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Cytotoxicity of Copper Complexes of 2-Furaldehyde Oxime
Derivatives in Murine and Human Tissue Cultured Cell Lines

IRIS H. HALL', KAREN TAYLOR!, M.C. MILLER, [iI', X. DOTHAN®, MUSTAYEEN A. KHAN?
and FGILLES M. BOUET?

!Division of Medicinal Chemistry and Natural Products, School of Pharmacy,
University of North Carolina, Chapel Hill, NC 27559-7360, U.S.A.;
21 aboratoire de Chimie de Coordination,
3L aboratoire de Physiologie-Pharmacologie, Faculté de Pharmacie, 16 Boulevard Daviers F-49100 Angers, France

Abstract. The copper complexes of furan axime derivatives were
found to be potent cytotoxic agents in both murine and human
tissue cultured cell lines which were either suspended or solid
tumors. The EDsg values were frequently improved over the
clinically useful antineoplastic agents. These copper complexes
of 2-furaldehyde oximes were effective inhibitors of L1210
lymphoid leukemia DNA synthesis followed by RNA synthesis.
Purine synthesis regulatory enzyme activities were markedly
reduced by the compounds with marginal inhibition of t-RNA
polymerase, and nucleoside kinases activities. L1210 DNA
topoisomerase Il activity was markedly reduced with I1Csg values
better than the standard VP-16, etoposide. Yet, the copper
complexes caused no further protein linked breaks than VP- 16
did, but did block phosphorylation activation of the
topoisomerase If enzyme.

A series of metallic complexes of furan oximes have recently
been synthesized. Based on the cytotoxicity of other copper,
cobalt and iron metal complexes of trimethylamine
carboxyboranes[1,2] and copper and nickel complexes of
heterocyclic thiosemicarbazones[3,4] a pilot study on the
metal complexes of furan oximes [S] to determine their ability
to retard tumor cell growth was undertaken. These complexes
are unlike cis-platinum derivatives in that the agents were
inhibitors of tumor cell metabolic enzymes, eg purine
regulatory enzymes and DNA topoisomerase II activity.

Mode of action studies in murine L1210 lymphoid
leukemia cells showed that the compounds suppressed DNA,
RNA and protein synthesis after 60 minutes at 100 pM.
Inhibition of purine and pyrimidine de novo syntheses, as well
as inhibition of ribonucleoside reductase and nucleoside
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kinase activities with DNA strand scission occurred after 60
minutes incubation. All of these effects of the complexes
probably added to their ability to cause cell death but most
important was the inhibition of DNA topoisomerase [I
activity with ICsg values lower than those afforded by VP-16,
the standard, which causes apoptosis, Currently, four
additional copper complexes of furan oximes have become
available; thus, we have conducted a cytotoxic and mode of
action study with these new derivatives in L1210 leukemic
cells.

Materials and Methods

Source of compounds. Synthesis of [CuCly( 2-furaldchyde oxime)2] I,
[CuCly( 5-ethyl 2-furaldehyde oxime)2] 2, [CuCl; (3-(S5-methyl 2-furyl)
prop 2-ene aldoxime)2] 3, and [CuCly(2-furaldehyde semicarbazone)2] 4
(Figure 1), were conducted as previously reported in that the compounds
were obtained by reacting the ligands and copper chloride [analytical
grade] in stoichiometric amounts in refluxing anhydrous ethanol [6,7].

All radioisotopes were purchased from New England Nuclear
(Boston, MA) unless otherwise indicated. Radioactivity was determined
in Fisher Scintiverse scintillation fluid with correction for quenching,
Substrates and cofactors were obtained from Sigma Chemical Co. (St.
Louis, MO).

