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SUMMARY

SEIFERT, J., AND VACHA, J. : Pyrimidine nucleotide synthesis amid degradation in rat
liver after repeated phenobarbital administratiomi. Mo!. Pharmacol. 10, 669-677 (1974).

The enzyme systems associated with the synthesis and degradation of pyrimidint nucleo-

tides in rat liver after the repeated administration of phenobarbital � studied. The in-

corporation of [2-’4C]orotic acid into uridine components of the free nucleotide pool renuains

unchanged, whereas incorporation into cytidine components is decreased. The cytidinc tn-
phosphate synthetase, UTPase, and CTPase activities of cytosol are increased. The activi-

ties of ii’-nucleotidases of the cytosol and microsomal fraction as well as UTPase amid CTPase

of the microsomal fraction are decreased. The activities of nucleoside, nucleoside mono-
phosphate, and diphosphat-e kinases of unidine and cytidine compomients and the activity of
cytosol unidine phosphorylase are not affected. Deamination of cytidine in the presence of

the whole homogenate, the microsomal fraction, and the cytosol is not altered. Finally,
the ATPase activity of the cytosol is not affected, while that of the microsomal fraction is

decreased.

INTRODUCTION

Study of biochemical changes accompany-
ing the induction of drug-metabolizing

micnosomal enzymes (1 , 2) and hypertrophic
changes in the liver following administra-

tion of phenobarbital (3-5) showed that the
compound affected the synthesis of proteins
(6, 7), nucleic acids (8-10), and phospho-

lil)ids (I 1). Although some enzyme systems
are activated, other enzyme activities are
decreased, both in the cytosol and in the
microsomal fraction of liver cells (12-15).
Different enzyme systems are activated only
directly after initial exposure to the drug
and become less active during the course of

repeated administration. This diminishing
response is apparent even during the syn-
thesis of liver RXA. A single administration
of phenobarbital stimulates the incompora-

ti(ifl of labeled orotic acid into cytol)hisnlic
nibosomal RNA (8, 9, 16, 17), while repeated
administration of the drug decreases the
utilization of labeled precursor for rRNA

synthesis (16, 17). In young rats administra-
tion of phenobarbital increases the RXA:

DNA ratio �Ii hepatocyte nuclei as well as in
whole liver (IS), indicating that the (1mg
affects RXA synthesis and liver growth in
young, rapidly growimig animals to a differ-
ent extent (19) than in adults, where liver

I)rohiferation, as well as over-all growth,
proceeds more slowly (20).

The structural simibamitv between bambi-
tunic acid derivatives and th#{236}eb)Ynimidine

bases suggested that the barbiturates might

interfere with thue metabolism of j)yrmmidimie

nucleotides as well as with nucleic acids.

The 1)resence of barbiturates in the culture
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nuttliunu (1e1)It’ssts t he l)t’netrat lou t If tat Iti(

mtcitl across the bacterial nuenubrane (21 , 22).

In liver tissue slict’s some inhibittirv tifects

(If barbiturates (Ill tlit synthesis (If l)Yrimi-
(title nu(ltot-i(Ies (lv lUfl’O \%,�(�( (les(ribt(1 (23),

flIld ilihlibitiOfl of (lihydroortitate (lehv-

(lrogeliase was observed in the preseiice of

barbituric acid even in human ((‘11 tissue

(ultures (24, 2.�3). Inhibiti(imi of growth,

j)rotein symitliesis (2(3), and iiucleic a(id syn-
t hiesis �vas observed in a miuniber tif niarn-

fliIihiItIi ((11 (liltUmts tXpt)se(1 ttl barbiturates

(27, 2%).
rfhte earlier observatiomi that thue admimuis-

t rat 1( III t if l)hutmiobarbitab decreases thue utili-

zatitin tif babtbt�1 tirotit acid for thie symithuesis
(I! (Vti(liltt’ IiU(l(tltidtS tif nIRNA as �vell as

tliN-\ (1(3) led Us ttl studs’ the effect of this

(t iiuupt 11111(1 t Ili emizvme -ysteluis invt ilve(i Hi

thit synthesis tt.Ii(1 (legradatioli of l)�’rmflii(1ifle
Iili(1(t)ti(Its in rat- liver.

