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Abstract—N°-{(A*-isopentenyl-adenosine (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-'*C7 to rats, the drug is phosphorylated to the S-mono, di-. and triphos-
phates, and mmcorporated into RNA but not into DNA and protein of liver and small intestine. In
contrast. in splecn 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 TPAR to 5-IPAMP in liver at 30 min is accompanied by a 70 per cent reduction in the ATP
pool and an accumulation of 2.0 pmoles IPAMP/g. In thymus. the drug reduces the size of pyrimidine
ribonucleotide pools, resulting in a 2- 1o 5-fold increase in the specific activity of ['*C]pyrimidine
ribonucleotides. These effects may contribute to the understanding of the biochemical basis for sclective

cytotoxicity of N°-isopentenyl adenosine.

N®-(A*-isopentenyl)-adenosine (IPAR) is an analog of
adenosine that has been identified as a component
of both yeast and mammalian tRNA [1-3]. 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 [S]. In rats, the drug caused severe
hepatotoxicity. as well as antiproliferative effects in
intestinal mucosa, lymphoid tissues, bone marrow
and regencrating liver [6].

In cultured mammalian cells (c.g. Sarcoma (80,
mammary carcinoma TA-3, leukemia L1210, and
canine kidney [7.8]). as well as in chicken liver
homogenates [9]. TPAR 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 [7.10]. 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 TPAR
in numberous cell systems is limited to formation of
the 5-monophosphate nucleotide, further phosphory-
lation of the agent in vivo was unexpected. In view
of this striking difference in phosphorylation, it
scemed possible that the nucleotidal forms of IPAR
might contribute to its selectivity in animals. In the
present study. formation of TPAR 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 x 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 phos-
phodiesterase (orthophosphoric diester phospho-
hydrolase, EC 3.1.4.1, 10mg/ml), and ribonuclease
(polyribonucleotide 2'-oligonucleotidetransferase, EC
2.7.7.16, bovine pancreas, 10 mg/ml) were obtained
from the Worthington Corp. The sources of other
chemicals and solvents have already been described
[13,14]. TPAR[8-'*C] (50 uCi/umole) was prepared
by Dr. M. Fleysher [15] of this department and
stored at —70° in 959, 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 werc
prepared immediately before use in 40°, dimcthyl-
sutfoxide. Uridine [2-'*C] (UR[2-'*C] (50.0 mCi/
m-mole) was obtained from Schwartz/Mann. Female
Charles River CD Spraque—Dawley rats were used
when they were approximately 5 weeks old and
weighed 110-150 g.

Methods

Preparation of acid-soluble and -insoluble fractions.
Rats were lightly anesthetized with ether and injected
with IPAR (200 mg/kg) or IPAR[S-'*C] (15 pCi) in
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0.5ml in the femoral vein. At an appropriate time
after administration of the drug. animals were ancs-
thetized again and tissuc (liver, spleen or small intes-
tine) was gently forced out through an abdominal in-
cision. The tissue was severed and dropped into liquid
nitrogen (the time required to carry out this operation
was about 10sec). Frozen tissuc was weighed and
homogenized with 4 ml of 6%, perchloric acid (PCA g)
in a prechilled blender for [ min at 4. After centrifu-
gation. the acid-soluble fractions were ncutralized to
pH7.0 with 2N KOH. and the precipitate was
removed 30 min later. Tissue extracts were [reeze-
dried and taken up in a minimum volume of 3 mM
ammonium formate buffer at pH 4.4 and chromato-
graphed on a microgranular DEAE-cellulose type
DE-52 column [12]. The acid-insoluble fractions were
washed three times with cold 6%, PCA (10 ml cach).
once with saturated ammonium acetate. and once
with ethanol (957,)-ether (3:1). This fraction was
freeze-dried and kept at — 70 for subsequent analysis.

