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SUMMARY

A systematic study of the activity of 6-mercaptopurine, hypoxanthine, adenine,
and 6-chloropurine substituted at the 9-position with normal alkyl and cycloalkyl
groups indicates that the butyl, pentyl, cyclopentyl, hexyl, cyclohexyl, heptyl, and
octyl derivatives of these purines exerted an inhibitory effect on a line of H.Ep. #2
sensitive to MP and on two sublines resistant to MP. Additionally, the data indicate
that generally the MP-1 line was inhibited by the 9-alkylpurine derivatives to a greater
degree than was the MP-2 line. Although both of the resistant lines were more sensitive
to the short-chain normal alkyl derivatives and all the cycloalkyl derivatives than was
the parent line, there was little difference in the sensitivity of all three of the cell lines
to the longer-chain normal alkyl derivatives. Of the compounds tested, the most effec
tive were the cyclohexyl derivatives, which were consistently more inhibitory against
all three of the cell lines. Except for the long-chain normal alkyl purines, the deriva
tives of MP were more inhibitory than the corresponding alkyl derivatives of hypoxan
thine, which, in turn, were more inhibitory than the corresponding derivatives of
adenine and chloropurine.

From a cell line of human epidermal carcinoma
(H.Ep. #2) have been isolated two sublines highly
resistant to 6-mercaptopurine (MP) (6). These two
sublines, differing in morphology and rate of
growth, have furnished additional biological sys
tems for studying metabolic differences between
parent and resistant cells. In the course of study
ing the comparative effects of various compounds
on the growth of these cell lines, it was observed
that a number of 9-substituted purines were in
hibitory to all three lines and that some of the
compounds exerted a selective inhibition on the
MP-resistant lines. The effect these compounds
exerted on the parent and resistant cells consti
tutes the subject of the present paper. Similarly,
LePage and Jones (7) have found that 9-alkylated
purinethiols were inhibitory to a thioguanineresistant cell line.
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MATERIALS AND METHODS
The parent cell culture used throughout the
course of these experiments was the H.Ep. #2 line
of human epidermoid carcinoma (14) from which
were isolated two mutant sublines: H.Ep. #2/
MP-1 and H.Ep. #2/MP-2. The morphological
and growth characteristics of these resistant cells
have been described previously (6). The genetic
stability of the resistant lines was demonstrated
in cloning experiments with cells from cultures of
MP-resistant lines that had been grown for 150
generations (over 9 months) in the absence of MP.
When these cells were cultured in the presence of
MP they cloned with a plating efficiency as high
(90-95 per cent) as that of cells grown from the
outset in the presence of MP.
All H.Ep. #2 stock cultures, sensitive and re
sistant, were propagated in SRI-14 complete
growth medium (6), with the exception that 160
Mg/ml MP was routinely added to the growth me
dium of the resistant cells. All stock cell cultures,
sensitive to or resistant to MP, were grown as
confluent monolayers in 32-oz. prescription bottles
and as fluid-suspension cultures in 1500-ml. flatbottomed boiling flasks. Serial transplantation and
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propagation of the cells were accomplished as pre
viously reported (5).
Experimental runs were designed so that each
compound was tested under conditions as nearly
identical as possible on the MP-sensitive and MPresistant cells. Approximately 2 X IO7 cells were
inoculated into 100 ml. of the complete growth
medium to which the candidate inhibitor had been
added to yield a concentration of 10 Â¿ig/ml.The
medium and the cells were contained in a 500-ml.
flat-bottomed boiling flask, mounted on a New
Brunswick gyratory shaker, and maintained as
fluid-suspension cultures for the duration of the
experiment. The total cell count of each flask was
made with a hemacytometer at the beginning of
the experiment and after each 24-hour interval of
growth until the experiment was terminated,
which was usually 48-72 hours following inocula
tion. In each experiment the controls consisted of
sensitive and MP-resistant cultures each grown in
the absence and the presence of MP. References
to the synthesis of the compounds used in this
study are included in Table 1.
RESULTS
In Table 1 are tabulated the effects which a
number of derivatives of MP and closely related
compounds exerted on the H.Ep. #2 parent line
and the MP-resistant sublines. All results are those
