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Abstract Cisplatin derivatives containing tilorone and a
tilorone derivative were synthesized and characterized
employing IR analysis, mass spectrometry, elemental
analysis, and chain length. The polymeric cisplatin deriv-
atives prevent growth of four transformed cell lines, L.929,
143, Vero, and BS-C-1 and effectively inhibit four viruses
including the DNA viruses; herpes simplex-1, vaccinia, and
Varicella zoster, and the RNA virus, reovirus in the
micrograms/mL. range. The tilorone polymers display
activity against both transformed cells and DNA and RNA
viruses at biologically important concentrations.

Keywords Tilorone - Platinum-containing polymers -
Cisplatin - Cancer - Viruses

1 Introduction

There are increasing pressures to develop antivirals to treat
both old diseases, such as smallpox and herpes, and new
diseases, such as the bird flu, AIDS and SARS [1]. Viral
vaccination programs are coming under increased scrutiny,
including the current smallpox vaccination, with concerns
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about the occurrence of complications in people with
immunodeficiency disorders. Additionally, a new climate
appears to be emerging in which the acceptance of the risks
inherent to vaccines is very low, the most recently casualty
of this being the rotavirus vaccine [2]. Antivirals also have
an advantage because they are likely to be active against a
new pandemic variant, unlike viral vaccines which are
generally strain specific.

Antiviral agents suffer from the problem of target
specificity [3]. Viruses typically use the cells own
machinery to replicate the viral genome to produce new
virus particles. Unfortunately, when a specific virus target
is identified, the cellular processes in uninfected cells are
also compromised. Polymeric drugs offer the possibility of
avoiding some of these unintended occurrences [4, 5].

Polymeric drugs offer a number of possible advantages
over the currently employed small molecule drugs. Poly-
meric drugs can act either as the drug or as a means to
release the drug over a period of time. Controlled or pro-
longed release of the drug allows a decreased amount of the
drug to be present at any one time in normally sensitive
sites such as the kidneys and liver, and increases the
amount of drug remaining within the target site(s). For
instance, tumor-associated vasculatures are frequently
hyperpermeable to plasma proteins and other macromole-
cules [6-10]. These leaky vasculatures and limited
lymphatic drainage, typical of tumor and missing in normal
tissue, result in the accumulation of macromolecules such
as polymeric drugs in the interstitial space of a large variety
of tumors. This effect is known as the “enhanced perme-
ability and retention effect”, EPR. Trapped polymeric drugs
can then act over a longer time as polymeric drugs them-
selves or in controlled release of the active drug. This
continuous release of bioactive drugs is crucial for cell-
cycle-specific drugs as well as for reducing drug resistance.
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The polymers can also act as drugs themselves, offer-
ing advantages in doing so. Healthy cells have fully
functional autoimmune systems, whereas unhealthy cells,
such as cancer cells, have their autoimmune systems
compromised [11-15]. For instance, cancer systems that
are related to p53 may be deactivated by the invading
cancer, allowing polymeric drugs to combat disease
effectively, by allowing the polymeric drugs to remain
within the infected cells [16-22]. Conversely, the intru-
sion of drugs within healthy cells is resisted by healthy
cell more effectively [23-25]. Other advantages have
been recently reviewed [4].

Research has also shown a relationship between cancer
and some viruses [26-32]. Viruses with DNA genomes
commonly induce cell division in order to initiate their
own replication. This is also true of some retroviruses for
which an intact nuclear envelope is a barrier to integration
of the viral provirus into the host genome. The manner in
which these viruses induce cell division has been altered.
Therefore, it is reasonable to test both the ability to
inhibit cell growth and viral replication for the same
compounds.

We have been surveying a number of metal-containing
polymers as potential cancer and antiviral agents
emphasizing organotin and polymeric derivatives of cis-
platin [4, 6-25, 33-44]. Our research with platinum-
containing drugs has focused on polymeric derivatives of
cisplatin as anticancer drugs [4, 38—44]. Most of these
polymeric drugs inhibit cancer cell growth within the
same concentration range as cisplatin itself (1) and are
less toxic than cisplatin [4]. For instance, a typical upper
dosage of cisplatin (single dose) is about 4 x 10~* g/kg
for humans which is increased to about 4 x 10™> when
flushing is employed. For rats the LDs, (ipr-rat) is
1.2 x 1072 g/kg. We have injected mice on an alternate
day schedule for 1 month DMSO-water (10—90% by
volume) solutions containing 2 x 1072 g/kg per dose
without apparent harm using the cisplatin derivative from
1,6-hexanediamine [4].

CI\ /
d

Pt
NH;

Cl
NH;
(1) Cisplatin
Some of these cisplatin drugs have also exhibited anti-
viral activity [4]. The cisplatin polymer derived from
tetrachloroplatinum(II) and tetramisole inhibited the EMC-

D viruses that is responsible for the onset of juvenile dia-
betes symptoms in ICR Swiss mice [43]. In a related study,

the platinum polymer derived from methotrexate showed
similar results [40].

In both of the cases cited above, of the coupling a known
drug with the metal proved successful in inhibiting viral
growth. It is known that a molecular complex of tilorone
and RNA exhibit an antiviral effect similar to that of a
polynucleotide interferon (IFN) inducers such as poly(I)-
poly(C), larifan, and ridostin [4, 5]. In the current study,
tilorone is coupled with platinum. Our argument for the
coupling of known drugs includes attacking various dis-
eases at multiple sites, reducing the ability of the disease to
effectively resist it.

