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This study was undertaken to demonstrate histochemically variation in ATPase activity that occurs in the 
liver parenchyma of rats exposed various time (until 60 days) to moderate hyperthermic environment. The 
obtained results indicated that the acute exposition (1 and 4 days) to high environmental temperature 
(35+.l°C) cause diminution of ATPase activity, especially in the pericentral areas of the liver. Prolonged 
exposure of animals to hyperthermic environment (after 14 days) showed restoration of the enzyme activity 
probably as result of the acclimation of the rats to the changed conditions of the environment.
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Introduction

Adenosine triphosphatases (3.6.1.3) in animal organs are responsible for the physiological 
degradation of ATE They utilise energy stored in ATP for metabolite or ion transport 
processes [2]. Several investigators have used histochemistry and cytochemistry techniques 
to study the location of Mg2+ dependent ATPase in the liver. They reported that ATPase 
was distributed at the canalicular borders of hepatocytes, bile canalicules, bile ductules [1, 
13, 19, 23, 24] and Kupffer cells [16]. This location in the liver tissue is in the correlation 
with enzyme function in secretion of bile constituent from hepatocytes into bile canaliculi 
[4, 15].

Previous studies, in general, indicate that diminution of bile canalicular activity is 
associated with damage of the liver cells or changes of material transport across the cell 
membrane [6, 14]. For example: after bile destruction [17], bile duct ligation [24], 
administration of hepatotoxic drugs [6], adriamycin [1] and alcohol administration [13] 
disappearance of the ATPase activity has been noted. In addition some authors suggested 
seasonal variation in the activity of ATPase in the liver tissue [18].

It is well known that temperature fluctuations can have effects upon the organism, as 
well as the liver. An experimental study on the effect of short term exposition to the high 
temperature showed decrease of basal metabolism, body mass [10,11], and relative mass 
of the liver as heat-producing organs [21, 25]. Furthermore, degenerative reactions in the 

10



liver were described as a response to exposition of the animals to high environmental 
temperatures [2,22]. In addition, exposure of rats to high temperature showed evidence for 
reversible effects of liver histopathology due to prolonged exposure to high temperature 
[9]. In this study our objective is to provide an answer to the question of whether reversible 
temperature-related liver changes correlating with Mg2+ dependent ATPase activity.

Material and Methods

Adult, male Wistar rats weighing 190-230 g maintained in controlled environmental 
temperature conditions (35±1°C), with constant humidity (30-40%) and a regular light
night cycle (light from 6:00 a.m. to 6:00 p.m.) were used. The experimental animals were 
exposed to a moderate hyperthermic environment 1,4,7,14,21,30 and 60 days. Rats kept 
at room temperature (20+°C) served as a control.

Under ether anaesthesia of the rats (between 9:00 —10:00 a.m.) the liver were removed. 
Tissue preparation for reveal of ATPase activity by lead method ofWachstein and 
M e i s е 1 [23] was carried out as follows. Immediately after removal, the liver was sliced 
into small pieces (0,5 cm3) and frozen in liquid nitrogen. Cryostat sections 10 micrometers 
thin were made. Glass slides with attached sections were incubated at 37°C for 30 minutes 
at pH 7.2 using adenosine 5'-triphosphate disodium salt as substrate. The sections were 
embedded in glycerol-jelly. Depositions of lead sulphide (brown in colour) marked sites 
of enzyme activity. Controls of reaction included incubation of the sections in the absence 
of substrate and heat-inactivated sections equable processed.

Results and Discussion

The Mg2+ dependent ATPase activity in the liver sections was observed in control animals 
as fine granular reaction product localized in the bile canaliculi, ductules and bile duct 
(Figs. 1 and 2). Control sections did not show any lead sulphide precipitations. These 
observations are in agreement with previously histochemical findings (1, 13, 16, 23, 24). 
The enzyme activity appeared to be strongly positive in periportal zones compared with 
pericentral zones (Fig. 1). A higher ATPase activity in periportal zones of hepatic lobules, 
which reflect metabolically more active hepatocytes in this zone [7], has been reported for 
the rats [5] and rabbits [20].

