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Abstract

The effect of the amoxicilline as a possible cisplatin-action protector on pBR322 DNA has been visually studied by atomic
force microscopy in comparison with the modifications caused by the controversed cisplatin protector amifostine. Incubation of
amoxicilline with the plasmid DNA showed aggregation and compaction of DNA. Cisplatin incubated in the same conditions
with DNA produced kinks and super-coiling of the circular form. In the case of previous treatment of DNA with amoxicilline,
the characteristic effect of cisplatin is only partially observed. The amoxicilline seemed to control the action of cisplatin on
DNA. The initial effect of dephosphorylated amifostine (WR-1065) when this protector was incubated with the plasmid was
also the formation of aggregates and the compaction of DNA. However, addition of cisplatin successively after 1 and 2 h showed
the characteristic modification caused by cisplatin but only in a decreasing percentage of molecules of DNA. Both molecules,
amoxicilline and WR-1065 seem to control the strong direct action of cisplatin on DNA. This effect can justify the role as
protecting agent of amifostine on side effects caused by cisplatin and can open new possibilities to other agents like amoxicilline.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Cisplatin (cis-diamminedichloroplatinum(II)) is
a well-known anti-tumor compound. It has been
demonstrated that in proliferating cells the intracellu-
lar target of the metal complex is DNA (Rosenberg
et al., 1969; Lippert, 1999; Reedijk, 1999; Jamieson
and Lippard, 1999; Giandomenico et al., 1999). In
vitro and clinical studies suggest that the presence
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of sulphur-containing compounds in cisplatin solu-
tions affects not only the physicochemical properties
but the modulation of cisplatin-induced toxicity. The
hydrosulphur groups are avid nucleophile for plat-
inum but their easy reversible oxidation-reduction
can alter the intracellular metabolism. In a previous
work (Pérez-Benito et al., 1995) we have studied
kinetically the interaction between cisplatin and bio-
logical thiols, among them, penicillamine. Complexes
of penicilliamine and Pt(II) have also been studied
(Cervantes et al., 1998) and it has been demonstrated
that the coordination of Pt(II) involves the amide
and thioeter groups forming a five-membered ring.
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Fig. 1. (a) Pathway of dephosphorylation of amiforstine, Ethiol
(WR-2721). (b) Amoxicilline.

On the other hand, in the literature the formation of
complexes between Pt(II) and�-lactam antibiotics as
ampicilline also involving N and S atoms is described
(Grochowski and Samochocka, 1991; Samochocka
et al., 1997). It would be very interesting then, to find
sulphur-containing compounds that when interacting
with cisplatin protect it from its toxicity without af-
fecting its anti-tumour efficiency. In this attempt we
have started a study of the chemical interaction of
amoxicilline, a sulphur-containing compound, with
cisplatin.

Amifostine [S-2-(3-aminopropylamino)ethyl-phos-
phorothioic acid, WR 2721, Ethyol®] (Fig. 1) is
one of the chemoprotective agents in the modu-
lation of cisplatin induced toxicity. In pre-clinical
studies amifostine appeared to reduce the incidence
of cisplatin-induced nephrotoxicity without reduc-
ing its anti-tumour activity (Yuhas and Culo, 1980;
Yuhas et al., 1980; Jordan et al., 1982; Treskes et al.,
1992; Johnsson and Wennerberg, 1999; Bergstrom
et al., 1999; Castiglione et al., 1999). In clinical tri-
als, amifostine appeared to reduce the incidence of
cisplatin-induced nephrotoxicity and hematotoxic-
ity compared to historical data (Glover et al., 1986,
1987, 1989; Hartmann et al., 2000a,b). The influ-
ence on cisplatin-induced ototoxicity is still unclear
although the use of sulfur or sulfydryl-containing
compounds as protective agents in co-treatment with

