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Introduction

The indiscriminate use of pesticides can be consid-
ered as one of the factors altering the environment
and causing several imbalances in the ecosystem
(Chu and Lau 1994, Ferrando et al. 1992, Spinato
1991, Walker et al. 1993). In view of this it is im-
portant to identify not only the xenobiotics, but
also to estimate their effects on animal and human
organisms. An increasing number of researchers
have pointed out that the effects of toxic substances
depend not only on their administration levels, bul
also on the interaction with other substances (John-
ston et al. 1994, Romis and Badger 1995, Szarek et
al. 1994, 1995, Walker et al. 1993).

Some elements and pesticides, selenium and diazi-
non inclusive, are of considerable importance in
agriculture and veterinary medicine (Oldfield
1987, Beker er al. 1992, Khan et al. 1993 a, Khan
and Gilani 1980).

Selenium, an essential micronutrient, has a narrow
safety margin as it becomes 4 metabolic poison at
dietary levels of more than 10 ppm (Oldfield 1987).
Intoxication with selenium in areas of selenium-
rich soils usually results [rom ingestion of seleni-
ferous plants, whereas in aquatic birds the embryo-
toxic and teratogenic effects of selenium leached
from soil into irrigation drain water has been re-
ported (Ohlendorfer al. 1986, 1988).

Selenium concentration exceeded 300 ppm in
some samples of submerged vegetation, insects
and fish from Kestoron Reservoir, California (Saiki
and Lowe 1987). Selenium will either increase or
decrease toxicity of various xenobiotics, in this of
pesticides, depending on its amounts introduced
into an organism (Hamdy and Gissel-Nielsen 1976,
Khan et al. 1993 b, Nakonieczny 1993, Ohlendorf
et al. 1986, 1988, Oldfield 1987, Szarek ei al. 1993,
1994, 1995).

Diazinon, a phosphoro-organic compound, was
also used in our studies. This substance was taken
into consideration due to its wide application in ag-
riculture and horticulture as well as in veterinary
medicine, where it is used to control ¢xternal para-
sites of domestic animals (Damayanti and
Yuningsih 1994, Ferrando et al. 1992, Jabbar et al.
1994, Johnston et al. 1994, Mbuthia et al. 1993,
Spinato 1991). Moreover, there are no investiga-
tions on mutual effects of selenium and diazinon
on the ultrastructure of liver.

Materials & Methods

The experiments were conducted on 120 Wistar
male rats (hody mass 170 to 210 g). The animals
were given a pelleted feed “Murigram”. Drinking
water was available ad libitum. The rats were kept
in cages measuring 45 ¢cm x 35 ¢m x 20 ¢m in
groups of 5. Wood scrapings were used for bed-
ding. The room temperature was about 22°C, the
relative humidity about 30-40 %, and the daylight
regime 12 h. The animals were allocated into four
groups (Table 1), each of 30 rats. Sodium selenite

Table 1. Outline of the experiment.

Treatment
Group  sodium selenile™® diazinon**
(ppm) (mg/kg b.m.)
I 0 0
1I 0.40 0
111 0 40
v 0.40 40

* gver 12 days given in drinking water.
#* ydministered per os by a tube inserted into the stomach.



(Na,Se0,; POCH, Polish Chemical Reagents,
Gliwice) was administered in drinking water over
12 days. Diazinon (Ciba. Geigy) 81.4 % solution
in cazole oil was administered per os by gavage on
the 6th and 12th day. The doses and the administra-
tion time were the same as in eatlier experiments
(Szarek et al. 1994, 1995). During the experiment
the rats were examined for clinical symptoms
twice daily, and consumption of feed and water
was monitored daily.

Six animals from each group were weighed
and anaesthetised by ethyl ether on the 1st, 3rd,
7th, 24th and 28th day post the intoxication (p.i.).
Liver samples for ultrastructural examination were
collected immediately after the animal death. They
were [ixed in a mixture of 1% paraformaldehyde
and 2.5% glutaraldehyde in 0.2 M osmium tetroxi-
de buffer (pH 7.4) at 4°C, followed by post-fixation
in 2% osmium tetroxide and embedded in Epon
812. Ultra-thin sections were prepared with an
LKB ultramicrotome, stained with uranyl acetate
and lead citrate and examined with a Tesla BS 500
TEM operating at 60 kV.

