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Abstract--The effects of the chiral isomers of erythro- and threo-9-(2-hydroxy-3-nonyl)adenines (EHNA 
and THNA) on purine metabolism in Sarcoma 180 cells have been determined. At concentrations of 
10-80/tM [10- to 1000-fold greater than their K, values with adenosine deaminase (ADA)], all isomers 
inhibited purine salvage and biosynthesis de novo. Although (+)-EHNA, the most potent ADA 
inhibitor, exerted the greatest effects, there was no direct correlation between the potency of ADA 
inhibition and the secondary effects on purine metabolism, e.g. (+)-EHNA is about 2-fold more 
inhibitory than (-)-EHNA in blocking purine base incorporation but about 250-fold more potent as 
an inhibitor of ADA (Ki of (+)-EHNA = 2nM; K, of (-)-EHNA = 500nM [Bessodes et al., 
Biochem. Pharmac. 31,879 (1982)]). All the isomers inhibited the incorporation of radiolabeled purine 
bases (adenine, guanine and hypoxanthine) and nucleosides (guanosine and inosine) into acid-soluble 
nucleotides and of glycine into 5'-phosphoribosyl-formylglycineamide. Unlike the results of Henderson 
et al. [Biochern. Pharmac. 26, 1967 (1977)] with Ehrlich ascites cells, the incorporation of adenosine 
into nucleotides was only slightly inhibited in Sarcoma 180 cells. (+)-EHNA did not inhibit the activities 
of 5-phosphoribosyl-l-pyrophosphate (PRPP) synthetase, purine phosphoribosyltransferases or nucleo- 
tide kinases in cell extracts. Accumulation of PRPP was inhibited only under conditions that fostered 
rapid synthesis. 

Erythro-9-(2-hydroxy-3-nonyl)adenine (EHNAt),  
a semi-tight-binding inhibitor of adenosine deami- 
nase (ADA) [1, 2], potentiates the anti-cancer and 
anti-viral activities of adenosine analogs that are 
substrates of ADA [3, 4]. To date 2'-deoxycofor- 
mycin, rather than EHNA, has been selected for 
clinical trials, a decision that appears to be based on 
two considerations: (1) the rationale that a tight- 
binding ADA inhibitor such as dCF would protect 
adenosine analogs more effectively from deamina- 
tion, and (2) the observation that EHNA affects 
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t Abbreviations: EIqNA, erythro-9-(2-hydroxy-3- 
nonyl)adenine; THNA, threo-9-(2-hydroxy-3-nonyl)- 
adenine; (+)-EHNA, (+)-erythro-9-(2S-hydroxy-3R- 
nonyl)adenine; (-)-EHNA, (-)-erythro-9-(2R-hydroxy- 
3S-nonyl)adenine; (-)-EHNA, racemic mixture of 
(+)-EHNA and (-)-EHNA; (+)-THNA, (+)-threo-9- 
(2R-hydroxy-3R-nonyl)adenine; (-)-THNA, (-)-threo-9- 
(2S-hydroxy-3S-nonyl)adenine; ADA, adenosine deami- 
nase; dCF, 2'-deoxycoformycin, covidarabine, pentostatin, 
or [3 - (2' - deoxy- fl- D- erythropentofuranosyl) - 6,7,8- tri- 
hydroimidazo[4,5-d][1,3]diazepin-8-(R)-ol]; FGAR, 5'- 
phosphoribosyl-formylglycineamide; PRPP, 5-phospho- 
ribosyl-l-pyrophosphate; APRT, adenine phosphoribosyl- 
transferase; HGPRT, hypoxanthine-guanine phosphori- 
bosyltransferase; NDP kinase, nucleoside diphospho- 
kinase; and Hepes, 4-(2-hydroxyethyl)-l-piperazineethane 
sulfonic acid. 

several aspects of cellular purine metabolism [5] and 
may therefore, be a less specific drug than dCF. 

Some of the toxic effects seen in clinical trials with 
dCF, i.e. profound lymphocytopenia, hemolytic 
anemia and CNS disturbances [6--9], may result from 
the prolonged inhibition of ADA in many tissues 
which permits accumulation of dATP to the extent 
that it replaces ATP in patient erythrocytes [7, 8]. 
Elevation of dATP has been found in mice treated 
four times daily with 50 mg/kg EHNA for 54 hr but 
not when the drug was administered in single daily 
doses of 50 mg/kg for 7 days [10]. Thus, it may be 
advantageous to use a semi-tight-binding inhibitor 
such as EHNA for short-term, controlled inhibition 
of ADA, particularly in circumstances where immu- 
nosuppression is undesirable. 

