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Certain types of hypolipildemic agents have been ob-
served to also function as cytotoxic agents. Previously
reported hypolipildemic agents, 3-imino-1-oxoisoindo-
lines, were evaluated for their anti-neoplastic activity.
Selected agents were effective at inhiblting L1210,
Tmolts, HeLa-S®, KB nasopharynx, lung, osteosarcoma
and glioma growth. 2-Propyl-3-imino-1-oxoisoindoline,
(4), a representative compound of the class of agents,
inhibited DNA and RNA syntheses of L1210 celis. The
major site of inhibition was the purine pathway at IMP
dehydrogenase. Other enzyme sites which were affected
by (4) marginally were t-RNA and r-RNA polymerases,
dihydrofolate reductase, aspartate transcarboxylase, and
nucleoside kinases. d(NTP) pools of L1210 cells were
reduced after 60 min. Incubation with (4).
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Introduction

A series of hypolipidemic agents, 1,2,4-triazolidine-
3,5-diones,"  2,3-dihydrophthalazine-1,4-diones,?
indazolones,? indan-1,3-diones? and dipheni-
mides,” have cytotoxic activity. These derivatives
inhibited DNA synthesis by reducing purine de
novo synthesis at the PRPP amidotransferase and
IMP dehydrogenase enzyme sites. Compounds
with a similar chemical structure, e.g. 3-imino-1-
oxoisoindolines,6'7 have been shown to have ana-
logous hypolipidemic activity. Other hypolipidemic
agents, e.g. Compactin, inhibit DNA synthesis.
Thus, this study was undertaken to investigate
whether 3-imino-1-oxoisoindolines inhibit tumor
cell growth.

3

Methods and materlals
Source of compounds

The substituted 3-imino-1-oxoisoindolines were
synthesized as previously outlined.® The chemical
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and physical characteristics were identical to those
reported.®

Cytotoxic activity

Compounds 1-23 were tested for cytotoxic activity
by preparing 1 mM solutions of each drug in 0.05%
Tween 80/H,O by homogenization. The solutions
were sterilized by passing them through an Acrodisc
(45 uM). The following cell lines were maintained
by the literature techniques:® murine L1210 lym-

X
NR4
NRo

Compound X R, R2

1 (0] —H —H

2 0] —CHsj —H

3 (o] —CHzHs —H

4 0] —C3H; —H

5 (o] —C4Hg —H

6 (0] —CsH" —H

7 o —C,Hs —C,H5

8 (0] —CaH; —CaH7

9 (0] —C4Hg —C4Hg
10 (0] —CsHy4 —CsHyq
1 (0] —(CH3),COCH; —(CHj)2COCH,
12 (0] —H ~C3H7 - HCI
13 (0] —H —C4Hg - HCI
14 (0] —H —CsH,y4 - HCI
15 —NC;H7 —H —NC;3H;
16 —NC4Hg —H —NC4Hg
17 —N05H11 —H —NC5H11
18 o] —COOEt —H
19 o] —CH,COOEt —H
20 (o] —(CH2),COOEt —H
21 0 —(CH;);COOEt —H
22 (0] —(CH;)4COOEt —H
23 (0] —CH,CH,C(O)OA? —H

Figure 1. Structures of 3-imino-1-oxolisoindolines.
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Table 1. The cytotoxicity of 3-imino-1-oxoisoindolines against murine and human tissue cultured cells (EDso = pg/ml)

(N=16)

Compound Murine Human

L1210
Tmolts SwW480 HeLa-S® KB naso- broncho- osteo- brain
adeno- pharyngeal genic sarcoma glioma
carcinoma lung
(colon)

