LwjwunwOh Ghunnignubbtph Ugquyht Uywnbdhw Lwjwunwoh YEtuwpwlwywb <wOnbu
HauuoHaAbHas Akasaemus Hayk ApmeHuu ""' Buoanoruueckulu XypHaan ApmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

c@npdwpwpwlwl b nbuwlwl hnnjwélbp « Ixcnepumenmanvhvie u meopemuyeckue CMamvu ©
« Experimental and theoretical articles »

Biolog. Journal of Armenia, 3 (70), 2018

CISPLATIN IN VIVO ACTION ON LIPID CONTENT IN NUCLEAR
MATRIX FROM RAT BRAIN CELLS

E.S. GEVORGYAN, ZH.V. YAVROYAN, N.R. HAKOBYAN,
A.G. HOVHANNISYAN, E.G. SARGSYAN

Yerevan State University, Department of Biophysics,
gevorgyan_emil@yahoo.com

The content of total phospholipids and neutral lipids as well as their individual fractions in
nuclear matrix preparations from rat brain cells after in vivo action of the antitumor drug cisplatin
was investigated. It was revealed that cisplatin administration reduced the total quantity of nuclear
matrix phospholipids and neutral lipids by about 28% and 25% respectively. The diminution of
total lipids quantity was accompanied by alterations in quantities of individual fractions of
phospholipids and neutral lipids. These data demonstrate the high sensitivity of lipids metabolism
in nuclear matrix preparations to antitumor drug cisplatin action. It was supposed that the cisplatin
antitumor action can be performed also via quantitative changes of internuclear lipids, which are
able to regulate the principal functions of cell nuclei.
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HccnenoBanock copepkanue o0mux GocHoIUnuIoB U HEUTPATBHBIX JIUIHIOB, a TAKKe
UX MHIUBUAYATbHBIX (pakiiil B Mpernaparax sAepHOTO0 MaTPHKCa M3 KJIETOK TOJOBHOTO MO3ra
KpBIC TIpH iN ViVO BO3/IEHCTBUH MPOTHBOOITYXOJIEBOTO MpenapaTa [UCIUIATHHA. Y CTAHOBJIEHO, YTO
npu 00paboTKe IUCIUIATHHOM COKpAIIaeTCs 00IIee KOIHIECTBO (OCHOIUITHIOB U HEUTPATBHBIX
JIUITUJIOB SIIEPHOTO MATPHKCA COOTBETCTBEHHO HA 28 % u 25 %. YObIBaHHEe KOIMYECTBA TOTAIb-
HBIX JIUTIHIOB COMPOBOKIAETCS M3MEHEHUSIMU B COJIEPIKAHUY WHIMBUIAYATbHBIX (pakimii Gocho-
JIMITAIOB U HENTPAJIbHBIX JIMMKA0B. JJaHHBIE YKA3BIBAIOT HAa BBICOKYIO YyBCTBHTEIBHOCTH META00-
NM3Ma JIUIHIOB SIEPHOT0 MAaTpUKCa K JCHCTBHIO MPOTHBOOIYXOJIEBOrO Tpenapara MUCIIaTHHA.
[Ipeamnonaraercs, 4T0 MPOTHBOOMYXOJIEBOE ACHCTBHE IIUCILUIATHHA OCYIIECTBIISLETCS MOCPEICTBOM
KOJIMYECTBEHHBIX W3MEHEHHWH JIMIHIOB SIEPHOTO MAaTPHKCA, OTBETCTBEHHBIX 32 PETYIISAIMIO OC-
HOBHBIX (DYHKIIHH KJIIETOYHOTO SIIpa.
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Previous results showed the reliable changes in phospholipids and neutral lipids
quantities in nuclear structures, namely nuclear membranes, chromatin and nuclear matrix
of rat different tissues after the administration of widely used antitumor agent cisplatin.
Those changes were demonstrated in rat liver and thymus cells as well as in rat kidney and
brain cells [4-8]. In this paper we complete the series of articles on the same topic bringing
the results of studies about the alterations of quantities of total phospholipids and neutral
lipids as well as about the changes of their individual fractions content in nuclear matrix
preparations from rat brain cells after the cisplatin in vivo action.