Here we describe the synthesis and results related to the
ability of two tilorone-platinum polymers to inhibit various
cancer cell lines and viruses.

2 Experimental
2.1 Synthesis and Physical Characterization

The reactants were employed as received. Tilorone and
tilorone 11,567 were obtained from Sigma, St. Louis; and
potassium tetrachloroplatinate(Il) was obtained from J & J
Materials, Neptune City, NJ. Synthesis is carried out in the
usual manner [4]. The tilorone (5.4 mmole), dissolved in
150 mL distilled water, is added to stirred solutions of
potassium tetrachloroplatinate(Il) (5.4 mmole) in 15 mL
distilled water at room temperature. Product precipitation
begins after about an hour. The product (in greater than
90% yield) is recovered after 6 h using vacuum filtration
and washed repeatedly with distilled water to remove
unreacted materials. The solid is washed onto a glass petri
dish and allowed to dry.

Molecular weight was determined employing a Brice-
Phoenix BP-3000 Universal Light Scattering Photometer in
DMSO. Refractive indices were obtained using a Bausch
Lomb Abbe Model 3-L refractometer.

Solubilities were determined by placing 1-10 mg of
polymer in 3 mL of liquid. The solid—liquid combinations
were observed over a period of 2—4 weeks.

Infrared spectra were obtained employing KBr pellets
using a Mattson Instruments galaxy Series 4020 FTIR
using 32 scans and an instrumental resolution of 4 1/cm.
Proton NMR were obtained using Varian-500 and Varian-
400 spectrometers employing DMSQOy¢ and D,0.

Mass spectral analysis was carried out employing two
approaches. For the HR MS analysis, a direct insertion
probe connected to a Kratos MS-50 mass spectrophotom-
eter operation in the EI mode, 8 kv acceleration and 10
s/decade scan rate with a probe temperature of 350-450 °C
was employed. High resolution electron impact positive ion
matrix assisted laser desorption ionization time of flight,
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HR MALDI-TOF, mass spectrometry was carried out
employing a Voyager-DE STR BioSpectrometer, Applied
Biosystems, Foster City, CA. The standard settings were
used with a linear mode of operation and an accelerating
voltage of 25,000 volts; grid voltage 90% and an acquisi-
tion mass range of 2,000-100,000. Two hundred shots were
typically taken for each spectrum. Several matrix materials
were employed but here only results employing 2,5-dihy-
droxybenzoic acid are included in the present paper.

Elemental analyses were carried out by Galbraith Lab-
oratory, Knoxville, TN.

2.2 Biological Characterization
2.2.1 Virus and Cell Lines

The viruses used in this study were reovirus serotype 3
(ST3) strain Dearing [45, 46] propagated in mouse 1929
fiberblasts (ATCC CCL-1), Vaccinia [47] virus, strain WR
propagated in human 143 cells, Herpes simplex virus 1,
strain GHSV-UL46(HSV-1 ATCC VR-1544) propagated
in Vero cells and Varicella Zoster virus, strain Ellen(VSV
ATCC VR-137) propagated in BS-C-1 cells. Cell lines
were maintained in monolayer cultures using minimal
essential medium (MEM) with Earles’ salts, supplemented
with 5% fetal bovine serum (FBS) [48]. Cells were pas-
saged at 1:2-1:10 dilutions according to conventional
procedures using 0.05% trypsin with 0.02% EDTA.

2.2.2 Drug Preparation

The drugs were prepared by dissolving the dried material
into 100% DMSO at a concentration of 10 microgram/mL.
Working stocks were then generated by diluting stocks
1-10 into MEM yielding a final drug concentration of 1
microgram/mL. From these working stocks material was
transferred to MEM with 5% FBS yielding the indicated
final concentrations, and the media added to the cell
monolayers.

2.2.3 Cytotoxicity Assays

Drug cytotoxicity was determined by plating cells at a
concentration of 5 x 10 cells per well in MEM with 5%
FBS using a 6-well plate and incubating the plates at
37 °C, 5% CO, for approximately 24 h until the cells
divided to yield 1 x 10° cells per well. At this time, the
media was removed and replaced with MEM with 5% FBS
and the indicated drug concentration. Cytotoxicity was
observed microscopically after 48 and 96 h with the
addition of trypan blue to stain nonviable cells [49]. Assays
were performed in duplicate.

@ Springer

2.2.4 Reovirus, Vaccinia, HSV-1 and VZV Plaque
Reduction Assays

L929, human 143, vero or BSC-1 cells were grown to
confluency in 6-well plates in MEM with 5% FBS. The
media was removed and the cells infected with either
reovirus, vaccinia, HSV-1 or VZV virus at serial 10-fold
dilutions ranging from 1 x 10° to 10 plaque forming units
(PFUs) per well in 250 microliters of MEM. After 30 min
the media was removed and replaced with MEM with 5%
FBS and the indicated drug concentration. After incubation
at 37 °C and 5% CO, for 48 or 96 h the cells infected with
reovirus or vaccinia virus were treated by the addition of
trypan blue to stain nonviable cells. The cells infected with
vaccinia virus were stained with crystal violet. The 1.929
cells infected with reovirus were stained with neutral red.
After staining, the plaques counted [50]. The HSV-1
infected Vero cells were observed after excitation at
395 nm for fluorescent plaques [51], and the VZV infected
BS-C-1 cells stained with crystal violet to observe viral
plaques [52]. Assays were performed in duplicate.