�l ETHODS

-i 11 in,al.s. i\Iale rats (\Vistar, Lvsolaje

strain, �veighiing 130 g at thue btginnimig of

t lit � t xptriniemut ) were givelu j)huen (barbital

(sodiunu salt, \Ierck) iii drinking \\Liter

( 1 g 1i I t ‘I ) . �fhu aiiimuuals ��ere fast (d ft �r 1 2 hr

I II�j( Ii t( I (itmithi. l:mtthi exl)erinutlutal gm�oiip 1�i_

(lui(lttl five rats.

( ‘/1(111 l(al,�. [2-’�(’ J( )n Iti( a(i(1 (sp�ifit at-

I ivity, 47 nu(1i, - nuIul lit) , �2-’4CJtiridimit (spe-

(-ilit attiVitV, .53 iuiCi - niiuut)le), [LT_’4Cluridine

)‘iili�5i)himLtt (spetilic activity, �300 i-nC1i,/
1111111 lit ) , tiIi(1 [t-’4(1(Vtidilit (sptcific ac-

ti\’ity, 222 nu(’i, nunuolt) were obtained fronu

I Ill 1 mi-ztmtutt ft II i�tstamth, Productit ill an1

l-,s(’s I If T�adil iistit( Ij)�S imi 1�ragut. Labeled

t�yt i(Iilit’ �)‘-tril)llt ISj)hiIitt -v��as l)Il)iilt(l cmi-

zvniaticahby by the kinast’ reactu)Ii Ironu

tU-�4(’(‘Vti(lmn(.
‘Flit’ mats \\(lt’ tlttmtjiitatetil, ItIi(l thtir livers

\vt l( tXtist5l , �vtightd, IiII(l lit II1It)gtmnze(1

\\. I t I i 03 �‘t liii nut s I It itt -(1)1(1 bulTtrt d Sti(It 151

liil(litilH (29). hit nhierllstinual fractitln IIII(I

t:vt I 151 Ii \V(1( istliat ((1 �tS (lt’stIibt(l earlier

(3() ) . �Fhit Iuui(l ist Ilulmib frattit Ili wmis stis-

lit’ll(ittl ili btilTtrtd su(rtis( ni(diunu, tentri-
ilIgt(1 at- 150,000 X q for 30 flint, ttIi(l

rtsuspended in the SItlflt� buffer ftlr (StifliIttitill

(If enz nue tiCti’s’iti(’S.

I)elerni iiiol jolt 0/ ItilaI a 11)011 ii Is a 11(1 specitu’

(l(1ll’iIi(.’� (Ii /)1/i1)1) i(Ilml(’ 11 ,Icle(ili(le (O11l/)(illCllI.S

of lice /, ucleoti(/c /1001. The isolation and

hvdrtilvsis of the free nucleotides were de-

scribt’d earlier (1 6). Aliqutits of the hydroly-
sate \�(‘re chromattigraphed using Whatman

Xti. 3 paper. Uracil and cytosine were sepa-

rated lIi system C (see below). Following

their t’lutitimi with water and subsequent

evai�t irat it)n , bot hi subst ances were rechro- -

matographed in system B (see below). To
calculate the con(entrat-ions of the Pyrim-
idine bases, aliquots of the eluates were

titrated with hydrochloric acid to 0.01 M and
mt’asured iii an ultraviolet spectrophotom-
eter. To estimate the amount of uracil, a
mi(r(Imolar extimi(tion coefficient of S.2 was

used at 259 nnu, and for cytosine a value of

10.2 was used at 274 nm. The radioactivity
of tlit’ mietitral aliquot \Vti5 estimated usimig a

dioxamue scimutilbattir (4 g of 2,5-diphenyl-

tixazcile, 100 mg cif p-bis[2-(5-phenyl-
(oxazolyl)]benzene, amid 125 g of naphthalene

