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Cisplatin (cis-diammine-dichloro-platinum) is a broad-spectrum anticancer drug widely
used for treatment of malignancies. The drug interacts with DNA resulting to intra- and inter-
strand cross-links which contribute to cytotoxicity. To prevent nausea, vomiting and inflammation
in clinical practice the cisplatin most commonly is co-administrated with hydrocortisone to cancer
patients. It is well known that glucocorticoids exert biological action via interaction of hormone-
receptor complexes with genomic DNA. To address the question whether co-treatment with
cisplatin and hydrocortisone could modulate cisplatin-DNA interaction, the internucleosomal
fragmentation of rat liver DNA after treatment of rats with cisplatin and hydrocortisone was
investigated. The results of this study indicate that hydrocortisone—cisplatin interaction could
prevent loosening of chromatin in internucleosomal chromatin regions induced by cisplatin in 48
hours and might alter the drug cytotoxicity.
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Hucnmatun (IHC-AUMaMUHO-AUXIIOPIUIATHH) SBISETCS MPOTHBOOIYXOJIEBBIM IIPEMapaToM
MIMPOKOTO AEHCTBHS, MPUMEHSIEMbIM TIPH JICUCHUH 3JI0KaYeCTBEHHBIX HOBOOOpa3oBanuid. [Ipemna-
par B3anmopeiictByet ¢ JJHK, 06pa3yst BHyTpH- 1 MEXIIETIOUETHBIC CBSI3H, YTO 00YCIIaBIMBACT €T0
IUTOTOKCHYHOCTb. J{JI IpeIOTBpAIeHHs TOITHOTEI, PBOTHI M PA3BUTHUS BOCIIAJIMTEIBHBIX MPOIEC-
COB B KJIMHHKE TPAKTUKYETCS] COBMECTHOE C IIMCIIATHHOM BBEJCHHE PAKOBBIM OOJBHBIM THIPO-
KOPTH30HA. Y CTaHOBJIEHO, YTO OMOJIOTHYECKOe JEeHCTBUE INIFOKOKOPTUKOMIOB 00YCIOBIEHO B3aH-
MoieiicTBHEM rOpMOH-peenTopHbIX KoMiuiekcoB ¢ renoMHo# JIHK. C uenbio BeisicHeHus ¢ dex-
Ta COBMECTHOTO NPUMEHEHUSI LIUCIUIATHHA U THAPOKOPTU30HA HAa XapaKTep CBSI3bIBAHUS LIUCTIIA-
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tuHa ¢ Monekyioi JTHK B Hacrosmeil paboTe mcciaenoBaH XapakTep MHTEPHYKICOCOMAIBHOTO
¢parmentrpoBanus JJHK simep kieTok medeHM KpbIc NPU €IMHOBPEMEHHOM BBEJCHUH LUCILIA-
THHA U TUAPOKOpTH30HA. [Toka3aHo, UTO COBMECTHOE BO3ACHCTBHE T'UIPOKOPTU30HA U LIUCILIATH-
Ha MOJKET IIPEIOTBPATUTh BBI3BAHHYIO LUCIUIATHHOM IEKOHIEHCAIMI0 WHTEPHYKJICOCOMAJIBHBIX
Y4YacTKOB XpOMaTHHA, TAKMM 00pa3oM JEeHCTBYs Ha €ro HIUTOTOKCHYHOCTb.

Tuopoxopmuzon — yucnnamun — [{Haza 1 — unmepuyxkneocomanvuasn ¢ppaecmenmayus JJTHK

Cisplatin [cis-diammine-dichloro-platinum] is one of the most commonly used
antitumor drugs and is recognized as highly effective cytotoxic agent, which forms
DNA-adducts due to chemical modification of nuclear DNA. Cisplatin cumulating in
normal tissues and organs in the course of treatment is responsible for severe adverse
effects emerging as secondary leukemia, thymomas and other pathologies of
hematopoietic and immune systems even considerable time after the drug treatment.
Thus, curative effect of cisplatin is attenuated due to dose-limiting toxicity and to
growing resistance of the cancer cells to the drug. To prevent inflammation, cisplatin-
induced allergic reaction, nausea and vomiting, the hydrocortisone is commonly co-
administered with cisplatin. Due to pro-apoptotic properties the hydrocortisone elicit
immunosuppressive supportive effect to tumour therapy in lymphoid cells. However, the
data regarding the impact of GCs treatment on cytotoxic effect of cisplatin treatment in
solid tumour cells are contradictive. Cell life or die decisions are multifactorial
phenomena, which depend on activation or suppression of broad spectrum of different
genetic programs. These programs could be triggered by modulation in the pattern of
chromatin condensation in cells that undergo cytotoxic insults. However, little is known
regarding the possible effect of co-treatment with cisplatin and hydrocortisone on
chromatin structure. Considering liver as the main organ responsible for detoxification of
pharmacologic agents, the present study is aimed at investigating the influence of co-
treament of rats with cisplatin and hydrocortisone on chromatin condensation in liver
nuclei.