3 Results and Discussion
3.1 Physical Characterization

Tilorone, 2,7-bis[2-(9-diethylamino)ethoxy]-9H-fluorene-
9-one, is the first recognized synthetic small molecule that
is an orally active interferon inducer. Because of its
potential importance, a number of similar structures were
synthesized. These derivatives are given various numbers
that follow the name tilorone. Tilorone 11,567 is one of
these derivatives.

The polymers are synthesized by adding equimolar
aqueous solutions of potassium tetrachloroplatinate II and
the tilorone with the resulting polymer captured as a pre-
cipitate. This allows a ready synthesis of the products using
commercially available reactants which is advantageous
for commercial application.

Table 1 gives the chain length data concerning the two
tilorones tested in the current study. There is a marked
difference in the chain lengths of the products. It is possible
that the increased steric requirements about the tilorone
amines is responsible for the lowered chain length in
comparison to that found for tilorone 11,567.

Table 1 Tilorone polymer results

Compound %-Yield weight Molecular DP
Pt—Tilorone 94 13,000 20
Pt—Tilorone 11,567 92 110,000 160
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Structures of the platinum polymers are given below
(2,3). The trans-effect ensures that only the cis-derivative is

formed [4].

HsC\;Nv\O

H3C

(CH3
N CH

The important differences are associated with the pres-
ence of bands characteristic of the PtCl, and Pt—N moieties
in the polymers. The bands at 324 and 286 (all bands are

\

Pt

7

Ci Cl

(2) Product of potassium tetrachloroplatinate II and
tilorone.

Cl Cl

(3) Product of potassium tetrachloroplatinate II and til-
orone 11,567.

Infrared spectra were obtained for both the monomers
and polymers. The polymer spectra are similar to those of
the tilorone and tilorone 11,567 as expected. Infrared band
assignments are given in Table 2.

given in cm™') are assigned to the Pt—Cl stretch and cor-
respond to literature values of 332 and 282 for cisplatin
itself. [53-57] The band at about 512 corresponds to the
band reported at 508 for the symmetrical Pt-N stretch and
the band at about 528 corresponds to the band at 517 for the
Pt—-N asymmetrical stretch in cisplatin. [53-57] The pres-
ence of two Pt—N stretching bands is also significant since
their presence is consistent with a cis geometry about the
platinum atom [4]., [53-57] Trans geometries are found to
exhibit only one Pt-N stretching band. Further, only the
formation of a cis geometry from reaction of the tetra-
chloroplatinate with mono and diamines has been reported
because of the so-called trans effect [4, 53-60] C-H
associated distortion bands appear at about 1,470, 1,410,
and 1,390 in the monomer and about 1,465, 1,410, and
1,390 in the polymer. C-H stretching frequencies for both
aromatic and aliphatic appear about 3,055, 2,978, and
2,942 for tilorone and 3,022, 2,980, and 2,943 for the til-
orone polymer. C-N stretching occurs at 1,057 and 1,013
for the tilorone itself and 1,048 and 1,012 for the tilorone
polymer. Thus, infrared spectral analysis is consistent with
the presence of both the tilorone or tilorone 11,567 and
platinum units as well as the formation of the Pt—N bonds.

Table 2 Selected infrared

bands and assignments Assignment Cisplatin Tilorone Pt-Tilorone Pt-Tilorone
Polymer 11,567 polymer

Pt—Cl St. 332, 282 324, 286 324, 286
Pt-N Sym. St 508 514 511
Pt-N Asym. St. 517 528 527
Ring carbonyl 1708 1711 1687
C-H Ar. St. 3055 3022 3043
C-H Alip. St. 2978, 2942 2980, 2943 2968, 2936
C-N St. 1057, 1013 1048, 1012 1055, 1020
C-C St. 990, 941 980, 940 990, 966
Ring St. 1604 1606 1631

CH, Deformation

1465, 1412, 1390 1466, 1410, 1391 1464, 1404, 1384
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Table 3 Elemental analysis results for the platinum polyamines

Polymer Carbon (%) Hydrogen (%) Nitrogen (%)
Amine

Theory Found Theory Found Theory Found
Tilorone 43 38 5 5 4.2 4.6
Tilorone 11,567 40 41 4 4 4.6 5.3

Table 4 Results of the HR PYR EI MS for the product derived from
tilorone and tetrachloroplatinate. All ion fragments are given in
Daltons

Mass Assignment Mass Assignment
35 Cl 36 HC1

37 Cl 38 HCI

41 C,H;N 44 C,H,0

58 NCH,CH,0 72 N(C,Hs),
86 N(CH,CH,),0 100 ((NC3Hs),)»
106 Ph—-C=0 126 R-C4H,

139 R-C;Hy 410 T

where R =

o)

and T = tilorone

The elemental analysis results are given in Table 3. It
must be noted that elemental analysis for similar platinum-
containing polymers is generally poor and the current
values are reasonable in this light [4].