An important question is whether the effects of 
EHNA on purine metabolism might cause unwanted 
toxicities or interfere with the potentiation of adeno- 
sine analogs. Henderson et al. [5] reported that 
76/~M EHNA, preincubated for 20 min with Ehrlich 
ascites cells, inhibited the incorporation of purine 
bases and adenosine into nucleotide pools and of 
glycine into FGAR. The greatest inhibition of incor- 
poration occurred witla adenosine (about 75% with 
76 #M EHNA and 40% with the lowest dose tested, 
3.6/~M EHNA) but was reversed if the cells were 
washed twice before adding adenosine. In compar- 
ison, dCF had little effect on the incorporation of 
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purine bases and glycine and inhibited adenosine 
incorporation by about 50%. The latter effect was 
also reversible by washing and the authors attributed 
the inhibition by both EHNA and dCF to a blockage 
of adenosine transport into the cell. Inhibition of 
adenosine metabolism by EHNA and dCF has also 
been observed in rat polymorphonuclear leucocytes 
[11]. The incorporation of adenosine into nucleotides 
was inhibited by 60 and 80% by 2 and 20 #M EHNA 
respectively. 

The EHNA employed in the studies cited above 
was a racemic mixture, and it was not known whether 
one or both isomers were responsible for the ADA 
inhibition and the effects on purine metabolism. 
Recently, the chiral isomers of EHNA and of THNA 
were synthesized by an unequivocal route [12] and 
tested as inhibitors of ADA [13]. It was determined 
that (+) -EHNA is the most potent inhibitor of 
human erythrocytic ADA (K, = 2nM), whereas 
( - ) - E H N A  is relatively weak ( K i -  500 riM). The 
(+) and ( - )  isomers of THNA have intermediate 
affinities for ADA (K~ = 122 and 80 riM). The pres- 
ent studies were undertaken to determine the effects 
of the individual isomers of EHNA and THNA on 
purine metabolism in Sarcoma 180 cells. 

MATERIALS AND METHODS 

Materials. The chiral isomers of EHNA and 
THNA were synthesized by procedures reported 
elsewhere [12]. Racemic EHNA was provided by 
Dr. John Douros of the National Cancer Institute, 
Bethesda, MD. The ~4C-labeled chemicals were 
obtained from the New England Nuclear Corp., 
Boston, MA. Purification of the [14C]glycine [14] was 
not required because less than 0.18% of the radio- 
activity applied to an AG 1-X8 formate column was 
retained after elution with 0.5 M formic acid. [8- 
~4C]Inosine was synthesized enzymatically from [8- 
14C]adenosine with calf intestinal ADA. The con- 
version of adenosine to inosine was 97% as deter- 
mined by cellulose thin-layer chromatography. 
Other special reagents were: ATP, GTP, GDP, 
GMP, adenosine, glycine, glutamine, 5- 
phosphoribosyl-l-pyrophosphate (PRPP), phos- 
phoenolpyruvate, type II rabbit muscle lactate 
dehydrogenase and type II rabbit muscle pyruvate 
kinase (Sigma Chemical Co., St. Louis, MO); ADP, 
AMP, IMP and guanine (P-L Biochemicals, Mil- 
waukee, WI); azaserine (Calbiochem-Behring 
Corp., La Jolla, CA); and Fischer's medium without 
sodium bicarbonate (Grand Island Biological Co., 
Grand Island, NY). Partially purified human eryth- 
rocytic HGPRT was prepared by the New England 
Enzyme Center (Boston, MA) by a large-scale 
method [15]. Sarcoma 180 cells were grown in CDI 
mice. Cells were harvested 6-7 days after intra- 
peritoneal injection of 5-6 × 10 ~' cells. 

Incorporation of  purine bases and nucleosides into 
nucleotide pools. Sarcoma 180 cells were harvested 
at room temperature in Fischer's medium containing 
25 mM phosphate, pH 7.4, and washed three times 
by centrifugation for 30 sec at 600 g. A stock sus- 
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pension of 4% (v/v) cells was prepared in the same 
medium. 