Isolation of nucleic acids and protein. DNA, RNA
and protein were isolated from the acid-msoluble
fractions by the modification of the procedure of
Kirby [16] and Kuroki and Heidelberger [17]. Frac-
tions were cach suspended in 10 ml of 0.1 M sodium
phosphate buffer (pH 7.0) and 1.0 ml of 19, sodium
dodecyl sulfate/g of tissuc. and extracted with an
equal volume of phenol m-cresol 8-hydroxyquino-
line -water (500:79:95:55. by weight) for 30 min with
stirring at room temperature. DNA. RNA and protein
were separated [17] and cach fraction was dissolved
in a minimum volume of 0.1 M sodium acctate buffer.
Each fraction was then gel-filtered on a Bio-Gel A
0.5-m  (200-400 mesh) column (33 x 2.5c¢m). This
column was initially equilibrated with the same buffer
and calibrated with calf thymus DNA. calf liver RNA
and bovine serum albumin. The absorbed materials
were eluted from this column with 0.1 M Tris bufter
and fractions were collected for radioactivity und
As.o nm absorbance estimations. The radioactive
fractions were pooled. freeze-dried and dissolved in
20ml of 0.1 M Tris buffer. To this solution. 0.3 mg
ribonuclease (6100 units/mg) was added and mcu-

bated for 2 hr at 37 . After the incubation. 0.5 mg of

snake venom phosphodicsterase (500 units.mg) in

Tris HCI buffer. pH 8.6, and 0.5 mg (190 units) of

alkaline phosphatase were added. and the incubation
was continued for 16 hr at 37 to hydrolyse nucleo-
tides to nucleosides. Samples were freeze-dried and
taken up in a minimum volume of distilled water for
chromatographic identification.

Nucleotide digestions. Nucleotides cluted {rom the
DEAE-cellulose type DE-52 columns were pooled.
freeze-dried and digested to the ribonucleoside level
as follows: dried material (10 A,,, units) was dis-
solved in I ml of 0.1 M Tris HCl buffer. pH 10.0, con-
taining 1 mM MgCl,. Alkaline phosphatase (4 units)
was added and the mixture incubated at 37 for 1.5 hr.
Four more units of the enzyme was added and the
incubation terminated 1.5 hr later by freezing in hquid
nitrogen. Control samples of ATP and IPAMP were

*One Aaq, unit of nucleosides. nucleotides. or nucleic
acid is defined here as the concentration that would have
an absorbance of 1.0 at 260nm in a cuvet with a f-cm
light path.
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treated concurrently in an identical manner. Follow-
ing thin-layer chromatography (TLC) on Silica gel
[117 it was found that 80-90 per cent of the digested
nucleotides chromatographed as nucleosides (when
samples were digested  with alkaline phosphatase.
Digestions to  the ribonucleoside  monophosphate
level were carried out as follows: dried pool fractions
(10 Ay, unitsf* were dissolved in Iml of 0.1 M
Tris HCL pH K6, containing 3mM MgCl1.. To ihis
solution. 0.5 mg phosphodiesterase was added and in-
cubated at 37 for 16 hr.

Silica gel and paper chromatography. After enzynu-
tic digestion of nucleotides and RNA fractions. the
released labeled components were identified by Silica
gel chromatography using doubly detonized water as
developing solvent. Digested samples with and with-
out appropriate markers were separated and the ua.
absorbent components were sceraped. extracted with
0.5 ml of 0.1 M ammonium formate (pH 7.0). and cen-
trituged at 20004 for I min. Extractable materials
(X0 90 per cent recoveries) were then further identilicd
by their absorbance ratios and by radioactivity
measurements. Labeled nucleosides and nucleotides
present in the enzymatically digested samples were
also analyzed by ascending  chromatography  on
Whatman 3IMM paper with n-butanol glactal acetic
actd water (20:3:7) [187].

Determination  of  radioactiviey and
Radioactivity in various fractions before and alter
enzvmatic digestions (0.01 to 0.2 mh was measured
4 ml of scintillation solution using a Packard Tri-
Carb hquid scintillation counter. The counting solu-
tion consists of Sg of 2.5-diphenyloxazole (PPO).
0.5 ¢ of 14-bis-2-(phenyloxasolyh benzene (POPOP)
and 150 ml of Bio-Solv solution in 1 liter toluene.
Concentrations of wy. absorbing materials in acid-
insoluble extracts and in fractions cluted from the
DEAE-cellulose. type DE-S20 column were deter-
mined  spectrophotometrically  at 260 und 280 nm
using a Beckman DU-2 or American  Instrument
DW-2 spectrophotometer.

absorbance.

RESULTS
Effects of TPAR on licer purine ribonucleotide pools

Typical chromatographic scparations of liver acid-
soluble fractions (pooled from three ratsy on a DEATL-
cellulose, type DE-320 column are shown in Fig.
Two other experiments (not shown) gave similar
results. Fractions 3 20 contain purine and pyrimidine
nucleosides. The results in Figo Ta also show Tour
major purine ribonucleotide components identified us
IMP (+TMP).. AMP. ADP and ATP. Molar ratios
of ATP-ADP in control chromatograms were about
3.0. which 1s close to those reported in the hiterature
[19.20].