Both high resolution pyproprobe electron impact mass
spectrometry, HR PY EI MS (Table 4), and high resolution
electron impact matrix assisted laser desorption ionization

X
=

Table S Low mass range (100-1,500 Daltons) ion fragments for the
product derived from tilorone and tetrachloroplatinate

Mass Assignment Mass Assignment

100 Et,NCC 116 D

179 F 280 PtN,ClI

294 PtN,Cl, 310 DFO

326 Pt(NEt,), 342 T-NEt,

374 Pt(NEt,),Cl 382 T-Et

409 Pt(NEt,),Cl, 411 T

425 Pt(NEt,),CL,C 437 Pt(NEt,),CL,CC

452 Pt(NEt,),CL,CCO 479 Pt(NEt,),C1,CCOCC
729 U-+NEt 801 U+ENCCO

843 U+DF-Et 867 U+DF

955 U+PtNCl, 983 U+DF

1022 U+PtCINEt+CCO 1134 U+Pt(NEt,),Cl,+CCO
1204 2U—2NEt, 1275 2U—NEt,

1465 2U+E;,NCCO

mass spectrometry, HR EI MALDI MS were carried out on
the monomers and polymers. For brevity, only the results
for tilorone and the tilorone polymers will be reported.
Results for tilorone 11,567 are similar.

The isotopic abundance of CI(35) to CI(37) is 3:1. For
the tilorone polymer the ratio of CI1(35)/C1(37) is 3.1 and
the ratio of HCI(35)/HCI(37) is 2.8 consistent with these
ions being chlorides. The presence of these ions is con-
sistent with the presence of the PtCl, moiety. The ion
fragments from 43 to 100 are derived from the diethyla-
minoethoxy chain of tilorone. The ion fragment at 410 is
derived from tilorone.

MALDI MS results are given in Table 5, which shows
the low mass range ion fragments for the tiolorone poly-
mer. A number of abbreviations are employed to convey
assigned structures. These are U = one unit, 2U = two
units, etc.; D = diethylaminoethoxy arm designated as D
below (4); F = fluorenone ring designated as F (4),
T = tilorone, and C = CH,.

\_/
-

(€)]
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For comparison, Table 6 contains the major ion frag-
ments created from the MALDI MS of tilorone itself. There
exists a number of similarities in the lower mass range
between the tilorone polymer and tilorone itself as expec-
ted with the ion fragments at 116, 294, 312, and 411 the
same in both spectra.

Table 7 contains isotopic matches for ion fragments that
contain both platinum and chlorine, each containing sig-
nificant contributions to the resulting isotopic abundances
given in the extreme two left columns. The agreements are
consistent with the presence of the PtCl, moiety in these
ion fragment clusters.

Table 8 contains high mass ion fragments for the tilor-
one polymers. Assignments include ion fragments to over
20 units, which are consistent with the results from light
scattering photometry that the product is a low molecular
weight polymer. As in other cases when using MALDI MS
loss of fragments occurs only at the site(s) of bond scission
[35, 37].

The results are consistent with the product being a high
molecular weight polymer in agreement with the results
found for light scattering photometry.

Table 6 Low mass range (100-2,000 Daltons) ion fragments for
tilorone

Mass Assignment Mass Assignment
116 D 212 F+20

234 DF—2Et 252 F+20, CCN
296 DF 312 DFO

411 T 435 T, Na

Table 7 Isotopic abundances for selected ion fragments containing
PtCl, (>10%) derived from the tilorone polymer

PtCl, Pt(NEt,),Cl, Pt(NEt,),CL,C
Mass Calculated % Mass % Mass %
intensity intensity intensity

264 72 407 79 423 70

265 73 408 75 424 72

266 100 409 100 425 100

267 47 410 50 426 47

268 57 411 60 427 60

270 15 413 15 429 10

Table 8 High mass range (10,000-50,000 Daltons) ion fragments for
the product derived tilorone and tetrachloroplatinate

The two employed MS approaches complement one
another. The PYR MS detects lower mass ion fragments
allowing the identification of the PtCl, moiety through the
presence of chlorine atoms. MALDI MS allows the iden-
tification of higher mass ion fragments as well as detection
of the presence of platinum through isotopic abundance
matches.

4 Biological Characterization
4.1 Cytotoxicity

Each cell line is specially chosen to be compatible to
support growth for the particular virus. The cell lines are all
transformed cell lines with cancer-like characteristics and
employed to measure drug effectiveness as potential anti-
cancer agents. BSC-1 cells are African green monkey
kidney epithelial cells; Mouse L929 are fibroblast cells;
vero cells are African green monkey kidney epithelial cells;
and human 143 cells are fibroblast bone osteosarcoma
cells.

The toxicity of the tested compounds towards the cell
lines employed in this study is given in Table 9. The cell
line and viral replication results are presented as means
of four experiments using duplicate samples in each
experiment.

The tested compounds, Table 9, showed similar toxicity
to each of the cell lines. The cells are able to tolerate
relatively high levels of the tetrachloroplatinate(Il), but
good inhibition of the tested cell lines occurs for the til-
orone polymers.