The incorporation of the radiolabeled substrates 
into nucleotide pools was carried out essentially as 
described by Henderson et al. [5]. [8-~4C]Adenine 
(sp. act. 55.6 mCi/mmole), [8-~C]guanine (sp. act. 
54.67mCi/mmole), [8-1~C]hypoxanthine (sp. act. 
58 mCi/mmole), [8-14C]guanosine tsp. act. 
49.2mCi/mmole) and [SJ4C]inosine (sp. act. 
45.5 mCi/mmole) were used without dilution of the 
radioactivity; [8-14C]adenosine (sp. act. 45.5 mCi/ 
mmole) was diluted with unlabeled adenosine to give 
a specific activity of 22.8 mCi/mmole in the final 
reaction mixture. Details of the incubation and 
extraction procedures are given in Fig. 1. Chroma- 
tography of the reaction products was carried out on 
PEI-cellulose (Brinkmann Instruments, Westbury, 
NY) as described elsewhere [16] except that the 
thin-layer plates were prewashed only with 
methanol-water (1 : 1) overnight and air-dried before 
use. Total radioactive acid-soluble nucleotides were 
cut from the origin after methanol-water elution to 
provide the data in Figs. 1 and 2: subsequent step- 
wise elution with formic acid was used to separate 
the nucleotides for the data in Figs. 3 and 4. Radio- 
activity was counted in 8 ml of Betafluor (National 
Diagnostics, Sommerville, N J). 

Incorporation of  gl,vcine into 5'-phosphoribosyl- 
formylglycineamide (FGAR). Sarcoma 180 cells were 
harvested, washed and suspended at a concentration 
of 5% (v/v) in calcium-free Krebs-Ringer medium 
[17]. The rate of purine biosynthesis de nol~o was 
determined as described by Crabtree et al. [14] with 
slight modifications. Cell incubations with (/. 105 uCi 
of [2J4C]glycine/600 gtl reaction volume were carried 
out as reported by Henderson et al. [5]. Details of 
the incubation and extraction procedure are given 
in Fig. 5. Extracts were chromatographed on AG 
1-X8 resin (Bio-Rad Laboratories, Richmond, CA). 
Radioactivity was counted in 6 ml of ACS fluid 
(Amersham, Arlington Heights, ILl. 

Determination of  PRPP levels. Sarcoma 180 cells 
were collected in Puck's saline G and washed three 
times by centrifugation at 600g for 30 sec. Cellular 
PRPP stores were depleted* by incubating 5% cell 
suspensions for 10 rain at room temperature in saline 
buffered with 1 mM ttepes, pH 7.4. The cells were 
centrifuged and resuspended at 5% (v/v) in 1 ml of 
Fischer's medium containing 25 mM phosphate, pH 
7.4, or in 1 ml of high phosphate medium (50 mM 
phosphate, pH 7.4; 75 mM NaCI: 10ram glucose: 
2 mM MgSO4). Incubations were carried out in the 
presence and absence of 801~M EHNA for 1 hr at 
37 ° on a shaking water bath under an air atmosphere. 
The cells were centrifuged, resuspended in 0.3 ml of 
ice-cold 1 mM potassium phosphate, pH 7.4, con- 
taining 1 mM EDTA, boiled for 65 sec, and cooled 
rapidly on an ice bath. The boiled samples were 
centrifuged for 5 min at 2000g, and 50 Id aliquots of 
the supernatant fractions were assayed for PRPP by 
the method of Green and Martin [18]. 

Enzyme assays. Cell extracts for assaying kinase 
and phosphoribosyltransferase activities were pre- 
pared by washing the Sarcoma 180 cells with saline 
and lysing 30% (v/v) suspensions of the cells in 
100 mM Tris-HC1, pH 7.4, by sonication. Enzyme 
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activities were determined in the supernatant fluid 
after centrifugation for l h r  at 100,000g. HGPRT 
and APRT activities were measured by trapping 
radiolabeled GMP and AMP on DE81 filter discs 
(Whatman Inc., Clifton, N J) by a modification of 
the method of Parks et al. [19]. The reaction mixtures 
contained 4.5 to 50/~M 14C-labeled purine base, and 
15 mM NaF. At various time intervals, 20 #1 aliquots 
were placed on the filter discs which were then 
washed repeatedly with 1 mM ammonium formate 
by suction. Radioactivity on the discs was counted 
in ACS fluid after extraction with 1 ml of 1 N HCI. 
AMP kinase, GMP kinase and NDP kinase were 
measured spectrophotometrically at 340nm by a 
coupled assay [15]. 

