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Abstract: This study was carried out to investigate the histological and ultrastructural changes in the liver

cells that would occur in response to the use of sodium selenite. Rats used in this study were divided into

four groups, one as a control and the other three groups were treated with sodium selenite at doses of 1, 2

and 4 mg/kg body weight for five days. The most striking changes which occurred in rats were the depletion

of glycogen and the appearance of large areas of rarified hyaloplasm separating dense areas of cellular

organelles. An increase in the number of lipid droplets and the dense granules was also observed.

Mitochondria and rough endoplasmic reticulum showed severe damage and Golgi apparatus showed

moderate dilatation. In addition, phagocytic kupffer cells showed in blood sinusiods. Severe damage of the

hepatocytes was observed after treatment with large dose of sodium selenite (4 mg/kg body weight).
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INTRODUCTION

The liver has been a target organ for detecting its

structural responses to sodium selenite. It is one of the

major animal organs where selenium deposited ,[14]

Selenium is a trace element with antioxidatvie activity[19]

and is necessary for activities of some enzymes in the

body . The principle role of selenium is associated[18]

with the control of lipid peroxidation because this trace

element is a component of selenoenzymes contributing

to the antioxidant system . Under certain[4 ,9 ,16 ,24]

conditions selenium is an immuno stimulative factor .[8]

Selenium is a micronutrient that has a narrow margin

between beneficial and harmful levels. Both deficiency

and over supply of selenium in a diet are associated

with the occurrence of clinical symptoms including

Kashan disease and Kashin Beck disease . On the[26]

other hand, previous studies on the effects of selenium

deficiency were reported and found it caused liver

cirrhosis in rats .[ 1]

More studied were done on the effect of selenium

on animals and found that it caused liver

carcinogenesis .[22]

Selenium is also used in hepatoprotective influence in

liver cirrhosis, and it was found that it has the ability to

generate free radicals .and also, selenium effect on[17 ]

phenyl mercury toxicity and mercury retention in

chicken were studied and showed that the selenium

increased the mercury levels in liver cells and affected

on histological structure .On the other hand, the[6]

morphological and the histological of the rat liver were

studied after selenium treatment . And also, the effect[15]

of sodium selenite on rat histological and ultrastructure

on liver and kidney were studied. .[3]

Selenium is also required for athletes that increase

with energy to preserve selenium states and causes an

optimal antioxidant balance. .[12]

          The aim of the present study to determine

histological and ultrstructural changes in the liver of

normal rats treated with sodium selenite.

  

MATERIALS AND METHODS

Twenty adult male rats weight about 100 to 150 mg

were used as experimental animals. Rats were assigned

at random to four groups of 5 rats each. One group of

rats was designated as control groups and the 2 , 3  andnd rd

4  were as the experimental groups administrated orallyth

repeated doses of sodium selenite (1, 2 and 4 mg/kg

body weight) for 5 days. Rats of control groups were

administered distilled water.

After 5 days of treatment, the rats were sacrificed

and the liver was cut into 1 mm thick for light and

electron microscopic examination.

The tissues immersed for 5 min, in cold (4 C)o

phosphate  buffer then fixed in 2% formaldehyde and

2.5 % glutaraldehyde in 0.02 M phosphate buffer and

then after placed in fresh cold fixative for 24 hrs. in

refrigerator. The tissue was rinsed in cold phosphate

buffer (pH 7.4) and post fixed in 2% aqueous osmium

tetroxide for 2 hrs. at 4°C.
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The samples were rinsed in cold phosphate buffer,

dehydrated in ethanol series and embedded in epoxy

resin. Blocks were sectioned and semithin at 1 um

sections and stained with 0.5% toludine blue in borax

and examined under light microscope. Ultrathin sections

were cut and stained with 2% aqueous uranyl acetate for

20 mins. and lead citrate for 20 mins., then examined

and photographed using Joel 1200 Ex-II , electron

microscope.

RESULTS AND DISCUSSIONS

Light Microscopic Examination:

Control Group: Light microscopic examination of the

liver of control rats showed the normal structure. The

cellular  organelles  of  hepatocytes  were   distributed

 uniformally through out the cytoplasmic matrix and the

nuclei are rounded and nearly central position. The

hepatocytes were seen separated by narrow sinusoids

with prominent Kupffer cells. (Fig. 1).