Results

Clinical examination of rats from groups Il and I'V
indicated an occurrence of periodic depressions
with partially decreased feed intake. A decrease of
the animal body mass in all treatment groups was
observed compared with the controls. These results
have been described elsewhere (Szarek et al. 1994),
Hepatocytes of rats in,the control (group I) were
characterised by a Lypical structure, with well de-
veloped endoplasmatic reticulum (Fig. 1). Rough
endoplasmatic reticulum (RER) formed numerous

x -

[Fig. 1. Fragment of a rat hepatocyte. Control group; typi-
cal structure. Magn. x 4170.
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foci of from a lew to several membranes running
parallel to each other, while smooth endoplasmatic
reticulum (SER) was in form of single follicle
forms or scattered in the cytoplasm. Numerous
round or oval mitochondria (MIT) were noted,
with abundant matrix and a few crista. Glycogen in
form B was very abundant, especially in the cells
close to Diese’s space. About 3-10 % of the cells
contained numerous lipid droplets of different di-
ameter. Lamellar structures were observed in some
droplets. A few primary lysosomes were usually
present in hepatocyte sections, while secondary
lysosomes and dense bodies were very rare. Cell
surfaces contacting the Diese’s space, and cell sur-
faces directed towards the intralobule tubules con-
tained numerous microvilli.

Part of the hepatocytes of rats intoxicated with se-
lenium (group II) contained empty follicles; they
were probubly formed in course of the fragmenta-

Fig. 2. Fragments of rat hepatocytes from group TI, 24
hours pa.

A. Fragmentation of the smooth endoplasmatic reticulum
(arrows), rough endoplasmatic reticulum (arrow head)
and foci of the degradation of membranous structures
(asterisks). Magn. x 10 590.

B. Electron empty spaces (asterisks) with irregular out-
line and myelin-like structures (arrows). Magn. x 8470.
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tion and proliferation of SER and RER (Fig. 2A).
The percentage of these damaged cells ranged
from about 20 to about 35 depending on the ani-
mal. Such a pattern was characteristic most of all of
rats 24 days after sodium selenite administration. It
persisted, but much less intensively, 72 hours p.i.
Degradation of the described membrane structure
of the follicles was observed already 24 hours p.i.,
so that electron empty spaces were formed in these
cells (Fig. 2B). Cytoplasm of these hepatocytes
contained membrane fragments which sometimes
formed myelin-like structures. This process was
accompanied by intumescence of the mitochondria
and their degradation. These changes extended
over different cell area, but glycogen atrophy was
always noted in these cases. The described picture
was most noticeable 72 hours p.i. In addition to this
about 5 % of the hepatocytes contained very nu-
merous small electron light follicles 72 hours p.i.
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Fig. 3. Fragments of rat hepatocytes from group 111, 72
hours p.i.

A. Necrosis of the cytoplasm fragments (arrows) and of
internal structures of the mitochondria (asterisks). Magn.
x 8340.

B. Necrosis of large cytoplasmatic areas (asterisks).
Magn. x 10 430.

and on day 7 p.i. Two weeks after selenium admin-
istration almost all hepalocytes resembled liver
cells of the control rats.

Hepatocyte structure of the rats receiving diazinon
(group IIT) was very similar to that observed in
group Il animals. However, in these cases there
were more cells with very numerous SER and RER
follicles than in the previous group and total degra-
dation of the cytoplasm fragments (Fig. 3). These
damaged cells usually contained MIT with symp-
toms of internal structure degradation. The retro-
gressive changes were noticeable already 24 hour
p-i., but they were most pronounced 72 hours p.i.
Some were sporadically observed also on day 7 p.i.
Hepatocyles of rats subjected to a mixed intoxica-
tion with selenium and diazinon (group IV) were
characterised by the presence of numerous follicles
and degrading membranous structures, resulting in
electronic empty spaces in the cytoplasm (Fig. 4).

Fig. 4. Fragments of rat hepatocytes from group IV, 2.
hours p.i.

A. Initial process of the degradation of cytoplasmatic
structure and formation of electron empty spaces in the
cytoplasm (arrows). Magn. x 8470,

B. Necrosis of the cytoplasm (arrows) and numerous
lipid droplets (asterisks). Magn. x 8470.
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Fig. 5. Fragment of hepatocytes with degradation of the
cytoplasmatic structures, Group IV, 14 days p.i. Magn, x
6260.