Extracts for PRPP synthetase were prepared by 
the procedure of Yip et al. [20], and enzyme activity 
was measured as described [21] except that the 
reaction was coupled to HGPRT instead of APRT. 
Each reaction mixture contained cell extract equiv- 
alent to 2.9/21 of packed cells, 200 ~M ribose-5- 
phosphate, 105 #M guanine (0.5 #Ci of ['4C]guanine) 
and 0.02 units of partially purified human erythro- 
cytic HGPRT. 

RESULTS 

Effects on purine salvage pathways. The incorpor- 
ation of adenine, guanine and hypoxanthine into the 
nucleotide pools of Sarcoma 180 cells was inhibited 
by (--)-EHNA as well as by all the EHNA and 
THNA isomers. Figure 1 shows that inhibition was 
greatest with guanine and hypoxanthine and less with 
adenine. The (+) -EHNA isomer, which is the most 
potent ADA inhibitor, also had the most profound 
inhibitory effect. The ( - ) - E H N A  isomer was sig- 
nificantly less inhibitory, especially at higher con- 
centrations, and gave results that were similar to 
racemic (±)-EHNA. The THNA isomers generally 

gave less inhibition than the EHNA isomers and 
exerted their greatest activity against guanine incor- 
poration. The order of inhibitory potency was not 
constant with the THNA isomers: guanine incor- 
poration was inhibited more strongly by ( - ) - T H N A  
and hypoxanthine more by (+)-THNA. When the 
effect of 80/~M (+)-EHNA was tested on the 
HGPRT and APRT activities in extracts of Sarcoma 
180 cells, no inhibition was observed even at low 
concentrations (4.5 ktM) of the adenine and guanine 
substrates. 

Whereas guanine, hypoxanthine and adenine 
incorporations were inhibited 68, 67 and 55%, 
respectively, by 80/~M (+)-EHNA, adenosine incor- 
poration into acid-soluble nucleotides was only 
slightly affected, as shown in Fig. 2. Since these 
results suggested that EHNA might block base trans- 
port, the incorporation of ~C-labeled inosine and 
guanosine was examined. The nucleosides would 
presumably enter the cell via a nucleoside transport 
mechanism and be cleaved by purine nucleoside 
phosphorylase (which is not inhibited by EHNA) to 
release the radiolabeled bases. Figure 2 shows that 
incorporation of inosine and guanosine was also 
strongly inhibited by 10-80#M (+)-EHNA. The 
other isomers were not tested with inosine or guan- 
osine and showed slight or no inhibition of adenosine 
uptake (results not shown). 

The ratios of adenine nucleotides to guanine 
nucleotides formed from [14C]hypoxanthine were 
determined after chromatographic separation of the 
acid-soluble nucleotides. Figure 3 shows that the 
A/G ratio of nucleotides formed from hypoxanthine 
dropped from ca. 11 in the control to 5.6 and 6.3 
with 80/2M (+) -EHNA and (-+)-EHNA respec- 
tively. Incorporation of radiolabeled substrate into 
adenine nucleotides decreased by 60-65%, whereas 
that into guanine nucleotides decreased by 28-30%. 
Although the A/G ratio decreased as the concentra- 
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Fig. 1. Effects of the EHNA and THNA isomers on nucleotide synthesis from purine bases. Cells were 
preincubated for 20 min with various concentrations of (+-)-EHNA (11), (+)-EHNA (0), (-)-EHNA 
((D), (+)-THNA (&) and (-)-THNA (A). After addition of 14C-labeled adenine, guanine or hypo- 
xanthine, the incubation was continued for 30 rain at 37 ° in an air atmosphere. The 100/21 reaction 
volumes contained 50 pl of cells, 25/21 of inhibitors and 25/.tl of substrate, all in modified Fischer's 
medium, to give final concentrations of 2% cells, 100 ~tM substrate and 0-80 #M inhibitor. The reactions 
were stopped by freezing in a dry-ice/ethanol bath. The protein was precipitated by adding 10 ~1 of 
2.24 N perchloric acid before thawing the solutions at 4 °. The extracts were neutralized with 10/.tl of 
2.24 N KOH and centrifuged at 4 °. Aliquots of 10 #l were chromatographed and total radioactivity in 
acid-soluble nucleotides was determined and expressed as a percentage of the radioactivity incorporated 
in the absence of inhibitor. The results are averages of duplicate determinations and were essentially 

the same in two separate experiments. 
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Fig. 2. Effects of (+) -EHNA on nucleotide synthesis from 
purine nucleosides. The procedures used are described in 
Fig. 1 except that the reaction mixtures contained 200 t~M 
[8-14C]adenosine (©), 100/~M [8J4C]guanosine (&) or 