It is recognized that DNA internucleosomal cleavage and DNase 1 accessibility
reflect structural features of chromatin [3]. Based on this, in present study it is assayed
whether co-administration of cisplatin and hydrocortisone is capable to affect the
accessibility of liver chromatin to DNase 1 and artificially activated endogenous
Ca”*/Mg**endonuclease.

Materials and methods. Animals Animals were treated according to regulations of
Committee for Bioethics of Yerevan State University.

Albino inbred 6 week old male rats were used throughout all experiments. The animals
were standardized by weight (to 100g). Cisplatin and other reagents were purchased from Sigma-
Aldrich. Vehicle (saline) and cisplatin (10mg/kg weight) and hydrocortisone (5mg/kg) were
injected intra-peritoneal. Hydrocortisone was injected repeatedly in 24 hours. Animals were
sacrificed under light ether anesthesia by decapitation after 48 h treatment with cisplatin and livers
were collected.

Liver nuclei isolation Liver nuclei were isolated according to Hewish and Burgoyne [2].
Sucrose solutions utilized throughout the nuclei isolation procedure were buffered with 20 mM
Tris containing 15 mM NaCl, 60 mM KCI, 0,15mM spermine and 0.5mM spermidine, pH 7,4.

DNA fragmentation assay 100 ul aliquote samples of nuclear suspension normalized to
1000 pg/ml DNA were transferred to the Eppendorf tubes and 60 mM MgCl, and 10mM CacCl,
were added to yield final concentrations of 6mM MgCl, and 1mM CacCl, in aliquoted probes. The
ions were added to activate endogenous Mg*? - and Ca*? /Mg*? -dependent nuclear endonucleases,
which initiated internucleosomal DNA cleavage [9]. DNA isolation was performed according to
standard protocol [4].
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Nuclear DNA was subjected to electrophoresis in 1,8 % agarose gels (8v/cm). DNA was
visualized by ethidium bromide staining and DNA fragmentation was assessed after gel
densitometry using Fuji Film Image Gauge ver.4.0 program for determination of relative content
of DNA fragments.

DNase | assay 1000 pl aliquots were removed from nuclear suspensions and placed in test
tubes. The tubes were heated to 37°C and 100 pl DNase | stock solutions were added (to final
concentrations of 10 Kunit/ml). DNase | stock solution was prepared in 25 mM Tris, pH 7,5). No
DNase 1 was added to blank sample. At the end of incubation the tubes were chilled in ice and
perchloric acid was added to final concentration 5%. The tubes were chilled for additional 10
minutes and undigested material was pelleted by centrifugation 6000 g 10 min. The amount of
acid-soluble DNA released by Dnase | digestion was assayed in supernatant. The percentage of
digestion was calculated as (Aggo X 100/ Ao the blank sample)-

Statistics All results were expressed as M + S.D. Statistical differences in the results
between groups were evaluated by the two-tailed Student’s t-test. A probability (p) value of < 0.05
was considered significant.

Results and Discussion. Ca"?/Mg**-dependent endonuclease is known to
efficiently create sharp DNA ladder composed of genomic DNA and is recognized to be
useful tool for chromatin research [7]. It was demonstrated that Mg**-dependent
endonucleases are involved in initial DNA cleavage in nuclei where they perform large
scale DNA fragmentation (DNA fragments exceeding 1000 b.p. in length), whilst
Ca**/Mg*?-dependent endonuclease is responsible mainly for olygonucleosomal DNA
fragmentation (1000-200 b.p. in length) [5,6]. To study whether DNA-binding of
hydrocortisone receptors can interfere with DNA-cisplatin adducts chromatin structure-
dependent assay was employed, using artificially activated intra-nuclear apoptotic Mg*
and Ca'™®Mg**-dependent endonucleases which are responsible for DNA
internucleosomal fragmentation (laddering) in apoptosis [8].