On days 1 and 3 p.i. such changes were observed in
[rom about 20) to about 40 % of the liver cells (de-
pending on the animal). They were most frequently
accompanied by changes in the mitochondria con-
sisting of the atrophy of crista structures. Quite fre-
quently the empty spaces contained myelin-like
structures. In addition to this, cells with numerous
electron emply spaces and vacuoles were found.
Golgi complex had swollen sacs compared with the
control and the other intoxicated groups of ani-
mals. Sporadically, electron dense bodies of irregu-
lar size and shape were observed in the mitochon-
dria. These changes were characleristic of the ani-
mals 24 hours and 3 days p.i. Majority of the liver
cells had normal structure 14 days after selenium
and diazinon administration. In this period about 2-
5 % of the hepatocytes showed necrosis (Fig. 5).

Discussion

We observed that selenium as well as diazinon ad-
ministered in doses as in this experiment caused
dilatation and necrosis of RER and SER, and retro-
gressive changes in the mitochondria. Similar
changes were noted after selenium toxicosis of
chickens and guinea pigs (Dini et al. 1982, Khan et
al. 1980). Descriplion of macroscopic and histopa-
thological disturbances observed in rat and chicken
liver following diazinon administration suggests
that a submicroscopic responsc similar to the one
observed in course of this experiment is quite pos-
sible (Damayanti and Yuningsih 1994, Hill et al.
1994, Szarek et al. 1994).

In view of the literature data on the subject it may
be assumed that damage to the endoplasmatic reti-
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culum and mitochondria was caused by an accu-
mulation of selenium and diazinon in the animal
liver, and by enzymatic disturbances (Garcia-Re-
petto et al. 1995, Jabbar et al. 1994, Khan and Gi-
lani 1980, Khan et al. 1993 a, Matin et al. 1990a, b,
Nakonieczny 1993, Saigal et al. 1987).

The described morphological changes in rat liver
were most intensive 24 hour post selenium intoxi-
cation and 72 hours post diazinon intoxication. In
both cases abnormal cells were observed as late as
7 days p.i. Changes noted after the intoxication
with diazinon were somewhat more intensive than
in the case of selenium administration.

In the case of mixed intoxication with selenium
and diazinon the ultrastructural changes were even
more intensive than those induced by one factor
only. They also occurred in a higher number of he-
patocytes and were more diversified (intumescence
of Golgi complex, vacuoles). The submicroscopic
changes were most noticeable 1 and 3 days p.. In
addition to this some of them persisted until 14
days p.i. This morphological pattern of a mixed in-
toxication, compared with the one caused by sele-
nium or diazinon only, suggests an interaction be-
tween the two toxicants. Selenium interaction with
various substances was suggested also by other au-
thors (Khan er al. 1993a, b, Nakonieczny 1993,
Szarek and Khan 1993, Szarek et al. 1995). This
may be of practical importance in view of the ab-
served animal poisonings caused by selenium as
well as diazinon (Chu and Lau 1994, Dumayanti
and Yuningsih 1994, Hill et al. 1994, Mbuthia et al.
1993, Ohlendorf et al. 1986, 1988, Oldfield 1987).
Hence, it is necessary to perform studies on sele-
nium levels in animals as well as in soil and plants
(Beker et al. 1992, Ekholm et al. 1991, Hamdy and
Gissel-Nielsen 1976, Kantola and Vartianen 1991,
Lindberg and Bingerfors 1970, Walker et al. 1993).

Summary

Sodium selenite administered to rats in drinking
water, at a dose o[ 0.40 ppm for 12 days, caused pro-
liferation of the rough and smooth endoplasmatic
reticulum and their necrosis. These changes were
most intensive 24 hours p.i. and persisted until 72
hours p.i. They were accompanied by mitochondria
intumescence, their partial degradation and gly-
cogen atrophy, most noticeable 72 hours p.i.
Diazinon administered per os at a dose of 40 mg/kg
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b.m. twice at 6-day intervals caused necrosis of the
rough and smooth endoplasmatic reticulum. The
changes set in at a slower pace than following sele-
nium administration and none were observed 14
days p.i.

Treatment with sodium selenite and subsequent ex-
posurc to diazinon induced ultrastructural changes
in the rat hepatocyles, which were more intensive
and accompanied by an intumescence of Golgi
complex and cell vacuolisation. In these cases the
submicroscopic changes were most noticeable 1
and 3 days p.i. Necrotic hepatocytes were observed
14 days p.i.
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