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1. Introduction 

In a previous communication we have reported [l] 
that injection of N6, O*‘-dibutyryl cyclic adenosine- 
3’, 5’-monophosphate (DBcAMP) into adrenalectomized 
rats initially stimulated hepatic phosphoenolpyruvate 
carboxykinase (PEP-CK, EC 4.1.1.32) to the same 
degree as in intact animals. However, despite of re- 
peated DBcAMP administration, the raise in enzyme 
activity ceased after 2 hr, but could be restored when 
hydrocortisone had been replaced at zero time. Essen- 
tially the same results were obtained with the isolated 
perfused rat liver [2], indicating the apparent inter- 
action between glucocorticoids and cyclic AMP in 
PEP-CK induction at the tissue level. From these find- 
ings it was concluded that cyclic AMP elevates PEP- 
CK activity by a mechanism which in principle works 
independently from glucocorticoids, while glucocorti- 
coids stimulate a different process which is required 
for the maintenance of CAMP-mediated enzyme induc- 
tion. 

As to the mode of the interaction between gluco- 
corticoids and cyclic AMP it was assumed that gluco- 
corticoids promote an increase of translatable PEP- 
CK messenger-RNA (mRNA) while cyclic AMP stimu- 
lates the translation of preexisting mRNA templates. 
If this hypothesis were correct inhibitors of translation 
should prevent the stimulation of PEP-CK activity by 

both glucocorticoids and cyclic AMP. In contrast, 
inhibitors of transcription would be expected to pre- 
vent the elevation of the enzyme provoked by gluco- 
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corticoids but not to block the action of DBcAMP on 
PEP-CK induction. 

In the present work this assumption was tested in 
the isolated perfused rat liver using cordycepin or 
cycloheximide, respectively. The results obtained have 
confirmed our working hypothesis: Glucocorticoids 
appear to stimulate PEP-CK-induction at the level of 

transcription whereas CAMP promotes enzyme syn- 
thesis at a posttranscriptional step. 

2. Materials and methods 

Male Wistar rats (weighing 250 g each; obtained 

from E. Jautz, Kisslegg/Allgau, Germany) were used 
as liver donors. They were fed ad libitum on a low- 
protein diet (C 1004; Altromin GmbH, Lage/Lippe, 
Germany) for 3 days prior to perfusion. At the begin- 
ning of the experiments animals were anesthetized by 
intraperitoneal injection of hexobarbital(15 mg/ 100 g 
body wt). Livers were isolated and perfused by the 
technique of Schimassek [3], with a 10% (v/v) emul- 
sion of fluorocarbon 43 made up in the nonionic deter, 
gent Pluronic F 68 by sonication and diluted with a 
saline buffer. Further details of the preparation of the 
fluorocarbon medium have been described [4]. The 
perfusate volume was 150 ml containing 135 ml of the 
fluorocarbon medium, 15 ml of pig plasma and 100 
mg of glucose/100 ml. 

At the beginning of perfusion one liver lobe was 
ligated at its base and excised. Cordycepin or cyclo- 
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Fig.1. Effect of cordycepin and cyclohcximide on the response of hepatic phosphoenolpyruvate carboxykinase activity lo dexa- 
methasonc (A) or dibutyryl cyclic AMP (DBcAMP) (B) in the isolated perfused liver of intact fed rats. Perfusion was performed as 

described under Materials and methods. Dexamethasone (50 FM) or DBcAMP (0.2 mM) was added to the medium into the reser- 

voir at zero time. Cordycepin (10 &g/ml) or cycloheximide (20 pg/ml) was added 20 min prior to the inducers. 

Number o.f deternhations in fig. IA: For ‘without addition’ n = 3; for dexamethasone, n = 4; for dexamethasone + cordycepin, 

n = 4; for dexamethasone + cycloheximide, n = 3. 