cisplatin has been recently described (Smoorenburg
et al., 1999; Moldoon et al., 2000). The influence of
amifostine on the pharmacokinetics of cisplatin in
cancer patients has been studied (Korst et al., 1998;
Hospers et al., 1999). However, the addition of ami-
fostine in the treatment schedule only produces minor
changes in the pharmacokinetics of cisplatin and has
no significant impact on the efficacy of cisplatin as
already confirmed by clinical studies. Many attempts
have been made at understanding the mechanism by
which WR-2721 reduces nephrotoxicity. It is gener-
ally accepted that WR-2721 acts as a pro-drug which
is converted into the active species WR-1065 when
dephosphorylated by the membrane protein alkaline
phosphatase (Fig. 1). The uncharged free thiol species
WR-1065 is considered to be the true species taken
up by the cell and passes the membrane by passive
diffusion (Calabro-Jones et al., 1988; Souid et al.,
1999; Bonner and Shaw, 2000). The selective uptake
of WR-1065 in normal cells might be related to the
lower levels of alkaline phosphatase of tumor cells
(Shaw et al., 1988; Santini and Giles, 1999; Renner
et al., 1999). Furthermore, the pH of normal cells is
neutral while the pH of tumors is slightly acidic and
this fact can help the selective behavior (Van der Vijgh
and Peters, 1994). Experiments using model systems
indicate that WR-1065 substitutes the Pt-methionine
bond very slowly, but is a very potent inhibitor of
DNA platination (Treskes et al., 1992). This suggests
the direct interaction of WR-1065 with cisplatin pre-
venting its toxicity in normal cells. Theoretical studies
have simulated the radioprotection of the aminothiol
WR-1065, active metabolite of amifostine(WR-2721),
and the hydrogen abstraction by C4′ of DNA de-
oxyribose radical has been modeled (Broch et al.,
2001).

Thus, the aim of this study was to compare the ef-
fect of amoxicilline and desphosphorylated amifostine
WR-1065 on the interaction of cisplatin with DNA
by using Tapping Mode Atomic Force Microscopy
(TMAFM). In previous studies (Cervantes et al., 1997,
1999; Onoa et al., 1998; Onoa and Moreno, 2002) we
have imaged the modifications introduced in DNA by
Pt and Pd complexes. The incubation of amoxicilline
or WR-1065 with DNA and further addition of cis-
platin at different times has allowed us to image the
behaviour of the two compounds as possible DNA
protecting agents.
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2. Materials and methods

2.1. Materials

Cisplatin was purchased from Johnson Matthey
(Reading, UK). Amifostine and pBR322 were pur-
chased from Boehringer (Mannheim, Germany) and
amoxicilline from Centro Genesis (Barcelona, Spain).
HEPES was acquired from ICN (Barcelona, Spain)
and used without further purification. The solvents
were purchased from Fluka (Madrid, Spain). MgCl2
and KCl came from Merck (Darmstad, Germany).

2.2. Preparation of adducts of DNA

The commercial plasmid pBR322 was previously
heated in a bath at 60◦C to ensure the presence of
a major percentage of the circular relaxed form as
it could be confirmed by the electrophoretic mobility
pattern in agarose gel. Ten aliquot portions of pBR322
DNA (15 ng) were dissolved in an appropriate volume
of HEPES buffer solution (4 mM HEPES pH= 7.4,
5 mM KCl and 2 mM MgCl2, Milli-Q water). Four of
these portions were mixed with the required amount of
previously dephosphorylated amifostine and another

Fig. 2. TMAFM images in dry of pBR322 plasmid DNA in HEPES buffer at concentration of 0.5 ng/ml adsorbed on peeled mica
corresponding to (a) free pBR322 plasmid DNA; (b) pBR322 plasmid DNA incubated for 5 h at 37◦C with cisplatin.

four with the required amount of amoxicilline corre-
sponding to a molar concentration of ri= 0.5. A solu-
tion of cisplatin in a HEPES buffer was also prepared.
The appropriate volume of this solution correspond-
ing to a molar ratio DNA/cisplatin 0.5 was added to
one of each sample containing WR-1065 and amox-
icilline respectively. One aliquot was kept with the
pBR322 DNA alone and the equivalent amount of cis-
platin was added to other one. All the samples were
incubated at 37◦C. After 1 h, the same amount of the
cisplatin solution was added to one of each sample
containing WR-1065 and amoxicilline, respectively
which continued incubating at 37◦C. After a second
hour, the same operation was realised adding the ap-
propriate volume of the cisplatin solution to another
pair of samples containing WR-1065 and amoxicilline
respectively. The incubation of all the samples contin-
ued at 37◦C until a total time of 5 h.

2.3. Sample preparation for atomic force microscopy

Samples were prepared by placing a drop (3�l) of
DNA solution or DNA adducts solution onto peeled
green mica (Ashville-Schoonmaker Mica Co., New-
port New, VA). After adsorption for five min at room
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temperature, the samples were rinsed for 10 s in a jet
of deionized water of 18 MWcm−1 from a Milli-Q wa-
ter purification system directed onto the surface with
a squeeze bottle. The samples were blown dry with
compressed argon over silica gel and then imaged in
the AFM.

