6 Fluoride Vol. 33 No. 1 6-16 2000 Research Report

LIVER MORPHOLOGY AND HISTOCHEMISTRY
IN RATS RESULTING FROM INGESTION OF
SODIUM SELENITE AND SODIUM FLUORIDE

L Kotodziejczyk,? A Put,” P Grzela®
Szczecin, Poland

SUMMARY: A morphological and histochemical assessment was made of the
effect of sodium selenite and sodium fluoride on oxidative and lysosomal en-
zyme activity in the liver of male rats. The compounds were administered
separately and together for a period of three months. Oxidative enzyme activ-
ity of a-glycerophosphate dehydrogenase (a-GIDH) and succinate dehydroge-
nase (SDH) increased with sodium selenite and decreased with sodium fluo-
ride and with both compounds together. Sodium selenite in a dose of 10 ug/kg
body weight and sodium fluoride in a dose of 20 mg/kg body weight caused
an increase in the activity of acid phosphatase (AcP), while the combined
dose caused a decrease in the activity of this enzyme.
Keywords: Acid phosphatase, a-Glycerophosphate dehydrogenase, Histochemistry, Ly-
sosomal enzymes, Male rats, Oxidative enzymes, Rat liver, Sodium fluoride, Sodium
selenite, Succinate dehydrogenase.

INTRODUCTION

The liver is one of the major animal organs where selenium is deposited.'
The principal role of selenium is associated with the control of lipid peroxida-
tion because this trace element is a component of selenoenzymes contributing
to the antioxidant system.”> Under certain conditions selenium is an immu-
nostimulative factor.® Both deficiency and oversupply of selenium in a diet are
associated with the occurrence of clinical symptoms including Keshan disease
and Kashin Beck disease.” On the other hand, fluorine is a well known inhibitor
of numerous enzymes involving carbohydrate and cell-energy metabolism.®’
Increasingly, its role as an activator of numerous enzymes is being reported.'”

Previous studies on interactions between selenium and fluorine have not
yielded conclusive results.” Some researchers have not found any interactions
between these microelements.!"!? Others have observed a protective effect of
selenium on energy metabolism of skeletal muscles in the course of fluorosis. '

The aim of the present study was to determine morphological changes and
the activity of selected oxidative and lysosomal enzymes in the liver of rats fed
a diet containing selenium and fluorine compounds.

MATERIALS AND METHODS
Our study was conducted on 66 eight-week-old Wistar male rats divided into
six groups of eleven each. Group I (control) was fed standard feed and water ad
libitum; group Il was fed sodium selenite 5 pg/kg body weight/day; group III
was fed sodium selenite 10 p/kg body weight/day; group IV was fed 20 mg/kg
of sodium fluoride (NaF); group V was fed with a combined dose of 5 pg/kg of
sodium selenite and 20 mg/kg of NaF; and group VI was fed 10 pg/kg of so-
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dium selenite and 20 mg/kg of NaF. Animals of the exposure groups (II to VI)
were fed daily on an empty stomach a ration of feed containing doses of NaF
and/or sodium selenite. Each rat was fed individually. Following the above pro-
cedure the rats were given both water and feed ad [libitum. After 3 months the
animals, weighing 500 g on average, were decapitated under ether anesthesia.

Liver samples intended for histological examination were fixed in Bouin’s
solution, embedded in paraffin, sectioned, and stained with Mayer’s hema-
toxylin and aqueous eosin. For histochemical analysis liver samples were
promptly frozen and subsequently cut on a cryostat into 10-pm sections. Fro-
zen (unfixed) liver sections were studied for the following enzymes: o-
glycerophosphate dehydrogenase (a-GIDH) according to Hess et al. (EC
1.1.1.95) using sodium a-glycerophosphate, succinate dehydrogenase (SDH)
according to Nachlas, using sodium succinate as the substrate (EC 1.3.99.1),
and acid phosphatase (AcP) (EC 3.1.3.2) using azo-dye coupling method with
a-naphthol phosphate.'*

RESULTS

Pathomorphological changes: Livers of control rats (group I) had a regular
histological structure (Figure 1) with a characteristic pattern of hexagonal lob-
ules. In the livers of group II no major morphological changes were observed
compared to the control group, except for small sporadic infiltrations of mono-
nuclear cells in portal canals and weak activation of Kupffer cells. In the livers
of group III a distinct swelling of Kupffer cells was observed in dilated sinu-
soidal vessels, mainly in the proximity of portal fields. Necrotic areas com-
prising single groups of hepatocytes were occasionally observed. In all experi-
mental animals of group IV relatively abundant infiltrations of mononuclear
cells occurred in portal canals (Figure 2). Sporadically, there were areas of ne-
crosis within individual lobules. The individual necrotic hepatocytes were sur-
rounded by lymphocytes. The changes were accompanied by activation and
swelling of Kupffer cells in widened sinusoidal vessels.