In present study it was revealed that in 48 hours of cisplatin administration to rats
the internucleosomal DNA ladder generated by endogenous Ca*’Mg®*endonuclease in
liver chromatin loses its characteristic sharpness and we detect widening of DNA bands
visualized by agarose gel electrophoresis (fig. 1).
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Fig. 1. Rat liver DNA internucleosomal fragmentation in control (lanes 1,2) and after cisplatin
administration (lanes 3,4). Lanes 1 and 3- DNA after nuclei isolation, 2 and 4-nuclei incubated
with Ca*? (1 mM) and Mg*? (6mM) ions 60 min.
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However, changes in DNA ladder configuration after treatment of rats with

cisplatin were not accompanied by modulation in DNase 1 accessibility of chromatin
(fig. 2).
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g. 2. Kinetics of DNA cleavage in liver chromatin by DNase 1 after treatment of rats
with cisplatin and hydrocortisone

F

These data suggest that after cisplatin injection liver chromatin did not undergo
general loosening. We suppose that local unwinding of chromatin areas in vicinity of
DNA-cisplatin adducts has no appreciable effect on chromatin condensation in general [1].

Next, it was attempt to determine whether hydrocortisone administration to rats
can modulate chromatin condensation in early (4 hours) and late phases (24 hours) of
hormone action. Results presented in fig. 3 demonstrate that treatment of rats with
hydrocortisone did not alter DNA fragmentation in rat liver nuclei in 4 h.
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Fig. 3. Intensity of rat liver chromatin DNA internucleosomal fragmentation during different periods of
incubation of isolated nuclei in the presence of Ca*? (1 mM) and Mg* (6 mM) ions in control and after 4 hours of
hydrocortisone injection to animals. a-content of 200 b.p. fragments, b- fragments length exceeding 1000 b.p.

However, liver chromatin accessibility to DNase 1 show that it becomes more
resistant to DNase 1, which reflects chromatin condensation in 4 hours of hydrocortisone
administration to rats. Our data come to show that in 24 hours of treatment with hormone,
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susceptibility of chromatin to DNase 1 returns to level demonstrated by liver chromatin
of rats not treated with hydrocortisone (control group), while intensity of DNA

internucleosomal fragmentation was elevated nearly two-fold (fig. 4,5).
1 2 3 4 5 6 7

Fig. 4. Rat liver DNA internucleosomal fragmentation in control (lanes 2-4) and after 24 hours of
hydrocortisone injection to animals (lanes 5-7), lane 1- DNA ladder sample. Lane 2,5- DNA after nuclei
isolation, lanes 3,6- nuclei incubated 60 min with 0,15 mM spermine and 0.5 mM spermidine, lanes 4,7 -

nuclei incubated with Ca* (1 mM) and Mg*? (6mM) ions 60 min
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Fig. 5. Intensity of rat liver chromatin DNA internucleosomal fragmentation in control and
after 4 and 24 hours of hydrocortisone injection to animals. Fragments length exceeding 1000b.p.

The results of this study revealed permanent activation of DNA
internucleosomal fragmentation in 48 hours hydrocortisone injection (fig. 6), which can

reflect the loosening of chromatin in internucleosomal regions of the fiber.
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Fig. 6. Intensity of rat liver chromatm DNA mternucleosomal fragmentatlon in 1-control, 2-after treatment
of rats with hydrocortisone 4 hours, 3- treatment with hydrocortisone 24 hours, 4- treatment with
hydrocortisone 48 hours, 5-co-treatment with hydrocortisone and cisplatin.

%]
(=}

DNA content per lane, %

24



THE EFFECT OF CISPLATIN AND HYDROCORTISONE CO-ADMINISTRATION ON RAT LIVER CHROMATIN CONDENSATION

DNA internucleosomal fragmentation in liver chromatin of rats which were co-
treated with hydrocortisone and cisplatin is less intensive than in chromatin isolated from
animals treated only with hydrocortisone. This data indicate that hydrocortisone—
cisplatin interaction could prevent loosening of chromatin in internucleosomal chromatin

regions induced by cisplatin in 48 hours and might alter the drug cytotoxicity.
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