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2,3-Dihydrophthalazine-1,4-dione derivatives demonstra-
ted potent cytotoxicity against the growth of murine
leukemia cells and human single cell suspension, i.e.
Tmolt, leukemia and HelLa-S°, as well as colon
adenocarcinoma and KB nasopharynx. However, only
select compounds demonstrated activity against bron-
chogenic lung, osteosarcoma and glioma growth.
2,3-Dihydrophthalazine-1,4-dione was active in vivo
against L1210 leukemia, Lewis lung and Ehrlich ascites
carcinoma growth. In L1210 cells the agents inhibited
both DNA and RNA synthesis, and a few of the compounds
were capable of inhibiting protein synthesis at 3 times
their ED,, values. When 2,3-dihydrophthalazine-1,4-dione
and N-butyl-2,3-dihydrophthalazine-1,4-dione were ex-
amined for their mode of action in the L1210 lymphoid
leukemia cells, the sites of inhibition by the agents
appear to be the de novo purine pathway at the enzymes
IMP dehydrogenase and PRPP amido transferase. IMP
dehydrogenase activity was inhibited at least 45% by 45
min at 100 M concentration of drugs whereas the
remaining enzymes that were affected by the drugs were
not inhibited as early. Secondary sites were dihydrofolate
reductase and thymidylate synthetase. The d(NTP) levels
were also reduced specifically dATP and dCTP levels.

Key words: Anti-neoplastic activity, 2,3-dihydrophthala-
zine-1,4-dione, N-butyl-2,3-dihydrophthalazine-1,4-dione.

Introduction

2,3-Dihvdrophthalazine-1,4-diones have been re-
ported to have therapeutic activity, e.g. hypolipide-
mic, lowering both serum cholesterol and triglvcer-
ide levels and elevating HDL-cholesterol levels in
rats.' > We have noted a strong correlation between
those agents which have hvpolipidemic activity and
anti-neoplastic activitv.*  Mevinolin (lovastatin)
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and compactin, which are potent HMG CoA
reductase inhibitors,> !> have been shown to also
inhibit DNA synthesis in cultured cells.""
Sesquiterpene lactones,’ boron derivatives of purine
and pyrimidines, heterocyclic amines and trimethyl-
amine carboxyborones,” all have demonstrated
similar cross-over pharmacological activities. Since
the basic structure of 2,3-dihydrophthalazine-1,4-
dione is roughly the same size as a purine, we
initiated studies to determine if these agents have
cytotoxicity against the growth of murine and
human cultural tumor cells.

Materials and methods
Source of compounds

2,3-Dihydrophthalazine-1,4-dione derivatives (Fig-
ure 1) were synthesized as previously outlined in
the literature.'® The physical and chemical char-
acteristics were identical to those previously
reported.  2,3-Dihydrophthalazine-1,4-dione  was
purchased from Aldrich Chemical Co. All isotopes
were purchased from New England Nuclear,
Dupont (Boston, MA) unless otherwise noted.
Radioactivity was determined in Fisher Scintiverse
fluid using a Packard scintillation beta counter
corrected for quenching. Substrates and cofactors
were purchased from Sigma Chemical Co. (St
Louis, MO).

Cytotoxic activity

Compounds 1-28 were tested for cvtotoxic activity
by preparing a ImM solution of the drug in 0.05%
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Figure 1 Structure of 2,3.dihydrophthalazine-1,4-dione.
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2 —CH, -H -H -H

3 —CH, —CH;,3 -H -H

4 —C,H; -H -H -H

5 —C,H; —C,Hs —H -H

6 —nC;H; -H —H -H

7 -nC;H; -nC;H; -H -H

8 —nC,H, —H -H -H

9 -nC,Hq nC4H, -H -H
10 —nCsHy, -H -H -H
11 ~nCsHy, nCgH,, -H -H
12 -H -H —Cl -H
13 -H -H -H —Cl
14 —H -H —-CH; -H
15 —H -H -H ~CH,4
16 -H -H —OCH; -H
17 -H -H -H —OCH,
18 —CH,CH,COOH -H -H -H
19 —-CH,CO0C,Hs; -H -H -H
20 —CH,CH,COCH; -H -H -H
21 —CeHs -H -H —H
22 —oCICgH, -H -H —H
23 —mCICgH, -H —H -H
24 —pCICgH, -H -H -H
25 —0oCH3CeH, -H -H -H
26 —mCH3CgH, -H -H -H
27 —pCH;CeH, -H -H -H