Treated Groups: After 5 days of treatment with low

doses of sodium selenite (1 mg/kg body weight) the

hepatocytes showed slight changes, these cells have

clumped cellular organelles which appeared as dark

areas against the lighter staining cytoplasm. The

cytoplasm are vacuolated and contain lipid droplets

(Fig.2).

Liver strands and liver cells were considerably

dissociated and widely separated from each other which

indicate a complete loss of the liver tissue architecture

and dilatation of the blood sinusoids. 

Fig. 1: Photomicrograph of a semithin section of liver of control rats, showing plates of liver cells, separated by

blood sinsoids (head arrows) and with uniform distribution of cellular organelles. Toluidine blue stain. X300.

Fig. 2: Photomicrograph of  a semithin section of liver rats treated with sodium selenite (1 mg/kg body weight) for

5 days. The cellular organelles are densely packed up against a background of less densely stained

cytoplasmic matrix. Hepatocytes also contain lipid droplets (arrow). Blood sinusoids with prominent Kupffer

cells are also visible (head arrow). Toluidine blue stain. X700.

Fig. 3: Photomicrograph of a semithin section of the liver of rats treated with  sodium selenite (2 mg/kg body

weight) for 5 days, showing hypertrophy and vacuolar degeneration of most hepatocytes with numerous of

lipid droplets (arrows). Toludine blue stain.X700.  

Fig.4: Photomicrograph of a semithin section of liver cells after treatment with sodium selenite (4 mg/kg body

weight) showing advanced stage of cellular atrophy and vacuolar degeneration of hepatocytes (head arrow)

with numerous lipid droplets (arrow). Toludine blue stain.X1000.
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After 5 days of sodium selenite treatment with the

two doses (2 and 4 mg/kg body weight). The treated

group  of  rats   (2  mg/kg body weight) revealed

advanced  hepatocellular  necrosis than the first   treated

group. One of the most  deleterious  alterations  was

severe degree of vacuolar and hydrpobic  degeneration

and  hypertrophy of the hepatocytes.

Blood sinusoids appeared dilated with prominent

Kupffer cells (Fig. 3).

Advanced histopathological has revealed after 5

days of treatment with sodium selenite (4 mg/kg body

weight). The hepatocytes had dense nuclei and lost most

of their cytoplasmic masses and turned into empty

spaces with peripheral cytoplasmic layer. (Fig. 4).

Electron Microscopic Examination:

Control Group: Electron micrographic examination of

the control rat liver sections showed the normal

ultrastructure. The hepatocytes contained centrally

located rounded nucleus and surrounded by the ground

cytoplasm which containing different cell organelles

including,  mitochondria  which  are  round,  oval  and

Figs.5 & 6: Photo electron micrographs of hepatocytes

of control rat, the cytoplasm contains

numerous mitochondria (M), rough

endoplasmic reticulum (RER), smooth

endoplasmic reticulum (SER), lysosmes

(L) and nucleus (N). X30000 and X30000

respectively.

elongated outlines with their mitochondrial ridges and

rough and smooth endoplasmic reticulum. Golgi bodies

were present near the bile canaliculi and the nucleus.

Lysosmes and inclusions were also found close to the

bile canaliculi.

Glycogen particles could be also detected in the

cytoplasm of the hepatocytes. (Figs. 1 & 2).

Treated Groups: Following 5 days of sodium selenite

treatment (1 mg/kg body weight), the hepatocytes

exhibited certain alterations in their fine structure. The

hepatocytes showed fatty changes indicated by the

accumulation of large lipid droplets in the cytoplasm

and also more glycogen content than in the control cells.

Lysosomes   like   small   rounded  dense  stained

granules   were   observed   in   the    cytoplasm.

(Figs. 3 & 4 ).

Fig. 7: Photo electron micrograph of hepatocytes of

treated rat with sodium selenite (1 mg/kg body

weight) for 5 days, showing cytoplasmic

vacuoles (V), dense mitochondria (M), glycogen

(G), rough endoplasmic reticulum (RER),

nucleus (N), Kupffer cell (K) and lysosmes (L).

X12000.