1 1.72 1.73 243 2.45 4.65 1.59 2.20 3.55

2 1.97 2.26 6.10 2.45 4.66 1.59 5.93 3.54

3 1.44 1.20 0.95 1.562 3.57 1.59 5.58 6.93

4 0.84 1.86 2.30 1.40 4.82 3.35 3.47 6.16

5 2.40 0.78 0.95 1.92 4.65 3.81 2.99 3.23

6 1.40 1.07 2.99 1.40 3.18 2.98 452 4.65

7 0.96 2.66 0.95 1.22 6.37 2.59 3.84 2.60

8 1.41 1.66 1.80 1.17 3.73 1.73 7.48 5.82

9 2.99 2.06 1.84 1.57 3.41 4.20 5.27 5.21
10 2.32 2.53 3.79 . 0.93 0.39 6.29 2.68
1" 3.98 3.33 2.76 2.86 5.70 6.49 0.96 1.24
12 0.84 1.86 2.95 1.63 3.57 2.42 1.63 2.16
13 2.61 2.06 2.31 2.27 5.90 1.59 1.76 4.63
14 0.67 0.80 2.00 1.45 0.74 0.85 0.83 1.23
15 1.19 1.33 4.35 2.62 4.19 3.49 1.70 5.30
16 0.95 1.46 1.90 1.63 0.93 0.61 0.67 0.80
17 0.60 1.13 1.37 . 0.72 7.46 2.16 1.85
18 1.84 1.60 3.06 2.39 4.19 1.20 2.33 2.89
19 2.40 1.59 2.42 2.45 4.19 4.21 8.55 2.69
20 1.96 1.13 2.66 1.75 5.75 6.36 3.21 4.93
21 1.76 0.99 2.18 1.57 5.33 4.20 6.79 2.68
22 2.15 2.26 2.22 1.92 6.91 3.04 5.48 1.24
23 2.32 1.86 2.42 . 7.92 7.94 8.32 2.96
5-FU 1.41 2.14 3.09 2.47 1.25 5.69 — 1.28
Ara-C 2.76 2.67 3.42 2.13 2.84 4.60 - 1.88
Hyroxyurea 2.67 3.18 4.74 1.96 5.29 7.37 7.57 2.57
Values <4 pg/ml are considered significant.
phoid leukemia, rat UMR 106 osteosarcoma, human determined by the method of Liao et a/.'° The con-

Tmolts acute lymphoblastic T cell leukemia, color-
ectal adenocarcinoma SW480, HCT-8 ileum, lung
bronchogenic lines MB-9812 and A349, osteosarco-
ma TE418, KB epidermoid nasopharynx, A431 epi-
dermoid carcinoma, and Hela-S® suspended and
solid cervical carcinoma. The protocol of Geran
et al® was used to assess cytotoxicity; standards
were determined for each cell line. The com-
pounds’ cytotoxicities were expressed as EDsg
values, i.e. the concentration in pg/ml which
inhibits 50% of cell growth determined by the
Trypan blue exclusion technige. Solid tumor
cytotoxicity was determined by the method of
Leibovitz et al,’ using 0.2% crystal violet/20%
MeOH staining and evaluation at 580 nm.

Incorporation studies

Incorporation of labeled precursors into [PHIDNA,
[PHIRNA and [PHlprotein into 10% L1210 cells was
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centration response of compound 4 for inhibition of
DNA, RNA and protein syntheses was determined
after 60 min at 25, 50 and 100 pM. [1-'*ClGlycine
(53.0 mCi/mol) incorporation into purines was de-
termined by the method of Cadman et all!
[*CJFormate (53.0 mCi/mol) incorporation into
pyrimidines was determined by the method of
Christopherson et al.'?

Enzyme assays

Inhibition of various enzyme activities was carried
out by first preparing the appropriate L1210 cell
homogenate or subcellular fraction, then adding
the test drug during the enzyme assay. For the con-
centration response studies, inhibition of enzyme
activity was determined at 25, 50 and 100 puM after
incubation for 60 min. DNA polymerase a activity
was determined in a cytoplasmic extract isolated by



Table 2. The effects of 3-imino-1-oxolisoindolines on L-
1210 DNA, BNA and protein syntheses after 24 h incuba-
tion at the EDsg value (N = 6)