The chromatographic profile of the acid-soluble
fraction (pooled from three rats) of liver of ruts -
jected iv. with TPAR (200 mg-kg) 30 min prior to the
rapid removal of tissue is shown in Fig. 1h. To quan-
titate the cffects of [IPAR on the pool of purine nu-
cleotides. fractions cluted from the columm (Fig. b
in the arcas of IMP. ADP and ATP were collected
and their respective concentrations were determined
using an extinction coctlicient of [5.0cm” gmole for
adenosine nucleotides and 7.4 for IMP (at 260 nm.
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Fig. 1. DEAE-cellulose. type DE-52, column chromato-
graphic separation of rat liver acid-soluble nucleotides.
Extracts from 2 g of liver pooled from (a) three untreated
or {b) three treated rats injected v, with IPAR (200 mg/kg)
30 min prior to sucrifice. Elution was with a lincar 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 eluted in the area of AMP
were pooled. concentrated and chromatographed on
Silica gel with water as developing solvent using auth-
entic AMP and TPAMP as markers. The R, values
for AMP and IPAMP in this system were 0.87 and
0.50 respectively [13]. Components corresponding to
the R, of AMP and IPAMP were extracted from the
gel and their concentrations were determined using
an extinction coeflicient of 20.0 cm?/umole  of
IPAMP. Enzymatic digestion and Silica gel chroma-
tography of the peak cluted in the ATP region of
Fig. 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 contributed to the broa-
dening of the ATP peak in Fig. 1b.

The data summarized in Table 1 show that: (1)
IPAR was phosphorylated only to the 5-IPAMP and
(2) the concentration of ATP was reduced by the drug
to about 30 per cent of controls. and a significant
decreasc in the adenylate charge was also observed.
Although the cffects of IPAR on the pyrimidines were
not quantitated in this study. a reduction in their nu-
cleotide pool sizes seemed apparent in all experiments
after IPAR administration.

Effects of IPAR on ribonucleotide pools in the thymus

Chromatographic separation of the ribonucleotides
from the thymus of three rats treated i.v. with a single
dose of IPAR (200 mg/kg) 30 min prior to administ-
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Table 1. Effects of IPAR (200 mg/kg) on purine ribonuc-
leotide pools in rat liver

IPAR- Ratios of
Control* treatedt IPAR-treated;

Components (umoles/g)  (umoles/g) control
IMP 1.05 +0.16  [.28 £ 0.15 1.22
AMP 0.18 £ 0.08 0.27 + 0.07 1.50
IPAMP 2,06 +0.17
ADP 072 £ 0.10 089 + 0.13 1.24
ATP 2354015 047 £0.13 0.30
Adenylate

energy

charge

(AECH 0.83 £ 002 029 4 0.04 0.335

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

# IPAR was administered i.v. 30 min prior to removal
of liver tissue. In each experiment. tissue from three rats
was pooled and analyzed (average for three experiments
+S.D.).

T Adenylate cnergy charge caleulated as:

[ATP] + ! [ADP]
[ATP] + [ADP] + [AMP] + [IPAMP]

ration of UR[2-'*C] is depicted in Fig. 2. which
shows that UR [2-'*C] was phosphorylated into the
corresponding uridine and also cytidine ribonucteo-
tides. Identification of thesc components was made
according to their elution positions on the calibrated
DEAE-cellulose (type DE-52) column. by Asgy160
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 standard mixture. The acid-soluble profile of the
drug-treated sample is shown in Fig. 2b. Indications
of the phosphorylation of IPAR to IPAMP wus
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 quantitative changes in the pyri-
midine ribonucleotide pools in this tissue. To estimate
the concentration of individual pyrimidine ribonuc-
leotides in controls and drug-treated samples (Fig, 2a
and 2b), fractions from two separate chromatograms
were pooled. concentrated 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,
IPAR also produced about a 30 per cent reduction
in the ATP pool (from 1.2 umoles/g of tissues to
0.80 pmole).

