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Experimental report

Antineoplastic activities of 2,3,4-chloro-substituted
p-alkylaminopropiophenone derivatives in CF; mice
and in murine and human tumor cells

Yunsheng Huang and Iris H Hall

Division of Medicinal Chemistry and Natural Products, School of Pharmacy, University of North Carolina,
Chapel Hill, NC 27599-7360, USA. Tel: (+1) 919 966-1121; Fax: (+ 1) 919 966-6819.

A series of g-alkylaminopropiophenone derivatives were
demonstrated to be potent antineoplastic agents. Sev-
eral compounds showed activity against Ehrlich ascites
carcinoma growth in CF,; mice by demonstrating over
70% inhibition. Most of these agents proved to be potent
cytotoxic agents in inhibiting the growth of a number of
murine and human cancer cell lines grown in tissue
culture. Their EDg, values were comparable to those of
the selected standard anticancer drugs, such as 6-MP,
ara-C, hydroxyurea, 5-FU, 6-aza-UMP, etoposide, antimy-
cin A, actinomycin D and cycloheximide. In the mode of
action studies in Tmolt; cells, p-(3",5"-dimethyl)piperi-
dinopropiophenone was observed to reduce DNA and
RNA synthesis significantly at 25 uM within 60 min incu-
bation. The site of action of this agent appears to involve
the reduction of the activities of Tmolt; DNA polymerase
«, dihydrofolate reductase, PRPP-amido transterase and
ribonucleoside reductase.

Key words: Cytotoxicity, p-alkylaminopropiophenones,
purine synthesis inhibitors.

Introduction

Previously, a series of f-alkylaminopropiophenone
derivatives have been reported to be potent hypo-
lipidemic agents by lowering both serum choles-
terol and triglyceride levels.'™ These agents also
demonstrated potent anti-inflammatory activity.’
More recently, a number of these agents were
observed to be potent antineoplastic agents.® Simi-
lar agents have been reported to inhibit the growth
of P388 leukemia, L1210 leukemia, EMT6 mammary
carcinoma, etc.””"” In this study, a series of f-alkyl-
aminopropiophenone derivatives with substituted
amino moities or with chloro-substituted phenyl
rings were selected to test their in vivo inhibition
of Ehrlich ascites carcinoma growth and in vitro
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cytotoxicity against a number of murine and human
tumor cultured cell lines.

Materials and methods

Source of compounds

All tested compounds were synthesized and char-
acterized previously.'™ All radioisotopes were pur-
chased from New England Nuclear (Boston, MA)
unless otherwise indicated. Radioactivity was
determined in Fisher Scintiverse scintillation fluid
with correction for quenching. Substrates and
cofactors for enzymes assays were obtained from
Sigma (St Louis, MO).

Pharmacological methods

In vivo studies. CF; mice (25-30 g) were inoculated
with 2 x 10° cells i.p. in isotonic saline (pH 7.0) on
day 0. Drugs were suspended and homogenized in
0.05% Tween 80/H,0 and administered to the mice
i.p. at 8 mg/kg/day from day 1 to day 9. On day 10,
animals were sacrificed by cervical dislocation. A
transverse incision was made across the abdomen,
the ascitic fluid drained and the volume measured.
Samples of ascitic fluid were collected, centrifuged
and astrocrits calculated. Percents of inhibition
values were calculated for all compounds.® The
antineoplastic agents 5-FU and 6-MP were used
as standards in this screen.

Cytotoxicity screens. All compounds were tested for
cytotoxicity by preparing a 1 mM solution in 0.05%
Tween 80/H;O. The following cell lines were
selected and maintained by the literature methods:
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Figure 1 Effect of analog 9 on DNA strand scisson in
Tmolt; cells.

mouse L1210 lymphoid leukemia,'® human Tmolts
leukemia,'® mouse P388 leukemia,®” human HelLa-
s3 carcinoma,?’ human HuT-78 lymphoma,22
human HelLa carcinoma,?® human HCT-8 adenocar-
cinoma,”® human colon SW-480 carcinoma,®’
human lung A-549 carcinoma,?® human lung MB-
9812 carcinoma,’’” human KB nasopharynx carci-
noma,®® human skin A-431 carcinoma,?® rat bone
UMR-106 sarcoma,”” human Hs-683 glioma,?
mouse L-929 cells,?' human G-361 melanoma®? and
mouse WEHI-164 fibrosarcoma.” The protocol
used to assess cytotoxicity was that of Geran et
al."® Standard anti-cancer agents were used in each
cell line. Values were expressed as EDsg=pg/ml,
i.e. the concentration which inhibits 50% of the cell
growth, which was determined by the Trypan blue
exclusion technique. A value less than 4 pg/ml was
required for significant activity of growth inhibi-
tion. The EDsq values for solid tumor cells were
determined by the method of Liebovitz et al.?’
using crystal violet determined at 580 nm in a
96-well plate with a microplate reader.