4.1.1 Glsy Values
The potential for these polymers to act as chemothera-

peutics was examined by determining the concentration of
material necessary to inhibit growth by 50%, GIs,. Along

Table 9 Minimum cell cytotoxicity concentration of the compounds

Compound MCC (pg/mL)
L929 143 Vero BS-C-1
K,PtCly 100£90 75£6.0 100£9.0 75+£6.0
Pt-Tilorone 200 £ 21.0 150 £ 12.0 150 £ 12.0 150 £ 14.0
11,567

Pt-Tilorone 125 £ 12.0 100 £ 9.0 150 £ 12.0 100 £ 9.0

Acyclovir 500 £ 42.0 425 £ 32.0 400 £ 42.0 440 £ 39.0
Mass Assignment Mass Assignment  Cisplatin 25420 25420 25+£20 25420
10644 16U—-D, 2ClI 11252 17U—PtCl, MCC = Minimum cytotoxicity concentration that causes a reduction
12462 18U+DF 14154 21U—Cl in cell viability >10% as measured by trypan blue dye exclusion after

7 days (£) one standard deviation of the mean
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Table 10 Chemotherapeutic activity of the compounds (Gls)

Compound Glsp (ng/mL)
L929 143 Vero BS-C-1
K,PtCly 200 £ 20.0 175 £ 12.0 200 £ 16.0 175 £ 20.0
Pt-Tilorone 300 £ 22.0 350 £ 30.0 350 £ 29.0 350 + 30.0
11,567

Pt-Tilorone 325 £ 30.0 300 £ 28.0 350 £ 32.0 300 + 30.0
Acyclovir 700 £+ 55.0 625 + 52.0 650 £ 51.0 640 + 52.0
Cisplatin 75+60 50+40 50£40 50+3.0

Glso = (Growth Inhibition 50%) Drug concentration that results in a
50% reduction in cell growth after 7 days (+) one standard deviation
of the mean

with the two tested polymers, the results are also given
(Table 10) for cisplatin, the most widely used chemother-
apy drug; acyclovir, the most widely employed antiviral
agent; and K,PtCl,. The toxicity curves used to determine
the Glso values are shown in Figs. 1-3 for each of the five
tested compounds in each of the four cell lines. Cisplatin
shows a Gl of about 50 pg/mL (Fig. 1). Thus, the poly-
mers have Glso values only six to seven times that found
for cisplatin. For comparison with some of the other

K,PtCl,

100 &
(2]
g
S 80+
N~
2 60 -
© —e—L929 Cells
Z 404 _m 143Cells
Qo
©
< 204 —a— Vero cells
o —e—BS-C-1 cells
O 0 T T L)

0 100 200 300 400
[Concentration Drug ug/ml]
Cisplatin

100
0
Z 80
©
N~
3 60 -
®
Z 401
Q
S
= 20
©
O

O T T

0 20 40 60 80 100
[Concentration Drug ug/mi]

Fig. 1 Cell inhibition for cisplatin and tetrachloroplatinate (II) as a
function of drug concentration
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Fig. 2 Cell inhibition as a function of polymer concentration
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Fig. 3 Cell inhibition as a function of acyclovir concentration

polymeric cisplatin drugs made by us, the polymers derived
from 1,6-hexanediamine and 1,4-phenylenediamine show
GIsy values of about 40 pg/mL against L929 cells [41].
The products from 4-nitrohydrazine and phenylhydrazine
show Glsq values at 8 pg/mL against L929 cells [61]. Thus,
while the tilorone polymers exhibit cell inhibition within
the same general concentration range as cisplatin, it will be
seen that their real potential application is as antiviral
agents.
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The viruses were chosen to represent a broad range of
virus. The reovirus ST3 virus is a RNA virus that is cur-
rently being investigated because of its ability to inhibit
certain cancer cells while leaving normal cells alone.
Generally, drugs that are capable of inhibiting one RNA
virus will be effective against other RNA viruses. This
particular virus is responsible for many respiratory and
enteric infections. The other viruses are all DNA viruses
and the activity against different DNA viruses must be
studies individually. Vaccinia is the vaccine strain for
smallpox; herpes simplex is responsible for at least 45
million infections in the US yearly, or one out of five
adolescents and adults; and varicella zoster is responsible
for chickenpox and shingles.

Table 11 gives the results of preliminary studies
involving the capacity of the various test compounds to
inhibit the viruses. The results are presented as the mini-
mum inhibitory concentration of the compound (MIC)
needed to reduce virus plaque formation by 50%.

Potassium tetrachloroplatinate II showed little inhibition
of the tested viruses. Both of the tilorone polymers
exhibited good inhibition of all of the tested viruses at low
concentrations. For comparison, the organotin polymers of
norfloxacin, ampicillin and acyclovir showed good inhibi-
tion of these same viruses but at much higher
concentrations, within the range of 2 pg/mL [33, 34], while
the tilorone polymers showed good activity at 0.1-0.2 pg/
mL, well below that of the organotin polymers.