Pharmacological methods. Compounds 1-4 (Table I) were tested for
cytotoxic activity by homogenizing drugs in 2 1 mM solution in 0.05%
Tween 80/Hz0. These solutions were sterilized by passing them through
an acrodisc filter (0.45p). The following cell lines were maintained by
literature techmiques: murine L1210 lymphoid leukemia, P-388
lymphocytic leukemia, human Tmolt3 acute lymphoblastic T cell
leukemia, HL-60 prumyclocy-tic leukemia, colorectal adenocarcinoma
SW480, lung A549 carcinoma, rat osteosarcoma UMR-106, rat adrenal
pheochromocytoma PC-12, mouse L929 fibrosarcoma, human KB
epidermoid nasopharynx, epidermoid skin A-431, HeLa- g suspended
and solid cervical carcinoma, and glioma EH 118 MG. Geran et al 's
protocol [8] was used to assess the cytotoxicity of the compounds and
standards in each cell line. Values for cytotoxicity were expressed as
EDsp= ug/ml, ie. the concentration of the compound inhibiting 50% of
cell growth. EDsg values were determined by the trypan blue exclusion
technique. A value of less than 4 pg/ml was required for significant
activity of growth inhibition. Solid tumor cytotoxicity was determined by
Licbovitz et al 's method([9] utilizing crystal violet/MeOH and read at 580
nm (Molecular Devices).
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Table I. The cyiotaxicity of copper complexes of 2-furaldehyde vxime derivatives in murine and human tissue cultured cells.

EDso = ug

Cpd L1210 Tmolt; P388 Hela-S HL- HeLa SW480 Skin  Glioma Adrenal Lung  L929 UMR KB

Leuke- Leuke- Leuke- Uterine 60 solid  colon A431  PC12  A3S49 A549  fibro -106  Naso

mia min mia sarc Osteo  phar.
1 342 289 271 277 364 435 2.54 0.13 7.45 20. 0.45 5.50 53 0.33
2 2.86 1.93 0.99 1.42 1.95 3.96 3.95 0.69 2.81 5.94 0.47 4.99 5.1 122
3 253 3.08 1.44 1.72 .77 3.46 1.50 0.15 4,26 10.72 0.52 2.97 345 0.02
4 441 270 238 1.64 202 389 537 0.71 3.94 20.1 1.64 553 in 0.60
6MP 243 1.62 216 212 5.61 3.61 342 446 4.7 541 913 1104
Ara-C 242 267 238 213 474 342 092 1.88 6.28 387 08  2.84
SFU 1.41 2.14 1.41 247 4.11 3.09 0.61 1.28 3.58 541 3.52 125
VP-16 1.83 3.03 787 3.05 334 on 2.4 4.74 5.13 357 33
Actin 1.98 . 1.41 5.88 246 3.18 0.30 115 0.90 i 0.33 0.93
AzaU 1.20 1.54 141 248 4.69 513 109 1.93 2.63 427 402 357
HU 267 447 1.30 1.96 8.12 733 321 227 8.89 6.68 287 527
AMA L.79 1.08 5.83 429 6.44 2.28 3.90 6.69 3% 2.05 5.40
CyH 299 1.84 357 0.86 3.62 0.61 2.04 134 1.70 0.60 0.57

Incorporation studies. Incorporation of labeled precursors into H-DNA,
3H-RNA and 3H—pmtein for 106 L-1210 cells was determined [10]. The
concentration response at 25, 50 and 100 uM for inhibition of DNA,
RNA and protein syntheses was determined after 60 minute incubations.
The incorporation of '*C-glycine (53.0 mCiimmol) into purines was
obtained by the method of Cadman et af [11). Incorporation of “4C-
formate (53.0 mCi/mmol) into pyrimidines was determined by the
method of Christophersonetal [12] .

Enzyme assays. Inhibition of various enzyme activitics was performed by
first preparing the appropriate 1-1210 cell homogenates or subcellular
fractions, then adding the drug to be tested during the enzyme assay. For
the concentration response studies, inhibition of enzyme activity was
determined at 25, 50 and 100 pM of compounds 1-4 after 60 minute
incubations. DNA polymerase a activity was determined jin cytoplasmic
extracts isolated by Eichler et al 's method [13]. Nuclear DNA
polymerase beta was determined by isolating nuclei [14]. The polymerase
assay for both alpha and beta was described by Sawada et &/ [15] with *H-
TTP. Messenger-, ribosomal and transfer-RNA polymerase enzymes
were isolated with different concentrations of ammonium _sulfate;
individual RNA polymerase activities were determined using 3HUuTP
[16,17]. Ribonucleoside reductase activity was measured using ‘*C-CDP
with dithioerythritol [18]. The deoxyribonucleotides '“C-dCDP were
separated from the ribonucleotides by TLC on PEI plates. Thymidine,
TMP and TDP kinase activities were determined using “H-thymidine
(58.3 mCi/mmol) in the medium of Maley and Ochoa[19]. Carbamyl
phosphate synthetase activity was determined with the method of
Kalman et al [20]; citrulline was determined colorimetrically{21]).
Asparate transcarbamylase activity was measured by the method of
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Kalman et al [20); carbamyl asparate was determined colorimetrically
[22]. Thymidylate synthetase activity was analyzed by Kampf er al ’s
method [23]. The 3H,0 measured was proportional to the amount of
TMP formed from “H-dUMP. Dihydrofolate reductase activity was
determined by the spectrophotometric method of Ho et al [24). PRPP
amidotransferase activity was determined by Spassova ef al s method
[25); IMP dehydrogenase activity was analyzed with 8- Yemp (54
mCi/mmol) (Amersham, Arlington Heights, IL) after separating XMP
on PEI plates (Fisher Scientific) by TLC [26]. Protein content was
determined for the enzymatic assays by the Lowry technique [27].