Incorporation studies. Incorporation of labeled pre-
cursors into PHIDNA [PHIRNA, and [3H]protein for
Tmolty cells was determined by the method of Liao
et al®> The concentration (25, 50 and 100 uM)
responsible for inhibition of DNA, RNA and protein
synthesis was determined after 60 min incubation.
["*C)Glycine (53.0 mCi/mmol) incorporation into
purines was determined by the method of Cadman
et al.*®> ['*CJFormate (53.0 mCi/mmol) incorpora-
tion into pyrimidines was determined by the
method of Christopherson et al*® Deoxyribo-
nucleoside triphosphates were extracted by the
method of Bagnara and Finch,?” and deoxyribonu-
cleoside triphosphate pool levels were determined
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by the method of Hunting and Henderson™ with
calf thymus DNA, Escherichia coli DNA polymerase
I, non-limiting amounts of the three deoxyribo-
nucleoside triphosphates and either 0.4 uCi [*H-
methylldTTP or [5-*HJdCTP.

Enzyme assays. Inhibition of various enzyme activ-
ities was carried out first by preparing the appro-
priate  Tmolty 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 deter-
mined at 25, 50 and 100 pM of drugs for 60 min
incubation. DNA polymerase a activity was deter-
mined by the method of Sedwick et al.*® and Eich-
ler et al™ mRNA, rRNA and tRNA polymerase
activities were assayed by the methods of Hall et
al.*' and Anderson et al.*? PRPP-amidotransferase
activity was determined spectrophotometrically by
the method of Spassova et al.**** IMP dehydrogen-
ase activity was measured by the method of Becker
and Lohr.*® Dihydrofolate reductase activity was
assayed by the method of Ho et al.*® Ribonucleo-
tide reductase activity was determined by the
method of Moore and Hulbert.*” Carbamyl phos-
phate synthetase activity was ascertained by the
method of Kalman et al.*® Aspartate transcarbamy-
lase activity was determined by the method of Kor-
itz and Cohen.*¥ Thymidylate synthetase activity
was measured with [5-*HIUMP (14 Ci/mmol) by the
method of Kampf et al.>” Thymidine kinase activ-
ities were determined using [methyl->Hlthymidine
(84 Ci/mmol) by the method of Maley and Ochoa®

DNA studies

The effects of the compounds on DNA strand scis-
sion were determined by the methods of Suzuki et
al.,’* Pera et al.>® and Woynarowski et al.>* Tmolt,
lymphoid leukemia cells were incubated with
100 uM drug in PBS with 10 uCi [*H-methyllthymi-
dine for 24 h. The cells were harvested and washed
2 times in isotonic PBS. Lysis buffer (0.5 ml; 0.5 M
NaOH, 0.02 M EDTA, 0.01% Triton X-100 and 2.5%
sucrose) was layered onto a 5-20% alkaline-
sucrose gradient (5 ml; 0.3 M NaOH, 0.7 KCI and
0.01 M EDTA) followed by 0.2 ml cell preparation.
After incubating 2.5 h at room temperature, the
gradient was centrifuged at 12000 r.p.m. at 20°C
for 60 min (Beckman rotor SWG60). Fractions
(0.2 ml) were collected from the top of the gradi-
ent, neutralized with 0.2 m! of 0.3 N HCI and radio-
activity measured. Thermal calf thymus DNA
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Table 1. Antineoplastic activity against Ehrlich ascites carcinoma growth of g-alkylaminopropiophenone analogs in CF,
mice at 8 mg/kg/day, i.p.

