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1. Introduction 

The gluconeogenic effect of corticosteroids is be- 
lieved to be caused by marked increases in the activi- 
ties of enzymes unique to the process and is possibly 
caused by de nova synthesis of these enzymes [l-3]. 
The synthesis of enzyme protein, in fact all proteins, 
depends among many factors on the stability of poly- 
somes and adequate supply of amino acids [4] . The 
stability of polysomes is, on the other hand, directly 
related to the stability of RNA, which is directly con- 
trolled by ribonuclease activity and indirectly by ribo- 
nuclease inhibitor activity [5-71. 

Although in mammalian cells stabilities of poly- 
somes and RNA appear to be at least partly controlled 
by the activities of ribonuclease and its inhibitor very 
few studies relating to the effects of corticosteroids 
on them have been made, compared to the extensive 
investigations carried out on the effects of these ster- 
oids on RNA, protein and carbohydrate synthesis. 
The results of the study relating to the changes in 
glucose production, liver RNA, and the activities of 

ribonucleases, ribonuclease inhibitor and hepatic 
aspartate and alanine aminotransferases in rats after 
the administration of triamcinolone diacetate, are 

described in this paper. 

2. Materials and methods 

Male rats weighing from 110 to 120 g were pur- 
chased from Canadian Breeding Company, St.Con- 
stance la Prairie, Quebec and maintained on a standard 
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laboratory diet (rat chow). The administration of tri- 

amcinolone diacetate was the same as previously de- 
scribed [8,9]. The preparation of cell-free extract 
(post-nuclear fraction), mitochondria and high-speed 
supernatant fraction from a 10% liver homogenate 
was carried out according to the method described 
by Schnider and Hogeboom [lo] . The first two pre- 
parations were subjected to repeated (4 times) freezing 
and thawing prior to use as the source of ribonuclease 
activities [ 1 l] which were measured by the method 
of Kunitz [ 121. Ribonuclease inhibitor activity was 
measured in the high-speed supernatant fraction at 
pH 8.0 by the method of Rahman [ 131, using crys- 
talline bovine pancreatic ribonuclease (Worthington) 
as the enzyme and highly polymerized yeast RNA 
(Calbiochem), dialized against 0.002 M EDTA, as the 
substrate. The activities of aspartate and alanine amino- 
transferases and blood glucose concentration were 
determined by the methods described in previous 
papers [8,14], and the total RNA by the method of 
Fleck and Begg [ 151. 

3. Results 

A sharp increase in glucose production followed 
by a rapid drop was observed in rats (fig. 1) after hor- 

mone administration. Maximum glucose production 
was noticed from 60 to 70 hr when 2.5 mg of hormone 
per 100 g of body weight was administered, from 85 
to 95 hr when 5 mg per 100 g of body weight was ad- 
ministered, and the values attained were 164 mg, 190 
mg, and 224 mg respectively. The blood glucose levels 
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Fig. 1. Shows the changes in blood glucose concentration 
(mg/ 100 ml blood) after the administration of triamcinolone 
diacetate to rats of 2.5 mg/lOO g body weight (A-A), 5 mg/lOO 
g body weight (e-e) and 10 mg/lOO g body weight (o--o) and 
sacrificed at different hr after the administration of the hor- 
mone. Control animals received saline injection instead of the 
hormone at the time of the latter’s administration. Each result 
represents an average of results obtained with 10 animals. 

returned to normal or near normal levels 125, 170 and 
190 hr after the administration of 2.5, 5 and 10 mg 
per IO0 g of body weight of hormone. The changes in 
ribonuclease activities measured at pH 5.8 (upper 
curves) and pH 7.6 (lower curves) after the administra- 
tion of two different doses of hormone (2.5 mg and 
5.0 mg per 100 g body weight) are shown in fig. 2. A 
decrease in the activities of acid (pH 5.8) and alkaline 
(pH 7.6) ribonucleases commenced immediately after 
the administration of the hornlone. The decrease in 
activities was gradual and continued to a minimum 
of 40-45s in the case of acid ribonuclease, and 60- 
7% in the case of alkaline ribonuclease respectively 
of the original activities, and 60 and 70 hr respectively 
after the administration of the hormone. This was 
followed by a gradual increase to normal levels. It is 
apparent from fig. 2 that the shapes of the activity 
curves noted after the administration of two different 
doses of hormone were very much alike. 