After acute exposition (1 and 4 days) to high environmental temperature significant 
changes in Mg2+ dependent ATPase were noted. The enzyme reaction product was absent 
in bile canaliculi and ductules in pericentral areas, and week ATPase activity was seen in 
periportal zones (Fig. 3). According Munn (14), a general loss of phosphatases (including 
ATPase) was due to hepatocytes injury and decrease ATPase activity in liver parenchyma is 
observed under many conditions in which damage to liver cells occurs [1, 6, 13, 24]. So 
diminution of ATPase activity in pericentral zones may be explained by the fact that in 
centrilobular hepatocytes thermal exposure induced degeneration of the pericentral 
hepatocytes [2, 9, 22]. Moreover, the canalicular ATPase and bile acid excretion are 
preferentially located in periportal zones compared with pericentral ones [5, 8, 20]. 
Pericentral zones constitute only a reserve capacity for transportation of the bile constituents 
into the bile [8]. The absence of ATPase in pericentral zones suggested that during acute 
exposition to high temperature animals don’t need to use reserve capacity of the pericentral 
located cells probably due decreased extrahepatic transport.

Compared with ATPase activity noted in rats exposed 1 or 4 days to high temperature, 
after 7 and 14 days of exposition to high environmental temperature enzyme activity
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Fig. 1. Light micrograph of frozen liver sections treated for magnesium dependent ATPase in the control rats, 
pp — periportal; pc — pericentral; Bar = 100 pm

Fig. 2. Detail of frozen liver sections in the control rats. Note the reaction product within the biliary tree, apparently 
up to its smallest and thinnest portions. Bar = 20 pm
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Fig. 3. Light micrograph of frozen liver sections in rats exposed 4 days to 35+.l°C. A week reaction for ATPse in 
periportal zones (arrows). No reaction product in pericentral zone. Bar = 100 pm

Fig. 4. Light micrograph of frozen liver sections in rats exposed 14 days to 35±1°C- 
periportal (pp) compared with pericentral zone (pc). Bar - 100 pm
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Fig. 5. Light micrograph of frozen liver sections in rats exposed 30 days to 35_+l°C. A ATPse reaction product 
mainly homogenously distributed in periportal (pp) and pericentral zones (pc). Bar = 100 pm

increased in pericentral areas (Fig. 4). Increased enzyme activity could be associated with 
increasing in the cell membrane permeability due to hydropic degeneration present in 
pericentral hepatocytes after exposition of the rats one and two weeks to high temperature 
[9]. Increased permeability required increased active transport which probably acted as a 
compensatory mechanism for loosing of many molecules across the plasma membrane [3]. 
Also, cell membranes which are active in transporting molecules in liver, as well as in 
other tissue characterize the high levels of ATPase activity [16].

Reaction products in animals exposed 21 days to moderate hyperthermic environment 
showed same intensity and location as well as control rats acclimated to room temperature. 
Prolonged heat acclimation up to 60 days did not alter the amount of enzyme activity (Fig. 
5). Degenerative changes were not recognisable in liver tissue of the rats’ long-term 
exposed to high temperature [9].

Changes in Mg2+ dependent ATPase activity observed in rats liver in responses to heat 
during short-term exposition disappear over a period of two weeks, after a cessation of 
high environmental temperature. The normalisation or restoration in the enzyme activity 
obtained during long-term acclimation and maintained stable for a long period could be 
result of the acclimation of the organism to changeable environmental conditions.

References

1. A m i n , A. M., K. M. Е H o s n y , H. M. I s m a i 1 . Histochemical studies of lactic dehydrogenaze, 
adenosine triphosphatase and nucleic acids in adriamycin treated rats. - J. Med. Res. Inst.. 11, 1990. 
No 2, 235-253.

14



2. Ando, M., K. Katagiri,S. Yamamoto, S. A s a n u m a , M. Usuda, I. K a w a h a -
ra,K. Wakamatsu. Effect of hyperthermia on glutatione peroxidase and lipid peroxidative 
damage in liver. — J. Therm. Biol., 19, 1994, No 3, 177-185.

3. C h a f f е e , R. R. J., C. J. R o b e r t s . Temperature acclimation in birds and mammals. — Annu.
Rev. Physiol., 33, 1971, 155-202.

4. C r a w o r d , J. M. Regulation of hepatocellular bile salt secretion: Who shoots the messengers? —
Comments Hepatol., 14, 1996, 655-659.

5. D a o u s t, R. Histochemical comparison of focal losses of RNAse and ATPase activities in preneoplas-
tic rat livers. — J. Histochem. Cytochem., 27, 1979, 653-656.

6. Galhotra,A. R, R. RGupta.K. S. Roy,R. RSaigal. Histochemical studies on liver and
kidney in experimental acute aflatoxicosis of buffalo-calves (Bubalus bubalis). — Acta Veterinaria, 36, 
1986, No 2/3, 117-124.