Statistical analysis in fig. IA: Dexamethasone values, 2, 4 and 6 hr versus ‘without addition’: not significant (= n.s.), p < 0.005 

and p < 0.005; dexamethasone values, 2, 4 and 6 hr versus dexamethasone + cordycepin VdlUeS: n.s., p < 0.0025 and p < 0.005; 

dexamethasone values, 2, 4 and 6 hr versus dexamethasone + cycloheximide values: n.s., p < 0.0025 and p < 0.01 

Number of determinations in fig. IB: For ‘without addition’, n = 4; for DBcAMP, n = 8; for DBcAMP + cordycepin, n = 7; for 

DBcAMP + cycloheximide, n = 3. 

Statistical analysis in fig.lB: DBcAMP values, 2,4 and 6 hr versus ‘without addition’: p < 0.0005; DBcAMP values, 2,4 and 6 
hr versus DBcAMP + cordycepin values: p < 0.05, p < 0.01 and p < 0.0025; DBcAMP values, 2, 4 and 6 hr versus DBcAMP + 

cycloheximide: p < 0.0005; DBcAMP + cordycepin values, 2, 4 and 6 hr versus cordycepin values (cf. table 1): p < 0.005, p < 

0.0005 and p < 0.0005. 

Values are given as means f SD. 

heximide was added immediately after start of per- 

fusion, DBcAMP or dexamethasone 20 min later 
(= zero time) to the reservoir to give the final concen- 
trations indicated in the results and in the legend to 
fig.1. At 2, 4 and 6 hr further liver lobes were removed. 

Tissue was immediately homogenized in 7 vol of 
ice-cold 0.15 M KC1 solution in a glass Potter-Elvehjem 

homogenizer with a Teflon pestle at 1000 rev/min for 
30 sec. The homogenate was centrifuged at 150 000 g 

for 30 min at 0 “C and PEP-CK activity was immediately 
assayed in the supernatant by the method of Seubert 
and Huth [5]. Enzyme activity units (U) are expressed 
as pmoles of oxaloacetate converted into phosphoenol- 
pyruvate per min at 37 “C under the conditions of the 
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assay. Protein was measured by the biuret method [6]. 
The significance of differences between means was 
established by Student’s t-test. 

Substrates, nucleotides (including DBcAMP) and 
test enzymes were purchased from CF. Boehringer 

und Sohne GmbH (Mannheim, Germany). Dexametha- 
sone (Fortecortin) was obtained from Hoechst AG 

(Frankfurt/Main-Hoechst, Germany). Cordycepin and 
cycloheximide were obtained from Sigma Chemical 
Company (St. Louis, USA). 

3. Results 

The effect of cordycepin or cycloheximide on the 
increase of PEP-CK activity, produced by either dexa- 
methasone or DBcAMP in the isolated perfused rat 
liver is shown in fig. 1. 

4. Discussion 

As can be seen from fig. 1 A dexamethasone (50 /IM), 
after a lag period of 2 hr, stimulated PEP-CK activity 
effectively during another 2-hr period, the elevated 
enzyme level remaining approximately constant up 
to the end of the perfusion. When cordycepin (10 pg/ 
ml) or cycloheximide (20 pg/ml) were added into the 
perfusate 20 min prior to the inducer, the glucocorti- 
coid-mediated rise of enzyme activity was completely 
prevented. 

From our present findings three conclusions can be 
drawn: 

DBcAMP (0.2 mM) provoked an immediate and 
rapid increase of PEP-CK activity for at least 4 hr (fig. 1 B). 