per liter of dioxane). The specific activity is
expressed as coumits per minute per micro-

nuole tif pyrimidine base.
Emizyine assays. The proteili Ct nicent ratit )Ii

of the (yli)sOl, unless stated otherwise, was

15-20 mg-nil, and that- of the microsomal
fractitln \va,s 10-15 muig/ml. lleact-ic)n mix-
tures ��ere incubatt’(l at 37#{176}�II a total volunie
tlf 0.5 ml. The rea(titilu ��‘as t(rfliiflate(1 (see

below) ‘in(1 tlit’ l)re(ipitated l)rotein was

separated by (elltrifugati(in. ��li(flit)ts of the
suj)ernatant fract ions were aj)plied to

\Vhiatnian Nti. 3 clironiatigraj)hic l)apt’r.
‘fl-it’ absorbimug Z(Ilit’5 were dtttct ed undt’r

ultraviolet light . Thit’ following solvent sys-

tents wert’ (‘nupl(lvt’(l for i)itl)t’r (hirtiniattig-

ral)hv : A, isobutvric aci(1-water---((ili(emi-

trated aniflit)flhuini hi��lmtixide ((3(3 : :33 : I .5)

B, I -butanol--�tct’tic acid-water ( I 0 : 2 : I 0)

(_�, 2-propanol--HCI--watt’r (170:41 :39). I’(ir
thit’ t’stin-iatit�n t If t ‘nzvnit �ictivit-its blank

values \vt’rt’ subtrattt’d fronu tltt ra(Iitiac-

t ivitv I IF ctbst Irbante readings. Radit lact ivity

\\-its estinuatt’(I with mt Packard spectrometer.

I)eIeiininalion (it (lCIil’itl/ oj (i]Ii(lil)e tri/)/lOS-

p/)aI(’ .s’?JnI/lelas(’ LI-i:(�l /1.3.4.2, ( TJ�-aniinonia

liqase (AI)P)I. The niethiod (if (‘helbova

c/ al. (31) �vas ust’(.l with tht foiltiwing m(Iclih-

(‘at it 1115. ‘I’lit’ imi(ulbat it in n-ie(hiun-i (ontaine(l

400,000 (j)Iui t If [[-14C1uridim�’ )‘j)lit ispliatt,

an(1 0.2-nil saniples tif tlit’ substrate nuixture

ctinibimued with 0.3 ml of liver cytostil,
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(ontailiing 35-4�) nig of prottimi per nuubbiliter.

The incubation was termimiated after 20 mimi

by the addition of 0.5 ml of 2 N HC1. After

separation of PreciPitated proteins, the
supernatant fraction was hydrolyzed in

seabed ampoules at 100#{176}for 15 miii. Then 40
/.41 of the hydrolyzed reaction mixtures,

together with noniabeled pyrimidimie nu-

cleosidt monophosphates, nucle isides, and
bases, were placed on chromat igraphic

paper amid s(parated in solvent A. The
individual compt )Ii(mits , correspt )miding to

posititins of stamidards on the chiromatogram,
were cut out and their radioactivity was
determined by liquid scintillatitimi coumuting
in 4 g of 2 , 5-diphenyloxazole amid 100 mg of

p-bis[2-(5-phenyboxazolyl)Ibemizene per liter
of tolutne. The Sl)ecific activities of cytidine
t-riph isphate synthet ase were calculate(l as

percentages of the radioactivity of cyt-idyhic
acid and cvtidine referred to the total radio-
activity of uridvlic acid. The specific activity

of the emuzyme is txl)resSed as nanomoles of

cyt idine miucleot-ides per milligram of i)motein

per hour.
Delerininatioii of A TPase (EC 3.6.1.3,

A TP p/iospholiydrolase), ( TPase, C’ TPase,

aiid #{246}’-itacleoti(lase (EC 3.1 .3.5, 5’-ribon ueleo-

tide pIEOSj)h ohydrolase) -in in icrosomnal fmact ion

and cjltosol. The incubation mixture ct in -

tauied 50 mw Tris-HCI buffer (pH 7.7), 4.0
m�i MgCI2, and 4.0 niu substrate. 1”irst 0.3
ml Of the substrate mixture was combined
with 0. 2 ml of nucnosomal fraction (or
(‘ytosol ) . Nucleoside tniphosphatases and

