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SUMMARY 

The effects of fasting and trhuncioolone diacetate, a synthetic glucocorticosteroid, on blood 
glucose levels, hepatic glycogen and TNA contents, activities of pbosphorylase a, glucose4 
phosphatase, fructose- 1 &diphosphatase, alanine and aspartate aminotransferases and ribo- 
nuckase (at pH 7.6) and protein synthesizing capacity in rats and chickens have been compared. 
Forty-eight h fasting altered blood glucose levels by 25 and 5% respectively and caused 
compkte depletion of hepatic glycogen. Signiicant reduction in total liver RNA, pbosphorylase 
a, fructose-l&diphosphataae activities and considerable increases in glucose-6_phosphatase, 
-erases and ribonuclease activities have also been observed under this condition. 
Fasting also lowered significantly the amino acid incorporating activities of post-mitochondrial 
fractions. Refeeding restored blood glucose levels, hepatic glycogen and RNA contents, and 
phosphorylase a, fructose-1,6diphosphatase and amino acid incorporating activities to near. 
or slightly above, noxmaJ levels in fasted rats and chickens. Hormone administtation was 
effective only in fasting rats in restoring the various biochemical parametm (with the exception 
of ribonuckase) to near normal or slightly above fasting levels, and glucose4phospbataae and 
aminoeansferase activities above fasting levels. The cause of the failure of the synthetic gluco- 
corticosteroid to elicit any such changes in fasting chickens has been discussed. 

INTRODUCTION 

AN INCREASE in the in oirro production of free fatty acid by mammalian adipose 
tissue but not by that of the domestic fowl, on the addition of epinephrine, 
norepinephrine or other adipokinetic substances has been reported [ 11. Similarly, 
an elevation of plasma FFA and liver triglycerides by catecholamines has also 
been observed in mammals, but not in ducks[2,3]. Other marked differences 
between rats and chickens, particularly in their capacity to utilize gluconeogenic 
amino acids for glucose synthesis and in the production of ketone bodies have 
been recently reported from this laboratory [4,5]. 

While investigating the physiological effects of synthetic glucocorticosteroids, 
triamcinolone diacetate in particular, in different species, it became immediately 
evident that chickens and rats did not respond similarly to triamcinolone di- 
acetate. Gluconeogenesis, as is known, is dependent on the activities of certain 
enzymes unique to the process [6,7]. Glucocorticosteroids stimulate ghrcose 
production from non-carbohydrate precursors in rats by virtue of their ability to 
induce de now synthesis of these key enzymes [6-91. The inability of triamcino- 
lone diacetate, a synthetic glucocorticosteroid, to stimulate glucose production 
in chickens from non-carbohydrate precursors, initiated the study of the effects 

Abbreviations used: ATP: adenosine triphosphate, GTP: guanosine txiphosphate, PEP: phos- 
phoenolypyruvate, PK: pyruvate kinase, RNA: ribonucleic acid, mRNA: messenger niucleic 
acid, G-bPase: glucose+phosphatase, FD Pase: fructose-l, bdiphosphatase, and FFA: free fatty 
acid. 
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of this hormone on blood glucose leveis, hepatic glycogen and RNA contents, 
activities of phosphorylase a, glucose&phosphatase, fructose- 1, 6-d&phos- 
phatase, aspartate and alanine aminotransferases, and ribonuclease (at pH 7.6) 
in rats and chickens. The purpose of this study was to show whether or not the 
unresponsiveness of chickens to triamcinolone diacetate can be explained on the 
basis of its failure to stimulate enzyme induction in this species. The results are 
reported in this paper. 

