
ENHANCEMENT OF RAT LIVER URIDINE KINASE 
ACTIVITY BY VARIOUS METABOLIC 

INHIBITORS 

Ahstract~-Of 15 compounds tetcd. cisht namel!. 5-:lracytldinc. gougerotin. qclo- 
ht3imide. p;lctxm~cin. \trepto\ltacln A. :tdriam!cln. d;umnrubicin :Ind thin~lc~tamIdc 

,-C\ultcd 111 the I‘IIIl;IIlcclllcIll or II\<]- Lll-ldillC LItlax ;IcII\ II! l,, , // 0 PUI i~lll~,cIn dlld acllllo- 

myzin D produced ‘L alight decrease in en/>mc ,~t~\lt>. Mlth 1~1th 5-;1rac)t1dinc and CJCIO- 
heuimide. the enhancement otxcrved web independent 01‘ ;idrennl wrctIon. Some of the 
compounds which enhanced hcp;~t~c III-ldlnc kin;lw ;ic‘tl\ ‘I! I LI/;IC! tldine. c>clohc\lmide 

and related gluturimidc antibiotic51 c‘oncomlt,~ntl~ 5upprewxi the acll\lt! of the cnr! mc 111 
the th!mub. wh~lc daunoruhwn. adrlam\cin ;~nd thioacctamidc v,t‘r~‘ much 1~1s ef‘ect~vc in 

this respect. No relation has been found~butwccn thr effect of the tested compounds on the 
incorporation of erotic acid into RNA and the enhanced activity of hepatic uridine kinase. 

UKIDINI. kinasc is important in the trcatmcnt of experimental ncoplasias with pyrimi- 
dine analogues, since it catalyzes the phosphorylation of the latter to their 
corresponding 5’-monophosphates. I.’ The deletion of uridine kinase in tumor cells 
is accompanied by the development of resistance to uridinc and cytidine analogues.” -’ 
Recently we have found’,’ that the administration of 5-azacytidinc results in the 
enhancement of liver uridine kinase activity by a process which is independent of 
adrenal secretion. and which is unaffected by a number of compounds interfering 
with DNA. RNA and protein synthesis. Cyclohcximide also enhances the activity 
of uridine kinase in the liver.x The ability to enhance selectively the activities of 
enzymes responsible for the activation of oncolytic agents would be of considerable 
consequence in cancer chemotherapy. and the present report discusses the effects of a 
broad spectrum of drugs on the activity of hepatic uridine kinase. 

MATERIALS AND MLTHODS 

Chernic~lls. Adenosine 5’-triphosphate. 5-phosphorylribose-l-pyrophosphatc and 
cycloheximidc wcrc obtained from Calbiochem. Luzern. 5-Azacytidine, 6-azauridine 
5’-monophosphate and other tested drugs were synthesized in the Institute of Organic 
Chemistry and Biochemistry, Prague. Glucagon was provided by Lilly Laboratories, 
Indianapolis, III.. and hydrocortisone by Spofa. Prague. Thioacetamide was obtained 
from Lachema. Brno, daunorubicin from May & Baker and adriamycin from 
Pharmitalia. Actinomycin D was purchased from Merck. Sharp & Dohme. West 
Point. N.Y.. and puromycin aminonucleosidc from Sigma. St. Louis. MO. Orotic 
acid-2-“C(3X /lC‘i llmole) and (,-araLiridine-1.5-‘~ C( X0 jl(‘i ~cmole) wet-c provided 
by the Institute for Research. Production and IJs~s of Radioisotopes, Prague. 

IOS7 





in Fig. 2. The maximal effect of 5-azacytidinc was achieved at ;I dose of 2.5 40 mg.‘kg: 
cycloheximide at 1.5-30 mg!kg; daunoruhicin at X-~ IO mg’kg; thioacctamide at 
150 250 mglkg. 

In contrast to various hepatic amino Itcid-metabolizing cnzynes,’ I.’ ’ the increase 
of uridine kinase activity observed in both male and fcmalc rats is i~~dcpe~~dc~~t of the 
dietary regimen. Further. theenhancement of uridine kinase activity is independent ot 
hormonal administration, which is known to induce other enzymes.‘3.” It has been 
reported that the effect of cyclohesimidc is inllwnced by the adrenal secretion.” 
Consequently, wc undertook to invcstigatc tile effect of this drug on hepatic uridine 
kinase in adrcnalcctomixd anim;tls. and \ve found that under these conditions the 
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Enhancement of rat liver uridine kinase activity 1091 

process of uridine kinase enh~~ncement remained unaffected (Table 2). In agreement 
with this finding, not only glucagon but also llydrocortisolle (70 mgikg). administered 
14 and 3 hr before killing, alone or in corilbination with cyclohcxi~ide, were without 
effect on hepatic uridine kinase in intact or ~idrcnalectomized rats. The daily admini- 
stration ol’ hydrocortisone (4 days, 10 mg;kg daily) was also without effect. Also 
I.-tryplophan.’ (‘.I - another enzyme inducer. given orally or intraperitoneally (I g/kg) 
failed to influence the activity of uridine kinase. 

Urldlnc kinase (Llmo1es.g li\er per hr & S.E.I 
._~_. 

Conditions Intact (/I<,) Adrcnalectomlzed (“,>I 
___---- -.___-...~- 

(‘Ollt~Ol I.3 * 0.16 100 I.37 F 0.13 IO0 
Cqclohe\imidc 2.42 + 0.21 IX9 2.34 :t 0.19 171 
Glucagon 1.25 IO.18 98 1~30 * 016 95 
Cqcloheximide + glucagon 2.63 f 0.26 206 2.60 rt 0.20 190 
_____- .-. 

