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The content of polyphosphoinositides in nuclear membranes of rat liver and thymus
cells before and after the in vivo action of cisplatin has been studied. The percentage of
monophosphoinositides was the highest (41-42% of total polyphosphoinositides) in both rat
liver and thymus nuclear membrane fractions while the percentage of triphosphoinositides was
the smallist: near 26%. Cisplatin treatment reduced the quantity of monophosphoinositides for
nearly 30% in liver and more than 10% in thymus nuclear membrane fractions. The diminution
of monophosphoinositides was accompanied by the increase in diphosphoinositides and
triphosphoinositides content in both rat liver and thymus nuclear membranes. The obtained
results testify that along with suppression nuclear lipid metabolism by in vivo action of cisplatin
which was expressed by decreasing the quantities of almost all phospholipid fractions in nuclear
membranes (including the fraction of monophosphoinositides) the triphosphoinositides/ mono-
phosphoinositides ratio was significantly increased. This indicates that antitumor agent cisplatin
may have an effect upon functioning the phosphoinositide metabolic pathway in rat liver and
thymus nuclei.
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Unphquipwnwlplitn — ynihdnudnhlinghuinpnlibn — ghuuyjuwinhl

N3yueH coctaB moandpocHOMHOZUTHIOB SAESPHBIX MEMOpPaH KJIETOK MEYSHH U THMYca
KpbIC mocIie iN ViVO Bo3jeiicTBus nucmiaTiHa. [lokazaHo, YTO B KOHTPOJIbHBIX BapHaHTaX B
npenaparax SACpPHBIX MeMOpaH yKa3aHHBIX TKaHEH cojep)kaHne MOHO(OCHOWHO3UTHIOB Hau-
Gousiee (41-42%), a coneprkanue Tpr(GOCcHONHOZUTHIOB — HANMEHbIIee (IpUMepHO 26 %).
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BBenenne nucCIIaTHHA NPUBOAUT K CHIKCHHIO KOJMYECTBA MOHO(GOCHOMHOZUTHIOB B
mperaparax sepHbIX MeMOpaH kieTok nedeHd (Ha 30%) u xietok tTumyca (Ha 10%) KpbIc.
CHuxeHne KoaudecTBa MOHO(OC(HOUHO3UTHIIOB COMPOBOXKIAETCS MOBBILIICHUEM COAEPKaHHS
Tpu(oCcHONMHOZUTHIIOB B SAEPHBIX MeMOpaHax o0eux TkaHei. [lodydeHHBIE pPeE3yJIbTATHI
CBHIETEIHCTBYIOT O TOM, YTO Ha (pOHE IMOJABJICHUS JIHIHIHOTO MeTaboiu3Ma B SIIEPHBIX
MeMOpaHax, 4TO OOYCIIOBJIEHO in Vivo BO3ZEHCTBHEM IMCIUIATHHA M COIPOBOXKIACTCS
CHIDKCHHEM KOJHMYEeCTBAa IOYTH BcexX Qpakuuii (ochonununos, COOTHOIICHHE TpH-
bochonHO3UTHI/MOHOPOCHONHO3UTUT 3aMETHO MOBBIMIACTCA. DTO O3HA4YaeT, 4YTO AaHTH-
OIIyXO0JIEBOE BEUISCTBO IMCIUIATHH MOJXKET BO3/eiiCTBOBATH Ha (yHKI[MOHUpOBaHHE (ocdo-
HWHO3UTHIHOTO METa00IMYECKOTO yTH B siApaxX KIETOK MEYEHU U TUMYycCa KpBIC.