Compound Percent of control (mean + SD)
DNA RNA protein
synthesis synthesis synthesis
Control 100 + 6° 100 + 7° 10 + 8°
1 88+5 67 + 6" 10+7
2 72 + 6* 69 + 5* 8916
3 724+ 7 69 + 6" 111 +7
4 63 + 5* 32+ 4 97 +8
5 88 + 4* 52 + 5* 85+ 6
6 70 £ 5* 58 + 4* 94 +7
7 62 + 6* 47 + 5* 11246
8 70+ 7* 77 + 5* 95+ 6
9 73+ 6" 82+7 101 £7
10 60 + 6* 97 +7 120+ 5
" 95+ 8 12945 97 + 6
12 817 73+ 6" 30+ 3"
13 108 + 5 67 + 5" 82+6
14 69 + 6* 41+ 4 13+ 3"
15 72 + 6* 61 + 5* 92+6
16 52+3 42 + 4 114 +5
17 56 +5 40 + 5* 113+6
18 88+6 73 + 6* 72+ 5"
19 80+7 80+7 102+ 6
20 82+6 72+ 6 87+7
21 81+8 80+5 109+ 5
22 115+ 6 8216 110+ 6
23 81+5 91 +5 114 +7

® 46314 d.p.m./24 h; ® 60840 d.p.m./24 h; © 10452 d.p.m./24 h.
*p <0.001 by Student's t-test.

the method of Eichler et al.'*> Nuclear DNA poly-
merase f§ was determined by isolating nuclei by the
method of Mamaril et al.'* The polymerase assay for
both « and B was that of Sawada et al,'® with
[PHITTP. Messenger-, ribosomal- and transfer-RNA
polymerase enzymes were isolated with different
concentrations of ammonium sulfate’®!” and the
individual RNA polymerase activities were deter-
mined using [PHJUTP. Ribonucleoside reductase
activity was measured with [**CICDP with and with-
out dithioerythritol.'® The deoxyribonucleotides
labeled with [**CldCDP were separated from
[(*CIrCDP from the ribonucleotides by thin layer
chromatography (TLC) on PEI plates. Thymidine,
TMP and TDP kinase activities were measured with
[*Hlthymidine (58.3 mCi/mol) in the medium of
Maley and Ochoa.'® PRPP amidotransferase activity
was determined by the method of Spassova et al.*°
and IMP dehydrogenase activity was determined
with ['“CIIMP (Amersham, Arlington Heights, IL)
where XMP was separated on PEI plates (Fisher
Scientific Raleigh, NC) by TLC.2* Carbamyl phos-
phate synthetase activity was determined by the
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method of Kalman et al.?? and citrulline was deter-
mined colorimetrically.?®> Aspartate transcarbamy-
lase activity was determined by the method of
Kalman et al?? and carbamyl aspartate was deter-
mined colorimetrically.?* OMP decarboxylase activ-
ity was determined by the method of Appel.?®
Thymidylate synthetase activity was analyzed by
the method of Kampf et al.?® The >H,O measured
was proportional to the amount of TMP formed from
[*HIdUMP. Dihydrofolate reductase activity was de-
termined by the spectrophotometric method of Ho
et al?’ Protein was determined for all of the enzy-
matic assays.28

DNA assays

Deoxyribonucleoside triphosphates were extracted
by the method of Bagnara and Finch.?® Deoxyribo-
nucleoside triphosphates were determined by the
method of Hunting and Henderson,>® with calf thy-
mus DNA, Escherichia coli DNA polymerase I, non-
limiting amounts of the three deoxyribonucleoside
triphosphates not being assayed, and either 0.4 pCi
of [*H-methylldTTP or [5-2H)dCTP.

The effects of compound 4 on DNA strand scis-
sion were determined by the methods of Suzuki et
al.>! Pera et al>* and Woynarowski et al>* L1210
lymphoid leukemia cells were incubated with
10 uCi thymidine methyl->H, 84.0 Ci/mmol and
drug at 100 uM for 24 h at 37°C. After harvesting
the Tmolt; cells (107), the cells were centrifuged at
600 g for 10 min in PBS, washed and suspended in
1 ml of PBS. Lysis buffer (0.5 ml; 0.5 M NaOH,
0.02 M EDTA, 0.01% Triton X-100 and 2.5% su-
crose) was layered onto a 5-20% alkaline—sucrose
gradient (5 ml; 0.3 M NaOH, 0.7 KCl and 0.01 M
EDTA) followed by 0.2 ml cell preparation. After
incubating for 2.5 h at room temperature, the gra-
dient was centrifuged at 12000 r.p.m. at 20°C for
60 min (Beckman rotor SW60). Fractions (0.2 ml)
were collected from the top of the gradient, neu-
tralized with 0.2 ml of 0.3N HCI, and radioactivity
measured. Thermal calf thymus DNA denaturation
studies, UV absorption studies and DNA viscosity
studies were conducted after incubating compound
4 at 100 pM in PBS buffer pH 7.2 at 37°C for 24 h.4