Tween 80/H,O by homogenization. The drug
solutions were sterilized by passing them through
a 45 uM acrodisc. The following cell lines were
maintained by the literature techniques: murine
L1210 lymphoid leukemia,"” P388 lymphocytic
leukemia, human Tmolt; acute lymphoblastic T cell
leukemia, colorectal adenocarcinoma SW480, lung
bronchogenic MB-9812, osteosarcoma TE418, KB
epidermoid nasopharynx, HeLa-S’ suspended cervi-
cal carcinoma and glioma EH 188 MG. The
protocol used to assess cytotoxicity was that of
Geran ez al."’ Standards were determined in each
cell line. Values are expressed for the drug’s
cytotoxicity as EDs, (ug/ml), i.e. the concentration
which inhibits 50% of the cell growth determined
by the trypan blue exclusion technique. Solid tumor
cytotoxicity was determined by the method of
Leibovitz e al.'® A value of less than 4 ug/ml is
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necessary for significant activity according to the
NCI protocol.”

Anti-neoplastic activity

In vivo activity of 2,3-dihydrophthalazine-1,4-dione
(1) was determined against L1210 lymphoid
leukemia and P388 lymphocytic leukemia in DBA/2
male mice (weight around 30 g), against Lewis
Lung in Cs;B1/6 male mice (around 30 g)" and
Ehrlich ascites carcinoma in CF; male mice (around
25 g).’

Mode of action study

Incorporation of labeled precursors into PH]DNA,
[PHJRNA and [*H]protein for 10° L1210 cells was
determined by the method of Liao es a/' The
concentrations of drugs employed were 25, 50 and
100 uM to determine inhibition of DNA, RNA and
protein synthesis of L1210 cells at 60 min.
Inhibition of various enzyme activities were carried
out by first preparing the appropriate L1210 cell
homogenate or subcellular fraction, then adding the
drug to be tested during the enzyme assay. For the
concentration response studies, the inhibition of
enzyme activity was determined at 25, 50 and
100 uM for 60 min. Kinetic studies of selected
enzyme activities were conducted at 100 uM of 1
and 6 for 15, 30, 45 and 60 min incubations.

Enzyme assays

DNA polymerase o activity was determined in a
cytoplasmic extract by the method of Eichler ef a/*
Nuclear DNA polymerase was determined by
isolating nuclei.’’ The polymerase assay for o and
B was that of Sawada er 4/ with [PH]TTP.
Messenger, ribosomal and transfer RNA poly-
merase enzymes were isolated with different
concentrations of ammonium sulfate?>** and the
individual RNA polymerase activities were de-
termined using [?’HJUTP. Ribonucleotide reductase
activity was measured with [“C]JCDP with and
without dithioerythritol.”> The deoxyribonucleo-
tides ["*C]JdCDP were separated from the ribonu-
cleotides by TLC on PEI plates. Thymidine, TMP
and TDP kinase activities were measured using
[’H]thymidine and the reaction medium of Maley
and Ochoa.”® Carbamyl phosphate synthetase
activity was determined by the method of Kalman



et al” and citrulline was determined color-
imetrically.?® Aspartate transcarbamylase activity
was determined by the method of Kalman e# al”
and carbamyl aspartate was determined color-
imetrically. Thymidylate synthetase activity was
analyzed by the method of Kampf ez 4/.*" The *H,O
measured was proportional to the amount of TMP
formed from [PH]dUMP. Dihydrofolate reductase
activity was determined by the spectrophotometric
method of Ho et 4/* PRPP amidotransferase
activity was determined by the method of Spassova
et al>* and IMP dehydrogenase activity was
determined with ["*C]IMP (Amersham, Arlington
Heights, I1L) where XMP was separated on PEI
plates (Fisher Scientific) by TLC.” Protein was
determined for all of the enzymatic assays by the
Lowry technique.™

Activity of 2,3-dibydrophthalagine-1,4-dione derivatives

Deoxyribonucleoside triphosphates were extrac-
ted by the method of Bagnara and Finch.”
Deoxyribonucleoside triphosphates were deter-
mined by the method of Hunting and Henderson™
with calf thymus DNA, Escherichia coli DNA
polymerase I, non-limiting amounts of the three
deoxyribonucleoside triphosphates not being as-
sayed, and either 0.4 mCi of [’H]methyl-dTTP or
5-[’H]-dCTP.