obtained after a growth period of 48 hours, and, in
most instances, the value given is the mean value
for a number of experiments. The R value in
which these results are reported was obtained from
the formula
Cell count after 48 hours = R.
Cell count at 0 hour
Therefore, the R value 1.00 is an indication of sta
sis; a number larger than 1.00 indicates an in
crease in the number of viable cells, whereas a
fractional number indicates a decrease in cell pop
ulation. The data for the growth controls in nor
mal medium show the relative rate of growth of
the three cell lines. The data also indicate the in
hibitory effect of MP on the parent line and the
absence of any inhibition on the two resistant
sublines.
From the data may be determined the effect of
placing various substituent groups in the 9-position of the MP molecule. The ethyl and propyl
derivatives had little effect upon the parent line
and the MP-2 subline, but the ethyl derivative in
hibited the MP-1 subline to a small degree. The
butyl compound, however, was more active and
inhibited all three lines, with the greatest inhibi
tion being exerted upon the two resistant cultures.
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Results similar to that found with the 9-butyl MP
were obtained with the pentyl and the cyclopentyl
derivatives of MP. However, when a hydroxyl
group was placed in the 2' position of the cyclo
pentyl compound, whether cis or trans to the purine moiety, the inhibitory activity was destroyed.
Although the hexyl derivative of MP was a potent
inhibitor of all three lines, it was not as inhibitory
as the cyclohexyl derivative which had, after 48
hours' contact with the cultures, killed all the
MP-1 cells, virtually all the MP-2 cells, and 50
per cent of the cells of the parent line. Cyclohexenyl 6-MP was also an active inhibitor but
not as active as the cyclohexyl derivative. As in
the case of the cyclopentyl MP, when a hydroxyl
group was placed in the 2' position of the cyclo
hexyl compound, whether cis or trans, the inhibi
tory activity was lost. The heptyl and octyl deriva
tives of MP exerted an inhibitory activity com
parable to the inhibition caused by the hexyl MP.
The 9-/3-D-ribofuranosyl derivative of MP in
hibited the growth of the sensitive line and in
hibited the growth of the MP-1 subline, although
to a much lesser degree. However, the inhibition of
the resistant cells was transitory, and at the end
of the 72-hour growth period the extents of growth
of the MP-1 cells in the presence of the 9-ÃŸ-D-ribofuranosyl MP or in the absence of this compound
were similar. The effects of the 5' and the 2'(3')ribonucleotides of MP on the three cell lines re
sembled the effects exerted by MP riboside. Since
it was possible that the presence of the terminal
phosphate groups might interfere with the en
trance of the ribonucleotides into the cells, the
terminal phosphate groups were masked by esterification with another ribonucleoside moiety. In
one compound the phosphate of MP ribonucleotide was esterified with MP ribonucleoside and in
the other with thymidine. It was hoped that these
compounds would enter the cell intact and be
cleaved by intracellular enzymes to MP ribonucleotide, which would inhibit the growth of the
resistant cells. However, the data which were ob
tained indicated that these compounds did not
have the desired inhibitory effect upon the resist
ant lines, although they inhibited the sensitive
line in an amount comparable to that exerted by
the MP riboside and ribotides.
In an effort to determine the specificity of the
9-position, 7-butyl MP was synthesized, and, al
though it proved to be inhibitory, it was not as
effective an inhibitor as was the 9-butyl MP.
More compounds of this type are being synthe
sized with larger substituent groups in the 7-position.
Although hypoxanthine (Hx) did not inhibit the
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TABLE1
CYTOTOXICITY
OFO-ALKYLPURINES
AGAINST
H.EP.#2CELLS
ANDSUBLINES
RESISTANT
TO6-MERCAPTOPURiNE*
tocmpd.

fi/
ft/
SubstituentNoneNoneEthylPropvlButyl7-ButylÂ§PentylCyclopentyleÂ¡
fi3.84ft0.723.153.432.101.850.292.058.203.500.760.504.063.8*1.660.710.480
FurineNone6-3VIPHypoxanthineChloroXSC
no.75514575619651948840774960638194H783194306074074*319*0*25746â€¢2308122*894074*0606324911460*4405*784074274073386197819*0
MP-12.43#2.481.702.350.801.260.310.152.001.700.350.002.471.370
MP-i2.89#2.808.502.46110.961.551.57110.502.902.7

synthesis10118111515111616164,212,391313

1Ã-rans-2-hydroxycyclopentvlHexylCyclohexylciÂ«
s-2 -Hydroxycyclopenty

1trarw-2-Hydroxycyclohexyl2'-cyclohexenylHeptylOctyl/3-D-Ribofuranosyl/3-D-Ribofuranosyl-5'-PO40-D-2 -Hydroxycyclohexy