Resuits
Compounds 4, 7, 14, 16 and 17 all afforded L1210

lymphoid leukemia cytotoxicity with EDs, values of
less than 1 pg/ml. All of the 23 compounds were
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active against L1210 growth with EDsq values less
than 4 pg/ml. Tmolt; lymphoid leukemia growth
was reduced by 5, 14 and 21 with EDs, values
less than 1 pug/ml. Against this cell line, all com-
pounds tested were active.

Adenocarcinoma colon SW480 growth was inhib-
ited by 3, 5 and 7 with EDsq values less than 1 pg/
ml. Compounds 2 and 15 were inactive. Hela-S> cell
growth was inhibited by all of the compounds ex-
cept 17, with EDsy values between 1.11 and
2.86 pg/ml. KB nasopharyngeal growth was inhib-
ited significantly by 10, 14, 16 and 17. Lung
bronchogenic growth was inhibited by 10, 14 and
16; compounds 9, 11, 17, 19, 21 and 23 were
inactive. Osteosarcoma growth was inhibited by 11,
14 and 16 with EDsq values less than 1 ug/ml. Glio-
ma growth was inhibited by 16 (EDsq value less than
1 pg/mb; such growth was inhibited by 11, 14, 17
and 22 with EDsy values less than 2 pg/ml.

L1210 DNA and RNA syntheses were inhibited
significantly by all compounds with low L1210
EDsy values. Compounds 4, 7, 14, 16 and 17
caused at least 35% inhibition of DNA synthesis,
and the same compounds reduced RNA syntheses
greater than 50%. There did not appear to be any
significant correlations between protein synthesis
inhibition and the compounds’ EDs, values in the
L1210 screen. Compound 4 caused a concentration
dependent reduction of both L1210 DNA and RNA
syntheses. Purine synthesis was markedly reduced
by 65% at 100 uM. Whereas PRPP amidotransferase
activity was marginally inhibited (27%), IMP dehy-
drogenase activity seemed to be the site maximally
effected by 4 with 63% inhibition at 100 pM. Car-
bamyl phosphate synthetase was marginally in-
hibited 20% at 50 and 100 pM but aspartate trans-
carbamylase activity was inhibited 42% at 100 pM.
DNA polymerase & activity was inhibited 22%; m-
RNA polymerase activity was not affected by 4. r-
RNA and t-RNA polymerase activities were inhibited
35-39%. Ribonucleoside reductase activity was in-
hibited 36% by 4 at 100 uM. This correlated posi-
tively with the reductions in d(ATP), d(GTP),
d(CTP), and d(TTP) pool levels between 14-36%.
Other enzymes which when inhibited by 4 contri-
bute to reduced d(NTP) pool levels are nucleoside/
nucleotide kinases. Activity of these kinase en-
zymes was inhibited 40-52% by 4 at 100 pM.

Experiments with cDNA showed that compound
4 caused no changes in DNA viscosity, thermal
denaturation, T, values or absorption of DNA at
260 nm. Incubation of compound 4 at 100 pM with
L1210 cells for 24 h showed that DNA fragmentation
did occur at that concentration (Figure 2).
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DNA Strand Scission L1210
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Figure 2. DNA strand scission L1210: [8), 4; 8, control.