2.4. Imaging by atomic force microscopy

The samples were imaged in a Nanoscope III Mul-
timode AFM (Digital Instrumentals Inc., Santa Bar-
bara, CA) operating in tapping mode in air at a scan
rate of 1–3 Hz. The AFM probes were 125 mm-long
monocrystalline silicon cantilever with integrated con-
ical shaped Si tips (Nanosensors GmbH, Germany)
with an average resonance frequencyfo = 330 kHz

Fig. 3. TMAFM images in dry of pBR322 plasmid DNA in HEPES buffer at concentration of 0.5 ng/ml adsorbed on peeled mica: (a)
incubated for 5 h at 37◦C with WR-1065; (b) the same DNA incubated simultaneously with cisplatin and WR-1065 for 5 h at 37◦C; (c)
the same DNA incubated with only WR-1065 at 37◦C with addition of cisplatin after 1 h and incubated for 4 h more; (d) the same DNA
incubated with WR-1065 at 37◦C with addition of cisplatin after 2 h and incubated for 3 h more.

and spring constantK = 50 N/m. The cantilever is
rectangular and the tip radius given by the supplier
is 10 nm, with a cone angle of 35◦ and a high aspect
ratio. In general, the images were obtained at room
temperature (T = 23± 2 ◦C) and the relative humid-
ity (RH) was typically 55%. Four different samples of
each reaction were imaged in several places and sev-
eral times in order to obtain reliable measurements.

3. Results and discussion

A typical AFM image of relaxed pBR322 is shown
in Fig. 2a. Most of the molecules are relaxed circular
DNA distributed on the mica surface. The modifica-
tions caused in the DNA pBR322 by cisplatin can
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Fig. 4. TMAFM images in dry of pBR322 plasmid DNA in HEPES buffer at concentration of 0.5 ng/ml adsorbed on peeled mica: (a)
incubated for 5 h at 37◦C with amoxicilline; (b) the same DNA incubated simultaneously with cisplatin and amoxicilline for 5 h at 37◦C;
(c) the same DNA incubated with only amoxicilline at 37◦C with addition of cisplatin after 1 h and incubated for 4 h more; (d) the same
DNA incubated with amoxicilline at 37◦C with addition of cisplatin after 2 h and incubated for 3 h more.

be observed inFig. 2b. Images corresponding to the
two different series of samples containing dephos-
phorilated amifostine (WR-1065) and amoxicilline
after incubation at 37◦C are presented inFigs. 3a–d
and 4a–d, respectively. Cisplatin mainly produces
supercoiling of the DNA molecules and kinks in the
double helix, but interconnection between molecules
is not observed. This effect had previously been ob-
served in linear DNA fragments (Onoa et al., 1997)
and in pBR322 plasmid DNA (Cervantes et al., 1998;
Onoa and Moreno, 2002). In Fig. 3a, the image shows
the high aggregation of the pBR322 plasmid DNA
caused by the addition of WR-1065. It is also possible
to observe some ring-like structures connected by two

or more molecules in a few areas. The simultaneous
addition of cisplatin with dephosphorilated amifos-
tine (WR-1065) produced the modifications observed
in the Fig. 3b. The effect of the cisplatin is visually
predominant over that of the WR-1065, but some de-
gree of aggregation and connection between different
molecules due to the dephosphorilated amifostine can
also be distinguished. However, retarded addition of
cisplatin (1 h after),Fig. 3c, seems to indicate that
the action of the WR-1065 along time protects DNA
against the strong effect of cisplatin and it is capable
of modulate its action. The addition of cisplatin over
adducts DNA/WR-1065 incubated 2 h at 37◦C and
incubated at the same temperature for 2 h more pro-
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duces an unexpected effect. In theFig. 3d it can be
observed the small spheres resulting from the DNA.
This experiment was repeated several times in the
same conditions and the images obtained were always
identical. The effect of the amifostine as protector of
the cisplatin action seems be optimised when amifos-
tine is administered 1 h before that cisplatin.

These results are in good agreement with clinical
and kinetic studies. In fact, the previous administration
of amifostine in the cisplatin treatment (Korst et al.,
1997, andVan der Vijgh and Korst, 1996) agrees with
the kinetic studies realised. The action of cisplatin is
faster than that of amifostine, and to avoid side ef-
fects such as nephrotoxicity, ototoxicity and others, it
is necessary to administrate the protector amifostine
before the administration of the drug cisplatin.

