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Abstract- The administration of phenobarbital in drinking water (I g/l) to rats that had received labeled 
erotic acid three days before does not affect the half-life of uridine components of the liver nucleotide 
pool (r, 2 = 5.9 days). The half-life of the cytidine components in the control group is 6.2 days. In the 
experimental group the decrease of specific activity of cytidine components of the pool is brphasic. The 
decrcasc is faster during the first six days of phenobarbital administration (r, 1 = 4.5 days) whcrcas a 
slower decrease (r, z = X.2 days) is observed during the subscqucnt administration of the drug. The de- 
crease of specific activity of uridylic acid in RNA from cytoplasmic rrbosomes is faster in the control group 
(r,,z = 4.9 days) than in the expertmental group (tr 1 = 5.9 days). Similarly. the decrease of the specific 
activity ofcytidylic acid isolated from the ribosomal RNA is markedly slowed down (t, L of controls = 5.9 
days, t, Z of experimental group = 7.5 days). 

In the mammalian organism the quantity of the main 
cell components (proteins, RNAs. phospholipids) and 
their turnover rates are controlled by simultaneous 
synthesis and degradation. The synthesis and the 
degradation of the cell components are usually investi- 
gated by determining the decrease of specific activity 
of isolated cellular macromolecules labeled with a low 
molecular weight precursor. The half-life values of the 
specific activities measured need not however repre- 
sent the actual half-lives of the cell components investi- 
gated because of the reutilization of radioactive com- 
ponents. 

The decrease of the specific activity of liver riboso- 
ma1 RNA reflects not only the intracellular regene- 
ration of the ribosomes but also the rate of cell division 
in the tissue. The decrease of specific activity cnused by 
the division of liver cells is more significant in the 
growing animals than in the mature animals where the 
overall growth and also the growth of the organ proceed 
at a slower rate. 

The changes in the decrease of the specific activity of 
RNA under various experimental conditions (starva- 
tion. regeneration. adrenalectomy. administration of 
extraneous drugs) can be brought about not only by a 
change in the synthesis and degradation of the macro- 
molecules themselves but they can also reflect changes 
in the metabolism of the low molecular weight precur- 
sors and in the composition of the nucleotide pool. The 
determination of the biological half-life of rRNA 
labeled with erotic acid is complicated by differences 
in the utilization of the labeled precursor in the syn- 

thesis of uridinc and cytidine nucleotides of rRNA 
[I. 21 and also by differences in the decrease of the spe- 
cific activities of both pyrimidines of rRNA [3]. Since 
the administration of phenobarbital affects the utilira- 
tion of labeled erotic acid in the synthesis of the cyti- 
dine components of the free nucleotide pool and of 
cytidylic acid of rRNA and tRNA [4], we investigated 
the effects ofchronic administration of this drug on the 
metabolism of the pyrimidine components of the pool 
and of RNA in isolated plasmatic ribosomes. 

METHODS 

Male Wistar rats (Lysolaje). weighing 16Og at the 
beginning of the experiment, were used. Animals of the 
same weight were chosen for each time interval. 
Phenobarbital sodium salt (Merck) was administered 
to the animals in the drinking water (1 g/l). (6-i4C)Or- 
otic acid (Institute for Research, Production and Uses 
of Radioisotopes. Prague; sp. act. 47 mCi/m-mole) was 
injected intraperitoneally (i.p.) in 0.97” NaCl (30 lLCi/ 
kg body wt) 3 days before the administration of pheno- 
barbital. The rats wcrc starved 12 hr before being sacri- 
ficed. The ribosomes were isolated by the method of 
Munro ct al. [S]. The determination of the specific ac- 
tivities of the uridine and cytidine components of the 
pool and of the pyrimidine nucleotides of ribosomal 
RNA has been described elsewhere [4. 61. 

The slopes of the curves characterizing the time pro- 
file of the logarithm of the specific activities of the com- 
ponents investigated were calculated by the method of 
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least squares. The half-life of the specific activity was 
calculated from the relation 

t 
log 2 

1,2 = ---- 
-h 

where 11 is the slope of the line. 