5’-nucbeotidases of the microsomal fract-iomi
were ilicubated 4 miii, and tht)se of the cyto-

sol, for 20 mm. Thut rea(tion was terminated

by heating at 100#{176}for 1 mm. Thu enzyme

activiti(s of CTPase, lJTPase and 5’-
nuclet it idase \\�(q(, clet ernuimieci 15( it t ii)icmll by by

the atklition t�f %0,0()0 (j)ni of labeled sub-

strate t(I the rt’actitin mixture. The imudi-

viduab t� imptinent 5 isere separat ed in st)lvent

A. AI)P and A�\1P formed during estimation

of ATPase activity were elutcd withi 0.01 N

HC1, aii(l absorbance \\�a5 measured at 259

nm. The nucleoside triph(Isphat ase activities

were calculated from the total radioactivi-

ties (absorbamice) of Iiucleoside diphi lSj that es

amid nut inclpliosplia I es, and 5’ -miucltt it idase,

froni the ttltal of nu(Ie(itides and bast’s. The

sl)ecific act iviti(’s art’ t’xpr(’ssed as micro-
moles per milligram (If pr(itt’in pt�r hour.

�Ji:st iination oJ ii 1i(Iine (ejjlidine) kiii cisc

( EC 2.7.1 .48, A TP: l1)i(limie .9’-j)ll()S/)hOlmafl.S’-

#{149}ferase) . Thu rea(t li �n nuixt tire colitaine(1 50
mit Tris-HC1 buffer (pH 7.7), 4.0 mu ATP,

4.0 mu )sIgCl2, 0.4 ni�i uridint’ (or 0.2 mn
(ytidiflt’), IiIi(1 100,000 (pni of labeled uridine
(or cvtidine). The substrate mixturt’ was

conubined with 0.1 ml (If cvttisol. The incu-
bation was carried out for 6 or 15 miii, using
uridine (In cvtidine aS substrate, respectively.
Thie reacti(imi was terminated by heating at

100#{176}for 1 ruin. Aliquots of the supemnatant
fractions were (hurt matt Igraphied together
i�ith nonlabeled PYrimi(line nucleosides,

nuclei/side l)hosl)hiat(’s , an(1 polyphioSphiat(’s,

amid sel)arated in stilvent A. The specific
activities of unidine (cvtidine) kinase ar(’

exprt’ssed in mi(nt)moles as the total of all

phosphorylated derivatives of unidine (cyti-
dine) per Iriillignanu of prt It(’in Per hour.

EsI iinal io,i of ui lidifle /)/i ospli-orylase (L�C

2.4.2.3, i�ricline : ortl)op/lospllale ribOS7Jlllafls-

ferase). The reaction mixtun(’ (ontained 20
n-ui! l)h105l)11tttt� bufft’n (l)H 7.0), 0.4 ni�ii
uri(hn(’, amid 100,000 Cl)fli �f labelt’d uridine.

Thit’ substrate nuixture � conubined wit Ii
0. 1 liii (If thie (vtostil. Incubation � carried
out for 6 miii and ternuinatt(1 by addimig tn-
chloracetic It(i(l tti a final comitt’ntnatitin of

5 ( ( . 1�he supt’rnatamut fractitIn \\mts a�)plie(1 to

chroniatographic Pal�r t Igtthier ��it hi iion-

labt’lt’d unidilie and uracil amid separate(I in

solvent B. The sl)eciuic activity tif the

enzyme is expressed as micromoles (If uratil

fornied per nuilligranu of prtitt’in pen hour.
Lsliinauioii of cyti(line (kam)liliUSC (E(’

3.5.4.5, (iJti(liflC aniino/iydrolase). ‘I�hie men-
bation mixture contain(’(l 50 mr rfrisFl(ll

buffer (iH 7.7) and 0.02 nuit cvti(lin(’