Biotransformation of IPAR[8-'*C] in rat tissues

The data on chromatographic separation of acid-
soluble nucleotides from liver, small intestine, spleen
and thymus of rats treated i1.v. with a single dose of
TIPAR [8-'*C] 4 hr prior to sacrificc 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 60 uCi uridine[2-"*(C]

Lv. 15min prior to sacrifice. Thymus was removed from three rats and dropped into liguid nitrogen

for preparation of the acid-soluble fraction. {b) Three rats were injected 1.v. each with TPAR (200 mg/kg)

30 min prior to the administration of 60 Ci UR[2-"*C7] and sucrificed 15 min thereafter. Key: @ .

absorbance at 260 nm; @-——-@, cpm/1.2-ml fraction. Gradient conditions as in the legend of Fig.
I except that 1.2-ml fractions were collected.

Table 2. Effects of IPAR on thymus pyrimidine nucleotides and on the incorporation of uridine['*C] into these

nucleotides*
Control [PAR-treated Specific activityt Ratio of
specific activityt
cpm/g cpmyg Control  IPAR-treated (IPAR-treated

Components Aseoy (x 107%) Asong (x107%  (x107% (x 10 control)
Total acid-

soluble extract 56.0 44.60 52.0 52,10 0.79 1.01 1.28
Total

ribonucleosides 4.30 35.00 4.60 36.00 8.20 782 (195
Pyrimidine

ribonucleotides

CMP 0.8% 0.26 0.52 0.13 0.30 0.25 0.83

UMP 0.84 1.20 0.30 0.87 1.41 2.90 2.08

CDP 2.60 1.16 0.60 1.25 0.45 2.08 4.62

UDP 1.18 1.53 0.42 2.88 1.30 6.86 527

CTP + UTP 4.00 2.30 3.80 6.50 (1.5% 1.71 2.94
Total pyrimidine

nucleotides 9.50 6.45 5.64 11.63 0.68 210 310

* 14C_labeled and unlabeled fractions eluted from the DEAE-cellulose, type DE-52, columns in the arca of pyrimidine
ribonucleosides. mono-, di-, and triphosphates were pooled, concentrated and the 280/260 nm absorbance ratio and
total cpm content were determined. These values represent the average of two experiments (pooled tissue from three
rats/experiment).

+ Specific activity is defined as cpm/jA, .
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Fig. 3. Chromatographic separation of rat tissue acid-soluble fractions 4 hr after an iv. administration
of 15 uCi IPAR[R-'*C] to cach of eight rats: a. b. ¢ and d are chromatographic profiles of liver.
small intestine, spleen and thymus respectively. Tissues from two treated rats are pooled for each
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profile. Gradient conditions are as outlined in Fig. 1 except that 1.2-ml [ractions were collected.

ribonucleoside peaks (fractions 10-30) were identified
as AR and IPAR. Five radioactive ribonucleotide
peaks were cluted from the calibrated DEAE-cellu-
lose, type DE-52, column in positions corresponding
to IMP, AMP. GMP. ADP and ATP. At 30 min after
IPAR[8-'*C] administration (data not shown). in
addition to the nucleoside peak. only onc major
"*C-labeled nucleotide peak was eluted and. in con-
trast. it was in the gencral arca of AMP. Figure 3b
shows the chromatographic profile of rat small intes-
tine after IPAR[8-'*C administration. The peaks of
radioactivity (Fig. 3b) generally corresponded to
those obtained in Fig. 3a. In rat spleen (Fig. 3¢) and
thymus extract (Fig. 3d). only one '*C-labeled peak
was eluted (in the general arca of AMP) with no de-
tectable formation of '*C-labeled nucleosides, or di-

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-'*C7]. TPAR was phosphorylated to
the 5'-mono-, di-, and triphosphate in liver and small
intestine. At this time, only 5-monophosphate could
be identified in spleen and thymus. The results also
indicated that the extent of IPAR conversion to AR
was greater in small intestine than that in liver.

Table 3. Characterization of IPAR
liver*

metabolites in rat

Absorbance ratios at pH 12.0

- . Compound 2907260 280,260 250:260
and triphosphates.
Although Figs. [ and 2 indicate the usual positions

of nucleotides and nucleosides. final identification of  1PAR-authentic 0.31 0.83 0.52
"*C-labeled fractions cannot be based solely on rela-  AR-authentic 0 0.14 0.76
tive order of elution from the DEAE-cellulosc Monophosphate i

columns since IPAMP + AMP co-chromatographed IPAR 0.28 0.75 V.48
as a single peak. For this reason we expected that | hos QR‘ 0 018 0.56
IPADP & ADP. and IPATP + ATP might behave in |/ POsPhate 030 095 05
similar fashions. To confirm the extent of IPAR meta- Alé 0 018 0.96

bolism. fractions ciuted in the gencral arcas of AMP
and ATP were concentrated. cnzymatically 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 various wavelengths
were determined (Table 3). The data in Table 3 show
that the cnzymatically digested nucleotides possess
absorbance ratios which are similar to their authentic
counterparts.