100/~M [8-t4C]inosine ( 0 ) .  
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Figl 3. Effects of EHNA on the conversion of hypoxanthine 
and inosine to adenine nucleotides and guanine nucleotides. 
Cells were incubated in the presence of (-+)-EHNA (B) 
or (+) -EHNA (0 )  with [8-t4C]hypoxanthine as substrate, 
and (+) -EHNA with [8J4C]inosine (©) as substrate, as 
described in Fig. 1. Radioactivity was determined in IMP, 
AMP, ADP, ATP, GMP, GDP and GTP. The values given 
are averages of duplicate determinations. Similar results 

were obtained in two separate experiments. 
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Fig. 4. Effects of (+) -EHNA on the distribution of radioactivity in acid-soluble nucleotides synthesized 
from hypoxanthine, inosine and guanosine. Cells were incubated in the presence of various concentra- 
tions [0 #M (open bar), 20/zM (horizontal hatch), 40/tM (diagonal hatch) and 80/~M (closed bar)] of 
(+)-EHNA, and with hypoxanthine, inosine or guanosine as substrates as described in Figs. 1 and 2. 
Radioactivity in IMP, AMP, ADP, ATP, GMP, GDP and GTP was determined as described in Fig. 
3. In panels A, B and C, the distribution of radioactivity was calculated by dividing the counts per min 
for each nucleotide by the counts per min in total acid-soluble nucleotides at a given concentration of 
(+)-EHNA. Panels D, E and F represent the actual radioactivity (counts per min) recovered in each 

nucleotide species. 
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tion of EHNA increased, the relative distribution of 
radioactivity among the mono-, di- and triphosphate 
nucleosides was almost unaffected by the presence 
of ( - ) - E H N A  or ( +) -EHNA (Fig. 4). Similar results 
were obtained with inosine and (+)-EHNA (Figs. 
3 and 4) except that, consistently, a higher percent- 
age of the radioactivity in adenine nucleotides was 
in the form of ATP. Whereas the sharp drop in the 
A / G  ratio of nucleotides derived from hypoxanthine 
and inosine suggests that EHNA blocks the 
IMP---~AMP pathway, the distribution pattern of 
radioactivity from guanosine (Fig. 4) shows a slight 
increase in AMP with increasing EHNA concentra- 
tions. Interestingly, although AMP represented 7.6 
to 16.5% of the radioactive nucleotides formed from 
guanosine, ATP + ADP accounted for less than 2%. 
The synthesis of AMP from guanosine in Sarcoma 
180 cells significantly exceeds the synthesis of AMP 
from guanine reported for Ehrlich ascites cells [16] 
or mixed human leucocytes [17] and the radioactive 
ATP/AMP ratio is reversed. Assays of the nucleotide 
interconverting enzymes, AMP kinase, GMP kinase 
and NDP kinase, in Sarcoma 180 cell extracts gave 
the same results in the presence or absence of 80/~M 
(+)-EHNA. 

Effects  on pur ine  de novo biosynthesis.  All the 
EHNA and THNA isomers profoundly reduced the 
utilization of glycine for the synthesis of purines. 
The fol~mation of radiolabeld FGAR was inhibited 
by more than 50% at  10 pM concentrations of all the 
isomers [except ( - ) -THNA]  and 60-70% as the 
inhibitor concentrations were increased from 20 to 
80/~M (Fig. 5). 