The changes in total liver RNA and the activities of 
aspartate and alanine aminotransferases after hormone 
administration (2.5 mgllO0 g body weight) are shown 
in figs. 3 and 4. Fig, 3 indicated that the pattern of 
changes in liver RNA was very much similar to the one 
observed with glucose production (see fig. 1). The liver 
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Fig. 2. Shows the changes in ribonuclease activity at pH 5.8 
(upper curves) and pH 7.6 (lower curves) after the administra- 
tion of triamcinolone diacetate to rats of 2.5 mg/lOO g body 
weight (o-o) and 5 mg/lOO g (e-o) body weight and 
sacrificed at different hours after the administration of the 
hormone. The reaction mixture in 1 ml contained 20 r.tmoles 
acetate buffer pH 5.0 (for acid ribonuclease activity measure- 
ment) or trisHC1 buffer pH 7.6 (for alkaline ribonuclease ac- 
tivity measurement), 2 mg RNA, and 1.5 mg enzyme protein 
of mitochondrial suspension. This mixture was incubated for 
1 hr at 37OC and terminated by adding 2 ml of a cold 0.6 N 
perchloric acid (HCl04), cooled, and then centrifuged. 1 ml 
of the supematant was diluted to 3 ml with water and the op- 
tical density (OD) at 260 rnr.t was measured against a blank 
containing the same percentage of HCl04. The results are 
arbitrarily expressed as the difference between the experi- 
mental and blank. Control animals received saline injection 
instead of the hormone at the time of the latter’s injection. 
Each result represents an average of results obtained with 

10 animals. 

RNA which showed a regular increase from 8.2 to 
12.6 mg (per g of liver tissue) in the first 48 hr after 
hormone administration, declined slowly until 
reached the normal level. The maximum value at- 
tamed was 5% higher than the control. A 4% increase 
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Fig. 3. Shows the changes in the liver RNA after hormone 
administration. The animals received 2.5 mg of triamcinolone 
diacetate per g body weight and were sacrificed at different 
hours after the administration of the hormone. Each result 
represents an average of results obtained with 5 different ani- 
mals. Control animals received saline injection instead of the 

hormone at the time of the latter’s administration. 
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Fig. 4. Shows the changes in the activities of hepatic aspartate 
and alanine aminotransferases in the high-speed supernatant 
fractions from the liver of rats which received 2.5 mg of tri- 
amcinolone diacetate per 100 g body weight and were sacri- 
ficed at different hours after the administration of the hor- 
mone. The results are expressed in sigma units (Sigma Bulle- 
tin No. 505) per ml of the supematant fraction. Each result 
in the fig. represents an average of results obtained with 5 dif- 
ferent animals. Control animals received saline injection in- 
stead of the hormone at the time of the latter’s administration. 

Table 1 
Shows ribonuclease inhibitor activity in the high-speed super- 
natant fraction from hormone-treated rat liver. The reaction 
mixture in 1 ml contained 20 rmoles of tris_HCl buffer pH 
8.0, 2 mg RNA, 2.5 pg ribonuclease, and 1.25 mg protein of 
the supernatant fraction. The mixture was incubated for 30 
min at 37’C and terminated by adding 2 ml of a cold 0.6 N 
HC104, cooled, and then centrifuged. 0.1 ml of the super- 
natant was diluted to 3 ml with water and the optical densi- 
ty (OD) at 260 mu was measured against a blank containing 
the same percentage of HClO4. The results are arbitrarily ex- 
pressed as the difference in optical density between the ex- 
perimental and blank. Animals received triamcinolone diacetate 
5 mg/lOO g body weight 16 and 48 hr prior to sacrifice. Each 
result represents an average of results obtained with 10 different 
animals. Control animals received saline injection instead of 

the hormone at the time of latter’s administration. 

Addition of soluble 
extract from the 
liver of 

Changes in Inhibition in % 
optical density 

No addition 0.394 0.0 

Control rat 0.191 51.5 

Hormone-treated rat 
(administered 16 hr 0.185 53.1 
prior to sacrifice) 

Hormone-treated rat 
(administered 48 hr 0.194 50.7 
prior to sacrifice) 

Chicken 0.349 11.2 

in liver RNA was also previously noted by Feigelson 
and Feigelson [ 161 in rats after cortisone administra- 
tion. 

The shape of the curve showing the changes in the 
activity of aspartate aminotransferase was also similar 
to one previously noted with glucose production al- 
though not identical. (Compare fig. 1 with fig. 4 
upper curve.) It is to be noted that the activity of the 
aspartate aminotransferase was more markedly affected 
than that of the alanine aminotransferase after hor- 
mone administration. The changes in the activity of 
the latter enzyme also followed the same pattern ob- 
served in the case of glucose production or liver RNA. 

The results in table 1 show the inhibition of ribonu- 

clease activity at pH 8.0 by the high-speed supernatant 
fractions prepared from untreated and hormone-treated 
rat livers. The inhibition observed in each case was 

50%. 
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4. Discussion 

The production of blood glucose from amino acids 
or pyruvate is the end result of a series of reactions 
catalyzed by enzymes unique to gluconeogenesis [2,3]. 
The marked increases in glucose production observed 
in rats after hormone administration is believed to be 
caused by de novo synthesis of gluconeogenic enzymes 
[2]. Protein synthesis depends, among many factors, 
on the stabilities of polysomes and RNA (particularly 
mRNA). Since RNA stability is inversely related to 
ribonuclease activity, an inverse relationship between 
glucose production and ribonuclease activity is ex- 
pected to be found in rats after hormone administra- 
tion. An inverse relationship was indeed found between 
glucose production and ribonuclease activity after 
hormone administration (compare fig. 1 A-A with 
fig. 2 o-o). Furthermore, blood glucose level reached 
the normal when the activities of the enzymes returned 
to control levels. That the changes in the ribonuclease 
activity (fig. 2 o-o) and glucose production (fig. 1 
o-o) were more marked after the administration of a 
larger dose of hormone (5 mg/ 100 g body weight) ap- 
pears to support the conclusion. The findings of Bar- 
nabei and Ottolenghi [ 191 which has just been pub- 
lished also indicate an inverse relationship between 
liver nuclear RNA polymerase and ribonuclease activi- 
ty after cortisone treatment. Karlson and his associates 
and Mandel and co-workers, on the other hand, found 
no change in RNA polymerase (soluble form) activity 
after cortisol administration. 