Fig.8: Photo electron micrograph of the hepatocyte of

treated rat with sodium selenite (1 mg/kg body

weight) for 5 days, showing glycogen inclusions

(G), rough endoplasmic reticulum (RER),

nucleus (N) and lysosmes (L). X45000.
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In some cells, the cellular organelles are clumped

around the nucleus and are mainly formed of rough

endoplasmic reticulum with less ribosomes and dense

condensed mitochondria. These cellular organelles were

separated by large areas of rarified cytoplasm. The

nucleus had changed in shape, the outer and inner

membranes fused together and showed obliterating of

nuclear pores and irregular shape. The chromatin

material was condensed into small deeply staining

masses at nuclear periphery (Figs. 3, 4, 5 & 6).

Dilated Golgi complex was sometimes seen in the

hepatocytes (Fig.6).

Fig. 9: Photo electron micrograph of a hepatocyte of rat

treated with sodium selenite (1 mg/kg body

weight), showing c lumped  cytop lasmic

organelles (arrows), nucleus (N), bounded

vacuoles (V), mitochondria (M), dense granules

(head arrows). X12000.

Fig. 10: Photo electron micrograph of hepatocyte of

treated rat with sodium selenite (1 mg/kg

b o d y  w e ig h t ) ,  sh o w in g  c lu m p e d

cytoplasmic organelles (arrows) around the

nucleuse (N), dilated Golgi apparatus

(GA), large number of bounded vacuoles

(V), Kupffer cells with irregular nucleus

(K) and dense granules ( head arrows).

X12000.

The liver of rats which treated with large dose of

sodium selenite (4 mg/kg body weight), for 5 days

showed severe damage, these degenerative features had

apparently   covered    all   the    hepatic   cells   and

their cytoplasm   contained    extensive     necrotic 

areas. (Figs. 9, 10, 11 & 12).

Fig.11: Photo electron micrograph of hepatocyte of the

rat treated with sodium selenite (2 mg/kg body

weight), showing the densely packed cellular

organelles, mainly mitochondria (M) and rough

endoplasmic reticulum (RER) which are

separated by large masses of rarified hyaloplasm

(head arrows) and irregular nucleus (N).

X12000.

Fig.12: Photo electron micrograph of a part hepatocyte

of treated rats with sodium selenite (2 mg/kg

body weight), mitochondria (M), rough

endoplasmic reticulum (RER), nucleus (N) and

rarified hyaloplasm (head arrows). X22500.

The blood sinusoids appeared narrow with enlarged

Kupffer  cells,  and  these  calls  had irregular nuclei

(Figs. 3 & 6).

After  5  days  of  treatment  with   sodium

selenite (2 mg/kg body weight), the heaptocytes showed

various alterations in the clumped cellular organelles.

The mitochondria showed changes in shape and size, it

was swollen and contained dense matrix. The rough
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endoplasmic reticulum are broken and was seen devoid

of ribosomes. The cytoplasm showed numerous large

vacuoles of different shapes and some area appeared

degenerated. The glycogen and the lysosmes are less in

these hepatic cells. And also, the nuclei are irregular in

shape with dense condensed chromatin. (Figs. 7 & 8).

The rough endoplasmic reticulum was found in

number of clusters, scattered ovoid with ribosomes in

the cytoplasm. The mitochondria had exhibited

condensed opaque matrices without any internal

organization and aggregated into groups in certain parts

of the cytoplasm. These mitochondria together with a

few arrays of endoplasmic reticulum formed electron

dense clusters that lie near the cell membrane and

around the nucleus. Clear signs of pyknosis appeared in

the nuclei of these hepatocytes, in which the nuclear 

Figs. 13&14: P h o to  e le c t r o n  m ic r o g r a p hs  o f

hepatocytes  of   treated   rats   with 

sodium selenite (4 mg/kg body weight),

showing the clumped cytoplasmic

organelles with condensed mitochondria

(M ) together with remaining of

endoplasmic reticulum (RE) that formed

of a number of clusters, nucleus (N) and

large areas of vacuolated cytoplasm

(head arrows). X1200 and X 22500

respectively.

material was condensed into deeply stained mass with

marked fusion of the nuclear membranes.

Small dense granules were observed in the

cytoplasm. And also the cytoplasmic organelles were

devoid of glycogen (Figs. 9, 10, 11 & 12).