Since purine biosynthesis de n o v o  and the salvage 
of purine bases all require PRPP as a co-substrate, 
the effects of EHNA on PRPP synthetase in Sarcoma 
180 cell extracts and on PRPP levels in intact cells 
were studied. The PRPP synthetase activity of Sar- 
coma 180 cell extracts was not inhibited by 80/~M 
(+)-EHNA. Intact cells that were depleted of PRPP 
by incubation in glucose-deficient medium attained 
the same low PRPP levels (61 .7 -  5.1 and 59.3 +- 
3.8 nmoles/109 cells) after incubation in the modified 
Fischer's medium with or without 80/~M (-+)-EHNA 
respectively. However, when depleted cells were 
incubated in medium containing 50 mM phosphate 
and 10 mM glucose, 19-fold higher PRPP levels were 
attained and 80 ~M (-+)-EHNA reduced these by 
35% from 1160 -+ 78 to 752 -- 34 nmoles/109 cells. 

D I S C U S S I O N  

All the EHNA and THNA isomers inhibited the 
incorporation of purine bases into acid-soluble 
nucleotide pools, blocked de novo  purine biosyn- 
thesis at an early stage, but had little or no effect on 
adenosine incorporation. Nucleotide synthesis from 
inosine and guanosine was also depressed by (+)- 
E H N A .  This  pattern of inhibitions suggests 
(although it does not prove) that these compounds 
interfere with purine metabolism rather than with 
transport processes. Since (+) -EHNA did not affect 
APRT, HGPRT or nucleotide kinase activities in 
Sarcoma 180 cell extracts, all the observed inhibitions 
might be explained by decreased availability of PRPP 
for base salvage and the first reaction of de novo  
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Fig. 5. Effects of EHNA and THNA isomers on purine 
biosynthesis de novo. Sarcoma 180 cells (500/~1 of a 5% 
suspension) were incubated for 20 min at 37 ° in modified 
Krebs-Ringer medium contained azaserine (10/tM final 
concentration) and 0--80/gM concentrations of (-)-EHNA 
( i ) ,  (+)-EHNA (O), (-)-EHNA (C)), (+)-THNA (&) 
and (-)-THNA (A). After addition of 100#1 of 2mM 
glutamine and 1 mM [14C]glycine, the incubation was con- 
tinued for 1 hr and stopped with 150 #1 of 20% perehloric 
acid. The solutions were chilled and neutralized to pH 6.5 
to 7.5 with 130 ~ of 5 N KOH. After centrifugation, 0.7 ml 
of the supernatant fluid was applied to a 12 x 28 mm AG 
1-X8 column and unreacted glycine was eluted with 30 ml 
of 0.5 M formic acid. FGAR was eluted with 15 ml of 4 M 
formic acid, lyophilized and redissolved in 1 ml of distilled 
water from which 0.8 ml was counted. Results are expressed 
as a percentag e of the radioactivity in FGAR in the absence 
of inhibitor and are averages of duplicate determinations. 
Essentially the same results were obtained in two separate 

experiments. 

synthesis. Yet EHNA did not affect PRPP synthetase 
activity in cells that were allowed to rebuild their 
depleted stores in the same modified Fischer's 
medium that was employed for the incorporation 
studies. Those cells, however, accumulated only 
about 0.06/~mole PRPP per 109 cells per hr. When 
the cells were incubated in a high phosphate medium 
that fostered the synthesis of 1.16/tmoles PRPP per 
109 cells per hr, EHNA caused 35% inhibition. When 
the 2% cell suspensions were challenged with 100/~M 
concentrations of adenine, hypoxanthine or guanine 
(see Fig. 1), total radiolabeled nucleotide concen- 
trations of 1.0 to 1.65/~moles per 109 ceils, respec- 
tively, were achieved during a 30-min incubation. A 
reasonable hypothesis is that EHNA interferes with 
the extremely high rate of PRPP production that is 
required for the nucleotide synthesis. 

The mechanism by which EHNA exerts this influ- 
ence cannot be deduced from the available data but 
may be unrelated to A D A  inhibition. Although these 
inhibitions were more pronounced with (+)-EHNA 
than with the other isomers, there was no clear 
correlation to ADA inhibition. For example, (+)- 
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E H N A  (K, = 2 nM) is abou t  250-fold more  po ten t  
than  ( - ) - E H N A  ( K ~ -  5 0 0 n M )  as an inhib i tor  of 
A D A ,  but ,  as seen in Fig. 1, is only abou t  twice as 
po ten t  as an inh ib i to r  of pur ine  base incorpora t ion .  
F u r t h e r m o r e ,  as seen in Fig. 1, the two T H N A  
isomers ,  which are abou t  5-fold more  po ten t  as A D A  
inhib i tors ,  are less active than  ( - ) - E H N A  in inhibit-  
ing the  up take  of hypoxan th ine .  