In Fig. 4ait can be observed that the amoxicilline
produces the opposite effect that amifostine and aggre-
gation and compactation decreases in some areas. In
spite of the fact that the concentration of the samples
was the same in all the cases, the amount of sample
stuck on the mica surface during the preparation of the
samples is evidently different. The image correspond-
ing to the incubation at 37◦C for 5 h of pBR322 with
amoxicilline and cisplatin is shown inFig. 4b. Besides
the predominant effect of supercoiling due to the cis-
platin, aggregation can be also appreciated indicating
interaction between DNA molecules through hydro-
gen bonds with amoxicilline molecules. Thus, the ef-
fects of both molecules, cisplatin and amoxicilline can
be simultaneously observed.

In Fig. 4c and d, the behavior of the amoxicilline–
cisplatin system can be observed when the time of the
incubation of cisplatin is modified. After 1 h of in-
cubation of DNA with amoxicilline at the same con-
ditions of temperature, the same amount of cisplatin
was added and the incubation continued up to com-
plete the 5 h. The image obtained,Fig. 4c, shows
that a lower number of molecules of DNA are super-
coiled. In the image corresponding to a sample pre-
pared by addition of the same amount of cisplatin to
the DNA-amoxicilline adduct but now incubated for
2 h and as long as 5 h,Fig. 4d, the number of molecules
of pBR322 supercoiled has decreased but the com-
pactation has increased. Amoxicilline seems to protect
the DNA from the action of cisplatin with indepen-
dence of the time of addition of this drug after prepa-
ration of the DNA–amoxicilline adducts.

The amoxicilline seemed also to control the action
of cisplatin on the cells, but the mechanisms of action
on DNA of both molecules are probably different. The
results suggest that amoxicilline or related antibiotics
could be assayed as possible protecting agents in ad-
ministration of cisplatin.

4. Conclusions

AFM can provide valuable information on the inter-
action of certain drugs with DNA. Significant changes
in the topological form of relaxed pBR322 DNA plas-
mid can be observed by atomic force microscopy.
Changes in the super-helical of the circular DNA are
easily detected. Both molecules, dephosphorilated am-
ifostine (WR1065) and amoxicilline seem to control
the strong direct action of cisplatin on DNA. This ef-
fect can justify the role as protecting agent of amifos-
tine on side effects caused by cisplatin and can open
new possibilities to other agents as amoxicilline or
to other similar S-containing molecules. Kinetic and
AFM studies with other possible biological protecting
agents are in progress.

Acknowledgements

We are grateful to CICYT, reference PB-98-1236
for financial support.

References

Bergstrom, P., Johnsson, A., Bergenheim, T., Henriksson, R.,
1999. Effects of amifostine on cisplatin-induced DNA adduct
formation and toxicity in malignant glioma and normal-tissues
in rat. J. Neuro-Oncol. 42, 13–21.

Bonner, H.S., Shaw, L.M., 2000. Measurement of both protein-
bound and totalS-2-(3-aminopropylamino)ethanethiol (WR-
1065) in blood by high-performance liquid-chromatography. J.
Chromatogr. 739, 357–362.

Broch, H., Hamza, A., Vasilescu, D., 2001. Quantum molecular
simulation of the radioprotection by the aminothiol WR-1065,
active metabolite of amifostine (WR-2721). Part 2. Modeling of
the hydrogen abstraction by C4′ of DNA deoxyribosa radical.
J. Mol. Struct. Theochem. 538, 117–132.

Calabro-Jones, P.M., Agulera, J.A., Ward, J.F., Fahey, R.C., 1988.
Uptake of WR2721 derivatives by cells in culture: identification
of the transported from of the drug. Cancer Res. 48, 3634–
3640.



E. Amat et al. / International Journal of Pharmaceutics 270 (2004) 75–82 81

Castiglione, F., Dallamola, A., Porcile, G., 1999. Protection of
normal-tissues from radiation and cytotoxic therapy. Dev.
Amifostine. Tumori 85, 85–91.

Cervantes, G., Moreno, V., Prieto, M.J., 1997. Antitumour activity
of a Pt(III) derivative of 2-mercaptopyrimidine. Metal-Based
Drugs 4, 9–18.

Cervantes, G., Moreno, V., Molins, E., Quirós, M., 1998. Pd(II)
and Pt(II) d-penicillamine complexes. Crystal structure of a
tridentate d-penicillamine cluster of Pd(II). Polyhedron 17,
3343–3350.

