; Chetty, C.; Kolinara, G. and Pentayla, S. (1993) : Permeability
changes in the blood-brain barrier of neonates and adult after thiobencarb expo-
sure. Vet. Hum. Toxicol., 35: 509 - 511.

37. Tatebayashi, H. and Narahashi, T. (1994) : Differential mechanism of action
of the pyrethroid tetramethrin on tetrodotoxin-sensitive and tetrodotoxin-resistent
sodium channels. J. Pharmacol. Exp. Ther., 270 : 595 - 603.

38. Warui, C.M. (1992) : A laboratory evaluation of vaporizing mats based on py-
rethrins and bioallethrin for mosquito repellency. Pyrethrum, Post., 18 : 131 -
139,

39. Watson, MLL. (1958) : Staining of tissue sections for electron microscopy with
heavy metals. J. Biophys. Biochem. Cytol., 3 : 457,

40. Yamano, T. and Morita, 8. (1995) : Effects of pesticides on isolated rat hepa-
tocytes, mitochondria, and microsomes I1. Arch, Environ, Toxicol.,28:1 -7,

-277 -


echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle


wonl) paadl)

inld ayginall b guull dnglall gl S Jliizall g liafl oLl
Bl el o1, 2ill 145 24 e gy gl
boill ygbn i il Sl

szl sgere gnd
a0 Taals ~ all S — il oo

e ol e ol Taldy jl S5 506 YE Gandl Jaa 6 aad s
alagane L0 M clilpall paudi o3 sdy o sanll G Cras cAil o yliia
lalpaall 6 (3 Lonssls Luoso cgylal caniipad iy ( Unsludll Lugan! ) L)
Ly oy iy O Legaanlly gl V9 A9\ ¥ s i e Leond
Sy (1Y ) pagaadl Buylall el 3T e Bue laashl uyg sy 3ubs GliiILY
iy BIGH Tegaadly ausbeal A9 ¥ was i e dogandl ada SUlgea Ji3 05
s llyaall Ji5 05l aaaboal 4 3l aygsts puall Sule GLAGLWY Liags e pad
o3« oA 3 Galedl (o ¢ 5,50 JS gy - Bl sl pgedh paS iy o paabiol Tay,]
Lol casadal ady oyl HLAMT Hlina (o Ty cARILT Gl p3ill e THE Jid
po A8 o5 5L UK (gl aSI 3 ) sl (39 dasagil ST (g Janagid Gyl
Sy all (oS Kbl Lalyull 4 elae yudad o3

il ll A Lailaa] WY @i 3ub) otagiyll eluwbidll okl oy
ol ULl T gmaly Tyl 3058 ell 59l Lt pald alanld S b Sl
g i yaal) 3ol ol 558 ke pos Ll Lacalii Sub3l) 0 capcnlis Uiy . yand)
Sl lialad Sugal Ll oS3 o Tl 0digd LAyl s ans pasbead syl Gl
+ ol il Tl Tngunt) ook o ] oS8 il

-278 -


echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle


Sl ¥ syl ol o Al cpSa Sl o yull gl oy
ablpaall i 1Ko s gilly ol rLtSyl b Wate LSl Sliosuaill e
L Lol iy sy 3, gl il 503 ISy Tualil
S b« Tanlall Taaid Ly Tl T 0005 5alty LpasSIF (oLl Pl
ks Tiyite Glalia b ol LS Tbid) gy « lllly Tpalilh ilgpal n
S Loahylf o yplsl iy . Laikh Lalilf iyl i Lol liageaill
Luias ol i jypliy AN Ohia g adty pioe LaaSl LSl iy, 5SY)
Loyl TaliTia 5t JUEET asmay or comsSlall 1% ) Lagdlygigres
Sy g e SST e (griad Al B TOLS LA 5 K IS,y Lpuan ool
liia ) goa TS AL w1 okt gy ST S Sty il L s
aoad I aaaraall Ghpadll B ol By ¢ s Leasdlasisd) olsadall S
 lasianl b Ly IS Lhall Tomnadl (0555 B Sasuh 5l T Jo Ll
W aa Caad g LS WAL Lt

alaw wgyia sl Bl wa¥ Jyode o el 51 Ladpull 03 o aliiioy
Ol Y1 25 5al) on Ty yaill gl b 1 1500 n JSI L iSI1 LU
Sbavaill S slid ) gl aalanio) Ul aay 30l sigd o a0l Lidg
Laaal JIaLimi¥l Qo 13 L Taindl) Lol 5395 B0l pe LI
Gl

Yoo saloae (¥) YV e L puall s 2501 Upn

2279 -


echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle




