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Abstract--N~'-(A2-isopentenyl-adcnosine (IPAR) is a modified ribonucleoside with antitumor activity 
limited at least in part by severe hepatotoxic effects observed in rodents and patients. Four hr after 
i.v. administration of IPAR[8-~4C] to rats, the drug is phosphorylated to the 5'-mono, di-, and triphos- 
phates, and incorporated into RNA but not into DNA and protein of liver and small intestine. In 
contrast, in spleen and thymus, the drug is phosphorylated to the 5'-monophosphate (5'-IPAMP) only 
with no detectable incorporation of the drug into DNA, RNA or protein. The initial phosphorylation 
of IPAR to 5'-IPAMP in liver at 30 rain is accompanied by a 70 per cent reduction in the ATP 
pool and an accumulation of 2.0 l~moles IPAMP/g. In thymus, the drug reduces the size of pyrimidinc 
ribonucleotide pools, resulting in a 2- to 5-fold increase in the specific activity of [t4C]pyrimidinc 
ribonucleotides, These effects may contribute to the understanding of the biochemical basis for selective 
cytotoxicity of N%isopentenyl adenosine. 

N%(A2-isopentenyl)-adenosine (IPAR) is an analog of 
adenosine that has been identified as a component 
of both yeast and mammalian tRNA [1--31. The agent 
has broad biological activity, inhibiting the growth 
of Escherichia coli [4] and Sarcoma 180 cells in cul- 
ture as well as cells derived from human myelogenous 
leukemia but not those derived from human lympho- 
cytic leukemia [5]. In rats, the drug caused severe 
hepatotoxicity, as well as antiproliferative effects in 
intestinal mucosm lymphoid tissues, bone marrow 
and regenerating liver [6]. 

In cultured mammalian cells (e.g. Sarcoma 180, 
mammary carcinoma TA-3, leukemia LI210, and 
canine kidney [7,81), as well as in chicken liver 
homogenates [91, IPAR has been reported to be 
phosphorylated only to the 5'-monophosphate. This 
metabolite apparently accounts for most of the inhibi- 
tory effects in these cells [7, 101. In contrast, as we 
reported recently, IPAR is further phosphorylated to 
the IPADP and IPATP by liver in treated rats with 
this agent [11]. Moreover, Zimmerman and Chu [12] 
have also identified IPATP as a metabolite of IPAR 
in human blood. Because phosphorylation of IPAR 
in numberous cell systems is limited to formation of 
the 5'-monophosphate nucleotide, further phosphory- 
lation of the agent in civo was unexpected. In view 
of this striking difference in phosphorylation, it 
seemed possible that the nucleotidal forms of IPAR 
might contribute to its selectivity in animals. In the 
present study, formation of 1PAR nucleotides in liver, 
intestine, thymus and spleen of treated rats was inves- 
tigated. As described below, the results indicate that 
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organ-specific differences in nucleotide formation may 
result in severe depletion of cellular ADP and ATP 
and in selective incorporation of the drug into RNA. 

MATERIALS AND METHODS 

Materials 

Silica gel-coated plates (20 × 20 cm) were obtained 
from Analtech, Inc. Alkaline phosphatase/orthophos- 
phoric monoester phosphohydrolase, EC 3.1.3.1, calf 
intestinal mucosa, 380 units/mg), snake venom pbos- 
phodiesterase (orthophospfioric diester phospho- 
hydrolase, EC 3.1.4.1, 10mg/ml), and ribonuclease 
(polyribonucleotide 2'-oligonucleotidetransferase, EC 
2.7.7.16, bovine pancreas, 10mg/ml) were obtained 
from the Worthington Corp. The sources of other 
chemicals and solvents have already been described 
[ l  3, 141. IPAR[8-L4C 1 (50/LCi/'#mole) was prepared 
by Dr. M. Fleysher [15] of this department and 
stored at - 7 0  in 95°i, ethanol for several months 
without any detectable breakdown. The labeled com- 
pound was diluted 10-fold with unlabeled IPAR prior 
to administration to rats. IPAMP was kindly pro- 
vided by Dr. Divekar of this department. Unlabeled 
IPAR was obtained from the Drug Research Devel- 
opment Branch of the National Cancer Institute 
(NSC batch 3856 001). Solutions of the drug were 
prepared immediately before use in 40'!,, dimcth~l- 
sulfoxide. Uridine [2-14C] (UR[2-1~C] (50.0 mCi/ 
m-mole) was obtained from Schwartz/Mann. Female 
Charlcs River CD Spraque Dawley rats were used 
when they were approximately 5 weeks old and 
weighed 1 l f fq50g.  

Methods 

Preparation o/ acid-soluble and -insoluble ./i'actions. 
Rats were lightly anesthetized with ether and injected 
with IPAR {200mg/kg) or IPAR[8-~4C] (151tCi) in 
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0.5 ml in the femoral vein. At an appropriate  time 
after administrat ion of the drug. animals were anes- 
thetized again and tissne (liver, spleen o1 snlall intes- 
t e e )  was gently forced out through an abdominal  in- 
cision. The tissue was severed and dropped into liquid 
nitrogen (the time required to carry oul this operation 
was about  10sec). Frozen tissue was weighed and 
homogenized with 4 ml of 6% perchloric acid (PCA g) 
m a prechilled blender for I n'lin tit 4 . After centrifu- 
gation, the acid-soluble fractions were neutralized to 
pH 7.0 with 2 N K O H .  and the precipitate was 
removed 30min  hiter. Tissue extracts were freeze- 
dried and taken Lip in a min imum vohlme of 3 mM 
ammonium formate buffcr ;-it pH 4.4 and chromate-  
graphed on a microgranular  DEAE-cellulosc t3pe 
DE-52 column [12]. The acid-insohible fractions were 
washed three times with cold 6 , ,  PCA t l0 ml each). 
once with saturated ammonium acetate, and once 
with ethanol  (95'!;,I-ether (3:1). This fraction was 
freeze-dried and kept at - 70 for subsequent analysis. 

l.~olation <~f m~cluic acids amt protein. DNA. RNA 
and protein were isolated from the acid-msohiblc 
fractions by the modification of the procedure of 
Kirby [16] and Kuroki and Heidelberger [17]. Frac- 
tions were each suspended in 10 ml of 0.1 M sodium 
phosphate buff'0r tpH 7.0) and 1.0 nil of I<',> soditun 
dodecx, I stllfate/g of tissue, and CXll-;-icted \kith an 
equal volume of phenol m-crcsol <"4-hydrox3quino- 
line water (5(X):79:95:55. by' weight)for  30 nlin with 
stirring at room temperature. DNA. RNA and protein 
were separated [17] and each fraction was dissolxed 
in a min in lum w-~lunle of 0.1 M sodium acetate huffcr. 
Each fraction was then gel-filtered on a Bio-Gel A 
0.5-m i 2 0 0 4 0 0 m e s h )  colunln 133 ," 2.5cn11. This 
column was initially equilibrated with the same buffer 

and calibrated with calf thymus DNA. calf liver RNA 
and bovine serum alburnin. The absorbed materials 
wcre eluted from this cohinnl with 0.1 M Tris buffer 
and fractions were collected for radioactixit,< and 
A2~,o nn~ cibsorbance estimations. The radioactive 
fractions were pooled, freeze-dried and dissolved in 
2 . 0 e l  of 0.1 M Tris buffer. To this solution. ().3 mg 
ribonuclcase (61()0 units, nlg) was added alld incu- 
hated for 2 hi  at 37 . After the incubation. 0.5 mg of 
snake venom phosphodicsterase (500 units nag) in 
Tris HC1 buffer, pH 8.6. arid 0.5 mg (19{) units) of 
alkaline phosphatase were added, and the incubation 
was continued for 16 hr at 37 to i~ydrolyzc nuclco- 
tides to nucleosides. Samples were freeze-dried and 
taken tip in a mininlum volume of distilled watcr for 
chromatographic  identitication. 

Nucleotide diqestions. Nucleotides eluted from the 
DEAE-celhllose type DE-52 columns were pooled, 
freeze-dried and digested to the ribonuclcosidc level 
;is lollows: dried material (10A:, , ,  units) ,aas dis- 
solved in 1 ml of 0.1 M Tris HCI buffer, pH 10.0, con- 
taining 1 nlM MgCI> Alkaline phosphatasc (4 units) 
was added and the mixture incubated at 37 for 1.5 hr. 
Four more units of the enzyme wax added and lhe 
incubation terminatcd 1.5 hr later by freezing in liquid 
nitrogen. Conlrol  samples of ATP and I P A M P  wcrc 

*One A:~,~, unit of nuclcosides, nuclcolides, or nucleic 
acid is defined hcre as tt~e concentration thai would have 
an absorbancc of 1.0 at 260 nm in a cu~.el ~ilh a l-cm 
light path. 

treated concurrently in an identical 111allner. lol]o\~- 
ing th in- la\er  chromatography ( T L C ) o n  Silica gel 
[11] it was found thtl l 80 90 per celll of 111c digested 
nucleolides chromatographed as nucleosides {~hcn 
samples were digested with : i lkalinc phc)sphalasei. 
Digestions to the ribonucleoside monophosl~h~i{c 
level were carried oul ;-is follox~s: dried pool fractions 
(10 A2,<> units)* \'~erc d issohcd in l m l  of li.] \ I  
Tris HCI, pH S.6. containing 5 mM M g ( ' l ,  I-o this 
sohition. 0.5 mg phosphodicstcrasc was added und in- 
ctibatcd :,It 37 for 1¢~ hr. 

Silica gul aml p¢llk'r W/II'OIIlOIO~It'~II~/1.1". !\[iCI ClIZ\ m',t- 
tic digestion of nuclcotidcs mid RNA ll-aclions, lhe 
released labeled components \\cie idenli l ied hx Silica 
gel chromatograph} rising dotlb]5 dcionizcd \~;-ilci- :i~ 
developing solveili. Digested sanlplL'S wi lh mid \~il l> 
oul appropriatL' markers were separated ~ind the u.\. 
ahsorbenl coi l lpol/cnis were scraped, exlractcd \~iih 
0.5 nil of 0.1 M arnnloniurn formate (pt t  7.()L ~iiJd cen- 
trifuged ;-it 2000 U for Im in .  l {xnactalqc nl;.ilefi~iis 
(~0 90 per cent rote\cries) were tllen furlhcr idenii l icd 
hv their ahsorbancc ial ios ~illd hx radioacth i lx  
meastlrelllents. Labeled nuclcosidcs alld lltlC]Cc)lidu'~ 
present in the enzynlaticall 3 digested samples \~crc 
;-ilso an;-ilvzed b \  ascending chronlatograph_x on 
\Vhatnlan 3 M M  paper \rift1 sl-hut~illo] glacial aicctic 
acid \>,,~lter (20:3:71 [ IS] .  

[ ) C l t T l l l i l l t l l i O l l  f ! [  rmlioo~ ntit  I" i i17d ~l[1.'qH't)<lll('<'. 
Radioactivity m ~arious fractions before :l l ld '<lfler 
enzynlatic digestions (().01 1o 0.2 nll i  \\,;.is illt.'astlrcd 
in 4 1111 of scinti l lation soltlt ion tlSillg zl Packard Tri-  
(ku-h l iquid scinl i lhit ion coti l l ler. The counl i l lg solu- 
tion consists of 5 7 of 2.5-dipheIDh~xazolc (PPO), 
0.5 g of 1,4-bis-2-lphcnxh~xasol31) bell/elle IPOP( )PI  
;-uld 150rnl of Bio-Soh solution in I IJler loluenc. 
( 'oncentrat ions of tl.'~. Lil~sorbing maleri;.ils in acid- 
i i lsohible exlracls and in f lacl ioi ls du lcd  I ]om tl~c: 
D[{AE-celhllose. type DE-52. ct;hlllnl \\ere delcf- 
mined spcctropholonlclr ical l  3 dl 2('~{)add 2S()111n 
using a Beckman I)17-2 or .\ inerican Inslruincnt 
DW-2 speclrol~hoton~cler. 

RI{Sl l.!% 

El/bets <!t IP ' IR on tic<'r pro'ira' rit~onm'h'ofidc p, Jo/~ 

Typical chromatographic scparatiolaS of liver acid- 
soluble fractions (pooled fron~ three ralsl on :i I )LAI { -  
celhllose, type DE-52. columll arc shov, n in I-ig. 1. 
Two other experinlents (I]Ot showni ga\c ~,imilal 
results. Fractions 3 20contain purine and pyrinl idine 
nucleosides. The resuhs iri t-ig. la also sho~ I~.~til 
mlt ior purine r ibonucleol ide conlponenls idcnl i l icd as 
IMP ( + T M P i .  AMP. ADP alld AG[P. Mok i r  ratios 
of ATP ADP in control d l ron l ; . l togFa l l lS  V~CI-C ~lbout 
3.0. which is close to lhosc reported in the li lCrtllurc 
[I 9, 20]. 

The chromatographic prol i le of thc acid-,,,ohll~lc 
17actiofi (pooled froln ttnee ralsl of liver of I;-tl$ in- 
iectect i.v. with fPAR I]()(I mgkg )  30 rain pr ior  to the 
rapid removal of tissne is shown in Fig. lb. To qtlall- 
iitate the cllL'cts of IPAR on tlac pool of purin¢ laU- 
clcotidcs, fractions clutcd fronl the colun/n (Fig. II 
in the areas of IMP. ADP and ATP wcrc collected 
and their respective concentrations wcie dctcHnmcd 
usiilg an extincl ion coefficient of 15.()cm: // i l lolc for 
adenosiilc nuclcotidcs ~lllcl 74 for IMP (~il 26/inin. 
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Fig. I, DEAE-cellulosc, type DE-52, column chromato- 
graphic separation of rat liver acid-soluble nucleotidcs. 
Extracls from 2 g of liver pooled from (a) three untrealed 
or (b! three treated rats injected i.v. with 1PAR (200 mg/kgl 
30 rain prior to sacrilicc. I.Iution was with a linear gradient 
of 0.003 to 0.3 M ammonium formate, pH 4.4; 2.4-ml frac- 

tions were collected. 

pH 7.0). The components  elutcd in the area of A M P  
were pooled, concentrated and chromatographed  on 
Silica gel with water as developing solvent using auth- 
entic A M P  and I P A M P  as markers. The R r values 
for A M P  and I P A M P  in this system were 0.87 and 
0.50 respectively [13]. Components  corresponding to 
the R t of A M P  and I P A M P  were extracted fi'om the 
gel and their concentrat ions were determined using 
an extinction coelficient of 20.0cm:/ t ,mole  of 
IPAMP.  Enzymatic digestion and Silica gel chroma- 
tography of the peak cluted in the ATP region of 
Fig. I b revealed no detectable IPATP. The chromato-  
gram. however, showed the presence of a component  
with an R,  that did not correspond to markers 
applied and which may have contr ibuted to the broa- 
dening of the ATP peak in Fig. lb. 

The data summarized in Table 1 show that :  (1) 
IPAR was phosphoryhtted only to the 5 ' - IPAMP and 
(2) the concentrat ion of ATP was reduced by the drug 
to about  30 per cent of controls, and a significant 
decreasc m the adcnylatc charge was also observed. 
Although the effects of IPAR on the pyrimidines were 
not quant i ta ted in this study, a reduction in their nu- 
cleotide pool sizes seemed apparent  in all experiments 
after IPAR administrat ion.  

E)~J/.'cts of IPAR o, ril,.much'otide pools M the thymus 

Chromatographic  separation of the ribonuclcotides 
from the thymus of three rats treated i.v. with a single 
dose of IPAR (200 m g k g )  30rain prior to administ- 

Table I. Effects of IPAR (200 mg/'kg) on purine ribonuc- 
leotide pools in rat liver 

IPAR- Ratios of 
Control* treated'; 1PAR-treated, 

( 'omponents b~moles/g) (i~moles,'gl control 

IMP 1.05 +0.16 1.28 +_0.15 1.22 
AMP 0.18 _+ 0.08 0.27 + 0.07 1.50 
IPAMP 2.06 ± 0.17 
ADP 0.72 ±0.10 0.89 ± 0.13 1.24 
,'\TP 2.35 ÷0.15 0.17 + 0.13 0.30 
Adenylate 

energy 
charge 
(AECI~: 0.83 ± 0.02 0.29 ± 0.04 0.35 

* Ribonucleotide components, separated on DEAE-ccl- 
lulose, type DE-52, column, were hydrolyzed and identified 
by chromatography as the respective nucleosides (sec 
Methods}. 

t" 1PAR was administered i.v. 30 mill prior to remowd 
of liver tissue. 111 each experiment, tissue from three rats 
was pooled and analyzed (average for three experiments 
±S.D.I. 

+ Adenylate cnergs, charge calculated as: 

[ATP] + ~ [ADP] 
[ATP] + [ADP] + [AMP] + [IPAMP] 

ration of URE2-J'*C] is depicted in Fig. 2, which 
shows that  UR [2-14C] was phosphorylated into the 
corresponding uridine and also cytidine ribonucleo- 
tides. Identification of these components  was made 
according to their elution positions on the calibrated 
DEAE-cellulose (type DE-52) column, by A28~_,~,o 
absorbance ratios, and by the other chromatographic  
systems described in Methods. Columns were cali- 
brated, after they were first packed, by determining 
the elution positions of nucleosides and nucleotides 
in a s tandard mixture. The acid-soluble profile of the 
drug-treated sample is shown in Fig. 2b. Indications 
of the phosphorylat ion of IPAR to I P A M P  was 
obtained from the high 280:260 nm absorbance ratios 
(0.65 instead of 0.15 for pure adenosine components)  
in the general area of AMP. The results also indicated 
that  IPAR produced quanti tat ive changes in the pyri- 
midine ribonucleotide pools in this tissue. To estimate 
the concentrat ion of individual pyrimidine ribonuc- 
leotides in controls and drug-treated samples (Fig, 2a 
and 2bk fractions from two separate chromatograms 
were pooled, conccutratcd and analyzed, and the data 
are summarized in Table 2. The results indicate that  
IPAR produced a 2 to 5-fold increase in the specific 
activities of UMP.  CDP, UDP,  and CTP + UTP, 
WAR also produced about  a 30 per cent reduction 
in the ATP pool (from 1.21~moles/g of tissues to 
0.80 t~mole). 

Biotran,'itbrmation qf IPAR[SJa'C] in rat tissues 

The data on chromatographic  separation of acid- 
soluble nucleotides from liver, small intestine, spleen 
and thymus of rats treated i.v. with a single dose of 
IPAR [8-1aC] 4 h r  prior to sacrifice are shown in 
Fig. 3. To minimize the breakdown of nucleoside tri- 
phosphates  during tissue removal, only one organ was 
removed from each treated rat. 

Figure 3a shows a chromatographic  separation of 
liver acid-soluble nucleotides. Two radioactive 
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Fig. 2. Analysis of the acid-soluble fraction of rat thymus. (a) Rats received 601tCi uridine[2->~( '] 
i.v. 15 min prior to sacrifice. Thymus  was removed from three rats and dropped into liquid nitrogen 
for preparation of the acid-soluble fraction, lb) Three rats were injected i.v. each with 1PAR (200 mg,'kg) 
30min prior to the administration of 60BCi UR[2- ' 4 (  '] and sacriliccd 15 luin lhercaftcr. Kc):  • • ,  
absorbance at 260nm;  • -  - • ,  cpm/l .2-ml fraction. Gradient conditions as in the legend of Fig. 

I except that 1.2-ml fractions were collected. 

Table 2. Effects of 1PAR on thymus pyrimidine nucleotides and on the incorporation of uridinc[~a( '] into these 
nucleotides* 

Components  

Cont ro l  IPAR- t rea ted  Specific act iv i ty t  Ratio of 
speciiic activity+ 

cpm/g  cpm/g  Control  IPAR-t rea tcd  ( l P A R - t r c a t e d  
A2{,~lta ( × 1 0  -4) A2/,og ( x l 0  4) (x I{ )  4) ( x  [0 4) control) 

Total acid- 
soluble extract 56.0 44.60 52.0 52.10 0.79 1.(11 1.2S 

Total 
ribonucleosidcs 4.30 35.00 4.60 36.0() 8.20 7.g2 0,95 

Pyrimidine 
ribonucleotides 
CM P 0.88 0.26 0.52 0.13 0.30 0.25 t).83 
[J M P 0.84 1.20 0.30 0.87 1.41 2.90 2.05 
CDP 2.60 1.16 0.60 1.25 0.45 2.0N 4.62 
L' DP I. 18 1.53 0.42 2.88 1.30 6.86 527 
CTP + UTP 4.00 2.30 3.80 650 0.58 t.71 294 

Total pyrimidinc 
nucleotides 9.50 6.45 5.64 11.63 0.68 2. l0 3.10 

* ~¢C-labelcd and unlabeled fractions eluted from the DEAE-cellulosc, type DE-52, cohimns m the area of p_wimidinc 
ribonuclcosides, mono-, di-, and triphosphates were pooled, concentrated and the 280:260nm absorbancc ratio and 
total cpm content were determined. These values represent the average of two experiments {pooled tissue li'om three 
rats/experiment). 

-i- Specific activity is defined as cpm/A2,~.. 
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Fig. 3. Chromatographic separation of rat tissue acid-soluble fractions 4 hr after an i.v. administration 
of 15#Ci IPAR[S-14( "] to each of eight rats: a. b. c and d arc chromatographic profiles of liver, 
small intestine, spleen and thymus respectively. Tissues from two treated rats are pooled for each 

profile. Oradicnt conditions arc as outlined in Fig. 1 except that 1.2-ml fractions were collected. 
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ribonucleoside peaks (fractions 10 301 were identified 
as AR and IPAR. Five radioactive ribonucleotide 
peaks were eluted from the calibrated DEAE-cellu- 
lose, type DE-52, column in positions corresponding 
to IMP, AMP. G M P ,  A D P and ATP. At 30rain after 
IPAR[8-]¢C] adminis t ra t ion (data not shown), in 
addit ion to the nucleoside peak, only one m~uor 
l¢C-labeled nucleotide peak was eluted and. m con- 
lrast, it was in the general area of AMP. Figure 3b 
shox~s the chromatographic  prolile of rat small intes- 
tine after IPAR[8-~~C] administrat ion.  The peaks of 
radioactivity (Fig. 3b) generally corresponded to 
those obtained in Fig. 3a. In rat spleen (Fig. 3c) and 
thymus extract (Fig. 3dL only one ~4C-labeled peak 
was eluted (in the general area of AMP) with no de- 
tectable formation of ~4C-labeled nuclcosides, or di- 
and triphosphates.  

Although Figs. I and 2 indicate the usual positions 
of nucleotides and nucleosides, final identification o[" 
~4C-labeled fractions cannot  be based solely on rela- 
tive order of elution from the DEAE-cellulose 
cohmms since I P A M P  + A M P  co-chromatographed 
as a single peak. For this reason we expected that 
IPADP + ADP. and | P A T P  + ATP might behave in 
similar fashions. To confirm the extent of IPAR meta- 
bolism, fractions eluted in the general areas of A M P  
and ATP were concentrated,  enzymatically digested 
to the nucleosides, and re-chromatographed on Silica 
gel for separation of AR from IPAR. After localiza- 
tion of the u.v. absorbent  spots and extraction from 
the gel. the absorbance ratios at wtrious wavelengths 
were determined {Table 3). The data in Table 3 show 
that the enzymatically digested nucleotides possess 
absorbance ratios which are similar to their authentic 
counterparts.  

The amounts  of IPAR and its metabolites found 
in rat liver, small intestine, spleen and thymus are 
summarized in Table 4. At 4 hr after the administ- 
ration of IPAR[8-~4C], IPAR was phosphorylated to 
the 5'-mono-, di-, and tr iphosphate in liver and small 
intestine. At this time, only 5 ' -monophosphate  could 
be identified in spleen and thymus. The resuhs also 
indicated that  the extent of IPAR conversion to AR 
was greater in small intestine than that in liver. 

Table 3. Characterization of IPAR mctabolitcs in rat 
liver* 

Absorbauce rat ios at pH 12.0 

Compound 290/260 280,260 250260 

1PAR-authentic 0.31 0.83 0.52 
A R-authentic 0 0.14 {).76 
Monophosphate 

IPAR (I.28 0.75 0.48 
AR 0 0 . 1 8  0 . S 6  

Triphosphate 
IPAR 0.30 0.72 0.52 
AR 0 0.18 0.86 

* 14C-labcled fractions cluted from tile DEAE-cellulose, 
type DE-52, column (Fig. 3) in the area of mono- altd 
triphosphate were concentrated and enzsnlaticall } digested 
to the riboside level and rc-chromatographed on Silica gel 
for identification and separation of AR fiom IPAR 
ribonucleosides. Spots were extracted with 0.01 N NaOH 
and concentrated, and the absorbance ratios were deter- 
mined using a DW-2 spectrophotometer with 0.05 O.D. 
units as full scale. 
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Table 4. Distribution in i:h'o of IPAR[8-~4( "] in rat liYer, 
small intestine, spleen and thymus 4hr  after an i.~. 

administratiort of the labeled drug* 

Radioactivit 5 
(cpm, g tissues. × I() s) 

Small 
Liver intestine Spleen Thymus 

Acid-soluble 
(total) 5.7 3.3 2.2 {).SS 
DE-52 column 
fraction+ 

IPAR 0.40 t).10 0.22 0.07 
AR 0.23 (/.33 0.04 0.03 
1PAMP 1.80 (t.66 1.65 0.70 
AM P 0.80 0.66 0.16 0.02 
IPADP 0.46 0.20 N D..?. ND 
ADP 0.57 0.46 ND ND 
1PATP 0.74 o.23 NI) NI) 
ATP 0.57 (/.56 NI) ND 

9ilRecovery 97 97 94 93 

* IPAR[8-t4C] (15 p('i) was administered i.v. to each of 
two rats. At 240 min after the administration of the drug. 
rats were anesthetized and tissues removed quickl? and 
pooled for preparation of acid-solublc fraction. 

1"Quantitation of ribonuclcosidcs and ribonuclcotidcs 
~vas made by t.l.c chromatography of pooled and enzyma- 
tically digested samples cluted from the D[:AE-celluh~sc. 
type DE-52. column. 

{ ND = not detcctable. 

Incorporation ql' IPAR[8-1+C] into mwh'ic acids wut 
protein 

Inco rpo ra t i on  of  IPAR[8-~4C]  into mac romole -  
cules of  rat  tissues 4 hr after drug  admmis t r a t ion  was 
investigated.  DNA,  RNA and prote in  fract ions were 
isolated from each tissue and coun ted  lor 
a'~C-radioactivity. Of  the four tissues studied,  liver 
and small intest ine were the only oncs  thai showcd 
incorpora t ion  of  ~'*C-label into RNA. No significant 
incorpora t ion  of  I P A R [ 8 - t * C ]  into tfic D N A  and 
prote in  was detected  in any of  the tissues invcstigated. 
The results are summar ized  in Table  5, 

T o  el iminate  the possibili ty that  the radioact ivi ty 
l iberated from RNA after its enzymat ic  digest ion nlay 
have resul ted f lom the release of  non-covalcnf ly  
b o u n d  nucleotides,  a por t ion  of  the labeled RNA frac- 
tion was gel filtered on at Bio-Gel and f iact ions werc 
coun ted  and enzymatical ly  digested. Thc  present  cvi- 
dence indicates  that  IPAR[S- t '*C]  was incorpora ted  
into RNA of liver and small intest ine:  11 ) radioact ivi ty  
of the gel-filtercd materials  was directly associatcd 
with the eluted R N A :  (21 c h r o m a t o g r a p h i c  separ-  
a t ions  using T L C  and paper  of  the enzymatical ly  
digested RNA revealed that  only two labeled c o m -  

p o n e n t s  were released and these had R I wdues identi- 
cal with A M P  and 1PAMP.  Fur the rmore .  when the 
digest ion was carried to the nucleoside levels, the two 
labeled c o m p o n e n t s  were identified as AR and 1PAR: 
and (3) the .280/260nm absorbancc  ratios of the 
released labeled c o m p o n e n t s  with an R., wdue corre-  
spond ing  to A M P  and 1 P A M P  were 0.17 and 0.78 
respectively. In contrast ,  enzymat ic  digest ion of  spleen 
RNA released only a single labeled nucleoside identi- 
tied as AR with no dctectaMe rcleasc of  IPAR. 

Table 5. Uptake and incorporation of IPAR[S-~a('J into 
tissues acid-soluble and -insoluble fractions 4hr  after an 

i.,,. administration of the drug* 

Radioactivity 
loping Tissues) 

R N ,~. 

.AMP IPAMP 
Total [S-~4( "] [S-I'gQ "] I )NA;  Pro lcm + 

Lix.er 
Small 

Intes- 
tine 

Thynms 
Spleen 
Rl 

Silica 
gel 
3MM 

19,000 9.0()0 9,000 < 2 0 0  < 200 

12J)O0 6.00(I s.(lO( < 200 -:: 2l)() 
1.000 1,000 < 5 0  < 51) < 50 
1,00(1 l.()()() < 50 < 51) < 50 

().g~ O.52 
t2 0.89 

*Acid-soluble fractions were prepared {scc Methodsl 
and each fraction was counted for total radioactivilx, l_i~cl 
(15 g). small intestine (6 g). th) mus I I. 1 g) and st',leci~ ( 1.2 gl 
',~ei'c used for preparation of the acM-insohiblc fraction. 
I)NA. RNA and protein v,'¢rc isolated from the acM-msu- 
lublc fractions. ~4('-Iabelcd R NA v, as then clax)maticall}, 
digested, and incorporaled label v, as identified on Silica 
gel (scc ReI~ 13) and on 3 M M  paper. 

-f Duc to the low level of incorporation into tl~esc Irac- 
/iollS. identilication of the incorporated label ,aa~, not 
atlcmpted. 

A schemat ic  representa t ion for the anabol ic  and 
catabol ic  pa thways  of  IPAR is out l ined in Fig. 4. 

I ) lS ( ' t  S S I O N  

As indicated in Fig. 4. IPAR may bc plaosphory- 
lalcd to the 5 ' -mono- ,  di-. and t r iphospha les  and in- 
co rpo ra t cd  into RNA. In addi t ion,  the drug max bc 

i 

I 
[PAR 4 " [PAM 

2 6 

- ~  IR IMP \ 

9 
- A D P  P A T P  I 

~ R N A  u.;..a,- 
~/PADP 9 " IPATP 

HX GMP 

Fig. 4. Schematic rcprcscmation of thu metabolism ol 
IPAR and AR. (1) adenosine kinasc (ATP: adenosine 5'- 
phosphotransferase) (EC 2.7.1.2(/): {21 adenosine dcammase 
{adenosine aminotDdrolasc) {E(" 3.5.4.21, {3j nuclcosidc 
phosphorylase (orthophosphatc ribosyltransfcrase) (E(' 
2.4.2. I1; (41 hypoxanthine phosphoribosyl-transtbrasc 
{IMP: pyrophosphate phosphoribosyltransfcrase) If!(" 
2.4.2.81: {5) aden2rlosuccinate synthetase and adenylosuc- 
cinalc lyase l IMP L-asparatate ligase iGDP)] {E(' 6.3.4.4), 
and adenylosuccinatc AM P-lyase tE( '  4.3.2.21. respcctivcly : 
(61 adenylate deaminase (AMP-aminoh}drolasci {E(" 
3.22.4); (71 phosphatase (orthophosphoric monoester phos- 
phohydrolase) (EC 3.1.3.11 (81 adcnylate kinase (ATP: 
AMP phosphoh-ar~stL'rase) (FC 2.7.4.3): I91 adenosine 
diphosphate kinasc IATP:ADP phosphotranslL'rasel {E(" 
2.7.4.6}: {I(11 RNA pobmerase IATP-RNA nuc leo t idq  