After deoxyribonucleoside triphosphates were extracted [28], levels
were determined by the method of Hunting and Henderson [29] with
calf thymus DNA, E. coli DNA polymerase 1, non-limiting amounts of
the three deoxyribonucleoside triphosphates not being assayed, and
cither 0.4 mCi of (*H-methyl)-dTTP or (5->H)-dCTP.

The effects of compounds 1-4 on DNA strand scission was
determined by the methods of Suzuki et af [30], Pera ef al [31)], and
Woynarowski et al [32]. L1210 leukemia cells were incubated with 10uCi
thymidine methyl-"H, 84.0 Ci/mmol for 24 hours at 37°C. L-1210 cells
(10") were harvested and then centrifuged at 600 g X 10 minutes in PBS.
They were later 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% sucrose}
was layered onto a 5-20% alkaline-sucrose gradient (5 ml; 0.3 M NaOH,
0.7 KC1 and 0.01 M EDTA); this was followed by 0.2 ml of the cell
preparation. After the gradient was incubated for 2.5 hours at room
temperature, it was centrifuged at 12,000 RPM at 20°C for 60 min
(Beckman rotor SW60). Fractions (0.2 ml) were collected from the
bottom of the gradient, neutralized with 0.2 ml of 0.3 N HCl, and
measured for radicactivity. Thermal calf thymus DNA denaturation
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studies, U.V. absorption studies and DNA viscosity studies were
conducted after incubation of compounds 1-4 at 100 uM at 37°C for 24
hours [33].

Isolation of L-1210 topoisomerase Il enzyme. The procedure for isolating
L-1210 DNA topoisomerase I enzyme has been published previously
[34}. The isolated enzyme was used for the P4 phage DNA unknotting
assay and drugs were incubated at 25 to 100 pM concentration.
Inhibition of the activity was noted as a smear of the DNA in the gel as
opposed to DNA knotting at the top of the gel.

DNA itopoisomerase Il , activity, inhibition. L-1210 cells were pelleted and
the DNA topoisomerase II enzyme was isolated from the nuclei as
outlined bv the published method of Liu er af [35,36). The inhibition by
compounds 1-4 of DNA strand-passing activity were determined by a
standard relaxation and unknotting assay for DNA topoisomerases [36].
Briefly, the P4 knotted-DNA was prepared from the phage heads of
infected E coli (C117) cells and was used as the substrate. The enzyme
reaction contained a unit of DNA topoisomerase II [that amount which
catalyzed the unknotting of 0.2 pg of P4 DNA] in 20 ul of 50 mM Tris-
HCl, pH 7.5 buffer, 100 mM KCl, 10 mM MgCly, 0.5 mM DTT, 0.5 mM
NazEDTA, BSA (30 pg/ml) and | mM ATP. The reaction was incubated
for 60 minutes at 37°C then was stopped by adding 5 pl of 5% SDS (w/v),
50 mM Na3;EDTA, 20% sucrose (w/v), and 0.05 mg/ml bromophenol
blue. The reaction product was analyzed on 0.7% (w/v) agarose gel in 89
mM Tris-borate buffer, pH 8.2 + 2 mM NajEDTA, electrophoresed at
23 v for 18 hours, and then stained with ethidium bromide. The IC-50
values for inhibition were determined using a densitometer and a
photograph with UV at 300 nm illumination was made as permanent
records. Photographs were obtained with Polaroid Type 667 film.