The effects of compounds 1 and 6 on DNA strand
scission was determined by the iz vitro method of
Suzuki ef al.,”” Pera et al.*®® and Woynarowski ef al.”’
L1210 lymphoid leukemia cells were incubated with
10 uCi thymidine (methyl-’H, 84.0 Ci/mmol) for
24 h at 37°C. After harvesting the L1210 cells (10%),
the cells were centrifuged at 600 x g for 10 min in
PBS, washed and suspended in 1 ml of PBS. Lysis

Table 1. The cytotoxicity of 2,3-dihydrophthalazine-1,4-dione derivatives on murine and human tissue cultured cells

(EDgo values = ug/ml)

Compound Murine Tmolt, Hel.a-S® Human KB Lung Osteosarcoma Glioma
colon
P388 L1210
1 1.23 2.68 2.63 278 4.38 7.62 579
2 6.45 410 2.84 3.58 213 3.60 7.19 573
3 4.55 3.78 2.90 2.06 3.94 3.60 7.60 6.91
4 4.06 3.57 0.94 2.70 1.87 273 5.72 6.18 3.43
5 4.33 1.19 0.99 1.60 2.30 3.47 7.70 1.87 3.20
6 5.25 3.08 1.83 29 1.34 2.30 7.7 7.08 3.24
7 4.62 2.52 3.06 3.15 3.1 3.29 7.96 3.70 3.73
8 493 2.33 2.46 2.16 2.44 2.36 7.86 7.54 9.59
9 5.36 2.43 2.70 1.89 1.84 434 5.73 5.26 577
10 478 2.56 2.04 2.40 476 471 6.16 7.69
1" 4.58 2.59 1-74 275 2.73 5.46 7.82 4.09 5.00
12 474 4.46 §.30 3.88 414 34 3.72 2.83 3.60
13 4.36 5.04 3.06 2.89 3.06 7.70 7.43 2.89
14 4.61 3.12 3.16 2.72 2.67 6.56 3.89 3.25
15 3.32 4.22 3.06 2.06 4.07 3.10 7.67 3.22 2.52
16 4.62 3.05 248 5.67 2.79 3.06 2.35 3.25
17 4.03 3.74 3.45 3.15 4.07 2.67 7.98
18 573 1.35 1.30 3.61 1.81 7.98 9.29
19 3.66 3.53 2.90 1.94 5.67 2.79 7.85 7.78 512
20 451 2.88 424 347 6.89 6.65 8.32 2.96
21 4.10 2.07 1.88 2.06 2.75 3.66 6.20 597 4.40
22 2.95 2.31 273 1.78 2.59 5.14 6.16 7.88 4.57
23 4.07 2.40 1.7 1.98 233 4.96 537 7.36 3.80
24 6.25 1.46 1.57 3.41 243 6.82 6.38 8.09 6.33
25 4.25 2.23 3.66 1.78 4.15 2.85 7.81 6.57 4.64
26 1.70 2.19 1.41 3.34 6.07 2.67 7.88 5.42 5.12
27 3.21 2.06 212 4.13 2.35 7.21 8.1 512
28 2.96 5.92 4.38 1.95
Standard
29 5FU 3.72 1.41 2.14 2.47 3.09 1.25 5.64 1.28
30 araC 4.06 2.76 2.67 213 3.42 2.54 4.60 1.88
31 Hydrourea 2.67 3.18 1.96 476 5.29 7.33 7.57 227
32 Cycloleucine 3.08 2.38 2.38 3.81 5.71 4.36 6.18 5.89
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buffer (0.5ml of 0.5M NaOH, 0.02M EDTA,
0.01% Triton X-100 and 2.5% sucrose) was lavered
onto a 5-20% alkaline-sucrose gradient (5ml of
0.3 M NaOH, 0.7 M KCl and 0.01 M EDTA) fol-
lowed by 0.2 ml cell preparation. After incubating
for 2.5 h at room temperature, the gradient was
centrifuged at 12000 r.p.m. at 20°C for 60 min
(Beckman rotor SW60). Fractions (0.2 ml) were
collected from the bottom of the gradient,
neutralized with 0.2ml of 0.3N HC! and the
radioactivity was measured. Thermal calf thymus
DNA denaturation studies and DNA viscosity
studies were conducted after incubation of
compounds 1 or 6 at 100 uM at 37°C for 24 h.*