METHODS AND MATERIALS 

Chemicals. ATP, GTP and phosphoenolpyruvate were purchased from Sigma 
Chemical Co., St. Louis, MO.; Pyruvate kinase from Boehringer Manheim 
Corporation, New York, N.Y.; highly polymerized yeast RNA, pancreatic 
crystalline tibonuclease from Worthington Biochemical Corporation, Freehold, 
N.J.; DL-C14 leucine from New England Nuclear, Boston, Mass. All other 
chemicals were analytical or reagent grade. Animals; Male rats of Fisher-344 
strain, I#- 160 g body wt., and chickens of Leghorn-0505 strain, 350-400 g body 
wt., were used in the present study. The animals were maintained on laboratory 
diets (viz Purina rat chow for rats and Purina chick starter for chickens) and water 
ad libitum. 

The rats were killed after 48 h of fasting and chickens after 48,96 or 112 h of 
fasting. The fasting animals received either hormone, 4-O mg (O-25 ml)/ 100 g body 
weight, or the same volume of the medium (polysorbate 80 USP, polyethyiene 
glycol 4000 USP, sodium chloride, benzyl alcohol, water and HCI to make pH 
6-O) in which the hormone was suspended. They were both administered intra- 
peritoneally 16 h prior to killing. All animals were killed by decapitation between 
9 and 10 a.m. Other experimental details are described in previous papers [ IO]. 
The hormone used was triamcinolone diacetate (16~2 1-diacetoxy-9a-fluro- 
11, t7p-dihydroxy- 1,4-pregnadiene-3,20-dione). It is a highly potent synthetic 
glucocorticoid steroid and was purchased from Lederie Products Department, 
Cyanamid of Canada Limited, Montreal, Canada. The chemical structure of 
this hormone is shown below: 

Est~mut~un of blood gkose, hepatic gfycogen and RNA. and the ~ct~uitjes of 
phosphorylase a, glucose4Gphosphatase, fructose- 1 ,6-diphosphatase and 
aspartate and alanine aminotransferases 

Blood glucose, hepatic glycogen and RNA content, protein and inorganic 
phosphorous (Pi) were estimated by the methods previously described by 
Somogyi[ll], Kemp and van Heinjningenri21, Cieland and Slator[l3], Fleck 
and Begg[l4] and Fiske and Subbarow[15] respectively. Phosphorylase a and 
glucose-6-phosphatase were assayed in cell-free preparations from rat and 
chicken livers by the methods previously described by Cot-i, Illingworth. and 
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Keller [ 161 and Swanson [ 171 respectively. The activities of fructose- 1,6-diphos- 
phatase and aspartate and alanine aminotransferase were assayed in cell-free 
preparations and in high-speed supematant fractions from rat and chicken livers 
by the methods described by Freedland and Harper[ 181, Reitman and Frankel 
[ 191, and Wrobleski and Ladue[20] and ribonuclease activity (at pH 7.6) in the 
particulate fraction by the method of Kunitz[21]. Experimental details of the 
various methods employed in this study were the same as described previously 
from this laboratory [ 10,22,23]. 

Incorporation of [C”]-1eucine into proteins by post-mitochondrial preparation 
The animals were decapitated, livers were quickly removed, washed twice 

with cold TKM-sucrose buffer (medium A), blotted dry on filter paper, minced 
and homogenized in 2.5 vol of medium A in a Potter-Elvehjam homogenizer at 
0°C. Medium A contained: O-25 M sucrose, 50 mM tris-HCl, 25 mM KC] and 
5 mM MgC&, with final pH 7.6. The post-mitochondrial supematant fraction was 
prepared by centrifuging the homogenate in a Spinco (Model L) preparative 
ultracentrifuge at 2000 g for 10 min. 

The amino acid incorporating system employed here was similar to that 
previously described[23]. The reaction mixture in 1 ml contained: ATP 1 pmbl, 
GTP. O-2 kmol, phosphoenolpyruvate 10 pmol, pyruvate kinase 40 kg, MgCl* 
5 pmol, KC1 10 pmol, tris-HCl pH 7-6 50 pmol and post-mitochondrial super- 
natant fraction 0.’ L ml (5-O mg protein). The final pH was 7.6. The reaction 
was carried out at 37°C for 15 min and terminated by adding an equal volume of 
10% cold TCA solution. Each sample was washed, dried and dissolved in 1 ml 
Hyamine Hydroxide (Packard 10-X), and the radioactivity was counted to an 
efficiency of 80% (background 22 c.p.m.) in an Ansitron scintillation counter. 