Cleavage-interference in L-1210, cells. Whole L-1210 oells or prenared
nuclei from cells in log growth were pre-labeled with 34- -thymidine (60-
90 Ci/mMol., NEN) for 24 hr. The reaction medium [250 pl] contained
whole cells or isolated nuclei in buffer supplemented with 3 mM ATP,
compounds 1-4 at 100 uM for 30 minutes. Additional tubes were
incubated with VP-16 at 40 uM for an additional 60 minutes. After
incubation at 37°C, cells or nuclei were collected by centrifugation [500
G x 2 min] and analyzed for protein-linked DNA breaks by the method
detailed by Rowe et al [37] and counted.

Phosphorylation of the isolated L-1210 DNA toponsomerasc Il
enzyme was measured by the method of DeVore et af [38] using [7 P}
ATP (3000 Ci/mmol) (Dupont) for 30 or 60 minutes. The reaction was
inactivated by 10% TCA and filtered on GF/A glass fiber filters and
counted. Standard protein kinase C inhibitors, A3 and bisindolylma-
leimide [Calbiochem-Novabiochem.] were also used,

Statistics. The mean and standard deviation are designated by “X+SD.”
The probable level of significance (p) between test and control samples
was determined by the Student's “t” or Dunnett’s test with the raw data.

Results

The copper complexes of 2-furaldehyde oximes demonstrated
potent cytotoxic action against the growth of suspended as
well as solid cultured tumor cells [Table 1]. Compounds 1, 2
and 3 were active against murine L1210 lymphoid leukemia
and all four compounds were active in murine P388
lymphocytic leukemia, human Tmolt3 T cell leukemia and
buman HL-60 leukemia. HeLa-S> suspended uterine growth
was reduced significantly by all four compounds but in the
HeLa solid uterine carcinoma less activity was shown with
only compounds 2, 3 and 4 demonstrating marginal activity.
SW480 colon adenocarcinoma growth was significantly

r -
CuCh II l
(o) CH=N—OH
! 2
2-Furaldehyde oxime
CuCh CH;-CH; 0 CH=N—OH
’ 2

S-Ethyl 2-furaldehyde oxime

CuC ﬂ ]1
lzcn;, 0~ “CH=CH—CH=N—OH

3«(5-Methyl 2-furyl)prop 2-ene aldoxime

CuCh
o CH=N-NH—CO—NH,

[

2-Furaldehyde semicarbazone
Figure 1. Structures of the copper complexes.

reduced by compounds 1 and 3 with marginal inhibition of 2.
Skin epidermoid carcinoma, KB nasopharynx and lung A549
growth was reduced markedly by all four compounds., Only
compound 2 was active against glioma growth with marginal
activity for compound 4. None of the compounds were active
against adrenal pheochromocytoma growth. L929 fibro-
sarcoma growth was only reduced by compound 3. Rat UMR-

"106 osteosarcoma growth was reduced marginally by

compounds 3 and 4.

In the L-1210 leukemic mode of action study all four
compounds significantly reduced DNA synthesis after 60
minutes with compounds 1-3 causing at least 80% inhibition
at 100 uM [Tables II-V]. RNA synthesis was reduced by all of
the compounds but compounds 1 and 2 afforded at least 70%
reduction. Protein synthesis was only marginally reduced 20-
32% after 60 minutes DNA polymerase a activity was only
marginally reduced by 7-33% and m-RNA polymerase activity
was slightly increased by compounds 2-4. r-RNS polymerase
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Table II. Effects [CuClyf2-furaldehyde axime);] on L-1210 leukemia cell
metabolism over 60 min.

Table [11. The effects of [CuC I (5-ethyl 2-furaldefryde oxime);] on L-1210
cell metabolism over 60 min.