The analogous cisplatin polymer derived from metho-
trexate showed good activity against HSV-1 (about 4 pg/
mL) and VZV (about 6 pg/mL), DNA viruses whose
genome replication and mRNA transcription occur in the
nucleus using viral DNA polymerases and RNA tran-
scription using the cellular RNA polymerse [4]. Some
activity is seen against vaccinia virus, a DNA virus with
cytoplasmic DNA replication utilizing viral DNA poly-
merase and uniquely cytoplasmic transcription using a viral
RNA polymerase. No activity is seen against reovirus, a
dsRNA virus with cytoplasmic replication utilizing a viral

Table 11 Plaque reduction assay

Compound MIC (pg/mL)
Reovirus Vaccinia HSV-1 VZN
ST3 WR
K,PtCl, >100 >75 >100 >75
Pt-Tilorone 205 +£20 165+20 105+£20 92412
11,567
Pt-Tilorone 11.5+£14 83+1.1 8.5+ .079 88 £ 1.0
Acyclovir >250 >200 .076 £ 0.1 2.0 £ 0.7
Cisplatin >25 >25 >25 >25

MIC = Minimum inhibitory concentration required to reduce virus
plaque number by 50% (%) one standard deviation of the mean

RNA polymerase. The target of the drug that appears to
have the greatest impact against these viruses, is the cel-
lular RNA polymerase located in the nucleus associated
with the production of viral and cellular mRNA. Activity
against vaccinia and reovirus is greatly reduced compared
against HSV-1 and VZV and both vaccinia and reovirus
utilize viral polymerases to produce their mRNA tran-
scripts. Again, the concentration levels to achieve good
inhibition of HAV-1 and VZV are much higher than that
found for the tilorone polymers.

We have already noted that there is a relationship
between come cancers and viruses [26-32]. Viruses use
and generally modify cellular machinery to replicate the
viral genome, produce viral proteins and assemble new
virus particles. Many cancers also modify the cellular
machinery to replicate. A number of these modifications to
cellular machinery are common to both viral infections and
tumor cell growth. A recent report by Reeves and others
[62] found the antitumor drug Gleevec is capable of
inhibiting vaccinia virus and raises the possibility that such
drugs may be given at the same time as the vaccinia vac-
cination to prevent vaccine complications. These
antitumor/antiviral drugs are a new class of cellular targets
whose disruption will lead to a halt in cell replication in
virus-infected cells, and a block in virus replication. This
class of compounds interacts with cellular targets utilized
both by the process of transformation and virus infection
leading to cell replication.

Tilorone antiviral activity is most likely due to a direct
inhibition of viral DNA synthesis for both HSV-1 and
VZV-infected cells [62-65]. Tilorone is mostly used as an
antiviral agent as its hydrochloride. It is the first recognized
synthetic, low-molecular-weight compound that is an
orally active interferon inducer, and is also reported to have
anti-neoplastic and anti-inflammatory actions [44, 66—69].
Tilorone hydrochloride has been shown to inhibit HSV-1
and vaccinia at concentrations of 10 pg/mL [70, 71]. The
researchers noted that the adsorption of the virus was not
affected by the drug, and the penetration of the deoxyri-
bonucleic acid of the input virus into the cytoplasm and
nuclei proceeded normally when tilorone hydrochloride
was present. However, newly synthesized viral deoxyri-
bonucleic acid was not detectable under these conditions
and there was a remarkable decrease in the rate of viral
polypeptide synthesis. Further, virus particles were not
formed. They noted that the inhibition of herpes virus
growth by tilorone hydrochloride was dependent on the
presence of the drug in the cultures. Pretreatment of the
cells with the drug did not result in resistance to herpes
virus infection after the removal of the drug. The
researchers tested a number of ssRNA viruses and no
antiviral activity was measured. By comparison, we do see
activity against a dsRNA virus, reovirus. This is not
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unexpected because reovirus, like a number of RNA viru-
ses, requires cellular DNA synthesis to take place prior
and/or during viral replication [72]. Tilorone, by inhibiting
cellular DNA synthesis, can and does inhibit the replication
of a number of DNA and RNA viruses.

For added comparison, the results for acyclovir, a
commercial antiviral often used to inhibit the herpes
viruses tested, are included. Inhibition of HSV-1 by acy-
clovir requires a concentration level of about 0.08 pg/mL
and 2 pg/mL for VZV. This compares to a concentration
about 10 pg/mL for the tilorone-Pt polymers against both
of these viruses. But, in comparing the MIC values for
acyclovir for Reovirus ST3 (>250 pg/mL) and Vaccinia
WR (>200 pg/mL) the two tilorone polymers have much
lower MIC values (10-20 pg/mL for Reovirus ST3 and
8-17 pg/mL for Vaccinia WR. Thus, the two tilorone
polymers are broader acting antiviral agents in comparison
to acyclovir and show promise as additional antiviral
agents in the treatment against viral infections.

References

1. T. Ksiazek, D. Erdman, C. Goldsmith, S. Zaki, T. Peret, S.
Emery, S. Tong, C. Urbani, J. Comer, W. Lim, P. Rollin, K.
Nghiem, S. Dowell, A. Ling, C. Humphary, W. Shieh, J. Guarner,
C. Paddock, P. Rota, B. Fields, J. DeRisi, J. Yang, N. Cox, J.
Hughes, J. LeDuc, W. Bellini, L. Anderson, N. Engl. J. Med.
348(20), 1967 (2003)

2. C. Drosten, S. Gunther, W. Preiser, S. Van Der Werf, H. Brodt, S.
Becker, H. Rabenau, M. Panning, L. Kolesnikova, R. Fouchier,
A. Berger, A. Burguiere, J. Cinatl, M. Eickmann, N. Escriou, K.
Grywna, S. Kramme, J. Manuguerra, S. Muller, V. Rickerts, M.
Sturmer, S. Vieth, H. Klenk, A. Osterhaus, H. Schmitz, H. Doerr,
N. Eng. J. Med. 348(20), 1953 (2003)