tralllSfelaSe} [E(' 2.7.7.fg. 
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catabolized to form various adenosine nucleotides 
with subsequent incorporat ion into RNA. It is evident 
that  tissue selectivity of IPAR may depend on the 
rate of catabol ism and  anabol ism of this drug in dif- 
ferent tissues. Enzyme preparat ions from human  or 
chicken bone marrow, pea seedlings, and tobacco 
pitch tissue cultures have been shown to convert  
IPAR to N%[3-hydroxy-3-methyl-butyl)-adenosine 
and hypoxanthine  [21.22] or to inosine [23]. 
Tobacco leaves also contain an enzyme that  hydro- 
lyzes IPAR to adenosine [24]. In humans,  however, 
a large amount  of IPAR[8-~:~C] was excreted in the 
uridine as non-ultraviolet  absorbing compounds  [25]. 

The current investigation demonstrates  that in rat  
tissues both  anabolic and catabolic pathways for 
IPAR are operable, since both  labeled drug and 
labeled purine nucleosides and nucleotides were 
found m the acid-soluble fraction after administrat ion 
of IPAR[8-~4C] (Fig. 3 and Table 4). These results, 
however, do not  discriminate among any of the 
several possible pathways as to the most probable 
pathway to the formation of IMP and A M P  from 
I P A R  The evidence presented here also demonstra tes  
the conversion of IPAR to purine nucleosides. With 
spleen and thymus, our results further confirm those 
of Divekar et al. [7]. Hacker  [8] and McLcnnan  and 
Pater [9] in which 1PAR[8-~'*C] was phosphorylatcd 
to the 5 ' -monophosphate  only in cells in culture with 
no evidence of drug incorporat ion into RNA. The 
possibility remains of course that  incorporat ion into 
RNA might occur at a significant level in these tissues 
were t reatment  to be extended beyond the 4-hr period 
used in the present study. In rat liver and small intes- 
tine, the labeled drug was rapidly phosphorylated up 
to the tr iphosphate,  and incorporat ion into RNA was 
quite extensive by 4 hr. Furthermore,  the results in 
Table 5 indicate that not only was the amount  of 
IPAR incorporated into RNA of rat liver greater than 
that  incorporated into small intestine at this time, but 
also that  the rate of IPAR catabolism in small intes- 
tinc was over 2-fold greater. 

The results summarized in Table 2 demonstrate  
that  in rat thymus thc drug produced about  a 50 
per cent decrease in the amount  of pyrimidine nucleo- 
tides found in the acid-soluble fraction. As the result 
of this decrease, a 2- to 5-fold increase in the specific 
activity of pyrimidine nucleotides after administrat ion 
of UR[ IaC]  was achieved. These results suggest that 
the observed st imulation of precursor incorporat ion 
into thymus RNA [1 l]  may be the result of inhibition 
of the de m)ro pathway of pyrimidine nucleotide bio- 
synthesis by the drug and/or  its metabolites. 

Results obtained in this investigation suggest that  
the pronounced inhibit ion of precursor incorporat ion 
into liver protein [13] may possibly be related, in 
part, to the reduction in the ATP concentrat ion by 
IPAR (from 2.35 to 0.70mole/g, Table 1) at 30rain. 
This drop coincided with the maximum inhibit ion of 
incorporat ion of [~'~C]phenylalaninc into liver pro- 
tein (95 per cent) and the accumulat ion of about  
2.01~moles 1PAMP/g. The change in the adenosine 
pool produced by the drug also resulted in a down- 
ward shift in the adenyhtte cnergy charge [26]. In 

sient, returning to about  control  values within 4 hr 
after drug administrat ion.  

This study provides evidence for the phosphory-  
lation of IPAR into 5'-mono, di-, and t r iphosphate  
nucleotides and for the incorporat ion of this analog 
into RNA of rat liver and small intestine. In contrast  
to these tissues, the drug was phosphorylated only 
to the 5 ' -monophosphate  level in spleen and thymus 
and  less than 1 per cent of IPAR was converted to 
AR in these tissues. These differences in metabolism 
reflect differences in the biochemical make-up of 
various normal tissues and may provide some bases 
for an understanding of the selective cytotoxicity of 
this agent. 
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