NR’,

Ry R,
2

Analog Inhibition of Ehrlich ascites
(n=6) R, R, Rs —NR’, carcinoma growth (%)

1 H H H -~y 26

2 H H H ‘"D‘ H 0

3 H H H <) 82
™\

4 H H H 63
-—N N
5 H H H A 0
7\ °
-~ X
6 H H H ' m 74

7 H H H e -on 67
8 H H H —N& 55

9 H H H _..: E"‘ 70
CH

10 H H H e N 38

11 H H Cl - Q 24

12 cl cl H —NQ 46

13 cl cl H -—ND 16
14 cl cl H - D-m, 33
15 cl o] H -NSC“’ 43
16 H o] H ‘"D 0
17 H cl H - a 20
18 Cl H H ""Q 21
19 Cl H H - D 0

20 cl H cl -~ 14

21 cl H H -~ 0
CH,
22 cl H H - 0

5-Fluorouracil (27.5 mg/kg/day) 90

6-Mercaptopurine (0.5 mg/kg/day) 100
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Table 2. In vitro cytotoxicity screen of f-alkylaminopropiopenone analogs against different murine or human tumor tissue

cultured cell lines (EDsg png/ml)

L1210 Tmolts P-388 HelLa-S® HuT-78 Hela HCT-8 SW-480 A-549
Analog (mouse) (human) (mouse) (human) (human) (human) (human) (human) (human)
1 3.05 3.85 2.84 3.64 3.15 3.67 KA 2.04 2.67
2 3.52 3.92 3.14 2.95 2.48 5.57 7.30 4.99 5.81
3 435 5.96 1.73 2.68 3.94 9.54 11.24 8.86 6.56
4 2.97 2.31 2.70 3.57 2.14 3.72 3.58 2.32 4.22
5 1.78 1.38 3.78 3.43 3.49 1.17 1.01 0.28 4.02
6 2.95 2.15 1.73 4.46 2.92 1.32 0.66 0.32 497
7 4.28 4.09 2.05 3.85 5.07 8.75 7.89 0.50 9.03
8 3.52 4.07 1.73 3.06 2.69 7.28 2.59 5.38 6.91
9 2.82 1.99 0.65 2.89 2.1 3.56 2.57 1.47 3.48
10 2.10 2.23 1.51 3.91 3.72 0.53 0.60 0.33 2.30
11 2.71 1.04 3.56 4.80 417 1.29 1.17 0.24 1.06
12 2.86 1.85 4.00 3.43 3.15 9.60 8.00 7.18 8.52
13 3.03 2.84 4.86 3.85 3.49 8.80 6.76 5.33 6.27
14 2.43 1.96 3.46 3.23 3.72 5.47 2.95 2.53 5.47
15 2.88 3.00 2.48 3.09 2.82 4.40 5.05 4.39 7.23
16 3.67 3.42 2.81 2.40 3.49 8.38 10.76 5.92 9.51
17 2.16 1.31 2.27 2.67 1.13 431 5.32 2.74 6.40
18 2.52 1.96 3.03 4.80 1.80 2.77 2.86 0.98 5.85
19 1.81 1.85 2.92 4.67 1.92 3.55 3.39 0.69 5.43
20 2.33 1.73 2.27 3.50 1.69 2.74 454 3.38 5.28
21 2.27 1.27 1.62 4.33 2.48 1.74 7.49 4.07 5.87
22 1.21 1.60 3.24 3.36 5.75 3.73 8.06 2.32 6.40
6-MP 2.43 1.62 2.16 2.12 5.47 5.61 1.15 3.61 4.71
Ara-C 2.43 2.67 2.38 2.13 2.86 4.74 2.54 3.42 6.28
Hydroxyurea 2.67 4.47 1.30 1.96 3.87 8.12 1.77 7.33 8.89
5-FU 1.41 2.14 1.41 2.47 5.81 4.11 1.12 3.09 3.58
6-Aza UMP 1.20 1.54 1.41 2.48 4.46 4.69 0.75 5.73 2.63
Etoposide 1.83 — 3.03 7.87 3.20 3.05 3.78 3.34 4.74
Antimycin A 1.79 - 1.08 5.83 4.13 4.29 4.64 6.44 6.49
Actinomycin D 1.98 - 1.41 5.88 4.88 2.46 3.7 3.18 0.90
Cycloheximide 1.44 — 1.84 3.57 6.31 0.86 0.81 3.62 1.34

denaturation studies, UV absorption studies and
DNA viscosity studies were conducted after incu-
bating compound 9 at 100 uM in PBS buffer pH 7.2
at 37°C for 24 h.>°