Percent of control (X + SD) Percent of control

(N=6)Assay

Control 25uM S0uM 100uM  Assay N=6 Control  25uM  SOuM  100pM
DNA synthesis 10058 36+3°  26x4° 17x2° DNA synthesis 1005 32x3°* 16%3° 6x2°*
RNA synthesis 100£6P 94+4  45¢4* 27:x4*  RNAsynthesis 100£6  87+5 52+£3*  30x2°
Protein synthesis 100+£5¢ 88%5 80+4* 68=5* Protein synthesis 100+5 88x4 81x5 80%é6
DNA polymerase alpha 10069 B0+6  75+5° 67+4*  DNA polymerase alpha 100£6 106x6  97£5 93x6
mRNA polymerase 100£7¢ 142+6° 129%5* 91+5 mRNA polymerase 1007 12225 110=4 1024
rRNA polymerase 100=4f 1105 106x5 1026 rRNA polymerase 100=4 111£5 102=5  Bl=5
tRNA polymerase 100+78 B4+5  4323° 31x2°  tRNA polymerase 100£7  61x4* 483" 41x4*
Ribonucleoside reductase 10050 7323* 513+ 25:2° Ribonucleoside reductase 1005 955 915  57x4°
Dihydrofolate reductase 100+51  91%5 83+4 67+3*  Dihydrofolate reductase 1005  88x6 55+4*  32%2°
Purine de novo synthesis 100+51  1823*  11x2* 2x1* Purine de novo synthesis 100£5  29+3®  24x3* 21%2°*
PRPP amido transferase 100+6K 126+5* 94+3  79x+5*  PRPP amido transferase 1006  92=5 79+4*  T5x4*
IMP dehydrogenase 100£5!  49+3°  47x4* 42440 IMP dehydrogenase 100£5 62+4° 52+3* 50%3
Pyrimidine de novo synthesis 1005M 179+6* 149+5* 79+5° Pyrimidine de novo synthesis 1005 106=5 91+x4  67+4*
Carbamyl phosphate synthetase 100 +70 110%6 10424 9424 Carbamyl phosphate synthetase 1007 1165 1085  B6+5
Aspartate transcarbamylase 100+6° 966 885 87%5 Aspartate transcarbamylase 1006 945 94+4 B85
Thymidylate synthase 100+5P 104+6 1095 1206 Thymidylate synthase 10045 104+5 1065 120x7
Thymidine kinase 10069 36+3= 26+4* 17+3*  Thymine kinase 1006  32+3*  16+2*  6x2*
Thymidine monophosphate kinase 100+77 115+4 67+4* 31£2° Thymidine monphosphate kinase  100+7 1085 945 7£2°
Thymidine diphosphate kinase ~ 100+6% 148+7* 146+8° 83%5 Thymidine diphosphate kinase  100£6 12327 1046  55=4°
d(ATP) 1005t =5 d[ATP] 1005 118%6
d(GTP) 100x6Y 1184 d[GTP] 100%6 1054
d(CTP) 100+5Y 88+5 d[CTP] 100x5 95+7
d(TTP) 1004 946 d[TTP] 100+4
Control values for 10° cells/hr
a7719dpm g400 dpm m19758 dpm 51891 dpm

bl0l4dpm h48780 dpm n 0.807 mol N-carbamy! aspartate t17.07 p moles
c17492 dpm 10.144 DO.D. units ©0.273 mmol citrulline u13.58 pmoles
d9019 dpm j28624 dpm pT7616 dpm v33.60 pmoles
el343dpm k0.0878 O.D. units q1371 dpm w31,04 pmoles
f325dpm 119575 dpm. units r1179 dpm

*P = 0.001 Student’s “t" test

activity was marginally reduced by compounds 2 and 3 19%
and 40% respectively. t-RNA polymerase activity was reduced
significantly by all four compounds 59-69% after 60 minutes
at 100 pM. Ribonucleoside reductase was reduced 75% by
compound 1 and 43% by compound 2 but compounds 3 and 4
were not effective at 100 uM. De novo purine synthesis was
markedly inhibited by the compounds. Compounds 1 and 4
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afforded greater than 90% inhibition with compound 2
causing 79% and compound 3 causing 53% after 60 minutes
at 100 pM. PRPP-amido transferase activity was marginally
reduced 15-58% by the compounds after 60 minutes. IMP
dehydrogenase  activity was reduced 47-61% and
dihydrofolate reductase activity was reduced 33-79% after 60
minutes at 100 uM. De novo pyrimidine synthesis was reduced
33% by compound 1 and 2 and by 27% by compound 4, but
the three regulatory enzymes of the pathway, ie. carbamyl
phosphate synthetase, aspartate transcarbamylase and
thymidylate synthase were only affected marginally by the
compounds. Thymidine kinase activity was reduced
significantly where compound 1 caused 83% reduction,
compound 2 94%, compound 3 80% and compound 4 only
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Figure 2. L1210 DNA Strand Scission After 24 Hours Incubation of
Compounds at 100 uM. In the alkaline sucrose gradient the high molecular
weight DNA is located at the bottom of the tube, ie.the higher numbered
Jractions and the low molecular weight DNA, i.e. DNA fragments is located
in the lower numbered fractions.