Cervantes, G., Marchal, S., Prieto, M.J., Pérez, J.M., González,
V.M., Alonso, C., Moreno, V., 1999. DNA interaction and
antitumor activity of a Pt(III) derivative of 2-mercaptopyridine.
J. Inorg. Biochem. 77, 197–203.

Glover, D., Glick, J.H., Weiler, C., Fox, K., Turrisi, A., Kligerman,
M.M., 1986. Phase I/II trials of WR-2721 and cisplatinum. Int.
J. Radiat. Oncol. Bio. Phys. 12, 1509–1512.

Glover, D., Glick, J.H., Weiler, C., Fox, K., Guerry, D., 1987.
WR-2721 and high-dose cisplatin: an active combination in the
treatment of metastatic melanoma. J. Clin. Oncol. 5, 574–578.

Glover, D., Grabelsky, S., Fox, K., Weiler, C., Cannon, L., Glick,
J., 1989. Clinical trials of WR-2721 and cis-platinum. Int. J.
Radiat. Oncol. Biol. Phys. 16, 1201–1204.

Grochowski, T., Samochocka, K., 1991. Structural characterization
of the platinum(II)-penicillin complexes. Polyhedron 10, 1473–
1477.

Hartmann, J.T., Fels, L.M., Knop, S., Stolte, H., Kanz,
L., Bokemeyer, C., 2000a. A randomized trial comparing
the nephrotoxicity of cisplatin/ifosfamide-based combination
chemotherapy with or without amifostine in patients with solid
tumors. Investigat. New Drugs 18, 281–289.

Hartmann, J.T., Knop, S., Fels, L.M., Vanvangerow, A., Stolte, H.,
Kanz, L., Bokemeyer, C., 2000b. The use of reduced doses of
amifostine to ameliorate nephrotoxicity of cisplatin/ifosfamide-
based chemotherapy in patients with solid tumors. Anti-Cancer
Drugs 11, 1–6.

Hospers, G.A.P., Eisenhauer, E.A., Devries, E.G.E., 1999. The
sulphydryl-containing compounds WR-2721 and glutathione
as radioprotective and chemoprotective agents. A review,
indications for use and prospects. British J. Cancer 80, 629–
638.

Jamieson, E.R., Lippard, S.J., 1999. Structure, recognition, and
processing of cisplatin-DNA adducts. Chem. Rev. 99, 2467–
2498.

Johnsson, A., Wennerberg, J., 1999. Amifostine as a protector
against cisplatin-induced toxicity in nude-mice. Acta Oncol.
38, 247–253.

Jordan, S.W., Yuhas, J.M., Glick, J., 1982. Modulation of
cisplatinum renal toxicity by the radio protective agent WR-
2721. Exp. Mol. Pathol. 36, 297–305.

Korst, A.E.C., Eeltink, C.M., Vermorken, J.B., van der
Vijgh, W.J.F., 1997. Pharmacokinetics of amifostine and its
metabolites in patients. Eur. J. Cancer 33, 1425–1429.

Korst, A.E.C., van der Sterre, M.L.T., Gall, H.E., Fichtinger-
Schepman, A.M.J., Vermorken, J.B., van der Vijgh, W.J.F.,
1998. Influence of amifostine on the pharmacokinetics of
cisplatin in cancer patients. Clin. Cancer Res. 4, 331–336.

Lippert, B. (Ed.), 1999. Cisplatin. Chemistry and Biochemistry of
a Leading Anticancer Drug, VHCA-Wiley-VCH, New York.

Moldoon, L.L., Pagel, M.A., Kroll, R.A., Brummett, R.E.,
Doolittle, N.D., Zuhowski, E.G., Egorin, M.J., Neuwelt,
E.A., 2000. Delayed administration of sodium thiosulfate
in animal-models reduces platinum oxotoxicity without
reduction of antitumor-activity. Clin. Cancer Res. 6, 309–
315.

Onoa, G.B., Cervantes, G., Moreno, V., Prieto, M.J., 1998. Study
on the interaction of DNA with cisplatin and other Pd(II) and
Pt(II) complexes by atomic force microscopy. Nucl. Acids Res.
26, 1473–1480.

Onoa, G.B., Moreno, V., 2002. Study of the modifications caused
by cisplatin, transplatin, and Pd(II) and Pt(II) mepirizole
derivatives on pBR322 DNA by atomic force microscopy. Int.
J. Pharm. 245, 55–65.