Materials and methods. The experiments were carried out on albino rats (120-150g weight).
Cisplatin was injected peritoneal in concentration of 5 mg per 1000g animal weight. Rats were
decapitated after 24 hours of cisplatin injection. Rat brain nuclei were isolated by the method of
Blobel and Potter [3]. Nuclear matrix preparations were isolated from purified nuclei by the method
of Berezney and Coffey [1]. Lipid extraction was carried out by Bligh and Dayer [2]. The
fractionating of both phospholipids and neutral lipids was carried out by micro thin layer
chromatography (micro TLC) using L silicagel, 6x9 sm? plates, using chloroform — methanol — water
in ratio 65:25:4 (in case of phospholipids) and diethyl ester — petroleum ester — formic acid in ratio
40:10:1 (in case of neutral lipids) as dividing mixtures. After the chromatography the plates were
dried up at 20°C and were treated by 15.6 % CuSO,, in 8% phosphoric acid (in case of phospholipids)
and by 10 % H,SO, (in case of neutral lipids). Then the elaborated plates were heated at 180°C for 15
min. The quantitative estimation of separated and specific died phospholipids was carried out by
special computer software FUGIFILM Science Lab 2001 Image Gauge V 4.0, which was destined for
densitometry. Obtained results were treated by statistics.

Results and Discussion. It is well known that the nuclear matrix is a salt-extracted
biochemical intranuclear fraction of the nucleus which composed predominantly of non-
histone proteins and small amounts of DNA, RNA, phospholipids and neutral lipids [12].
Its participation in basic functions of nucleus is also well known [12-14], so some changes
in its composition may influence on its functioning. Lipid gquantitative changes provoked
by cisplatin may be bound up with antitumor effects of drug. At the same time the higher
concentrations of cisplatin may also promote the drug negative toxic effects [9-11]. So,
cisplatin in vivo action on intranuclear lipids quantity may be of some importance.

Cisplatin in vivo action reliably decreases the total amounts of both phospholipids

and neutral lipids in nuclear matrix preparations from rat brain cells by 27.5% and 25%

Table 1. Total phospholipids and neutral lipids content (in mcg/g of tissue) in nuclear matrix
preparations of rat brain cells in baseline and after in vivo treatment of cisplatin

Phospholipids in nuclear matrix from I livids i | ix f
) rat brain cells, mcg/g of tissue Neutral lipids in nuclear matrix from rat
Variants ' brain cells, mcg/g of tissue
. Phospholipids in nuclear matrix from | Neutral lipids in nuclear matrix from rat
Variants rat brain cells, mcg/g of tissue brain cells, meg/g of tissue
Baseline 83.00+2.60 56.00+1.90
Cisplatin *60.00+2.20 *42.00+2.23
*-p<0.05

Taking into consideration that of the same kind changes were also demonstrated in
brain nuclear membrane and chromatin preparations one may conclude that antitumor
agent leads to appreciable repression of whole lipid metabolism in nuclei of rat brain cells.
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M baseline M after the cisplatin action |

* .P<0.05

Fig. 1. Changes in total phospholipids (left diagrams) and neutral lipids content (right diagrams)
in nuclear matrix preparations of rat brain cells in baseline and after in vivo treatment of cisplatin

The diminution of total lipids quantity was the consequence of diversified
changes in relative content of both individual phospholipids and different neutral lipid
fractions in nuclear matrix preparations of rat brain cells. In spite of trifling amount of
total lipids separated in nuclear matrix preparations six individual fractions of
phospholipids and three fractions of neutral lipids were revealed which was sufficient
unexpected. The percentage of some of them was appreciably changed after the cisplatin
action. Thus, the most significant changes in relative content among phospholipids
fractions were observed in case of Sphingomyelin and Cardiolipin (an addition by 5.7%
and a diminution by 6.8% respectively) (tab. 2).