3. N. Cunliffe, J. Bresee, C. Hart, J. Infect. 45(1), 1 (2002)

4. D. Siegmann-Louda, C. Carraher, Macromolecules Containing
Metals and Metalloids, Vol. 3, Biomedical Applications, Chap. 7,
ed. by A. Abd-El-Aziz, C. Carraher, C. Pittman, J. Sheats, M.
Zeldin (Wiley Interscience, 2004)

. K. Ulbrichy, V. Subr, Adv. Drug Deliver. Rev. 56, 1023 (2004)

. L.E. Gerlowski, R.K. Jain, Microvasc. Res. 31, 288 (1986)

. R.K. Jain, Cancer Metast. 31, 288 (1986)

. F. Yuan, M. Leunig, D.A. Berk, R.K. Jain, Microvasc. Res. 45,
269 (1993)

. H. Maeda, Adv. Enzyme Regul. 41, 189 (2001)

10. L. Seymour, Y. Miyamoto, H. Maeda, M. Brereton, J. Strohalm,

K. Ulbrick, R. Duncan, Eur. J. Cancer 31, 766 (1995)

11. D. DiLorenzo, C. Balistreri, G. Candore, D. Cigna, A. Colombo,
G. Romano, A. Colucci, F. Gervasi, F. Listi, M. Potestio, C.
Caruso, Mech. Aging Dev. 108, 25 (1999)

12. T. Fulop, A. Larbi, G. Dupuis, G. Pawelec, Arthritis Res. Ther. 5,
290 (2003)

13. M. Kutzler, M. Robinson, M. Chattergoon, D. Choo, A. Choo, P.
Choe, M. Ramanathan, R. Parkinson, S. Kudchodkar, Y. Tamura,
M. Sidhu, V. Roopchand, J. Kim, G. Pavlakis, B. Felber, T.
Waldmann, J. Boyer, D. Weiner, J. Immunol. 175, 112 (2005)

14. M. Peterlik, H.S. Cross, Anticancer Res. 26, 2581 (2006)

15. W. Ptak, M. Szczepanik, Przegl. Lek. 55, 397 (1998)

03N

o

@ Springer

16. Y. Ami, Y. Izumi, K. Matsuo, K. Someya, M. Kanekiyo, S.
Horibata, N. Yoshino, K. Sakai, K. Shinohara, S. Matsumoto, T.
Yamada, S. Yamazaki, N. Yamamoto, M. Honda, J. Virol. 79,
12871 (2005)

17. L. Cerezo, H. Cardenes, H. Michael, Clin. Transl. Oncol. 8, 2341
(2006)

18. P. Laurent-Puig, J. Zucman-Rossi, Oncogene 25, 3778 (2006)

19. A. Oliveira, J. Ross, J. Fletcher, Am. J. Pathol. 124(Suppl), S16
(2005)

20. Y. Sun, Mol. Carcinogen. 45, 409 (2006)

21. Y. Tabakin-Fix, I. Azran, Y. Schavinky-Khrapunsky, O. Levy,
M. Aboud, Carcinogensis 27, 673 (2006)

22. K. Warnakulasuriya, N. Johnson, J. Oral Pathol. Med. 23, 246
(1994)

23. A. Crowe, P.J. Smith, C. Cardin, H. Parge, F.E. Smith, Cancer
Lett. 24, 45 (1984)

24. H. Quinones, A. List, E.-W. Garner, Clin. Cancer Rev. 8, 1295
(2002)

25. J.T. Tupper, J.W. Smith, J Cell Physiol. 125, 443 (1985)

26. M. Avgil, A. Ornoy, Reprod. Toxicol. 21, 436 (2006)

27. 1.S. Butel, Carcinogenesis 21, 405 (2006)

28. D. Cougot, C. Neuveut, M. Buendia, J. Clin. Virol. 34(Suppl. 1),
S75 (2005)

29. W. Likes, J. Itano, Clin. J. Oncol. Nurs. 7, 271 (2003)

30. S. Murono, N. Raab-Traub, J. Pagano, Cancer Res. 61, 7875
(2001)

31. R.A. Weiss, FEMS Immunol. Med. Microbiol. 26, 227 (1999)

32. N. Yamashita, H. Kimura, T. Morishima, Acta Med. Okayama
59, 239 (2005)

33. M. Roner, C. Carraher, A. Zhao, J. Roehr, K. Bassett, D. Sieg-
mann-Louda, Polym. Mater. Sci. Eng. 90, 515 (2004)

34. M. Roner, C. Carraher, J. Roehr, K. Bassett, D. Siegmann-Louda,
Polym. Mater. Sci. Eng. 90, 744 (2004) and 91, 744 (2004).