Table IV. The effects of [CuCla(3-(5-methyl 2-furyl)prop 2-ene aldoxime);]
on L-1210 cell metabolism over 60 min.

(N=6) Percent of control

Assay Control  25puM S0pM 100 puM
DNA synthesis 1005 79+5°  55+4° 203"
RNA synthesis 100£6 784° 75x5° 51+5°
Protein synthesis 1005 11826 92=6 T1£5°
DNA polymerase alpha 1006 895 764 74+5°
mRNA polymerase 1007 187+7* 182+6* 147x5°
rRNA polymerase 1004 1105 65x5* 60=5°
tRNA polymerase 1007 6324° 48+4° 33+2°
Ribonucleoside reductase 100£5 131+5* 1106 1005
Dihydrofolate reductase 100+5 72+4*  36+£4*  21%2*
Purine de novo synthesis 100+£5 74151, 69+4* 4723
PRPP amido transferase 1006 130+6 105x4 85x5
IMP dehydrogenase 100x5 49+4*  45+3° 39+2*
Pyrimidine de novo synthesis 100£5 11625 1115 110x6
Carbamyl phosphate synthetase 1008 108+6 102+5 915
Aspartate transcarbamylase 1006 935 844 80x6
Thymidylate synthase 100+£5 935 102x6  115x5
Thymidine kinase 1006 79 4* 55%4* 203
Thymidine monophosphate kinase 1007 62+£4°  25+3° 4x2°
Thymidine diphosphate kinase 1006 11x6 77x4° 343
d[ATP] 100 109x5
d{GTP] 100 1076
d[CTP] 100 152+8*
d[TTP] 100 112+6

Table V. The effects of {CuCly (2-furaldehyde semicarbazone);] on L-
1210 nucleic acid metabolism after 60 min.

(N=6) Percent of control

Assay Control 25pM  S0uM 100 pM
DNA synthesis 1005 75x4*  71x3° 50%3*
RNA synthesis 1006 84x5 T4+5% 664
Protein synthesis 100+5 B0=S 8016 794
DNA polymerase 1006 93z6 93+4 T3x5°
mRNA polymerase 100x7 149+7° 138+5°* 120+5*
rRNA polymerase 100+4 131%x4® 9826 9425
tRNA polymerase 100£7 44x4° 42+3* 34+2°
Ribonucleoside reductase 100£5 86xS 844 834
Dihydrofolate reductase 100+5 136+5% 1036  1243*
Purine de novo synthesis 100£5 61+4*  19+3° 7%2¢
PRPP amido transferase 1006 96+S5 74x4* 4213
IMP dehydrogenase 1005 60+4*  59+4* 53+3¢
Pyrimidine de novo synthesis 10025 B84+5 TBx6* T3x4*
Carbamyl phosphate synthesis 100x7 118+5  135+7* 138+6*
Aspartate transcarbamylase 1006 97+5 88+5  BOx4*
Thymidylate synthase 100x5 1085 104x6 1046
Tymidine kinase 1006 75+4* T1x3* 50+3°
‘Thymidine monophosphate kinase ~ 100+7  1422*  1323®  6+3°
Thymidine diphosphate kinase 1006 42x3*  42x3* 4242°
d[ATP)] 100+5 11928
d(GTP] 1006 1074
d[CTP] 100 +5 131+6°
d[TTP] 1004 11525