RESULTS 

The decrease of the specific activities of uracil and 
cytosine in the hydrolyzed free nucleotide pool of con- 
trol animals was essentially identical (t, .? of uracil = 
5.9 days. t,,, of cytosine = 6.2 days). The 
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Fig. 1. Decrease of specific activities of the hydrolyzed liveiei 
acid-soluble pool during phenobarbital treatment. 

(A) Specific activity of the uracil moiety of the nucleotide 
pool; O--O controls, t-0 phenobarbital treatment. 
(B) Specific activity of the cytosine moiety of the nucleotide 

pool; O--_-C, controls. +@ phenobarbital treatment. 

TIMEOF FHENOBARBITAC TREATMENT (days) 

Fig. 2. Decrease of specific activities of uridylic and cytidy- 
lit acid of ribosomal RNA and whole ribosomal R i\iA hyd- 

rolysate during phenobarbital treatment. 
0-0 3’-UMP. controls; t-0 3’-UMP. phenobarbital 
treated: O-----• ?‘-CMP, controls: +@ 3’-CMP, 
piienobarbitai treated: b -- e rRNA hydrolysate, con- 

trols; e-8 rRNA hydrolysate, phenobarbital treated. 

administration of phenobarbital did not affect the rate 
of the decrease of the specific activity .of uracil in the 
pool. The specific activity of the cytldme components 
of the nucleotide pool decreased faster (t, ,? = 4.5 days) 
during the first 6 days of the drug administration; the 
decrease was significantly slower (t!:?, = 8.2 days) at 
the later stage of pheilobarbita~ admllllstration (Fig. 1. 
Table I). 

The rate of decrease of the specific activity of rRNA 
pyrimidine components of control animals was differ- 
ent. Radioactivity of UMP from rRNA (t, z = 4-9 
days) decreased faster than radioactivity of CMP iso- 

Table I, Turnover of uracil and cytosine moieties of the hydrolyzed liver acid-soluble pool 

Cytosinc 

U,dCil Phb trcatcd Phb treated 
Control Phb treated Control I--h days 7-- I7 days 

1) -0.051 _t 0.003 -0,053 * DO04 -0~048 * o-002 -0.067 + 0~010 -0.037 * OGO3 
log ‘ 3x42 * 0.021 3-908 f 0.028 3,810 i 0~012 3905 k OG30 3.725 f O-040 

11 2 5.902 i: 0.330 5-679 + 0,398 6,206 + 0.222 4492 rt: 0583 x.224 * 0,718 

The decrease of the specific activity of the components examined can bc characterized by the expression: 1’ = /?Y + log 
c, where !: is the logarithm of the specific activity. h the regression coefficient, x the time (in days) after the inJection of 
labeled erotic acid, and log c the intercept on the ordinate. The regression coeacient WRS computed by the method of least 
squares. Each value is the mean 1 SE. of seven or eight points on the lint. 
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lated from the same rRNA (I, ,? :=: 5.9 days) (Table 2). 
The r~ldioactivity half-life ofcytidylicacid of ribosomal 
RNA in control animals was essentially the same as the 
radioactivity half-life of the pyrimidine components of 
the hydrolyzed free nucleotide pool. The rate of 
radioactivity decrease of the total hydrolysate of ribo- 
somal RNA was between the values obtained for ribo- 
somal uridylic and cytidylic acids (t,,2 = 5% days). 

Chronic administration of phenobarbital caused a 
significant increase of the half-life of both pyrimidinc 
components of ribosomal RNA (tl L = 5.5 days for 
CJM P and ?.5 days for CMP). The specific activity de- 
crease of c)tidylic acid of RNA remained markedly 
slower during phenob~~rbit~~l adlnil~istration than the 
decrease of the corres~~ot~din~ values characterizing 
the remaining pyrimidines investigated (Fig. 2. Table 
2). Similarly. the half-life (tI 2 = 6.7 days) of the speci- 
fic activity of the whole hydrolysate of ribosomdi RNA 
ws prolonged with respect to the control value during 
the phenobarbital administration. 