Pérez-Benito, J., Arias, C., Amat, E., 1995. A kinetic study of the
reactions of cisplatin with biological thiols. N. J. Chem. 19,
1089–1094.

Reedijk, J., 1999. Why does cisplatin reach guanine-N7 with
competing S-donor ligands available in the cell? Chem. Rev.
99, 2499–2510.

Renner, S., Klingebiel, T., Niethammer, D., Bruchelt,
G., Meissner, T., Eisenbeiss, F., 1999. Isotachophoretic
determination of phosphate splitting from amifostine and P-
nitrophenyl phosphate in serum and neuroblastoma-cells. J.
Chromatography 838, 251–257.

Rosenberg, B., Van Camp, L., Trosko, J.E., Mansour, V.H., 1969.
Platinum compounds: a new class of potent antitumour agents.
Nature 222, 385–386.

Samochocka, K., Kruszewski, M., Szumiel, I., 1997. Interaction
of some organic platinum(II) complexes with L5178Y-R and
L5178Y-S cells. Chemico-Biol. Interact. 105, 145–155.

Santini, V., Giles, F.J., 1999. The potential of amifostine. from
cytoprotectant to therapeutic agent. Haematologica 84, 1035–
1042.

Shaw, L.M., Glover, D., Turrisi, A., Brown, D.Q., Bonner, H.S.,
Norfleet, A.L., Weiler, C., van der Vijgh, W.J.F., Peters, G.J.,
1988. WR2721 Pharmacokinetics. Pharmacol. Ther. 39, 195–
201.

Smoorenburg, G.F., Degroot, J.C.M.J., Hamers, F.P.T., Klis,
S.F.L., 1999. Protection and spontaneous-recovery from
cisplatin-induced hearing-loss. An. N.Y. Acad. Sci. 884, 192–
210.

Souid, A.K., Fahey, R.C., Dubowy, R.L., Newton, G.L.,
Bernstein, M.L., 1999. WR-2721 (amifostine) infusion in
patients with ewings-sarcoma receiving iphosphamide and
cyclophosphamide with mesna-drug and thiol levels in plasma
and blood-cells a pediatric-oncology-group study. Cancer
Chemother. Pharmacol. 44, 498–504.

Treskes, M., Boven, E., Holwerda, U., Pinedo, H.M., Van der Vijgh,
W.J.F., 1992. Time dependence of the selective modulation
of cisplatin-induced nephrotoxicity by WR2721 in the mouse.
Cancer Res. 52, 2257–2260.

Treskes, M., Nitjmans, L.G., Fichtinger-Schepman, A.M., van der
Vijgh, W.J.F., 1992. Effects of the modulating agent WR2721
and its main metabolites on the formation and stability of
cisplatin DNA adducts in vitro in comparison to the effects of



82 E. Amat et al. / International Journal of Pharmaceutics 270 (2004) 75–82

thiosulfate and diethyldithiocarbamate. Biochem. Pharmacol.
43, 1013–1019.

Van der Vijgh, W.J.F., Peters, G.J., 1994. Protection of normal-
tissues from the cytotoxic effects of chemotherapy and radiation
by amifostine (ethyol). Preclin. Aspects. Semin Oncol. 21, 2–7.

Van der Vijgh, W.J.F., Korst, A.E.C., 1996. Amifostine (ethyol).
Pharmacokinetic and pharmacodynamic effects in vivo. Eur. J.
Cancer 32A, S26–S30.

Yuhas, J.M., Culo, F., 1980. Selective inhibition of the
nephrotoxicity of cis-dichlorodiammineplatinum(II) by WR-
2721 without altering its antitumor properties. Cancer Treat.
Rep. 64, 57–64.

Yuhas, J.M., Spellman, J.M., Jordan, S.W., Pardini, M.C.,
Afzal, S.M.J., Culo, F., 1980. Treatment of tumours with
the combination of WR-2721 andcis-dichlorodiammine-
platinum(II) or cyclophosphamide. Br. J. Cancer 42, 574–585.


	Comparative study between the interaction of dephosphorylated amifostine (WR-1065) and amoxicilline with pBR322 in absence and presence of cisplatin by AFM
	Introduction
	Materials and methods
	Materials
	Preparation of adducts of DNA
	Sample preparation for atomic force microscopy
	Imaging by atomic force microscopy

	Results and discussion
	Conclusions
	Acknowledgements
	References