Table 2. The relative content (in percentage) of individual phospholipid fractions in
nuclear matrix preparations of rat brain cells before and after the cisplatin action

N Phospholipids Bas;olme Clsg/:)atm
1 | Sphingomyelin 15.40+0,53 21.12+0.88
2 | Phosphatidylinositol 11.00+0,52 11.52+0.39
3 | Phosphatidylcholine 27.70+0.11 30.33+0.73
4 | Phosphatidylethanolamine 24.00+0.61 22.72+0.97
5 | Cardiolipin 18.70+0.50 11.94+0.54
6 | Phosphatidic acid 3.20+0.27 2.37+0.22
Total content 100 100

In case of neutral lipids the significant addition in relative content was determined
in fraction of Total Glycerides (nearly by 13%) while in two other fractions the
diminution in relative content was observed (tab. 3). These diversified changes in
relative content of different phospholipid and neutral lipid fractions testify the possibility
of alteration in their absolute content.

Taking into consideration these perceptible changes in relative content of
individual phospholipid and neutral lipid fractions in rat brain nuclear matrix
preparations one may presume the diversified changes in their absolute quantities. In
fact, the following tables (tab. 4 and tab. 5) demonstrate such changes in absolute
quantities of separate lipid fractions.
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Table 3. The relative content (in percentage) of different neutral lipid fractions in nuclear matrix
preparation of rat brain cells in baseline and after the in vivo treatment of cisplatin

N Neutral lipids Bas;)lme C|55)/Latm
Total Glycerides (mono-, di-, tri-) 25.60+2.20 38.42+2.24
Cholesterols and Cholesterols esters 29.80+2.14 24.08+1.85
Free fatty acids 44.60+2.11 37.50+1.23

Total content 100 100

Table 4. The absolute quantities (in micrograms per gram of tissue) of individual phospholipid
fractions in nuclear matrix preparations of rat brain cells before and after the cisplatin action

N Phospholipids Baseline Cisplatin

1 | Sphingomyelin 12.78+0.44 12.67+0.53

2 | Phosphatidylinositol 9.13+0.43 *6.90+0,23

3 | Phosphatidylcholine 23.00+0.60 *18.20+0,44
4 | Phosphatidylethanolamine 19.92+0.51 *13.65+0,58
5 | Cardiolipin 15.52+0.40 *7.16£0,32

6 | Phosphatidic acid 2.65+0.23 *1.42+0.13

Total content 83.00+2.60 *60.00+2.20
*-p <0.05

Table 5. The absolute quantities (in micrograms per gram of tissue) of different neutral lipid
fractions in nuclear matrix preparation of rat brain cells before and after the cisplatin action

N Neutral lipids Baseline Cisplatin

1 | Total Glycerides (mono-, di-, ri-) 14.31+0.48 16.14+0.52

2 | Cholesterols and Cholesterol esters 16.69+0.59 *10.11 £1.72

3 | Free fatty acids 25.00+1.18 *15.75+0.52
Total content 56.00+1.90 *42.00+2.23

*p < 0.05

The diminution of content among individual phospholipids was observed in case of
five fractions with the exception of sphingomyelins. The most decrease in quantity was
observed in case of cardiolipins (by 53.9%), phosphatidic acids (by 46.4%) and
phosphatidylethanolamines (by 31.5%). These diminutions of content were more than the
decrease of total phospholipids while the decreases of two other fractions
(phosphatidylinositols and phosphatidylcholines) were less than the content of nuclear
matrix total phospholipids (tab. 4). In case of neutral lipids cisplatin treatment led to certain
increase in total glycerides content while the absolute quantity of cholesterols together with
their esters was decreased by 40% and that of free fatty acids — by 37% (tab. 5).