(5()0,0()0 cpnu). Substrate mixture (0.2 lull)

uvas (onubimued with 0.3 nil of flit’ hitIflit Igenate,

flllCltIst)IiIIii frmuctioiu, tlr (VttIstIl. 1Il(uIhIIti( Ifl

i\.as (OIltIli(t(’d for :� hr. The r(’action was

temnuimiate(1 by adding tnicith Inoacet it aci(l t I

i_-i final (on(t’mitrati(In (If 5 . A_mialiqutit of flit’

superna-tmtiut fractit Ifi \\as (hroniatograj)hi((b

togethier with pyninuidine miucleosidcs muid

bases in sobvt’nt A. ihe specific activity (If

cVti(lillt (It’IiliiiIlIlS(’ i5 t’xpresse(l as pic lInt lit’s

of uridilie all(l uracil formed Inn milligram (if

1)11 itt lU I )t ‘I litIun.
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Protein was determined according to

Lowry ci al. (32), using bovine serum albu-

mm as standard.

RESULTS

The total amount of unidine bases isolated

from tht’ nucleotide pool and expressed pen
unit weight- of tissue nemaimied unaffected
after repeated phenobarbital administration.
The concentration of cytidine bases was

slightly lower, but the difference was not

significant . Incorporation of labeled on It ic

acid imito the 1)oOl of unidine nucleotides was
not affected by nepeat(’d administration of

the drug; however, the specific activity of
the cytidine compomi(’nts was lower in flit’

exp(’nim(’ntal group (Fig. 1).
Repeated administration of phenobanbital

increased the cytidine tniphosphate synthe-
tase activity of the hv(’n cytosol, beginning

on the second day of administration (Fig. 2).

The amimuation proceeded linearly for 40 mm
in the i�resence of both cytosols under com-
j)anison. An increase in activity of cytidine

tniphosphate synthetase imi the experiment-al

group was seen after the first- minutt’ of incu-

batiomu . N o differences were observed when
labt’led UTP was used as substrate.

Under the condition used for estimating

(Vtidin(’ tniphosphate synthetase activity

CONCENTRATION SPECIFIC ACTIVITY 1)

� 1o-� 0-2

- -

� I E

-� � � I� �
� o-s� � o-i�

� � - �

0] 0

U C

Fmu. 1. (!omlceml(ralioml.s 00(1 specific activities of

-uri(Ii mlC aml(l cytid im� c eomml-po?1 C/I Is of acid-soluble pool

Unshaded columns , coot rols ; hatched colunins,

8 days of phenobarbital treatnuent. The rats were

killed 20 hr afterlabeled orot ic acid adnuinist ration

(15 ,.Ci/kg of body weight). Significantly different

results (p < 0.05) are denoted by asterisks. The

bracket-s indicate the standard errors of six deter-

miuimiations.

2 4 6 8
TIME OF PHENOBARBITAL TREATMENT(days)

FIG. 2. Cytidine triphosphate syvthetase activity

of cytosol

Each point represents an individual cytosol

isolation. The values are the mean of four deter-

niinations.

during a 2-mm incubation, labeled 5’-UMP
was phosphorylated more than SO �- to

UTP, and no significamut- differences in its
concentration were seen in the two cytosols

under comparison (Fig. 3). Similarly, no
differeiices wt’re observed in ATP concentra-

tion in the incubation medium.
The specific activities of cytidine tniphos-

phate synthetase of the cytosol were not
affected by a 3-hr dialysis. The increased
enzyme activity was maintained in the cvto-
sol of phenobarbital-treated animals (Table

The activity of 5’-nucleotidase in the

(‘yt(isOl and microsomal fractiomi was de-
creased in the exp(’rimental group. The
decrease was the same in the j)nesenct’ of 24
n�1M MgCl2, and hence did not appt’an to be
caused by changes in f-he activities of non-

specific phosphatase of the liver cytosol

(34). On the other hand, the activities of

CTPase and UTPase in the cytosol wi’ne in-
creased after repeated administration of
phenobarbital but w(’re lowered ili the
micrt)sornal fraction (Table 2).