Disscusion: The anti-oxidation role of selenium in

organisms results from the fact that it is built into the

catalytic center of glutathione peroxidase which is the

main enzyme that deactivated free radicals and protects

against excessive lipid peroxidation . Glutathione[21]

peroxidase in an active form occurs in cytosol and in the

matrix of mitochondria, whereas it is in an inactive form

in nuclei, liposomes and peroxysomes .Its activity[7]

increases in the course of adding selenium to the diet.

Selenium, both in excess and deficiency, can exert a

pathogenic effect. An excess of this element, leads to 

Figs. 15&16: P h o to  e le c t ro n  m ic ro g r a p h s  o f

hepatocytes  of  treated   rats   with 

sodium  selenite (4 mg/kg body weight),

showing the necrotic areas in cytoplasm

of the cells (head arrow), degenerative

mitochondria (M), pyknotic nucleus (N)

with condensed chromatin and large

number of vacuoles that are bounded

with membrane (V). X15000 and

X18000 respectively.
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changes similar to those observed in the case of

deficiency, i.e. to the degeneration of free radicals,

intensification  of  lipid  peroxydation  and even to the

inhibition of synthesis of proteins . It is evident from[10 ,25]

the present study that the administration of sodium

selenite resulted in distinctive subcellular alterations in

hepatocytes. These alterations were apparent after 5 days

of sodium selenite administration and included the

formation of rarified hyaloplasm, disorganization of

cellular organelles, increase formation of dense granules

and lipid droplets. And also the glycogen granules were

decreased, fatty degeneration and cell necrosis.

It seems that both histopathological and

ultrastructural changes were more intensified in the case

of supplementation of higher doses of sodium selenite.

These results were similar to those described in rat

liver cells after administration of mercuric chloride and

sodium selenate in drinking water, these results showed

fatty degeneration and cell necrosis in the liver .[3]

The same results were recorded in studying the

effect of sodium fluoride on rat liver . These authors[11]

found that sodium fluoride caused pathomorphological

changes of variable intensity ranged from degeneration

to necrosis of the hepatocytes and the ultrastructure

study showed that fluoride ion caused disintegration and

swelling of mitochondrial cristea. A similar picture of

pathomorphological changes in the liver under influence

of selenium has been described by the other author .[24]

Fatty changes observed in the present study could

be attributed to impaired protein synthesis as a result of

rough endoplasmic reticulum damage and therefore

inhibition of lipoprotein manufacture and its inhibition

results in the accumulation of fats in the cytoplasm and

also the damaged mitochondria observed in the present

may be involved in the observed lipid changes. And in

the present  study  using  the  light  microscope in

examination indicated   a   complete   loss   of   the 

hepatic  lobules architecture.

There are similar other, that found fatty

degeneration and the disturbed of the architecture of the

hepatic lobular in  rat  liver  after  a  single

intraperitoneal  dos  of sodium selenite .[23]

Similar resulted have been reported in treated mice

with sodium fluoride and/or arsenic trioxide, and found

that the histopathological examination of the treated

groups revealed hepatocellular necrosis, extensive

vacuolization and fatty deposition in the liver cells .[13]

The present study showed dilation and destruction

of rough endoplasmic reticulum and sometimes loose of

adhering ribosomes as a result of sodium selenite

treatment, also the changes in the mitochondria and

Golgi apparatus similar to others  who studied the[5]

effect of cadmium and selenium or both on rat liver

ultrastructure and observed dramatic changes in the

mitochondria and endoplasmic reticulum. The

ultrstructure alteration in the hepatocytes of the

experimental rats after a prolonged exposure to

selenium, cadmium and both together were correlated

with metabolic disturbances were studied by other

authors .[20]

Similar results recorded that the liver injury caused

by diquat administration to selenium-deficient rats,

showed liver necrosis .[2]

It has been reported that selenium supplemented to

mice in excess inorganic selenium form, causes changes

in internal organs. These changes covered by

degeneration of hepatocytes vasiculation of endoplasmic

reticulum,  changes  in the appearance of mitochondria

and peroxisomes . [23]

Our study indicates a dose dependant effect of

sodium selenite on histopathologic and ultrastructural

changes. It  is  possible, therefore, that the extent of

excess of sodium selenite exerts a great influence on the

liver cells.
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