RESULTS 

Complete depletion of glycogen from the livers of rats and chickens occurred 
after 48 h of fasting, but blood glucose levels dropped by 25% in rats compared to 
only 5% in chickens (Table 1). A further drop in blood glucose levels was noted 
in chickens when fasting was continued up to 96 h. Considerable decreases in 
liver weights and their RNA contents (expressed in mg/lOO g body weight) were 
also noticed in both species after 48 h of fasting. Refeeding the fasted animals with 
their respective normal diets for the next 24 h restored their blood glucose levels, 
liver weights and glycogen and RNA contents to near or slightly above normal 
values. Administration of triamcinolone diacetate was effective in fasting rats in 
restoring blood glucose levels, liver weights and hepatic glycogen and RNA 
contents to their corresponding normal levels, but failed to elicit these changes in 
fasting chickens (Table 1). 

Significant decreases in phosphorylase a and fructose- 1,6-diphosphatase 
activities and considerable increases in glucose-6-phosphatase, aspartate and 
alanine aminotransferases and ribonuclease (measured at pH 7.6) activities from 
their respective normal levels of activities, were noted in both of the species after 
48 h of fasting. However, the changes in the activities of aminotransferases were 
less marked in chickens than in rats. Further decreases in phosphorylase a and 
.fructose- 1.6-diphosphatase activities and increases in glucose-6-phosphatase, 
aminotransferase and ribonuclease activities from their 48 h fasting levels could 
be induced in chickens by prolonging the fasting to 96 h. These activities could 
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be restored to their normal or slightly above their normal levels by refeeding the 
animals with their respective normal diets for 24 h (Table 2). Administration of 
triamcinolone diacetate was effective in elevating the activities of glucosed- 
phosphatase and aminotransferases above their fasting levels in rats but not in 
chickens and also in bringing back the activities of phosphorylase a and fructose- 
1,6-diphosphatase to near or slightly above normal levels. In rats, ribonuclease 
activity (measured at pW 7.6) was suppressed by hormone, whereas in chickens 
this activity remained unaffected (Tabfe 2). 

The results in Table 3 show that amino acid incorporating activity of the post- 
mitochondrial supernatant fractions from chicken livers was only about 35% of 
that for similar preparations from rat livers. The post-mitochondrial supematant 
fractions from fasting rat and checken livers were 34 and 35% less active than 
similar preparations from fed rat and chicken livers Cfable 3). Refeeding the 

JSB Vol. 4, No. 2-D 
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Source of post-mitochondtial supernatant fraction 
from the liver of: Count5~m~n~mg protein 

Rat (fed) 1015?56” 
Rat (fasted (48 h) 676 I 35 
Rat (fasted 48 h then refed) 1038 162 
Rat (fasted 48 h + hormone administered 32 h 934 t 49 

after fasting 
Rat (fasted 48 ht medium administered 32 h 

after fasting 
Chicken (fed) 
Chicken (fasted 48 h) 
Chicken (fasted 48 h then refed) 
Chicken (fasted 48 h + hormone administered 32 h 

after fasting) 
Chicken (fasted 48 hi medium administered 32 h 

after fasting) 
Chicken (fed) (homogenized in rat liver cell sap) 
Chicken (fasted 48 h) (homogenized rat liver cell sap) 

662tr32 
362 - 30 
236 + ” __U 
386 = 36 

237 t 27 

248-r% 
6g!J t 42 
406238 

*SD. of the mean. 