Discussion

3-Imino-1-oxoisoindolines proved to be potent cy-
totoxic agents against single suspended cells, e.g.
L1210, Tmolts; and HelLa-S* cells. Selected agents
were active against solid tumors, e.g. colon adeno-
carcinoma, KB, lung, osteosarcoma and glioma.
Selected derivatives were potent across the whole
battery of tumor lines, e.g. compounds 13 and 17.
The derivatives are similar to the purine nucleus
structure in both size and shape. This may explain
why regulation enzymes in the purine pathway are
inhibited, i.e. by feedback regulation. Inhibition of
the purine pathway after 60 min incubations would
account for reduction in both RNA and DNA synth-
eses in tumor cells. Nevertheless, other metabolic
sites were inhibited by the componds. Inhibition of
the de mnovo pyrimidine pathway may be due to
agent-induced reductions in aspartate transcarba-
mylase activity. The inhibition of dihydrofolate re-
ductase activity would add to reduced purine and
pyrimidine syntheses since that enzyme is respon-
sible for one carbon transfer in both pathways. In-
hibition of ribonucleotide reductase, reducing
conversion of ribonucleoside to deoxyribonucleo-
tides, would be reflected in lower d(NTP) pools
after treatment. The agents’ reduction of nucleoside
and nucleotide kinase activities would contribute to
decrements in d(NTP) pool levels observed after
60 min exposure to the drug.

The 3-imino-1-oxoisoindolines demonstrated a
mode of action similar to other cyclic imides,
e.g. 2,3-dihydrophthalazine-1,4-diones, indazo-
lones and diphenimides. The purine synthetic path-
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Table 3. The effects of compound 4 on L1210 lymphoid leukemia cell metabolism after 60 min incubation (N = 6)

Assay Percent of control (mean + SD)

control 25 uM 50 uM 100 uM
DNA synthesis 100 + 62 74 + 5* 67 + 6* 59 + 5*
RNA synthesis 100 £ 7° 76 + 6" 60 + 5* 54 + 6"
Protein synthesis 100 + 6°¢ 136+ 7* 120 + 6 111 +£5
DNA polymerase « 100 + 6° 99+ 5 79+5 78+ 6
m-RNA polymerase 100 + 5° 102 +7 104 + 8 95+6
r-RNA polymerase 100 + 6' 101 +£7 66 + 6" 65 + 4*
t-RNA polymerase 100 + 59 71 + 6* 64 + 5* 61 £ 5*
Ribonucleoside reductase 100 + 6" 76 £ 7* 66 + 6" 64 + 5"
Dihydrofolate reductase 100 + 7' 84 +6 68 + 5* 64 + 5*
Purine synthesis 100 + 8 47 + 5* 46 + 5* 35+ 4"
PRPP amidotransferase 100 + 7* 79 £+ 67 79+ 7 73 £ 5"
IMP dehydrogenase 100 + 6' 65 + 5* 58 + 5* 37 £ 3"
Pyrimidine synthesis 100 £ 7™ 134 + 5* 113+ 6 53 + 4"
Carbamyl phosphate synthetase 100 + 6" 81+6 74 + 5* 74 + 6"
Aspartate transcarbamylase 100 + 7° 84 +6 72 + 4* 58 + 5*
Thymidylate synthetase 100 £ 7° 104 +7 98 + 6 87+6
Thymidine kinase 100 + 89 73 £ 6 64 + 5* 54 + 5*
Thymidine monophosphate kinase (TMP) 100 + 5" 73 + 5* 63 + 4* 48 + 3*
Thymidine diphosphate kinase (TDP) 100 + 6° 93 +8 70 + 6* 60 + 4*
dATP 100 + 6' — — 64 + 5*
dGTP 100 £ 7¢ — — 78 + 6*
dCTP 100 + 6" — — 86+5
dTTP 100 + 5% — — 71 + 6"
*p < 0.0001

Control values are for 10° cells/h: 7719 d.p.m.; ®1014 d.p.m.; ©17492 d.p.m.; 95318 d.p.m.; °1343 d.p.m.; '325 d.p.m.; 9400 d.p.m ;
48780 d.p.m.; '0.133 AOD units; 128614 d.p.m.; 19375 d.p.m.; '0.0878 AOD units; ™19758 d.p.m.; "0.273 pmol citrulline;
°57387 d.p.m.; P44743 d.p.m.; 94362 d.p.m.; 646 d.p.m.; %275 d.p.m.; '32.39 d.p.m.; ¥23.79 pmol; ¥86.24 pmol; ¥22.04 pmol.

way is one of the key targets of this class of chemical
compounds. The cyclic imide nucleus may function
much like the purine nucleus resulting in reduction
of the de novo synthesis of purines by affecting
feedback inhibition. Alternatively, the compounds
may be incorporated into DNA- or RNA-reducing
template activities, thus causing DNA fragmentation.
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