These  studies confirm and  ex tend  many of the 
obse rva t ions  of H e n d e r s o n  et al. [5] who found that  
E H N A  has a n u m b e r  of secondary  effects on the 
pur ine  me tabo l i sm of Ehr l ich ascites cells tha t  are 
no t  readily expla ined  by inhibi t ion  of A D A .  
A l t h o u g h ,  qual i ta t ively,  most  of our  findings with 
Sa rcoma  180 cells are in a g r e e m e n t  with those  of 
H e n d e r s o n  et al. [5], the  up take  of adenos ine  by 
Sa rcoma  180 cells is not  inh ib i ted  by any of the  
i somers  in cont ras t  to results  with Ehrl ich cells. Also,  
we obse rved  more  po ten t  inhib i t ion  of guanine  
uptake .  The  discrepancies  are p robab ly  due to 
me tabo l i c  d i f ferences  in the  two mouse  tumors .  

A significant poin t  for the  potent ia l  t he rapeu t i c  
appl ica t ion of E H N A  is tha t  the  Ki of the  more  active 
i somer  as an inh ib i to r  of A D A  is abou t  1000-fold 
lower than  the  concen t r a t i ons  at which these  sec- 
ondary  effects on pur ine  me tabo l i sm are seen.  Since 
the  Ki va lue  of ( + ) - E H N A  is 2 nM,  an appropr ia t e  
t he rapeu t i c  tissue level might  be in the  o rder  of 
10 7 to 10-6M,  i.e. g rea te r  than  100 t imes K,, but 
well be low the  concen t r a t ion  where  these  secondary  
effects on pur ine  me tabo l i sm are observed .  There -  
fore,  it appea r s  likely tha t  it will be possible to 
d is regard  these  secondary  p h e n o m e n a  in consider ing 
E H N A  as a cand ida te  the rapeu t i c  agent  for the  
po t en t i a t i on  of adenos ine  analogs.  

In s tudies  of deoxycoformycin  with animals  and  
in clinical trials,  inh ib i t ion  of A D A  in e ry throcytes  
and  organs  such as the  liver was exceedingly pro- 
longed [22]. It has been  pos tu la ted  that  cer ta in  of 
the  toxic effects obse rved  in clinical trials of dCF 
may have  been  due to the great ly p ro longed  inhi- 
bi t ion of A D A .  Presen t  ev idence  indicates  tha t  
inhib i t ion  of in t rae ry throcy t ic  A D A  by dCF  is per- 
m a n e n t  and  tha t  recovery  of activity is due to the 
in t roduc t ion  of new ery throcytes  into the b lood 
s t ream from the bone  marrow.  These  p ro longed  
inh ib i t ions  might  be avoided  by use of a semi- 
t igh t -b inding  inh ib i to r  such as ( + ) - E H N A  which has 
a T~ for  dissociat ion of the  e n z y m e - i n h i b i t o r  complex 
of less than  5 rain in cont ras t  to the T~ of the  d C F -  
A D A  complex  of 29 hr. A recent  repor t  indicates  
tha t  the  dura t ion  of inh ib i t ion  of whole  body  A D A  
in mice could be var ied f rom 3 to abou t  12 hr  depen-  
den t  upon  the dose of E H N A  admin i s te red  [10]. 
Thus ,  it may  be  possible to modula te  the  inhib i t ion  
of A D A  to co r r e spond  tempora l ly  with the admin-  
is t ra t ion of  the  adenos ine  analogs.  A potent ia l ly  
significant obse rva t ion  is the failure of any of the 
E H N A - I i k e  isomers  s tudied by us to inhibi t  adeno-  

* Manuscript in preparation. 

sine up take  in Sa rcoma  180 cells. Also,  in cur ren t  
s tudies with  ( - ) - E H N A ,  we have  not  de tec ted  any 
inhibi t ion  of adenos ine  up take  in the  h u m a n  colon 
ca rc inoma  line,  DLD-1  clone A,  and the  h u m a n  lung 
tumor ,  LX-I .*  This  is an i m p o r t a n t  point  because  
if E H N A  is to find a clinical role it will p robab ly  be 
in p reven t ing  the  inact iva t ion  of adenos ine  analogs 
caused by reac t ion  with A D A .  
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