Results

In the in vivo Ehrlich ascites carcinoma screen
selected derivatives at 8 mg/kg/day i.p. demonstra-
ted anti-neoplastic action (Table 1). Compound 3
afforded 82% inhibition of tumor growth, while
compound 6 resulted in 74% and compound 9
resulted in 70% inhibition of tumor growth. All of
the remaining compounds were significantly less
active. Substitution of the chloride atom on any of
the positions of the aromatic ring did not improve
the antineoplastic activity at this dose.
Cytotoxicity in murine and human tumor cell
lines was demonstrated by a number of the com-
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pounds. Whereas an EDsg value of 4 pg/ml or less
is considered active in these screens, noted for the
discussion here are the compounds with EDsg
values less than 2 pg/ml. In the murine L1210 lym-
phoid leukemia screen compounds §, 19 and 22
and in the P-388 lymphocytic leukemia screen com-
pounds 3, 6, 8 and 9 demonstrated excellent activ-
ity. In the human Tmolt; leukemia screen
compounds 5, 9, 11, 12, 14, 17-22 and cutaneous
lymphoma HuT-8 screen compounds 17, 18, 19
and 20 afforded significant activity. Compounds
2, 3, 9, 16 and 17 inhibited the growth of
HelLa-S’ suspended uterine carcinoma while com-
pounds 5, 6, 10, 11 and 21 reduced solid Hela
growth. Compounds 5, 6, 10 and 11 reduced the
growth of adenocarcinoma growth of ileum HCT-8
growth, and compounds 5-7, 9, 11, 18 and 19
reduced the growth of adenocarcinoma SW-480
colon growth. Lung A549 growth was inhbited only
by compound 11 with an EDs, value of 1.01 pg/ml.
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Table 2 (continued). In vitro cytotoxicity screen of -alkylaminopropiophenone analogs against different murine or human

tumor tissue cultured cell lines (EDsp = pg/ml)

MB-9812 KB A-431 UMR-106 Hs-683 L-929 G-361 WEHI-164
Analog (human) (human} (human) (rat) (human) (mouse) (human) (mouse)
1 1.33 5.63 3.92 2.64 7.32 2.05 11.12 6.89
2 1.68 6.61 8.42 3.37 7.76 9.07 14.60 7.57
3 7.65 7.14 9.29 6.74 5.79 8.15 14.84 7.67
4 1.74 5.84 2.20 2.78 4.09 4.72 12.73 7.43
5 0.52 2.63 1.42 2.06 1.18 2.48 1.86 7.58
6 0.62 2.21 1.31 1.66 1.78 4.03 3.06 1.52
7 1.27 3.82 10.74 2.54 6.56 5.23 3.16 6.18
8 4.81 0.42 4.10 0.34 0.96 1.60 0.62 0.46
9 0.71 0.89 0.79 0.68 0.94 1.17 2.85 0.56
10 1.46 1.51 0.79 2.28 1.48 3.44 3.02 0.38
11 0.06 0.68 0.95 1.30 0.89 0.74 0.98 0.96
12 6.53 7.09 9.67 6.39 5.97 7.28 10.08 4.75
13 3.22 6.83 712 5.12 9.12 4.95 13.25 4.7
14 1.42 7.70 3.43 4.48 7.74 8.59 8.58 4.95
15 2.39 7.83 5.25 4.79 6.58 7.25 7.16 3.89
16 4.47 7.25 9.18 4.64 6.61 5.31 9.98 8.26
17 1.14 5.60 8.76 2.92 412 6.22 1.82 8.47
18 1.39 7.11 3.94 1.91 6.96 6.26 3.82 5.62
19 0.18 7.52 4.71 2.1 6.97 5.65 8.78 6.51
20 0.47 5.46 412 1.65 6.09 5.94 0.23 6.38
21 0.51 5.22 2.49 1.92 6.76 6.76 1.52 7.15
22 0.97 8.40 5.84 1.96 5.06 6.62 2.60 6.74
6-MP 4.29 11.04 3.42 9.13 4.46 5.41 12.07 6.36
Ara-C 6.16 2.84 0.92 0.86 1.88 3.87 6.54 3.90
Hydroxyurea 7.18 5.27 3.21 2.87 2.27 6.68 9.15 5.22
5-FU 5.64 1.25 0.61 3.52 1.28 5.41 2.45 5.28
6-Aza UMP 2.39 3.57 1.09 4.02 1.93 4.27 4.78 2.80
Etoposide 3.50 3.32 0.71 3.57 2.44 5.13 4.65 3.49
Antimycin A 2.96 5.40 2.28 2.05 3.90 3.90 3.88 3.37
Actinomycin D 1.28 0.93 0.30 0.33 1.15 3.1 2.48 1.63
Cycloheximide 1.18 0.57 0.61 0.60 2.04 1.70 10.10 3.39