Results

The 2,3-dihydrophthalazine-1,4-diones demonstra-
ted cytotoxicity in a number of the tissue culture
lines (Table 1). Most of the compounds were not
active against P388 lymphocytic leukemia with the
exception of 19, 22 and 26. However, when these
compounds were tested in the L1210 lymphoid
leukemia screen most of the compounds were active
with the exception of 2, 13 and 15. Compounds 1,
5, 18 and 24 all resulted in ED;, values of less than
2.00 pg/ml in the human lines. The compounds
were active against Tmolt; leukemia growth with
the exception of 12 and 20. Compounds 4 and 5
resulted in EDg, wvalues less than 1.0, and
compounds 6, 11, 18, 21, 23, 24 and 20 gave values
less than 2.0. Hela-S’ uterine cancer growth was
inhibited by all 28 compounds, i.e. all values were
less than 4 ug/ml. Compounds 5, 9, 19, 22, 23 and
25 resulted in EDs, values less than 2.0 mg/ml.
Adenocarcinoma colon growth was inhibited by all
of the agents except 10, 12, 15, 16, 17, 19, 20, 26,
27 and 28. Compounds 4, 6, 9 and 18 resulted in
EDys; values less than 2.0 ug/ml. KB nasopharynx
carcinoma growth was suppressed by most of the
agents except 1, 9, 10, 11, 20, 22, 24 and 28.
Bronchogenic lung cancer growth was not
particularly effected by most of the 23-dihy-
drophthalazine-1,4-dione derivatives. Exceptions
to this were 12, 16 and 28. Osteogenic bone sarcoma
growth was inhibited by 5, 7, 12, 14, 15 and 16.
Brain glioma growth was inhibited by 4, 5, 6, 7, 12,
13, 14, 15, 16, 20 and 23.
2,3-Dihydrophthalazine-1,4-dione at 8 mg/kg/
day inhibited Ehrlich ascites carcinoma growth
84%. In the Lewis Lung carcinoma screen
at 8 mg/kg/day a T/C% = 140 was obtained. In the
L1210 lymphoid leukemia screen T/C% = 140, 172,
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Table 2. The effects of 2,3-dihydrophthalazine-1,4-dione
derivatives on L1210 lymphoid leukemia cells on DNA,
RNA and protein synthesis after 24 h incubation at the
EDs, value of the drug

Compound (N = 5) Percent of control (X + SD)

DNA RNA Protein

Control 100 + 62 100 + 7° 100 + 5°
1 37 + 3* 38 + 6% 80+6
2 50 + 4* 77+7*  114+7
3 78 + 7* 71+ 6* 166 + 8*
4 44 4 5* 88+5 142 + 7*
5 44 + 3* 36 + 4* 28 + 3*
6 47 +5% 124 +7 174 + 6*
7 52+ 6* 134 + 8* 71+ 5*%
8 52 + 6* 90+ 5 68 + 6*
9 54 + 5* 53+ 4 37 + 4*
10 65+5* 124+5 63 + 5*
11 50 + 3* 145 + 8% 85+ 6
12 84+ 5 37 + 3% 59 + 5*
13 96 + 6 51 + 4* 72 + 5*
14 85 +7 36 + 3* 55 + 5*
15 76 + 6* 59 + 4* 82+6
16 58 + 6* 61 + 4* 52 + 4*
17 54 + 5* 56 + 5* 38 + 4*
18 42 4 4% 38 + 4* 63 + 5*
19 61 + 5* 71+5% 109+5
20 49 4 4* 36 + 4* 68 + 6*
21 58 + 6* 36 + 5* 72 + 5%
22 47 + 6* 30 + 4* 89+5
23 55+ 5% 187 + 8* 73 4+ 4*
24 51 + 6* 27 + 3* 59 + 4*
25 47 + 4% 78 + 5* 89 + 4
26 46 +3* 159 + 6* 73 + 5*
27 43 + 5* 26+4* 108+ 6

2118342 d.p.m./10° cells; ®2512 d.p.m./10° cells; © 4203 d.p.m./10°
cells.
* p <0.001; Student’s t-test.

167 and 136 were obtained at 10, 20, 30 and
40 mg/kg/day, respectively. In the P388 screen,
50 mg/kg/day afforded a T/C% = 127.