In the livers of group V rats there were foci of necrosis affecting groups of
hepatocytes, most often in the intermediate zone of the lobules. Occasionally
there were small infiltrations of mononuclear cells in portal canals and limited
infiltrations of lymphocytes around the single necrotic hepatocytes. In the liv-
ers of group VI rats an obliteration of the laminar structure was observed. The
parenchyma showed extensive areas of necrosis covering individual lobules.
Sometimes infiltrations of mononuclear cells of variable intensity were ob-
served in portal canals and around central veins. Necrotic hepatocytes were
replaced by an infiltration of lymphocytes (Figure 3).

Histochemical study
a-Glycerophosphate dehydrogenase (a-GIDH): In the liver of the control
group a moderate or rarely strong reaction to a-GIDH was seen in the form of
small granules of formazan (Figure 4). Slightly weaker activity of this enzyme
was observed in the central zone compared to the intermediate and peripheral
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zones of the lobules. In group II a strong activity of the enzyme was observed,
mainly in the peripheral and intermediate zones (Figure 5). Increased activity
of a-GIDH occurred in the liver of rats of group III in the form of a strong or
very strong reaction in all zones of the lobules. In groups IV, V, and VI a dis-
tinct decrease in the activity of this enzyme was noted compared to the control
group. A weak activity of this enzyme was observed in groups IV and VI. The
granules of the reaction product were localized mainly in the intermediate and
peripheral zones of the lobules. Rat livers of group V exhibited moderate or
weak reaction to a-GIDH (Figure 6). The intensity of the reaction gradually
grew from the central vein toward the peripheral zone of the lobules.

Succinate dehydrogenase (SDH): The liver of control rats showed moderate
activity of SDH (Figure 7). Formazan granules were almost evenly distributed
within the lobules, with the exception of the peripheral zone which exhibited
slightly stronger reaction. Increase in SDH activity was observed in the livers
of animals fed selenium (groups II and III). A strong reaction to SDH was ob-
served in the livers of group II rats, whereas the activity of SDH was weaker in
the area of the central vein. In group III, a strong or very strong activity of
SDH was observed, mainly in the periphery of the liver lobules, and it gradu-
ally weakened toward the central zone (Figure 8). A drastic decrease in this
enzyme activity occurred in the rats fed NaF. The liver of rats of group IV
demonstrated a weak activity of SDH (Figure 9). In the area of the central vein
and in the portal triads, there were often negative reactions to this enzyme. The
product of the reaction was located mainly in the intermediate zone of the lob-
ules. Slightly stronger reaction to SDH was observed in group V, in which the
activity of this enzyme was weak or moderate. The granules of the reaction
product were localized predominately in the intermediate zone, whereas the
peripheral zone showed the weakest reaction. A weak reaction to SDH oc-
curred in the liver of group VI rats. The presence of active enzyme was ob-
served mainly in the central and intermediate zones of the lobules.

Acid Phosphatase: In control group I as well as in experimental group II, a
moderate activity of AcP was observed (Figure 10). In the control group a
slightly weaker activity of the enzyme was visible in the intermediate zone of
the lobules, whereas in group II the reaction product was evenly distributed in
the liver lobules. A strong reaction to AcP in a form of larger granules of the
reaction product was observed in groups Il and IV (Figure 11). In both these
groups the central zone of the lobules exhibited a slightly weaker reaction to
this enzyme compared to the intermediate and peripheral zones. A diminished
reaction to AcP was observed in group V, wherein a weak or moderate reaction
to AcP occurred. Only the intermediate zone of the lobules demonstrated a
slightly stronger reaction to this enzyme. A similarly weak reaction was visible
in the animals of group VI (Figure 12) in which the granules of reaction prod-
uct were localized evenly within the lobules.

a-GIDH, SDH, and AcP activities in the control and experimental rat livers
after 3 months are shown in Figure 13.
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Figure 1

Liver of a control rat
Group | (x 140, HE)

Figure 2

Liver of a rat
treated with NaF
Group IV (x 140, HE)

Figure 3

Liver of a rat treated with
NaF and sodium selenite
Group VI (x 140,HE)
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Figure 4

A moderate a-GIDH reaction
in the liver of a control rat
Group | (x 140)

Figure 5

A strong a-GIDH reaction
in the liver of a rat treated
with sodium selenite
Group Il (x 140)

Figure 6

A weak or moderate
a-GIDH reaction in the
liver of a rat treated with
NaF and sodium selenite
Group V (x 140)



Liver morphology and histochemistry in rats from Seand F 11

Figure 7

A moderate SDH reaction
in the liver of a control rat
Group | (x 140)