The stepwise degradation of CTP by liver
CytOS( il of i)henobarbital-t reated amiimals

showed t’nhanced CTP dephosphonylation

(higher CTPase activity) and 5’-CMP

accumulation (lower 5’-nucleot idast ‘ ac-
tivity) (Fig. 4).

The ATPase activity of the liver (vtosol
was affected only slightly during the course
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0-2 �-

20 30 40 50 50

T�ME(min)

Fi. 3. [‘4C]UTP level UI reactioml nuxture (I/trimly determinatioml of eytidine triph(Isphate symtthetase

-activity

The compositiomi of the reacti(in nuixture was the same as for the CTP synthctase activity determina-
tion, but without glutamine. O-O, controls; � after 8 days of phenobarhital treatment.

TABLE 1

‘Cytidimie triphosphate symlthetase activity of non-

dialyzed and dialyzed cy/osol of rat liver

The dialysis was performed according to Wein-

feld and Sandberg (33). The dialyzed cytosol was

adjusted to pH 7.3 with 0.2 at Tris, pH 9.0 The
phenobarbital was given for 8 days. Values are the
means and standard errors of six determinations.

Rats Cytosol

Non dialyzed Dialyzed

nmoles/mg protein/hr

Controls 0.78 ± 0.16 0.83 ± 0.14

Phenobarbital-
treated 1.88 ± 0.28 1.95 ± 0.36

of phenobarbital admimiistnation, although it
gradually decreased in the mi(’rosomal frac-

tion (35) (Fig. 3).
The activity of unidine-cytidine kinase in

the cytosol was not altered after repeated

I)henObarbit-al treatment , except on time first
day after intnaj)enitoneal administration. An

analogous course was exhibited by the
activities of uridine phiosphorylase (Fig. 6).

No differences were observed in the radio-
activity of nucleoside diphosphates and fri -

phosphates, indicatimig that no changes imi
the corresponding kinases were involved.

The activity of liver cytidine deaminase
was extremely low. The amounts of unidine

and uracil formed imi cytosol are about 3

I)flioles; in the microsomal fraction, 2 pmoles;
and in tht’ total homogenate, 4 pnuoles/mg of

protein pt’r hour. After S days of pheno-

barbital administration no significant differ-
enc(’s ill deaminase activity wt’rt’ found in

any tif these fractions.

None of the emuzynu(’s examined was signifi-
calitlv affected by the presence of pheno-
barbital (sodium salt) at a concentration of
2.0 m�i imi the ilicubafi(in mt’dium.

DISCUSSI ON

The repeated administration of I)hit’Iit)-

barbital decreases flit’ incorporation If

labeled orotic acid into cyt-idine nucleotides

of nRNA an(1 tRNA and info cytidine
nucleotides of thie free nucleotide 1)001 (16).

The Specifi(’ nadioacfivities of unidine
nucleotides (If cytoplasmic RNAs (after
correctiomu for the increased nibtisonue content

in flue hvpertrophic cells) and of the unidine
components of the free nucleotide Pool are

not- affected by repeated administration of

I)huenobarbital. This imudicates that the corn-
pound probably does miot affect the enzyme
system involved in the synthesis of pynimi-
dimue IuUcleotid(’s along the metabolic j)ath-

way from orofic acid onward. The preceding
reactions are apparently also umiaffected. If
f-hey were iluhiibited omie would expect in-
creased utilization of exogenous labeled

orotic acid. The repeat-ed administration of
the drug does miot affect- the penetration of
labeled onotic acid imito liver cells, since

neither the tt)tIil radioactivity referred tti

unit- tissue weight (1 6) nor f-lie specific
radioactivity tif the free nucleotide pool is
significantly altered (16, 17).