The compounds, except 12, 13 and 14, were
effective at their ED;, values in inhibiting
[’H]thymidine incorporating with L1210 DNA
after 24 h (Table 2). A parallel existed between the
EDy, value and the ability to inhibit DNA synthesis
of 1.1210 cells. Compounds 1, 5, 12, 14, 18, 20, 21,
22, 24 and 27 at their EDg, values significantly
suppressed RNA synthesis by greater than 60%, all
of which had EDs; less than 4 pg/ml except 14.
Compounds 5, 9 and 17 significantly suppressed
protein synthesis by greater than 60%, all of which
had an EDx, less than 4 pug/ml.

Compounds 1 and 6 were selected because they
both were active against 1.1210 lymphoid growth
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but were on opposite ends of the spectrum of L1210
cytotoxicity activity. When the L1210 cells were
incubated with compound 1 or 6 for 60 min at 10,
25, 50 and 100 uM, the DNA and RNA synthesis
was inhibited in a concentration dependent manner
(Table 3). Protein synthesis of L1210 cells was
actually stimulated for the first 60 min. DNA
polymerase a activity was inhibited moderately with
compound 1 by 37% and 6 by 18% at 100 uM.
mRNA and rRNA polymerase activities were
inhibited by compound 1. Compound 6 reduced
rRNA polymerase activity but stimulated mRNA
and tRNA polymerase activities after 60 min.
Ribonucleoside reductase activity was inhibited by
1 at 10 puM but higher concentrations caused
stimulation of the activity as did compound 6 at
100 uM. De novo synthesis of purines as measured
by ['*C]glycine incorporation into purines was
significantly inhibited by compound 1 and 6 with
greater than 45% reduction at 100 uM. IMP
dehydrogenase activity was markedly inhibited by
1 in a concentration-dependent manner. With
compound 6, moderate inhibition of IMP dehydro-
genase activity L1210 was observed. PRPP
amido-transferase activity was not inhibited signifi-
cantly by 6 but with compound 1 first there was
stimulation followed later by inhibition. Dihydrofo-
late reductase activity was inhibited significantly by
compound 6 in a concentration dependent manner
but was not significantly affected by 1. De novo
synthesis of pyrimidine measured as formate
incorporation into pyrimidines was not affected by
compound 1 but was by 6. Carbamyl phosphate
synthetase activity was inhibited marginally, i.e.
19%, by 6 but not by 1. Aspartate transcarbamylase
activity was moderately inhibited by 1 by 16% and
6 by 27% at 100 uM. OMP decarboxylase activity
was not inhibited by either drug. Thymidylate
synthetase activity was inhibited 28% after 60 min
by 1 and 56% by 6. Thymidine kinase activity was
not significantly inhibited by the agents but TMP

and TDP kinase activities were inhibited in a
concentration-dependent manner by both agents.
When deoxyribonucleotide levels were examined in
L1210 cells after incubation for 60 min, dATP and
dCTP levels were significantly reduced by com-
pound 1 and 6. The magnitude of reduction was
more with 1 compared to 6. dGTP levels were
reduced by 1 but not 6 and dTTP levels were not
significantly reduced by either compound.

Kinetic studies with enzymes which were
inhibited by the 2,3-dihydrophthalazine-1,4-diones
at 100 uM  were performed (Table 4). With
compound 1, IMP dehydrogenase activity was
inhibited 53% and compound 6 by 36% by 15 min.
Dihydrofolate reductase activity was inhibited over
time reaching 31-32% inhibition by 60 min.
Thymidylate synthetase activity was inhibited 42%
but 60 min incubation was required. DNA
polymerase o activity was preferentially inhibited by
1 compared to 6 affording greater than 30% in
45 min. With compound 6, dihydrofolate reductase
and IMP dehydrogenase activities were inhibited
significantly after 15 min; however, greater than
45 min was required to cause at least 50% inhibition.
Thymidylate synthetase, DNA polymerase and
carbamyl phosphate synthetase activities were not
inhibited significantly until 45 min, and they had
not achieved 50% inhibition even at 60 min.

Calf thymus DNA demonstrated no observable
alteration of UV absorption after 24 h incubation
with compounds 1 and 6. There were no observable
effects on thermal denaturation or DNA viscosity
of calf thymus DNA after incubating with
compounds 1 or 6 for 24 h. L1210 DNA strand
scission studies after incubation with compounds 1
or 6 showed a shift of the DNA in the gradient
(Figure 2).