851.150.851.001.004.004.202.150.312.004.014.120

uranosyl-2'(3')PO4Bis
Ribof
(thioinosine)5'-5'"-phosphate#Thymidylyl
(3'-*5')thioinosine#NonePropylButylPentylCyclopentyltt's-2-Hydroxycyclopentyltrans-2-HydroxycyclopentvlHexylCyclohexyleiÂ«-2

790.904

1Ã-ranÃ--2-Hydroxycyclohexyl2'-cycIohexenylHeptylOctylNonePropylButylPentylCyclopentylCi.s-2-Hydroxycyolopentyl<rans-2-H
-Hydroxycyclohexy
074.254.060.270.292.9*4.342.851.572.254.323.871.011

653
12'-CyclohexenylHeptylOctylNoneEthylPropylCyclopentylcÃº-2-HydroxycycIopentylH.Ep.
-2 -Hydroxycyclohexy
342.800.580.543.433.514.142.508.87H.Ep.

* All compounds

were tested at 10 jug/ml.

t

^ .,
1â€”r-r-r
= fi- Therefore, 1.00 would indicate stasis. A number larger than 1.00 would indicate an increase
Cell count at 0 Ju
in the number of viable cells, whereas a fractional number would indicate a decrease in cell population.
ÃŽThis is a mean value of more than 90 experiments having a range of 3.82-4.18 foi H.Ep. #2; 2.02-2.68 for H.Ep. #2/MP-l;
2.53-3.10 for H.Ep. #2/MP-2.
Â§For comparison purposes the butyl group was substituted at the 7-position instead of on the 9-carbon of the purine.
# The full name rather than the 9-substituent
is given.
|| C. Temple, Jr., C. L. Kussner, and J. A. Montgomery, unpublished data.
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TABLE 1â€”Continued

to

FurineChloro

ft/
ft/
no.3113640742518924257122130922237407424606397492390531737752393369-Substituent<rans-2-HydroxycyclopentylHexylCyclohexylci.Â»-2-Hy
ft3.171.352.854.503.683.552.591.910.503.612.880.504.36H.Ep.
cmpd.synthesis151116161617171
MP-11.971.020.831.842.771.213.331.091.902.031.341.271.45H.Ep.
MP-S2.940.64111.472.773.142.501.591.381.602.832.

Continued8-AzaguanineThioguanineNSC
â€”

growth of any of the cell lines used during these
experiments and, in fact, caused slight stimula
tion, the 9-alkyl Hx compounds exerted an in
hibitory effect resembling that of the 9-alkyl MP
derivatives. The growth of the resistant lines was
generally inhibited to a greater degree than were
the cells of the sensitive line, and to about the
same extent as they were inhibited by the 9-alkyl
MP compounds. However, the cyclohexenyl deriv
ative exhibited no inhibitory activity, and once
again the 2-hydroxycyclo alkyl compounds were
devoid of activity.
In spite of the fact that adenine was somewhat
toxic to the cells of all three lines, the 9-alkyl deriv
atives of adenine yielded results similar to those
found for the 9-alkyl hypoxanthine compounds;
however, the extent of inhibition was less. Again
the resistant lines were apparently more sensitive
to inhibition by the 9-alkyl adenines than was the
parent line, and, here also, the addition of a hydroxyl in the 2' position of the 9-cycloalkyl ade
nine derivatives destroyed the inhibitory effect.
Another purine antagonist, 6-chloropurine, did
not inhibit the parent line or either of the two re
sistant sublines; however, a few of the 9-alkyl-6chloropurine derivatives did cause some inhibition.
The ethyl derivative inhibited the MP-1 line to a
limited extent, and the cyclopentyl compound
caused some death of the cells of all three lines,
with MP-1 most severely affected. The best over
all inhibition of all three lines was caused by the
hexyl, cyclohexyl, and the octyl derivatives of
6-chloropurine. However, the inhibition was not
as profound as with the 9-alkyl derivatives of the
other purines tested.
From these data there would appear to be an in
dication that the degree of inhibition was in

fluenced both by the substituent at the 6-positioii
and the substituent at the 9-position, but at pres
ent there is no evidence that all the compounds
function by the same mechanism. It is highly un
likely that dealkylation of these derivatives oc
curs, since the resultant purines have been shown
to be noninhibitory to the resistant cells. Several
types of experiments are now being performed in
an effort to gain more indication of the metabolic
sites involved and the mode of action of these com
pounds.
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