Tabk 3. The effects in rats and chickens of feting, refeeding and hormone 
~rn~~s~~on on incorporation of C4~ferrcine into proteins by their tiver post- 
~t~b~d~ai fractions. The reaction mixture contained in f ad, ATP 1 Hmol 
phosphoenolypyruvate, 10 ~moi pyruvate kinase 40 pg, CTP 0.2 pmoi, MgCI, 
5 Fmol, KCI JO pmol of tris-HCl pH 7.6 50 @mol. and microsome-cell sap 
preparation 0.2 ml (S-0 mg protein). The reaction was carried out at 37°C for 
15 mitt and terminated by adding an equal volume of cold 1076 T&A. The samples 
(TCA-insoluble matetiai) were washed, dried. dissolved in Hyamine Hydroxide 
(Packard in-.X) and counted with 80% efficiency in an Ansitron Liquid Scintilla- 
tion Counter. Washing and counting procedures were as described in the text 
under Materials and Methods. The other conditions were the same as described 

in Table 2 

fasted animats restored their protein synthesizing capacities to near normal vahtes. 
However, hormone was found to be effective only in rats (Tabte 3). 

Administration of the medium in which the hormone was suspended could 
provoke only insignificant changes in blood glucose levels. hepatic glycogen and 
RNA content. activities of phosphorylase u, glucose-6-phosphatase, fructose- 1. 

Gdiphosphatase, aminotransferases, and amino acid incorporation in fasted rats 
or chickens flables i-3). 

DISCUSSION 

Although glucose concentration in svian blood has long been known to be 
very high, the effects in rats and chickens of fasting or glucocorticosteroid, (tri- 
amcinofone diacetate in particular) on blood glucose. hepatic gfycogen and RNA 
contents, and the activities of certain enzymes unique to gluconeogenesis, do not 
appear to have been reported. The results of this paper demonstrate different 
effects of fasting on biood glucose levels in rats and chickens, but the effects on 
hepatic glycogen and RNA contents and phosphorylase a, glucose-6-phosphatase, 
fructose- I ,Bdiphosphatase, alanine and aspartate aminotransferases, and ribo- 
nuciease (measured at pH 7-6) activities are simitar. The effects of refeeding the 
fasting animals on these biochemical parameters have also been found tb be 
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similar. Despite this similarity, the responsiveness of the fasting animals to 
triamcinolone diacetate is different, namely blood glucose levels. hepatic glycogen 
and RNA contents, protein synthesizing capacity, and the activities of the 
gluconeogenic enzymes, investigated here (with the exception of ribonuclease) 
are greatly increased in fasting rats by hormone, but no such effects could be 
provoked in fasting chickens. The changes observed in rats after fasting and 
hormone administration are compatible with those reported by others[ 10,25-281. 
The activity of phosphoenolpyruvate carboxykinase, a key enzyme in gluconeo- 
genie pathway, in chicken liver (not shown) iike in guinea pig and pigeon livers but 
unlike in rat liver, is affected neither by fasting nor by glucocorticosteroid[29,30]. 

Marked differences in responsiveness between mammals and domestic fowls 
to epinephrine and nonepinephrine and between mammals and ducks to catechola- 
mines have been mentioned earlier[ l-31. Similarly, rats respond to all gluco- 
corticosteroids, including the triamcinolone diacetate. Contrary to this, chickens 
respond only to some glucocorticosteroids, namely hyperglycaemia and an 
increase in hepatic glycogen content could be induced in adult chickens by 
intramuscular injections of hydrocortisone and corticosterone while cortisone 
and deoxycorticosterone fail to provoke these changes [3 11. It thus appears that 
chickens unlike rats respond differently to different steroid hormones. The failure 
of triamcinolone diacetate to act in chickens can be explained by any of the three 
following possibilities: (1) triamcinolone diacetate is not absorbed in blood in the 
species, (2) if it is absorbed, it is not hydrolyzed to the free alcohol which might be 
the active form, and (3) if it is absorbed and transformed into its active form, it is 
unable to stimulate the transcription and translation processes prerequisite for 
the induction of the enzymes unique to gluconeogenesis. As stated earlier, this 
synthetic steroid hormone is very active in rats but to the best of my knowledge, 
no one showed that it requires hydrolysis to alcohol (active form) for its activity. 
It would be interesting to find out which one of the first two possibilities is respon- 
sible for the failure of triamcinolone diacetate to provoke enzyme induction in 
chickens and what enzyme is involved in the hydrolysis of this steroid hormone 
in rats if hydrolysis to active form is a prerequisite condition for its activity in rats. 