These results are consistent with the previous data concern the cisplatin action on
lipid content in nuclei and in its different structures (nuclear membrane, chromatin and
nuclear matrix) from rat liver, thymus, kidney and brain cells though the content
diminution of various phospholipids and neutral lipids fractions of course was sufficient
different [4-8]. In all probability this may be explained by the specificity of lipid
metabolism in nuclei of various tissues. Changes in content of different phospholipids
and neutral lipids fractions caused by cisplatin in vivo action may play a definite role in
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functioning of a number of pathways in nuclei (such as phosphoinositide or other
regulatory pathways) where these lipids are participated. It seems that these alterations in
nuclear lipid metabolic pathways should be considered particular negative side effects
during the basic antitumor effect of cisplatin.

10.

11.

12.

13.

14.

REFERENCES

Berezney R., Coffey D.S. The nuclear protein matrix: Isolation, structure and functions Adv.
Enzyme Regul., 14, 63-100, 1976.

Bligh E.G., Dyer W.Y. A rapid method of total lipid extraction and purification. “Can. J.
Biochem. Physiol.”, 37, 911-917, 1959.

Blobel G., Potter V.R., Nuclei from rat liver: Isolation method that combines purity with
high yield. “Science”, 154, 76-79, 1966.

Gevorgyan E. S., Yavroyan Zh. V., Hovhannisyan A. G., Hakobyan N.R. Action of Cisplatin
on Phospholipid Content in Rat Liver and Thymus Chromatin. “Electronic Journal of
Natural Sciences”, 19, 2, 3-6., 2012.

Gevorgyan E.S., Hovhannisyan A.G., Yavroyan Zh.V., Hakobyan N.R. Content of Neutral
Lipids in Rat Liver and Thymus Chromatin under the in vivo Action of Cisplatin “Biological
Journal of Armenia”, 64, 3, 97-101, 2012.

Gevorgyan E.S.Yavroyan Zh.V.,Hovhannisyan A.G.,Hakobyan N.R.,Sargsyan E.G. Cis-
platin in vivo action on lipid content in chromatin from rat kidney cells. “Biological Journal
of Armenia”, 3, 68, 12-18, 2016.

Gevorgyan E.S., Yavroyan Zh.V., Hakobyan N.R., Hovhannisyan A.G. Cisplatin in vivo
influence of lipid content of chromatin on rat brain cells. “Proceedings of the Yerevan State
University”, 51, 1, 21-26, 2017.

Gevorgyan E.S., Yavroyan Zh.V., Hakobyan N.R., Hovhannisyan A.G., Sargsyan E.G. In
vivo action of cisplatin on lipid content in nuclear membranes from rat brain cells.
Biolog. Journal of Armenia, 70, 1, 16-21, 2018.

Hanigan M. H., Devarajan P. Cisplatin nephrotoxicity: molecular mechanisms. “Cancer
Therapy”, 1, 47-61, 2003.

Hashem R.M., Safwar G.M., Rashed L.A., Bakry S. Biochemical findings on cisplatin-
induced oxidative neurotoxicity in rats. “International journal of Advanced Research”, 3,
Issue 10, 1222-1234, 2015.

Miller R.P., Tadagavadi R.K., Ramesh G., Reeves W.B. Mechanisms of cisplatin
Nephrotoxicity. “Toxins”, 2, 2490-2518, 2010.

Samuel Sh.K., Spencer V.A., Bajno L., Sun J.-M., Holt L.T., Oesterreich S., Davie J.R. In
situ cross-linking by cisplatin of nuclear matrix-bound transcription factors to nuclear DNA
of human breast cancer cells. “Cancer Research”, 58, 3004-3008, 1998.

Struchkov V.A., Strazhevskaya N.B. Structural and functional aspects of nuclear lipids in
normal and tumor cells. “Biochemistry” (Moscow), 65, 5, 620-643, 2000.

Wilson R.H.C., Coverley D. Relationship between DNA replication and the nuclear matrix.
“Genes to Cells”, 18, 17-31, 2013.

Received on 19.04.2018

37