35. C. Carraher, T. Sabir, C.L. Carraher, J. Polym. Mater. 23, 143
(2006)

36. C. Carraher, R. Bleicher, Macromolecules Containing Metal and
Metal-Like Elements, Vol. 3. Biomedical Applications, ed. by A.
Abd-El-Aziz, C. Carraher, C. Pittman, J. Sheats, M. Zeldin
(Wiley Interscience, 2004)

37. C. Carraher, Macromolecules Containing Metal and Metal-Like
Elements, Vol. 4. Group IVA Polymers, ed. by A. Abd-El-Aziz, C.
Carraher, C. Pittman, J. Sheats, M. Zeldin, (Wiley Interscience,
2005)

38. M. Roner, C. Carraher, S. Dhanji, Polym. Mater. Sci. Eng. 93,
410-413 (2005)

39. R. Doucette, D. Siegmann-Louda, C. Carraher, A. Cardoso,
Polym. Mater. Sci. Eng. 91, 564 (2004)

40. C. Carraher, I. Lopez, D. Giron, Advances in Biomedical Poly-
mers, ed. by G. Gebelein (Plenum, NY, 1987).

41. C. Carraher, W. Scott, J. Schroeder, J. Macromol. Sci.-Chem.
A1S5, 625 (1981)

42. D. Siegmann, C. Carraher, J. Polym. Mater. 4, 29 (1987)

43. M. Trombley, N. Biegley, C. Carraher, D. Giron, Applied Bio-
cative Polymeric Materials, ed. by C. Gebelein, C. Carraher, V.
Foster (Plenum, NY, 1988)

44. A.V. Karpov, N.M. Zholobak, N.Y. Spivak, S.L. Rybalko, S.V.
Antonenko, L.D. Krivokhatskaya, Acta. Virol. 45(3), 181 (2001)

45. M. Mackett, G. Smith, B. Moss, PNAS USA 79(23), 7415 (1982)

46. M. Ramos-Alvarez, A. Sabin, J. Am. Med. Assoc. 167, 147
(1958)

47. D. Patel, D. Pickup, EMBO 1J. 6, 3787 (1987)

48. R. Freshney, Culture of Animal Cells: A Manual of Basic Tech-
nique, 3rd edn. (Wiley-Liss, NY, 1994)

49. M. Roner, PNAS 98, 8036 (2001)

50. M. Willard, J. Virol. 76, 5220 (2002)



J Inorg Organomet Polym (2008) 18:374-383

383

51

52.

53.
54.
55.
56.
57.
58.

59.

60
61

. S. Koyano, T. Suzutani, I. Yoshida, M. Azuma, Antimicrob.
Agents Chemo. 40, 920 (1996)

C. Carraher, T. Manek, G. Hess, M. Trombley, R. Linville,
Polymers as Biomaterials, ed. by S. Shalaby, A. Hoffman (Ple-
num, NY, 1984)

S. Koyano, T. Suzutani, I. Yoshida, M. Azuma, Antimicrob.
Agents Chemo. 40, 920 (1996)

K. Nakamoto, Inorg. Chem. 4, 36 (1965)

R. Berg, K. Rasmussen, Spectra. Acta 29A, 319 (1973)

A. Grinberg, M. Sermtor, M. Gil’fman, Russian J. Inorg. Chem.
13, 1695 (1968)

G. Barrow, R. Krueger, F. Basolo, Inorg. Nuclear Chem. 31, 340
(1956)

J. Hugheey, Inorganic Chemistry, Principles of Structure and
Reactivity (Harper and Row, NY, 1972)

F. Cotton, G. Wilkinson, Advanced Inorganic Chemistry, 6th edn.
(Wiley-Interscience, NY, 1999)

. G. Kauffman, Inorg. Synth. 1, 249 (1963)

. W. Reeves, C. Peters, J. Infect. Dis. 133, 268 (1976)

62
63

64.

65.

66.

67.

68.
69.

70.
71.

72

. P. Chandra, G. Wright, Top. Curr. Chem. 72, 125 (1977)

. P. Chandra, G. Will, D. Gericke, A. Gotz, Biochem. Pharmacol.
23, 3259 (1974)

P. Chandra, F. Zunino, V. Gaur, A. Zaccara, M. Woltersdorf, G.
Luoni, FEBS Lett. 28, 5 (1972)

A.V. Karpov, S.V. Antonenko, E.V. Barbasheva, N. Spivak,
Vopr. Virusol. 42, 17 (1997)

S. Loginova, A. Koval’chuck, S. Borisevich, N. Kopylova, 1.
Pashchenko, R. Khamitov, Vop. Virusol. 50, 30 (2005)

S. Alcaro, A. Arena, S. Neri, R. Ottana, F. Ortuso, B. Pavone,
Bioorgan. Med. Chem. 12, 1781 (2004)

1.G. Zakirov, Klin. Med. (Mosk.) 80, 54 (2002)

S. Liakhov, L. Litvinova, S. Andronati, L. Berezina, B. Galkin,
V. Osetrov, Ukr. Biokhim. Zh. 73, 108 (2001)

E. Katz, E. Margalith, B. Winer, J. Gen. Virol. 31, 125 (1976)
E. Katz, E. Margalith, B. Winer, Antimicrob. Agents Chemother.
9, 189 (1976)

. M. Roner, D. Cox, J. Virol. 53, 350 (1985)

@ Springer



	Antiviral and Anticancer Activity of Cisplatin Derivatives �of Tilorone
	Abstract
	Introduction
	Experimental
	Synthesis and Physical Characterization
	Biological Characterization
	Virus and Cell Lines
	Drug Preparation
	Cytotoxicity Assays
	Reovirus, Vaccinia, HSV-1 and VZV Plaque Reduction Assays


	Results and Discussion
	Physical Characterization

	Biological Characterization
	Cytotoxicity
	GI50 Values


	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