Whereas lung bronchogenic tumor growth was
reduced significantly by compounds 1, 2, 47,
9-11, 14 and 17-22. Compounds 8-11 inhbited
KB nasopharynx growth and compounds 5, 6 and
9-11 inhibited skin A431 epidermoid growth.
Human G-361 melanoma growth was reduced by
compounds 5, 8,11, 17, 20 and 21, and human Hu-
683 glioma growth was suppressed by compounds
5. 6, 8-10 and 11. Rat UMR-106 osteosrarcoma
growth was reduced by compounds 6, 8, 9, 11,
18 and 20-22. Mouse L929 fibrosarcoma growth
was reduced by compounds 8 and 11 and
WEHI-164 fibrosarcoma growth was inhibited by
compounds 8-11. See Table 2.

A mode of action study was undertaken with
compound 9 as being representative of the chemi-
cal class in human Tmolts leukemia cells (Table 3).
DNA and RNA syntheses were inhibited by com-
pound 9 greater than 50% at all concentration

within 60 min. Protein synthesis was not signifi-
cantly reduced by the agent. DNA polymerase «
activity was reduced 48% but only mRNA polymer-
ase activity was marginally reduced by 21%. Ribo-
nucleoside reductase activity was reduced 57% at
100 uM after 60 min. De novo purine syntheis was
reduced 24% after 60 min; the regulatory enzyme
PRPP-amidotransferase was inhibited 80% by com-
pound 9 at 25 pM and 92% at 100 uM. An additional
important site of the drug action is dihydrofolate
reuctase activity, which was suppressed 98% at
100 uM. Neither de novo pyrimidine synthesis nor
the activities of its regulatory enzymes were inhib-
ited significantly by the agent. Thymidylate synthe-
tase activity was inhibited 36% at 100 pM. The
thymidine kinase activities were actually stimulated
by the agent. d[GTP], d[CTP] and d[TTP] pool levels
were reduced after 60 min incubation with the drug
at 100 pM.
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Table 3. Effects of analog 9 on Tmolt; cell metabolism after incubation for 60 min [percent of control (X + SD)]

Assay (N=6) Control 25 uM 50 M 100 uM
DNA synthesis 100 + 62 42+4 4143 37 +4
RNA synthesis 100 +5° 4143 39+3 24 +2

Protein synthesis 100+ 6° 18046 137+5 85+6
DNA polymerase o 100 + 5¢ 7515 6816 52+ 4
mRNA polymerase 100 + 4° 11945 11016 79+5
rRNA polymerase 100 + 6' 90+5 88+5 83+4
tRNA polymerase 100 + 69 11046 110£5 86+5
Ribonucleotide reductase 100 + 6" 69 +4 6245 4314
De novo purine synthesis 100+ 6' 92+7 9145 76+5
PRPP-amido transferase 100 + 6 20+ 2 18+3 8+2

IMP dehydrogenase 100 + 7~ 109+6 97+7 9245
De novo pyrimidine synthesis 100 +6' 96+6 78+5 76+5
Carbamyl phosphate synthetase 100+6™ 78+6 78+5 70+5

Aspartate transcarbamylase 100+ 7" 99+7 9545 9316
Thymidylate synthetase 100 £ 6° 997 98+6 64+5
Thymidine Kinase 100 + 5° 18416 278 +6 250+6

TDP kinase 100 + 49 15546 14146 17+6
TTP kinase 100 + 4' 13816_ 139+5 164 +7
Dihydrofolate reductase 100 + 6° 26+ 4 2143 241
d[ATP] 100 + 4! — — 97 +4
d[GTP] 100 + 6" — — 7345
d[CTP] 100 + 6" — — 4514
d(TTP] 100 + 6" — — 78+5

*p < 0.001; control values based on 10% Tmolt, cells.