Ftir a bettt’r understa-ndimug of the 1)11db-



j.imoles nucleosi-de
diphosphale/mg protein/hr

Mmoles nucleosrde/mg protein/hr

Nlicrosomnal fraction

Controls 2.3 ± 0.3 2.2 ± 0.3 3.2 ± 0.4 2.1 ± 0.3
Phenobarbital-t-reated 1.6 ± 0.2 1.4 ± 0.3 1.7 ± 0.3 1.2 ± 0.2

(;�_ of controls (9’� 63� 53l��- 57((

Cytosol
Controls 0. 18 ± 0.03 0. 15 ± 0.03 0.31 ± 0.05 0.34 ± 0.04

Phenobarhit-al-treated 0,36 ± 005 027 ± 0.04 0.19 ± 0.02 0.20 ± 0.03

t)f controls 200�( 180�� 59((
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TABLE 2

.v iteleoside triphosphatase and t5’-n-ucleotidase activities of rat liver inicrosomal fraction and

cytosol

The rats were given phenobarbit-al for 8 days. The values are the means and standard errors of eight

det-erminat i�ins.

Rats UTPase CTPase 5’-UMPase 5’-CMPase

60 120

TIME(min)

Fit. 4. (‘lea/age (if [f’m4(’l(!,ti(li,Ie triphosphaic

by cytosol

A. Controls. B. After S days (if phemiobarbital

treatment - The supernat ant fract 1(Ifl5 are adjusted

to the same protein concentration O-O, CDP;

.----., CMP; C-C, cytidine.

barbital effect on cyfidine nucleotide syn-

thesis i!i rat liver it is important- to take into

consideration t he following observations.
Labeled tirotic acid is incorporated info the
cytidine moiety of RXA only following a
considerable lag (36, 37). The sj)ecific
activities of uridylic acid and cytidylic acid

of rR-NA become equal about- 10 days after

f-he a(Iministratiomi of labeled (Irof-ic acid,

�I � � - 15�
h � -�------------. �

� 1

0� � 1o�

� � D �
TME OF i��ENOBAPB�-L TREATMENT days)

FIG. 5. ATPase activities of liver ?ni(’rosomal

f ractioit and cytosol

o-------o, nuicrosonues; #{149}-�, (Vt(IS(Il. The
brackets imidicate the stamidard errtirs (If eight

deternuinations.

amid the half-life of the cyfosine nuoiety of
rRNA is longer than the half-life of uridylic

acid (38). The total content of the cytidine
components of the free nucleot-ide pool is

about 3-6 times lower thamu the contemit of

unidine components (39).
The decrease in specific nadioacfivifies of

the cytidine moieties of rR-NA, tRNA, and
the 1)001 after repeated administration of

I)huemi(Ibanbifal (16) cannot be correlated with
the activities of cyt-idine tniphosphate syn-
thetase (if the liver cvtosol determined in

vitro. The activities of the enzyme are appan-
(‘mufly increased, depending on the time of

administration of flit’ drug. This rise of
activity is not due to secondary changes of
the metabolism of substrates or cofactons of
the neactli)n or to flue l)r’senct1 of a low

nuolecular weight- activator.
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FIG. 6. Uridine (cytidine) kinase and nridine phosphorylase activities of cytosol

o-o, uridine kinase, #{149}-S, cytidine kinase; � uridine phosphorylase. The brackets
indicate the standard errors of eight determinations.
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URACIL �- - - - CYTOSNE

degradation

FIG. 7. Jt1elabolic al/era/jo/Is in pyriinidi-ne

synthesis and degradation of liver eytosoi after

repeated phenobarbital ad-rn in istration

The properties of the cyfidine tniphos-
phat-e synthefase of mammalian cells and

the factors participating in the control of
its activity are not known in detail, simice
the enzyme has not been isolated on partially
purified. In the cyfosol of liven cells of adult
rats, cytidine t-niphosphate synthetase has a
low activity of about- 1 nmole of CTP per
milligram of protein per hour (40). This fact,
together with the low concentration of
cytidine components of the free nucleotide
pool (39), indicates that the synthesis of
cytidine nucleotides is rate-limiting amid may
represent an important factor in the negula-
tony mechanism of nucleic acid synthesis and
cell proliferation (41 , 42). Increased activi-
ties of cytidine fniphosphate synthetase
have been described for tissues with in-

creased proliferative activity (40). Enhanced

amination of unidine nucleotides was ob-
served imu liven after a single dose of ct)lclu-

D9 �
z
w

37 -�,

05

cimie. Iii contrast to phemut)barbifal, it was

associated wit-h increased utilization of

labeled onotic acid for the synthesis of
cytidimie RNA nucleotides, while the sl)eCific

activities of the uridine nucleotides were
only slightly affected (33).

