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SUMMARY

The acute effect of total body X-irradiation on the liver was
studied histopathologically and histochemically in adult male
Baladi rabbits.

In haemaoxylin and eosin stained sections, the irradiated liver
showed hepatopathic changes of the parenchyma. Histochemically,
an increase in acid and decrease in alkaline phosphatase enzymes
had been detected.

INTRODUCTION

The liver was considered previously as a radio-resistant organ (RUBIN and CASARRETT,
1968). However, various animal and human studies have shown that it can be easily affected
by a moderate dose of X-irradiation (JONES and HUNT, 1983).

The -induced hepatic alterations were mainly through the direct effect of irradiation
damage or due to the indirect toxic effects of the whole body irradiation (WALTER and MILLER,

1969). Experimental studies are needed to elucidate these changes and their pathogenetic mecha-
nisms.

MATERIAL and METHODS

The experiment was carried out on 12 adult male Baladi rabbits 3 used as control.
Prior to irradiation, all the animals were premedicated by intramuscular injections of Promacid
(Chlorpromazine HCI) in a dose of 5 mg./Kg. B.W. and 0.5 mg. 1% atropine sulphate. General
anaesthesia was induced after 10 minutes by the slow intravenous injection of Thiopental in
the ear vein in a dose of about 50 mg./Kg. B.W. (SOMA, 1971 and LUMB and JONES, 1973).

The dose of irradiation was adjusted by X-ray apparatus to obtain the sublethal dose;
810 Rads, for rabbits (BERDIJIS, 1971). For fulfiling this requirement, the dose rate was 9 R/
minute; the K.V. was 200; the filter used composed of 10 cu and 1.0 AL; the filament current
was 5 M.A. and the exposure time was 1.5 hours.

The irradiated animals were classified into 3 groups, 3 rabbits each, then were sacrificed
1, 5 and 7 days respectively. The non-irradiated control rabbits were sacrificed in the same
manner.

For histopathological examination of the liver, specimens were taken, fixed in neutral
uffered formalin and Carnoy's fixative, processed and stained by haematoxylin and eosin stain
for light microscopy.

For enzyme histochemical studies, fresh tissue samples were sectioned by freezing cryocut
and stained for alkaline phosphatase ativity (GOMORI, 1952) and acid phosphatase activity
(GOMORI, 1941).
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The first puplication in this experiment was histo-enzymatic alterations of the testis
after acute irradiation correlated to its hormonal function by TAHA et al. (1985).

RESULTS

Gross and_histopathological findings :

The irradiated liver was slightly enlarged and dark red in colour. The most early and
prominent finding 1 and 5 days post-irradiation was the vascular congestion. The central veins,
hepatic sinusoids and portal blood vessels appeared dilated and filled with packed erythrocytes.
In some cases, the hepatic parenchyma showed centrilobular degenerative changes. The hepato-
cytes were swollen and had a granular cytoplasm. However, some cells revealed cytoplasmic
vacculation. In other cases, nuclear necrobiosis could be seen. These nuclear changes were
mainly pyknosis together with karyolysis of some nuclei (Fig. 1).

After one week, the portal triads appeared oedematous and infiltrated with lymphoid
cells. The hepatic sinusoids were severely hyperaemic and revealed multiple immature leucocy-
tic infiltrates (Fig. 2). In addition, some vessels showed endothelial damage and subsequent
red thrombus formation.

Enzyme histochemical findings :
Alkaline phosphatase :

In the control animals, the alkaline phosphatase activity appeared in form of blackish
granules (++) drawing the vascular endothelium and bile canaliculi (Fig. 3). The cytoplasmic
reaction of the liver cells was (+), while the nuclei of liver cells were negative.

The liver examined 1, 5 and 7 days post-irradiation showed no alteration in the loca-
lization of the alkaline phosphatase activity. However, the intensity of the reaction was increased
(+++) in the bile canliculi (Fig. 4). The cytoplasmic reaction of the liver cells disappeared.

Acid phosphatase :

The reaction in the control animals was mainly localized in hepatic cell nuclei and was
represented by dark brownish granules (++) while, the cytoplasm showed only sporadic positive
(+) granules (Fig. 5).

In the irradiated livers, the intensity of the reaction was significantly increased both
in the nuclei and cytoplasm (4+++) (Fig. 6).