7. G e m m е 1 , R. T„ T H е a 1 t h . Structure and function of the biliary and pancreatic tract of the
sheep. — J. Anat., 115, 1973, 221-236.

8. J o n e s, A. L., D. L. S c h m u c h e r , J. S. M o o n e y. A quantitative analysis of hepatic ultrastruc
ture in rats during enhanced bile secretion. — Anat. Rec., 192, 1978, 227-228.

9. Jordanova, M. Histochemical and morphometric analysis n the liver in rats during acclimation to
hyperthermic environment. — Master of sciences thesis, Skopje, 1998.

10. Katsumata, M., H. Y a n o. The influence of high ambient temperature and thyroxine adminis
tration on body composition in growing rats. — Jpn. Zootech. Sci., 60, 1989, 965-970.

11. Katsumata, M., H. Yano, N. Ishida, A. Miyazaki. Influence of high ambient
temperature and administration of clenbuterol on body composition in rats. — J. Nutr. Sci. Vitami
nol., 36, 1990, 569-578.

12. Kosmoszyncki, M., A. W o j t c z a k. Apyrases (ATP diphosphohydrolases, EC 3.6.1.5):
function and relationship to ATPases. — Biochem. Biophys. Acta, 1310, 1996, 233-241.

13. M aj s t r u k - M a j e ws k a , T„ E. J a c h , M. Semczuk. Histochemical responses in the rat
liver due to administration of sex hormones and to long-term alcohol intoxication. — Ann. Univ. 
Mariae Curie-Sklodowska Sect. D Med., 38, 1983, 209-216.

14. M u n n , E.A. The structure of mitochondria. London, New York, Academic Press, 1974, 304-316.
15. Nishida.T, Z. Gatmaitan.M. Chem.M. Arias. ATP-dependent canalicular bile salt

acid transport: Another piece of the puzzle. — Proc. Natl. Acad. Sci. USA, 88, 1991, 6590-6594.
16. N o v i k o f f, A. B. The intracellular localization of chemical constituents. — In: Analytical Cytology

(Ed. R.C. Mellors), 2" edition. New York, McGraw-Hill Book Co., 1959, 69-168.
17. N o v i k o f f, А. В., Е. E s s n e r . The liver cell. Some new approaches to its study. — Am. J. Med.,

29, 1960, No 1, 102-131.
18. Pawlicki,K., E. Wielgus-Serafinska.M. Kaminski. Relationship between

some elements and enzymes activity in circadian and seasonal cycle in rat liver II. Changes in the 
adenosine triphosphatase magnesium dependent EC 3.6.1.3 activity and concentration of zink, calci
um, magnesium and copper. — Acta Biol. Cracov. Ser. Zool., 32, 1990, 91-100.

19. P e r si j n , J. E, W T. D a m es t, J. C. H. de M a n, А. Е. Е H. M e i j e r . The demonstration of
adenosine triphosphatase activity with the electron microscope. - Histochemie, 2, 1961, 372-382.

20. R o у, K. S., R. R S a i g a 1, B. S. G i 1 1 . Hystoenzymological studies on the liver of rabbits. — J. Res.
Punjab agric. Univ., 26, 1989, No 1, 116-122.

21.Sod-Moriah,U. A., E. Magal, J. Kaplanski.N. Hirschman, I. Nir. The role 
of the pineal gland in termoregulation in male hamsters. — Comp. Biochem. Physiol. A., 74, 1983, No 
3, 149-1451.

22. Yamamoto, S., M. Ando, A. K. Suzuki, J. Kawahara. Histopathological Changes
Induced by Thermal Exposure in the rat Liver. — Exp. Anim., 43, 1994, No 2, 243-246.

23. Wachstein, M., Е. M e i s е 1 . Histochemistry of hepatic phosphatases at a physiologic pH. —
Am. J. Clin. Pathol., 27, 1957, 13-23.

24. Watanabe, N., M. Miyairi,N. T s u k a d a , M. Oda, M. Tsuchiya. Histochemical
studies on the localization of Mg2+-ATPase in the liver following acute common bile duct ligation. — 
J. Clin. Electron. Microsc., 24, 1991, No 5-6, 613-614.

25. Z h a o , X., H. J o r g e n s е n , В. O. E g g u m . The influence of dietary fibre on body composition,
visceral organ weight, digestibility and energy balance in rat housed in different thermal environments. 
— British. J. Nutrition, 73, 1995, No 5, 687-699.

15