DISCI-ISSIORi 

The radioactivity of the pyrimidine components in 
the hydrolyzed whole free nucleotide pool, determined 
scvcral days after the administr~~tioI1 of labeled erotic 
acid is j~redominantly in degraded nucleic acids and in 
pyrimidi~ic coenzymes. The specific activity decrease 
with time represents a measure of the rate of synthesis 
and degradation of all these components: at the same 
time. the possibility cannot bc excluded that the half- 
lives of these individual components are different. 
Chronic administration of phenobarbital does not 
affect the radioactive half-life of uracil in the whole 
hydrolyred pool of free nucleotidcs. This correlates 
with the previous observation that the utilization of 
erotic acid in the synthesis of uridinc nucleotides in the 
liver is not affected by chronic administration of the 
drug. During the first 6 days of phenobarbital 
administration. when a hypertrophy of both the cells 
and of the organ can be observed. the decrease of speci- 
fic activity of cvtosine in the whole hydrolyzed nucleo- 
tide pool is ~ig,~ihca,,tl~ faster than the decrease 
observed with the control group. By contrast. the de- 
crcasc of specific activity of cytosinc is slower during 
the subsequent drug administration after a steady state 
has been achieved. The effect of phenobarbital 
administration on the synthesis of cytidine nucleotides 
has been obscrvcd before 141. 

Chronic drug administration increases the activity 
ofcytidine triphosphate synthetase in the cytoplasm of 
liver cells; it decreases. however. the utilization of oro- 
tic acid in the synthesis of cytidine nucleotides [6] and 
also of cytoplasmic RNA [4]. 

Studies of the hiosy~lthcsis of free pyrimidine nucleo- 
tides and on their iiicorporatiot~ into ribo~lucIeic acids 
have provided evidence of the existence of various nuc- 
leotide compartments in the cell. Two separate com- 
partments of the free nucleotide pool have been 
reported to exist in the Novikoff hepatoma cells; the 

larger, in volume, cytopiasmic compartment and the 
smaller nuclear compartment which is used for RNA 
synthesis [7]. By contrast, no separate compartments 
of nuclear and cytoplasmic nucleotides have been 
found in HeLa cells; however. indirect evidence for the 
existence of a mitochondrial compartment of the free 
nucleotide pool has been obtained [8]. If similar com- 
partments of the free nucleotide pool also exist in the 
normal liver cells, then the turnover rate of uracil and 
cytosine in the hydrolyzed acid-soluble pool of the 
whole liver tissue need not necessarily be directly 
related to the turnover rate of RNA; likcwisc. the haif- 
life of uracil and cytosine in the pool need not be in 
relation to the half-lives of uridylic and cytidylic acids 

of ribosomal RNA, 
The si&ni~cantly shorter radioactive half-life of 

UMP of ribosomal RNA reflects probably the half-life 
of the ribosomes themselves. It appears that uridinc is 
not reutilized (or if it is reutilized then to a considcr- 
ably lower degree than cytidine) in the subsequent syn- 
thesis of RNA. By contrast. CMP of ribosomal RNA 
seems to be reutilized considerably more. This is cvi- 
dented both by the slowest decrease of specific activity 
of cytidylic acid of ribosomal RNA and also by the 
relatively long period necessary for an equal Jistribu- 
tion of specific activity between ribosomal CJMP and 
CMP after the single-dose applic~~tion of labeled erotic 
acid. The ratio of the specific activities of UMP and 
CMP in ribosomal RNA reaches I.0 approx. 9 days 
after the administration of one dose of “%I erotic acid 