* Groups of four to six male intact and adrenalactomized rats (175 g) 3 days after operation were 
given cycloheximide (1.2 and O-6 mg,kg respectively) 24 hr before killing. Glucagon (1.5 mgikg) or saline 
was injected i.p. .t and 24 hr before killing. Uridine kinase activity was assayed in cell-free liver extracts 
as described in Methods. 

Different tissues and organisms’ 8p11 have been used for the studies on uridine 
kinase. The activity in kidney, spleen and especially thymus, calculated per g of tissue 
wet wt. is higher than that in the liver (Table 3). We were interested to know to what 
extent drugs active in the liver would modify the activity of uridine kinase in other 
tissues. From our earlier work it is known that Sazacytidine depresses the activity of 
the thymusenzyme.7 Data presented in Table 3 show that cycloheximide also leads to 
theimpairmcnt of uridine kinase in the thymus, while daunorubicin and thioacetamide 
were much less effective. The activity of uridine kinase in kidney and spleen is practically 
unchanged. A similar pattern ofuridine kinasemodification has been observed in mouse 
tissues (unpublished). 

Uridinc kinase activity is generally considered to reflect the relative efficiency of the 
ccl1 or tissue in utilizing preformed pyrimidine precursors by the salvage pathway. 
Metabolic transformation oforotic acid is of primary importance during the synthesis 
of pyrimidines C/C /KXO. For this reason we have studied the effect in r:itw of the drugs 

----~- -~ 

Cridine kinasc (inn&s g IISSW per hr) 
Administcrcd dosu 

(mg.‘kp) Liver Kidnev ThymW Spleen 
_____-.._._ 

Control 0.88 f 0 IO 3, I7 * 030 4x2 2 0.36 3.57 _ir 0.21 
5.Aracvttdinu (251 I.86 * 0.16 7.37 __ + 0.23 2. I 6 
Cycloh&.imidc (2.5) 

_ 0. I 3 1.76 0.13 
1.83 + 0.14 3.51 * 0.26 2.32 f * 0.17 3.51 & & 0.25 

Daunorubtcm (5.0) 1.52 + 0.18 3.31 * CP33 3.44 *- 0.20 2.83 * 0.19 
Thioacctamlde (NO) I .93 * 0. I 7 3.X + O-27 3-33 0.17 (FOX _ * 3.48 i 

* Compounds were administcrcd i.p. to groups of four male rats (I 75 g) 24 hr before killing. Uridine 
kinase was asaaycd in cell-free tlssuc cxtraCts during a IO-min incubation period as described in Methods. 
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drugs inhibit DNA and RNA synthcsisJR ‘(’ by binding to DNA. Unlike the above 

compounds. thioacetamide is hepatotoxic and carcinogenic and does not affect liver 
protein synthesis. This drug increases the concentration of RNA in the nucleoIi”‘S4” 
andmarkedlycnhanccs theratcof uridinc 5’-triphosphate incorporation into nucleolar 
RNA.‘” 

Recently it has hcen found that the activity of ornithine decarboxylase involved in 
polyamine synthesis is strongly increased in thioacetamide-treated animals.4”c Ah 

The level of polyamines is kno\vn to be highest in rapidly growing tissues. as is the 
activity of uridine kinxe. Ho\vevcr. 5-aLacytidine blocks the increase of ornithine 

decarbosylnse observed during liver rcgcncration”7 and during the developi~letlt of 
mouse leukomia.““~“” It is prcsLlml~tivc to correlate the increase of uridine kinasc with 
the possible enhancement of the proIifcr~ltivc activity of the liver after ~drn~nistr~~tioi~ 
of the compounds mcntioncd above. Although the synthesis of polyamines that is 
characteristic of rapidly proliferating systems is inhibited by Sazacytidine. the admini- 
stration of the drug to rats prior to partial hepatectomy results in increased mitotic 
activity and enhanced DNA synthesis in regenerating liver.“’ We cannot thus exclude 
the possibility that the molecular mechanism responsible for the enhancement of 
uridine kinase is different depending on the particular compound used. 

l!ridine kinase induced following 5-azacytidine administration differs from the 
control enzyme preparation in its increased stability to heating.’ It is not known 
whether a simiktr change in the enzyme stability also occurs after ~~dministr~~tion of 
the metabolic il~hibitors used in this study. The finding of two different molecular 
forms ofLlridii1~ kinase in rat liver and different hepatomas” led us to propose that the 
~1drniIljstr~ltion of 5-azacytidinc changes the relation of the two uridine kinase species 
in favor of the more heat-stable low molecular isozyme normally prevailing in 

embryonic rat liver. However. comparing embryonic and adult rat livers, WC wcrc 
tunable to confirm the existcncc of multiple forms of uridine kinax.” Moreover. the 
administration of 5-azacqtidinc depressed liver uridine kinasc activity in embryos. 

Tumors arc characterized by high uridine kinaso activity.i’.Y” The deletion of this 
enzyme in tumor cells is associated with the development of resistance to uridine and 
cvtidine analogues.” ’ Unfortunately. the increase of uridine kinase activity described 
hire has been detected only in the liver. If it were possible to elucidate the mechanism 
rcsponsibic for the ~ilh~lnccrncnt of uridine kinase, and to produce this offcct selectively 

in hcpatomu cells. the drugs might then bc utilized more effectiveI! in colnbin~ltioll 
schedules. 