The repeated administration (If Phi�flO-

barbital increases the (‘muzyme activities
leading to breakdown (If CTP and UTP,
���hilt’ the del)hosI)ht)nylafilili tif ATP �Ii the

cytosol is hot markedly changed. The
activation of CTP symithesis, together with
its incn(’ased degradation , indicat (s t hat
administration of the drug may interfere
with control mechanisms regulating the

steady state of pynimidine nucleoside

phosphates in the cell. ()n the contrary, the
activity of micnosomal pynimidine nucleoside
tniphosphatases is depressed. The prt Ilt ingt’d
administration of phentIbarbital siniult ane-

ously decreases the activities of the enzynues

that cleave 3’-CMP and 3’-UMP both in the
C�’tt)5ol and in the microsomal fnactioli of

liver. The decrease in these activities imi flue
liven is inversely related to the growth cycle

and can represent one of the factors rt’gulat-
ing the synthesis (if pynimidin(’ !iuclt’t)tides

amid nucleic acids (43).

The syntht’sis of j)ynimidint’ nucl t It ides

jIb the cells is controlled by a numuuber (If

feedback imihibitions (44-47). 1)iffenences in

enzyme activities degrading the p3’nimidine
precursors of nucleic acids suggest that de-

creased utilization of labeled onofic acid for

the synthesis of cvtidimue miucleofides nua�’ be
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(�IU15C(l by interference with the regulatory
mechuanisnus t)f cytidine tniphosphate syn-

t-hetase activity by the inhibitory action of a

product (on products) of pynimidine metabo-

hism whose comicentrat-ion is changed after
the administration of phenobanbital. The
activity of partially purified cytidine tn-
phosphate synthetase from Escherichia cciii

is regulated by pynimidine a�s well as punine

nucleoside fniphosphates (48, 49). It was

observed that the drop in specific activity
of the tot-al Pool of free nucleotides after the

administration of labeled onotic acid to
amd nials w’hichu had received phenobarbit-al
rept ‘a t edly proceeds more slowly, beginning
I 0 hr after the administration of labeled

precursor (I 6). Decreased degradation of
uracil was observed even after phenobanbital

admiluistratiomi to mice (30).

A summary of the result-s suggest-s that f-lie

rcpt’a-t(’d adnui nistration of phenobarbital,

whichi is structurally related to pynimidines,

affects the enzyme systems associated wit-h
tlit’ svmithiesis and degradation of pynimidine
!ilWl(’(iti(It’s lIi the cytosol (Fig. 7) and micro-
5(iII1III fraction of liven cells. In experiments

iii- rico these changes are reflected by the
decreased utilizafiomi of labeled onotic acid

for synthesis (If the cytidine moiety of the

total nucleotide I)OOl as well as of cvt-o-

Plasluuic RNAs, while the synthesis of
unidine components is hot markedly affected

( 16). At I)resent u�.e cannot- decide whether
thiest’ chiarigt’s are associated with the indtic-

f-ioIl of drug-nuetabolizing IfllcrOsomal en-

zvnues, with intracellular changes and liver

ct�’I1 huypertrophy, or with the activation of

‘I )at ocvte Proliferation aft en repeated ad-
ministratitin of l)hieluobIirbit!tl (51-53) . A
mt Ire detailed stu(lV of these asj)ects and of

f-hit’ changes related to the composition and
Ifl( f ub IliSIli of individual phuosphorylated

�)yrinuicliIue cOIfljTiO!it1IitS of the free nucleo-
fi(1(’ Ptiol after a(ImiluiStrafit)mi of flue drug

is 1111W under \VaV.
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