['*C}2,3-Dihydrophthalazine-1,4-dione uptake in
L.1210 cells was shown to be rapid with 32% of the
drug present within the cells after 30 min. The
binding of 1C drug to DNA was 4.58%, RNA was

Table 4. The kinetic effects of compounds 1 and 6 on rate limiting L1210 enzyme activities at 100 uM concentration

Percent of control (X + SD)

6
15 min 30 min 45 min 60 min 15 min 30 min 45 min 60 min
DNA polymerase « 109+9 92+7 69+4* 63+5* 10216 88+5 70+4* 83+6*
IMP dehydrogenase 84+6 68+6* 55+7* 47+4* T7B+7* T72+6* 69+ 5% 64+ 5*
Dihydrofolate reductase 97+7 86+5 74+6* 68+6* T78+6* 73+6 68+5*% 69+ 4*
Carbamyl phosphate synthetase — — — — 115+ 8 93+7 T78+6* 7946
Thymidylate synthatase 120+8 103+6 76+6* 58+5* 120+6 103+8 76+7* 58+ 5*
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Figure 2. DNA strand scission in L1210 cells; fraction
number increases from bottom to top of gradient.

19.0% and protein was 7.79%, demonstrating some
differential binding to the macromolecules in
L-1210 cells.

Discussion

The 2,3-dihydrophthalazine-1,4-dione derivatives
proved to be potent anti-neoplastic and cytotoxic
agents. The derivatives demonstrated some selectiv-
ity with selected agents demonstrating potent
activity against the growth of certain tumors. The
compounds were generally active against single cell
suspensions, e.g. L1210 lymphoid, Tmolt; leukemia
cels and HeLa-S® uterine tumor (Table 1).
However, the growth of colon adenocarcinoma,
KB nasopharynx carcinoma and brain glioma
tumors derived from solid tumors were also
effectively inhibited by the derivatives. With a few
exceptions, the derivatives were not effective
against lung bronchogenic and osteosarcoma
tumors. When selected derivatives were examined
for their effects on L1210 DNA and RNA
metabolism the agents were specific of sites in the
de novo purine pathway. The observed inhibition
afforded by the 2,3-dihydrophthalazine-1,4-diones
of IMP dehydrogenase and PRPP amido transferase
activities was sufficient to account for the observed
inhibition of DNA synthesis of L1210 cells. A
secondary site of the drugs may be DNA
polymerase and mRNA polymerase activities. It
should be noted that whereas the effects of the drugs
at these sites mav contribute to the overall
inhibition of DNA synthesis, the degree of
inhibition is not of a magnitude to explain the

Activity of 2,3-dibydrophthalagine-1,4-dione derivatives

observed inhibition of DNA or RNA synthesis.
Likewise the inhibition of either dihydrofolate
reductase or thymidylate synthetase activity was
significant but it alone would not explain the total
inhibition of DNA synthesis from the lack of one
carbon transfer in purine or pyrimidine synthesis.
All of these effects of the drugs probably add to the
overall reduction of DNA and RNA synthesis
which eventually brings about cell death. The sites
of inhibition by the drugs in the purine pathway
are important because the inhibition is reflected
both in the DNA and RNA synthesis. Furthermore,
these enzymes were inhibited the eatliest at a fixed
concentration of compound 1 and 6. An additional
site. which may be of some importance was the
observation that 11210 cell DNA strand scission
was present after 24 h incubation with the drugs
(Figure 2). The fragmentation of the DNA may be
due to the drugs actually being incorporated into
DNA, since the molecular structure is very similar
in size to a purine ring. Once in the DNA molecule,
the drug may cause an unstable situation and the
DNA breaks. Since there was no evidence of drug
binding, intercalation or cross-linking of the DNA
strands based on the /% vitro studies with calf thymus
DNA, the incorporation of the drug into DNA
appears a plausible explanation of the DNA strand
scission,

In conclusion, the 2,3-dihydrophthalazine-1,4-
diones offer a new class of anti-neoplastic agents
which function at feasible sites in the tumor cell
metabolism. Previous studies have demonstrated
that these derivatives were not toxic in rodents at
higher doses than required for anti-neoplastic
activity.” Thus, further evaluation of these deriva-
tives is warranted.
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