iI41. 
The quantity of the 45s ribosomal precursors syn- 

thetized in the hepatocyte nuclei is approximately X0 
per cent higher than the quantity necessary for the rc- 
placement of the degraded cytoplasmic ribosomes [9]. 
This “surplus” RNA is degraded in the nucleus. An 
exoribonuclease degrading the RNA molecule from 
the 3’OH terminus and releasing 5’-monophosphatcs 
was reported to exist in the nuclear fraction of various 
tissues [IO]. These nuclcotides could be phosphory- 
lated b_ a kinase in the nucleus to triphosphates and 
again utilized in RNA synthesis. The ribosomal RNA 
contains 70 per cent more cytidine than uridinc el I]. 
If the pyrimidine nucieotides from the RNA ribosomal 
precursors still in the nucleus arc rcutilizcd, a higher 
reutilization of cytidine nucleotidcs can ho assumed 
because their quantity formed by the degradation of 
rRNA is higher. On the contrary, the quantity of cyti- 
dine nucleotides in the total acid-soluble pool. which 
represents the predominant part of the cytoplasm. is 
approximately six times lower than the quantity of uri- 
dine nucleotides [I23 This fact also indicates the 
necessity of a more effective utilization of cytidinc nu- 
cleotides in RNA synthesis. This utilization could be 
made possible not only by a faster transport of CTP 
from the cytopIasm to the nucleus but also by its syn- 
thesis from UTP directly in the nucleus [7]. 

The administration ofphenobarhi~dl affects the sya- 
thesis and degradation of RNA in the liver. During the 
initial stage after the first dose of phenobarbital a 
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higher incorporation of labeled erotic acid into cyto- 
plasmic RNA has been observed 1131, especially into 
the RNA ribosomes bound to membranes 1141. The 
increase of specific activity of cytoplasmic RNA 
shortly after the administration of phenobarbital could 
be related to the changes in the transport mechanism 
rather than to the increase of RNA synthesis in the 
nucleus. Phenobarbital does not increase the incorpor- 
ation of the radioactive precursors into nuclear RNA 
at any of the time intervals examined [IS]. However, 
in liver of immature rats, an increase of the degree of 
methylation and of the quantity of cytidine-guanosine 
rich RNA after the administration of the drug has been 
observed [ 161. A study of the specific activities of 
RNAs of isolated cytoplasmic ribosomes during 
phenobarbital administration has shown that this drug 
decreases the utilization of labeled erotic acid for syn- 
thesis of cytidylic acid of rRNA 141. The specific activi- 
ties of uridylic acid of rRNA are altered only a little. 
The incorporation of labeled erotic acid into the pyri- 
midine nucleotides of rRNA can be affected after the 
phenobarbital administration also by changes in the 
metabolism of pyrimidine nucleoside triphosphates. It 
has been observed that chronic administration of the 
drug increases the activity of cytidine triphosphate 
synthetase. CTPase and UTPase in the particle-free 
fraction of the liver. On the contrary, the nucleoside 
triphosphatase activities of pyrimidines in the microso- 
ma1 fraction are decreased after chronic phenobarbital 
administration [6]. These findings indicate that the 
results of the determination of RNA synthesis in aiuo 
in terms of incorporation of labeled erotic acid can be 
distorted by changes in the specific activities of pyrimi- 
dint nucleoside triphosphates. 

The half-life of the specific activity of RNA of the 
cytoplasmic ribosomes is prolonged during phenobar- 
bital treatment [ 171. The turnover rates of uridine and 
cytidine in this RNA, however, are affected differently. 
The half-life of UMP of ribosomal RNA is approxj- 
mately 10 per cent longer in the experimental group. 
This prolongation can be explained by decreased 
degradation of both the cytoplasmic [l&21] and the 
nuclear [IS] RNA. The specific activity of CMP of 
ribosomal RNA decreases during phenobarbital treat- 
ment with a half-life approx. 30 per cent longer than 

in the control group. An additional increase of the reu- 
tilization of the cytidine RNA precursors after pheno- 
barbital administration most likely participates on this 
prolongation. A slower decrease of the specific activity 
of CMP of ribosomal RNA is related also to changes 
in the pyrimidine metabolism [6] and to the increase 
of the metabolic stability of 45s RNA in the nuclei of 
liver cells after phenobarbital administration [ 151. 
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