212349 d.p.m., ®2569 d.p.m., °17 492 d.p.m., 99019 d.p.m., ®1343 d.p.m., '325 d.p.m., 9400 d.p.m., "48 780 d.p.m., ‘24 500 d.p.m., /0.087
OD units, *1487 d.p.m., '19 758 d.p.m., ™0.850 pmol citrulline, "0.807 mol N-carbamyl aspartate, °14260 d.p.m., P1317 d.p.m., 91179
d.p.m., "1891 d.p.m., 50.144 OD units, '17.07 pmol, “13.58 pmol, Y33.60 pmol, *31.40 pmol.

ctDNA studies showed that the agent did not
interact with the bases of the DNA molecule as
determined by UV absorption from 220 to 340 nm.
However, the thermal denaturation studies showed
that the control 7;;, value was 90°C whereas treated
ctDNA resulted in at Tj, value of 70°C. The DNA
viscosity after treatment with compound 9 at
100 uM for 24 h did not significantly change.
Tmolt; cells incubated for 24 h at 100 uM of drug
showed minor DNA fragmentation.

Discussion

Chloride substitution in the aromatic ring of the §-
alkylaminopropiophenones did not significantly
increase the inm vivo anti-neoplastic activity at
8 mg/kg/day i.p. Previous studies have shown that
nitro substitutions in the aromatic ring also led to a
reduction in pharmacological activity when com-
paring the the identical heterocyclic ring structure
in the NR'2 position.(’ This suggests that electron
withdrawing groups substituted on the aromatic
ring cause a reduction in anti-neoplastic activity
in vivo. The NR'2 substitution of a piperidino ring
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resulted in 85% indihibtion of Ehrlich ascites tumor
growth.® Variation of the heterocyclic ring did not
improve the inhibition of Ehrlich ascites carcinoma
tumor growth at 8 mg/kg/day and the same obser-
vation can be made for the aromatic substituted
chloride derivatives.

Cytotoxicity of the compounds in human and
rodent tissue culture screens showed that selected
derivatives retained activity against the growth of
certain histological types of tumors. Among the 22
compounds there were derivatives which afforded
EDsq values which were favorable when compared
to standard clinical useful antineoplastic drugs.
Compounds 5, 9 and 11 demonstrated good activ-
ity in most of the screens, demonstrating better
broad spectrum cytotoxicity. The functional groups
substituted on the f-alkylaminopropiophenone
probably dictated the individual EDs, values in
each of the tumor screens.

B-(3",5"-Dimethyl)piperidinopiophenone as a
representative member of the chemical class inhib-
ited Tmolts leukemia DNA and RNA syntheses in
60 min from 25 to 100 uM. De novo purine synth-
esis was inhibited at the regulatory site of PRPP-
amido transferase but not at the secondary regu-
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latory site, IMP dehydrogenase. Dihydrofolate
reductase activity was markedly reduced at all con-
centrations employed. Inhibition of this enzyme
would block one-carbon transfer for purine synth-
esis, thus reducing both DNA and RNA syntheses.
The suppression of ribonucleoside reductase activ-
ity would reduce the deoxyribonucleotides for
incorporation into DNA. These dINTP] pools are
affected quicker than ribonucleotide pools because
they represent only 10% of the total triphosphate
pools in mamalian cells and this enzyme regulates
their synthesis as they cross the nuclear membrane.
Thus it is not unexpected to observe after 60 min
that d[GTP], d[CTP] and dIATP] pools are reduced as
well as DNA sysnthsis. Conversely, the inhibition of
DNA polymerase o activity by the agent after
60 min would tend to cause an increase in d[NTP]
pools because the deoxyribonucleosides were not
being incorporated into the new strand of DNA and
would accumulate in the cell. The increase in the
nucleoside kinase activities afforded by the agent
would increase the nucleotide levels. Thus, the
overall effects on the nucleotide pools are the result
of a number of effects afforded by the agent.

The DNA molecule itself probably is not a major
target of the drug even though the T, value chan-
ged, suggesting the possibility of intercalation.
Although the DNA viscosity was lower in the pre-
sence of the drug, only a small amount of DNA
fragmentation occurred. These studies would have
to be performed in more detailed to answer this
question but the effects appear to be non-specific
interaction of the drug with DNA or latent effects
from metabolic effects.
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