* 14C-labeled fractions cluted from the DEAE-ccllulose.
type DE-52, column (Fig. 3) in the arca of mono- and
triphosphate were concentrated and enzymatically digested
to the riboside level and re-chromatographed on Silica gel
for identification and scparation of AR from 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 vivo of IPAR[8-'*C] in rat liver,
small intestine, spleen and thymus 4hr after an v
administration of the labeled drug*

Radioactivity
{cpm/g tissues. x 107 7)

Smali
Liver intestine  Spleen  Thymus
Acid-soluble
(total) 3.7 33 2.2 0.88
DE-52 column
fraction+
IPAR 0.40 0.10 0.22 0.07
AR 0.23 0.33 0.04 0.03
IPAMP 1.80 0.66 1.63 0.70
AMP 0.80 0.66 0.16 0.02
[PADP 046 0.20 NDZ ND
ADP 0.57 0.46 ND ND
IPATP  0.74 0.23 ND ND
ATP 0.57 0.56 ND ND

% Recovery 97 97 94 93

* IPAR[8-'*C] (15 pCi) was administered i.v. to cach of
two rats. At 240 min after the administration of the drug.
rats werce anesthetized and tissues removed quickly and
pooled for preparation of acid-soluble fraction.

+ Quantitation of ribonucleosides and ribonucleotides
was made by tL¢. chromatography of pooled and enzyma-
tically digested samples cluted from the DEAE-cellulose.
type DE-52. column.

¥ ND = not detectable,

Incorporation of IPAR[8-'*C] into nucleic acids and
protein

Incorporation of IPAR[8-'*C] into macromole-
cules of rat tissues 4 hr after drug administration was
investigated. DNA, RNA and protein fractions wcere
isolated from cach tissue and counted for
Y4C-radioactivity. Of the four tissues studied. liver
and small intestinc werc the only ones that showed
incorporation of '*C-label into RNA. No significant
incorporation of IPAR[8-'*(C] into thc DNA and
protein was detected in any of the tissues investigated.
The results are summarized in Table 5.

To eliminate the possibility that the radioactivity
liberated from RNA after its cnzymatic digestion may
have resulted from the release of non-covalently
bound nucleotides, a portion of the labeled RNA frac-
tion was gel filtered on a Bio-Gel and fractions were
counted and enzymatically digested. The present evi-
dence indicates that IPAR[8-1*C] was incorporated
into RNA of liver and small intestine: (1) radioactivity
of the gel-filtered materials was directly associated
with the cluted RNA: (2) chromatographic scpar-
ations using TLC and paper of the enzymatically
digested RNA revealed that only two labeled com-
ponents were released and these had R, values identi-
cal with AMP and TPAMP. Furthermore. when the
digestion was carried to the nucleoside levels. the two
labeled components were identified as AR and IPAR:
and (3) the 280,260 nm absorbance ratios of the
released labeled components with an R, value corre-
sponding to AMP and TPAMP were 0.17 and 0.78
respectively. In contrast, enzymatic digestion of spleen
RNA released only a single labeled nucleoside identi-
fied as AR with no detectable release of TPAR.

Y. M. Rustum and H. S. SCHHWARTZ

Table 5. Uptake and incorporation of IPAR[X-'*C | into
tissues acid-soluble and -insoluble fractions 4 hr after an
v, administration of the drug*

Radioactivity
(cpmyg Tissues)

RNA
AMP IPAMP
Total [8-*C]  [8-'*CT  DNAT Protein®

Liver 19,000 9.000 9,000 < 200) < 200
Small

Intes-

tine 12,000 6.000 S.000 <2 200 <2200
Thymus LOOO  1.000 < 30 < 5 <2 S0
Spleen 1.000  1.000 < S0 < S0 < 50
R,

Silica

gel 0.8% 0.52

IMM 0.32 0.89

* Acid-soluble fractions were prepared (sece Methods)
and cach fraction was counted for total radioactivity. Liver
(15 g) small intestine (6 g). thymus (1.1 ) and spleen (1.2 )
were used for preparation of the acid-insoluble fraction.
DNA. RNA and protein were isolated from the acid-inso-
luble fractions. *C-labeled RNA was then enzymaticalls
digested. and incorporated label was identified on Silica
gel (sce Rell 13) and on 3 MM paper.