Again, cycloheximide totally blocked the response of 
the enzyme to the cyclic nucleotide. However, in con- 

(1) Since cycloheximide completely blocked the 
increase of PEP-CK activity, elicited by either dexa- 
methasone or DBcAMP, the response of the enzyme 

to both these agents is apparently the consequence of 
de novo enzyme synthesis. This result, obtained with 
the isolated intact rat liver, is in accordance with 
recent findings, obtained with separate experimental 
systems: In cultured Reuber Ha5 -hepatoma cells cyclo- 
heximide prevented the increase of PEP-CK activity 

provoked by dexamethasone [9]. The antibiotic also 
suppressed the rise of enzyme activity produced by 
DBcAMP in adult rat liver [lo], in fetal rat liver in 

Table 

Effect of cordycepin and cycloheximide on phosphoenolpyruvate carboxykinase activity 
in the isolated perfused rat liver of intact fed rats 

____~ ~_______ 

Reference Treatment No. Perfusion time (hr) 
0 2 4 6 

trast to PEP-CK stimulation provoked by dexametha- 
sone, the stimulation provoked by DBcAMP is not 
prevented by cordycepin, though the increase of the 
enzyme was somewhat less pronounced. 

It is worth noticing that neither cordycepin nor 
cycloheximide led to a significant decrease in PEP-CK 
activity throughout the experimental period (table 1). 
Similar results have been obtained recently by Ballard 
and Hopgood [7] : While rat liver PEP-CK is normally 
degraded with a half-time of approximately 6 hr [8], 
these authors found that after injection of actinomy- 
tin D or cycloheximide into adult rats the turnover 
time of the enzyme protein was much longer. 

None 3 25 i 5 29 f 5 26 i 4 22* 1 

Fig. I A Cordycepin 4 26 + 3 23 i 2 -21 i_ 4 21 i 2 

Cycloheximide 4 25 + 4 25 * 1 23+ 1 24 i 2 
-__ 

None 4 1oi 4 8il 8+1 8i2 

Fig. 1 B Cordycepin 4 12+ 3 9+2 8+4 8+2 

Cycloheximide 4 1oi 2 IO* 1 8?1 9+_2 

Perfusion was performed and cordycepin (10 &ml) or cyclohcximide (20 &ml) was added immediately 
after start of perfusion as described under Materials and methods. 

Values arc given as means i SD. 
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organ culture [ 111 and in cultured hepatoma cells 
[9]. As to the DBcAMP-mediated increase of PEP-CK 
activity in vivo [lo] and in Reuber H,, tumor cells 
[ 121 enhanced enzyme synthesis has been proved 
directly: In both systems the cyclic nucleotide con- 
comitantly stimulated the rate of [“HI leucine incor- 
poration into immuno-precipitated specific enzyme 
protein. 

(2) Since cordycepin” completely blocked the 

cited above, enzyme activity was not monitored before 
3.5 or 4 hr, respectively. 

(3) From the time-course of CAMP-mediated PEP- 
CK induction in the presence of cordycepin (cf. fig. 1 B) 
the half-life of the PEP-CK mRNA template can be 
estimated to be approximately 1 hr. This value is iden- 
tical with that obtained for the adult rat liver in vivo 

[ISI. 

increase of PEP-CK activity, provoked by dexametha- 
sone, but did not prevent the elevation of the enzyme 
after DBcAMP administration, it is obvious, that the 

response of the enzyme to glucocorticoids requires 
new mRNA synthesis whereas its response to cyclic 
AMP does not. Similar results have been reported 
recently for Reuber Ha5 tumor cells: The early rise of 

PEP-CK due to DBcAMP was not prevented by the 
addition of actinomycin D, whereas the effect of dexa- 
methasone was completely suppressed [ 121. These 
findings confirm the hypothesis derived from our pre- 
vious in vivo and in vitro experiments [ 1,2] : Gluco- 
corticoids stimulate PEP-CK de novo synthesis by 
increasing the level of translatable mRNA whereas 
cyclic AMP enhances the expression of preexisting 
mRNA templates. 

On the other hand there are data which seem to be 
contradictory to that hypothesis: (i) Actinomycin D 
largely prevented the induction of hepatic PEP-CK 
provoked by intraperjtoneal injection of CAMP into 
rat fetuses in utero [ 141. (ii) Actinomycin D strongly 
suppressed the 4-fold increase of PEP-CK activity after 
addition of DBcAMP to fetal rat liver cells in organ 
culture [ 111. It should be noted, however, that the 
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