50%. TMP kinase activity was reduced 69% by compound 1,
but compounds 2-4 caused greater than 92% reduction at 100
uM after 60 minutes. TDP kinase activity was not inhibited as
much from 17% by compound 1 to 66% by compound 3,
d[NTP] pools were not reduced after 60 minutes incubation
with the compounds in fact some elevation occurred. L-1210
DNA strand scission did occur after 24 hours at 100 pM
(Figure 2). There was no evidence that ct-DNA absorption
from 220 -340 nm was changed with the compounds; however
ct-DNA thermal denaturation values changed after 24 hour
incubation at 100 uM of agent. The Tm for the control was
70°C, whereas values of 79.5, 85, 87.5 and 85 °C were
obtained for compounds 1-4, respectively. ct-DNA viscosity
was slightly reduced with the presence of compounds from
294 seconds for the control and 268, 298, 273 and 258 seconds
for the treated samples with compounds 1-4. L-1210 DNA
topoisomerase activity was inhibited with ICsq, values of 5,
17.5, 249 and 1.75 pM for compounds 1, 2, 3 and 4,
respectively compared to 23.5 uM for the standard VP-16
(Figure 3). L1210 DNA protein linked break was not induced
by the compounds from 1-24 hours nor were there increased
breaks when incubated with VP- 16 at 40 uM (Figure 4).
Some of the compounds actually reduced the DNA protein
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Figure 3. L1210 DNA Topoisomerase Il Activity Over 60 Minutes Drugs were incubated from 1000 to 0.1 uM.

breaks at 14 hours (Figure 5). Phosphorylation of L1210
topoisomerase enzyme was reduced 94%, 91%,96% and 97%
by compounds 1-4 at 100 uM, respectively at 30 minutes and
77%, 94%. 88% and 89% by compounds 1-4 at 100 pM at 1
hour (Figure 6). The standards A3 at 100 uM afforded 23%
inhibition and bisindolylmaleimide at 20 nM resulted in 84%
inhibition of DNA topoisomerase II phosphorylation at 30
minutes.
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Discussion

The copper complexes of 2-furaldehyde oximes proved to be
effective cytotoxicity agents against the growth of murine, rat
and human cultured tumor cell lines with more effective EDsg
values than the currently useful clinical cancer chemotherapy
agents. The copper complexes of 2-furaldehyde oximes were
effective DNA synthesis inhibitors with moderate reduction



Hall et al: Cytotoxicity of Copper Complexes of 2-Furaldehyde Oxime Derivatives

L1210 DNA Protsin Linked Breaks

ERSHIR ST

"'\ e + VP16
1hr

™
(]

Y <

S a

- 13

Figure 4. L1210 DNA Protein Linked Breaks for 1 Hour. Fromt row
compounds 1-4 incubated at 100 uM for 1 hour. Back row compounds I-4
incubated | hour and then an additional hour with VP-16 at 40 uM, ’

of RNA synthesis after 60 minutes incubation. The activities
of regulatory enzymes, ie. PRPP amido transferase, IMP
dehydrogenase and dihydrofolate reductase, of the purine
pathways were reduced by the compounds by a magnitude to
account for the observed inhibition of nucleic acid synthesis
caused by the compounds. One would expect to observe this
inhibition in DNA synthesis before RNA since the pools in
mammalian cancer have a ratio of 90:10 RNA:DNA pool
levels. DNA synthesis would also be lowered by the inhibition
of thymidine kinase and TMP kinase and ribonucleoside
reductase activities. The DNA molecule itself did not appear
to be a target of the agents since there did not appear to be
alkylation of nucleoside bases, intercalation between base
pairs, or cross linking of DNA strands. L1210 DNA
topoisomerase II activity was inhibited by the complexes with
observed DNA fragmentation after 24 hours. However, the
agents did not produce cleavage products similar to VP-16,
i.e, no DNA protein linked breaks were observed after 1-14
hours. This type of observation has been seen with fostriecin,
novobiocin, merbarone, aclarubicin and bis-(2,6-dioxopipe-
razone) derivatives [40-43 ] indicating that these agents bring
about DNA topoisomerase inhibition by some other
mechanism than that observed for VP-16. Phosphorylation of
DNA topoisomerase II was reduced by these copper
complexes which leaves the enzyme in reduced energy state to
conduct its catalytically function, thereby reducing enzyme
activity. Interestingly other metal complexes like copper
trimethylamine complexes reduce phosphorylation of L1210
DNA topoisomerase 1I[39). Reduction in the phosphorylation
of the DNA topoisomerase Il enzyme has been related to
increased DNA fragmentation and apoptosis of cancer cells.
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Figure 5. L1210 DNA Protein Linked Breaks After 14 hours. Front row
compounds -4 incubated at 100 uM for 14 hours. Back row compounds -
4 incubated and then an additional hour with VP-16 at 40 uM,
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Figure 6. L12/0 DNA Topoisomerase I Enzyme Phosphorylation at 30
and 60 minwtes by PKC. Drugs were incubated at 100 uM concentration.
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