+ Duc to the low level of incorporation into these frac-
tons, identification of the incorporated label was not
attempted.

A schematic representation for the anabolic and
catabolic pathways of IPAR is outlined in Fig. 4.

DISCUSSION

As indicated in Fig. 4. IPAR may be phosphory-
lated to the 5-mono-, di-. and triphosphates and in-
corporated into RNA. In addition. the drug may bhe
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Fig. 4. Schematic representation of the metabolism ot
IPAR and AR. (1) adenosine kinase (ATP: adenosine 3'-
phosphotransierase) (EC 2.7.1.20): (2) adenosine deaminise
(adenosine aminohydrolase) (EC 3.5.4.2): (3) nucleoside
phosphorylase (orthophosphate  ribosyltransferase) (EC
24.2.1); (4 hypoxanthine  phosphoribosyl-transferase
(IMP:  pyrophosphate  phosphoribosvltransferase)  (EC
2.4.2.8): (5) adenylosuccinate synthetase and adenylosuc-
cinate lyase [IMP L-asparatate ligase (GDP)] (EC 6.3.4.4),
and adenylosuccinate AMP-lyase (EC 4.3.2.2). respectively:
(6)  adenylate  deaminase (AMP-aminohydrolase) (FC
3.2.2.4): (7) phosphatase (orthophosphoric monoester phos-
phohydrolase) (EC 3.1.3.1): (¥} adenylate kinase (ATP:
AMP  phosphotransferase) (EC 2.7.4.3). (9) adenosine
diphosphate kinasc (ATP:ADP phosphotransferasc) (EC
2.74.6); (10) RNA polymerase (ATP-RNA nucleotidyl-
transferase) (EC 2.7.7.6).
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catabolized to form various adenosine nucleotides
with subsequent incorporation into RNA. It is cvident
that tissue selectivity of IPAR may depend on the
rate of catabolism and anabolism of this drug in dif-
ferent tissucs. Enzyme preparations from human or
chicken bone marrow. pea scedlings, 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 TPAR[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 arc operable, since both labeled drug and
labcled purine nucleosides and nucleotides were
found in the acid-soluble fraction after administration
of TPAR[8-'*C] (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 AMP [rom
TPAR. The evidence presented here also demonstrates
the conversion of IPAR to purine nuclcosides. With
spleen and thymus, our results further confirm those
of Divekar et al. [7]. Hacker [8] and McLennan and
Pater [9] in which IPAR[8-'*C] was phosphorylated
to the 5'-monophosphate only in cells in culture with
no evidence of drug incorporation into RNA. The
possibility remains of course that incorporation into
RNA might occur at a significant level in these tissues
were treatment o 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
1o the triphosphate, and incorporation into RNA was
quite extensive by 4 hr. Furthermore, the results in
Table 5 indicate that not only was the amount of
[PAR incorporated into RNA of rat liver greater than
that incorporated into small intestine at this time, but
also that the rate of TPAR catabolism in small intes-
tine was over 2-fold greater.

The results summarized in Table 2 demonstrate
that in rat thymus the 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 S-fold increase in the specific
activity of pyrimidine nucleotides after administration
of UR['*C] was achieved. These results suggest that
the observed stimulation of precursor incorporation
into thymus RNA [11] may be the result of inhibition
of the de novo pathway of pyrimidine nucleotide bio-
synthesis by the drug andjor its metabolites.

Results obtained in this investigation suggest that
the pronounced inhibition of precursor incorporation
into liver protein [13] may possibly be related. in
part. to the reduction in the ATP concentration by
IPAR (from 2.35 to 0.70 mole/g, Table 1) at 30 min.
This drop coincided with the maximum inhibition of
incorporation of [**C]phenylalanine into liver pro-
tein (95 per cent) and the accumulation of about
2.0 umoles IPAMP/g. The change in the adenosine
pool produced by the drug also resulted in a down-
ward shift in the adenylate energy charge [26]. In
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sient. returning to about control values within 4 hr
after drug administration.

This study provides evidence for the phosphory-
lation of IPAR into 5-mono, di-, and triphosphate
nucleotides and for the incorporation 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 thesc 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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