Figure 8

A strong or very strong SDH

reaction in the liver of a rat

treated with sodium selenite
Group Il (x 140)

Figure 9

A weak or moderate
SDH reaction in the
liver of a rat treated with
NaF and sodium selenite
Group V (x 140)
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Figure 10

A moderate AcP reaction
in the liver of a control rat
Group | (x 140)

Figure 11

A strong AcP reaction
in the liver of a rat
treated with NaF
Group IV (x 140)

Figure 12

A weak AcP reaction in
the liver of a rat treated with
NaF and sodium selenite
Group VI (x 140)
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Figure13. a-GIDH, SDH and AcP activities in the control and experimental rat liver

| — control group, Il — VI — experimental groups
1- weak reaction, 2- moderate reaction, 3- strong reaction, 4- very strong reaction
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DISCUSSION

The present study revealed that significant changes occurred in the intensity
of reactions to certain enzymes in the liver of rats fed diets containing com-
pounds of selenium and fluorine. Fluorine administered as NaF in a dose of 20
mg/kg body weight (group 1V) caused pathomorphological changes of variable
intensity. The changes ranged from degeneration to necrosis of hepatocytes as
also described by the other authors.'>!'® This picture of pathomorphological
changes is undoubtedly connected with a substantial activity drop of the oxi-
doreductases studied (a-GIDH, SDH). Activity decrease of SDH and other en-
zymes of the Krebs cycle by fluoride ions in the liver of rats and hamsters has
been demonstrated in histochemical and biochemical studies.!?° Histochemi-
cal studies on the effect of fluoride in the skeletal muscles of rats also show,
besides a drastic decline of SDH activity, decrease in the activity of cyto-
chrome ¢ oxidase and Mg™-ATPase.'* The ultrastructural study showed that
fluoride ions caused disintegration and swelling of mitochondrial cristae,
which undoubtedly leads to anomalies in the respiratory metabolism.'>!-2

Results of the present study demonstrated that sodium fluoride and sodium
selenite administered jointly (group V) caused a smaller decrease in the activ-
ity of the enzymes studied than in the case of fluoride alone. On the other hand,
a two-fold increase of selenium administered jointly with fluorine resulted in
substantially less protective effect (group VI). Selenium alone caused a distinct
increase of activity in the enzymes of aerobic and anaerobic metabolic path-
ways. The increase was in direct proportion to the size of the dose (groups II
and III). The morphological study of the rat livers of those experimental groups
revealed relatively minor regressive changes. A similar picture of pathomor-
phological changes in the liver under influence of selenium has been described
by the other authors.*?*

Our results indicate that selenium, in sufficient doses, may exert a certain
protective impact on the activity of oxidative enzymes. These observations are
in accord with those of Pang et al'* on in vivo and in vitro studies of skeletal
muscles of rats treated with fluoride and selenium. These authors associate the
protective effect of selenium with improved stability of mitochondrial mem-
branes as a result of decreased lipid peroxidation. Histochemical analysis in
our study revealed that this activity increase of the oxidative enzymes under
influence of selenium was connected with intensification of the reactions,
mainly in the peripheral and intermediate zones of the lobules. The zone adja-
cent to the portal triads is associated with metabolic activity of the hepatocytes
in the processes of gluconeogenesis and cellular respiration. As is known, indi-
vidual zones of liver lobules exhibit structural and metabolic heterogeneity.?*
The heterogeneity of liver lobules is a consequence of the direction of blood
flow, which results in variable oxygen supply to hepatocytes in different zones.
Decreased activity of oxidative enzymes under the influence of combined ad-
ministration of fluorine and selenium was greatest in the zone of the central
vein and in the peripheral area of the lobules.
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The present study also revealed an increase of AcP activity in the livers of
animals treated with either selenium and fluorine (groups III and IV). The
highest increase was observed in the zone of hepatocytes adjacent to portal tri-
ads, which was probably associated with the presence of higher number of
Kupffer cells in the first zone of hepatic acini. Probably the increase of AcP
activity in both parenchymal and non-parenchymal cells is associated with in-
tensification of intracellular catabolism under the influence of selenite and
fluoride ions. Increased activity of AcP from fluoride ions has been demon-
strated in the liver of squirrel monkeys* and in the intestines of mice,?
whereas a decrease has been observed in the livers of mice and rats.'”’

It can be concluded therefore, that discrepancies related to AcP activity levels
under influence of fluorine may stem from different fluorine doses, compound
used, organ studied, species of experimental animal, duration of the experiment,
and other factors.? In our experimental groups where fluorine and selenium
were administered together (groups V and VI), a decrease in AcP activity in the
liver was observed, which is undoubtedly associated with the presence of re-
gressive changes occurring more intensively in those experimental groups.
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