DISCUSSION

In the present work, the acute effect of total body X-irradiation on the rabbit's liver
was manifested by vascular changes as well as hepatocellular changes.

The vascular lesions of the liver were the earliest changes observed as a result of the
whole body irradiation. These lesions included severe congestion and oedema of the portal
triads. Endothelial damage with the resulting thrombus formation were also found in some blood
vessels. Similar findings were reported in the irradiated liver of the experimental animals (OGATA
et al. 1963 and REED and COX, 1966) as well as human being (FELLOWS et al, 1968 and
WARTON et al, 1973). OGATA et al. (1963) attributed these changes to the direct effect
of irradiation on the liver.
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The hepatocellular changes were mainly granular proteinous dystrophy and to a lesser
extent vaccuolar degeneration. Moreover, nuclear necrobiosis was observed in some cases.
Similar changes of the irradiated liver had been observed by many authors (PHOLE & BUNTING,
1932 and SCOTT, 1962). These previous hepatic changes were regarded as the first cellular
reaction to the direct toxic injurious effect of the ionizing irradiation (BRAS and MCLEAN,
1953) or as an indirect result of the vascular disturbances produced by irradiation (OMALLEY
et sk, 1963). In our opinion, both the direct and indirect effects of irradiation played a
role in the induction of the hepatopatholagical alterations.

The lymphoid cell infiltrates found in the portal traids were reqgarded as a primary
inflammatory cellular response to the ionizing irradiation.This was in accordance with JACKSON
et al. (1977) who reported the early presence of lymphocytes, monocytes and polymorphnu-
clear leucocytes. However, the polymorphnuclear cells and monocytes could not be detected
in our data. The' presence of immature leucocytes in the hepatic sinusoids was regarded
as an extramedullary haematopoiesis due to the suppressive effect of total body X-irradiation
on the bone marrow. BLOOM (1948) and COTCHIN and FRACIS (1967) reported a haemato-
poietic activity in the liver as a result of loos of leucocytes, erythrocytes and thrombocytes
from the circulation and failure of the bone marrow te produce an adequate number of
these cells.

Histochemically, acid phosphatase activity was increased in the irradiated liver. As
it is known, acid phosphatase enzyme is a hydrolytic, catabolic and reductive enzyme, so,
the increased cytoplasmic and nuclear reactions could be correlated to the induced degenera-
tive and necrobiotic changes after irradiation. This was in accordance with the findings
of WILLSON and STOWELL (1953) and ONO and OKADA (1974).

Alkaline phosphatase is anabolic enzyme and is linked with the protein biosynthesis
of the cell (MUKERJEE and GOLFEDER, 1974). In our results, alkaline phosphatase activity
was totally absent in the degenerated liver cells. However, it was increased in bile canaliculi.
This increase could be related to the physiological hyperactivity of bile secretion. The in-
creased bile metabolism could be a result of increased haemolysis of the congested blood
or as a direct effect of X-irradiation on erythrocytes or both. Contradictory results were
recorded by WITCOFSKI et al. (1972) and WARTON et al. (1973) who reported increased
alkaline phosphatase activity in the irradiated liver cells and considered this increase to
the regenerative capacity of the liver.

It could be concluded that total body X-irradiation induced vascular and cellular changes
in the liver. The vascular lesions was a direct effect of irradiation on the vasculature.
The hepatic cells suffered from combined direct cytotoxic efect of X-ray as well as the
indirect effect produced by vascular disturbances. The histochemical indices reflected these
hepatocellular alterations as was indicated by the increased acid phosphatase and absence
of alkaline phosphatase activity.
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Fig. (1)

Liver 1 day post-irradiation showing congestion and
necrobiotic changes of the hepatocytes.
( H. E, X 400 )

Fig. (2)

Liver 1 week post-irradiation showing edema, lymphoid
cell infiltrate in the portal area and immature leucocytes
in the sinusoids.

(H.E, X 250 )
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Fig. (3)

Control alkaline phosphatase eﬁzyme in non-irradiated liver.
( X 160, Gomori method ).

Fig. (&)
Irradiated liver showing increased alkaline phosphatase
reaction (++) in the bile canaliculi.

( X 250, Gomori method ).
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