The results presented in this paper also show an 
inverse relationship between ribonuclease activity and 
liver RNA. Relationship between RNA synthesis and 
ribonuclease activity on one hand and protein synthesis 
and ribonuclease on the other hand, were also demon- 
strated by Homoki et al. [ 171 and Siler and Fried [7] . 
Homoki et al. [ 161 observed inhibition of ribonuclease 
activity and stimulation of RNA synthesis by 0.4 

(NH&SO4 in a system involving the use of isolated 
rat liver nuclei as the source of the respective enzymes. 
Siler and Fried [7] noted much less incorporation of 
Cl4 amino acid into proteins (only 30% compared to 
that observed with similar preparations from rat liver) 
in a cell-free amino acid incorporating system from 
chicken liver. This was attributed to the uncontrolled 
action of ribonuclease because ribonuclease inhibitor, 
which has been found in rat liver [ 181 and is believed 
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to regulate ribonuclease activity, was absent from 
chicken liver. The suppression of ribonuclease activity 
noticed after hormone administration could not be ac- 
counted for due to increased ribonuclease inhibitor 
activity since this activity was not affected after hor- 
mone administration (table 1). 

The changes in the activities of hepatic aspartate 
and alanine amino-transferases observed after hormone 
administration also appeared to be related to the 
changes in ribonuclease activity. These enzymes parti- 
cipate in the initial stage in the reaction sequences of 
gluconeogenesis. The conclusion that glucose produc- 
tion is inversely related to ribonuclease activity in 
hormone-treated rats comes from the results presented 
in this paper. From the above discussion it can possibly 
be concluded that one of the many actions of corti- 
costeroids is their action on ribonuclease activity, 
which might be considered to be indirectly responsible 
for marked stimulatory effect of these hormones on 
enzyme induction, the end result of which is reflected 
in an increased glucose production. Whether or not 
the suppression of ribonuclease activity can be attri- 
buted to decreased catabolism of enzyme protein is 
not certain and is now under investigation. It should 
be strongly emphasized, that in the undertaking of the 
effects of hormones the action of degradative enzymes 
cannot be ignored. 

Acknowledgement 

I am thankful to Mr. J.Rusheleau for his skillful 
technical assistance. 

References 

111 

PI 

[31 

I41 

[51 

[61 
171 
[81 

A.Korner, in: Progressin Biophys. and Molecular Biology, 
Vol. 17 (Pergamon Press, 1967) p. 63. 
S.Pontremoli and E.Grazi, in: Carbohydrate Metabolism, 
Vol. I (Academic Press, MC., USA, 1968) p. 334. 
M.C.Scrutton and M.F.Utter, Ann. Rev. Biochem. 37 
(1969) 669. 
B.G.Baliga, A.W.Pronczuk and H.N.Munro, J. Mol. Biol. 
34 (1968) 199. 
G.R.Lawford and H.Schachter, Canad. J. Biochem. 45 
(1967) 144. 
J.D.Watson, Science 140 (1963) 17. 
J.G.Siler and M.Fried, Biochem. J. 109 (1968) 185. 
N.K.Sarkar, Life Sciences 6 (1967) 2597. 



Volume 4, number 1 FEBSLETTERS July 1969 

[9] N.K.Sarkar, FEBS Letters 2 (1968) 97. 
[ 101 W.C.Schneider and G.H.Hogeboom, J. Biol. Chem. 198 

(1962) 155. 
[ 111 M.A.Mukundan, Anima Devi and N.K.Sarkar, Expt. Cell 

Res. 32 (1963) 251. 
[ 121 M.Kunitz, J. Gen. Physiol. 24 (1940) 15. 
[ 131 Y.E.Rahman, Biochem. Biophys. Acta 119 (1966) 470. 
[ 141 N.K.Sarkar, Life Sciences, in press. 
[ 151 A.Fleck and D.Begg, Biochem. Biophys. Acta 108 (1965) 

333. 

[ 161 M.Feigelson, P.Gross and D.Feigelson, Biochem. Biophys. 
Acta 55 (1962) 495. 

[ 17) J.Homoki, I.Lukacs and C.E.Sekeris, Hoppe-Seyler’s Z. 
Physiol. Chem. Bd. 348 (1967) 1392. 

[ 181 J.S.Roth, J. Biol. Chem. 231 (1958) 1085, 1097. 
[ 191 O.Barnabei and C.Ottolenchi, in: Adv. in Enzyme Regu- 

lation, Vol. VI (1968) p. 189. 

41 