REFERENCES 

1. Carlson L. A., Liljedahal S. O., Verdy M. and Wirscn C.: Metabolism. 13 (1964) 227. 
2. Grande F.: Proc. Sot. exp. biol. Med. 131(1969) 740. 
3. Grande F. and Prigge W. F.: Am.J. Pbysiof. 218 (1970) 1406. 
4. Sarkar N. K.: Life Sciences. 10 (1971) 293. 
5. Sarkar N. K.: In?. J. biochem. 3 (1972) 111. 
6. Lardy H. A.: Harvey Lectures 60 (1963) 261. 
7. Scrotton M. C. and Utter M. F.: Ann. Reo. Biochem. 37 (1968) 249. 
8. Komer A.: frog. biophys. Molec. Biol. 17 (1967) 63. 
9. Sarkar N. K.: FEBS Let?. 4 (1969) 37. 

10. Sarkar N. K.: fife Sciences 6 (1967) 2597. 
11. Somogyi M.: J. Biol. Chem. 160 (1945) 68. 
12. Kemp A. and van Heigningen A. J. M.: Biochem.J. 56 (1967) 646. 
13. Cleland K. W. and SlatorE. C.: Bi0chem.J. 53 (1953) 547. 
14. Fleck A. and Begg D.: Biochem. biophys.Acfa 108 (1965) 333. 
15. Fiske C. H. and Subbarow Y. J.: Biol. Chem. 66 (1925) 375. 
16. Cori G. T., Illingworth B. and Keller P. J.: In Methods in Enzymology (Edited by Colowick S. P. 

and Kaplan N. 0.) Vol. I. p. 200. Academic Press. New York, U.S.A. 1955. 
17. Swanson M. A.: In Methods in Enqmology (Edited by Colowick S. P. and Kaplan N. 0.) Vol. 2, 

p. 541. Academic Press, New York, U.S.A. 1955. 



170 N. K. SARKAR 

18. Freedland R. A. and Harper A. E.: J. biol. Chem. 199 (1952) 1350. 
19. Reitman S. and Frankel S.: Am. J. cfin. Path. 28 (1957) 56. 
20. Wroblewski F. and LaDue J. S.: Proc. Sot. exp. biol. Med. 91(1956) 569. 
21. Kunitz M.: J. Gen. Physiol. 24( 1940) IS. 
22. Sarkar N. K.: Currents in Modern Biology 5 ( 1972) 25. 
23. Sarkar N. K.: Life Sciences 7 ( 1968) 48 I. 
24. Sarkar N. K.: Currents in Modern Biology 5 (1972) 30. 
25. Sie H., Hablanian A. and Fishman W. H.:J. biol. Chem. 102 (1967) 103. 
26. Freedland R. A.: J. NW. 91 (1967) 489. 
27. Weber G.: Adv. Enzyme Reg. l(l963) 1. 
28. Enwonwu C. G.. Stambaugh R. and Screebny: J. Nurr. IOl(1971) 337. 
29. Lardy H. A., Foster D. 0.. Shrago E. and Roy P. D.: Adv. Enzyme Reg. 2 (I 964) 39. 
30. Gevers W.: Biochem. Jf. 103( 1967) 141. 
3 I. Greenman D. L. and Zarrow M. X.: Proc. Sot. exp. Biol. Med. 106 ( I96 I) 459. 