Hoepnvie membOpanvl — ROAUPOCHOUHOZUMUBL — YUCHIAMUH

Polyphosphoinositides make up only a small fraction of cellular phospholipids, yet
they control almost all aspects of a cell's life and death. These lipids gained tremendous re-
search interest as plasma membrane-signaling molecules when discovered in the 1970s and
1980s. The research in the last 15 years has added a wide range of biological processes re-
gulated by phospatidilinositides, turning these lipids into one of the most universal signaling
entities in eukaryotic cells [3, 14]. Phosphoinositide signaling pathways are present also in
nuclei. The existence of a nuclear phosphatidilinositol metabolism is widely recognized [4,
12, 16]. Derangements of nuclear phosphoinositide metabolism are responsible for a num-
ber of human diseases ranging from rare genetic disorders to the most common ones such as
cancer, obesity, and diabetes. The levels of nuclear polyphosphoinositides are changed in
response to various stimuli, suggesting that they may serve to regulate specific nuclear func-
tions. These levels may be changed also in response to variuos antitumor agents, to different
medicines against cancer diseases. which may appear a valuable information for treatment.
Cisplatin (cis-diamminedichlorplatinum) is among these renowed antitumor agents [9]. Its
effectiveness seems to be due to the unique properties of cisplatin, which enters cells via
multiple pathways and forms multiple different DNA-platinum adducts. Cisplatin kills can-
cer cells by damaging DNA and inhibiting DNA synthesis [15]. This antitumor agent acts
upon cellular self-defense system by activating or silencing a variety of different genes, re-
sulting in dramatic epigenetic and/or genetic alternations. As a result, the development of
cisplatin resistance in human cancer cells in vivo and in vitro by necessity stems from bewil-
deringly complex genetic and epigenetic changes in gene expression and alterations in pro-
tein localization [17]. Thus, the cisplatin in vivo action affects manifold metabolic pathways
in nuclei including the lipid metabolism. From this point of view the study of changes in
polyphosphoinositides content in nuclei and particularly in nuclear membranes in rat liver
and thymus cells under the in vivo action of cisplatin appears to be of definite interest.

Materials and methods. The experiments were carried out on albino rats (120-150g
weight). Cisplatin was injected peritoneal in concentration of 5 mg per 1000 g animal weight.
Rats were decapitated after 24 hours of cisplatin injection. Rat liver nuclei were isolated by the
method of Blober and Potter [8] and nuclear fraction of thymus — by the method of Allfrey et al
[2]. Nuclear membranes were isolated by the method of Berezney et al [6]. The extraction of
nuclear membrane lipids was carried out by Bligh and Dayer [7]. Polyphosphoinositides were
extracted by the method of Bergelson et al [1]. The source for isolation of polyphosphoinositides
were the residues remained on filter after the phospholipids extraction. 3 ml of chloroform-me-
thanol-HCI mixture (in 2:1:0.01 ratio) was added on these residues. After the shaking from time to
time and incubation (20 min) the mixture was centrifuged (5 min, at 3.000 rot/min speed). This
extraction procedure was repeated also 2 times. The residues were poured out after the third centri-
fugation and the liquid supernatants were joined together. This joined extract was washed in turn
by 1N HCI, by the mixture of chloroform-methanol- 1N HCI (in 3:48:47 ratio) and by the mixture
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of chloroform-methanol- 0.01N HCI (in 3:48:47 ratio). After each washing procedure the extracts
were centrifuged (5 min., at 3.000 rot/min speed) and the supernatants were poured out. The final
acidic extract of polyphosphoinositides was muddy and methanol was added for liquidating this
muddiness. The fractionation of phosphoinositides were carried out by micro thin layer chromato-
graphy (micro TLC) using KCK silicagel, 6x9 sm? plates with the thickness of layer 5-7 mem,
using chloroform-methanol-4N NH,OH in ratio 9:7:2 as a dividing mixture. After the chromato-
graphy the plates were dried up at 200C and were treated by 10 % H,SO,. 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. The phosphatidilinositol (monophosphoinositides) con-
tent (in mcg/g of tissue) in nuclear membrane preparations of rat liver and thymus cells
in baseline and after in vivo treatment of cisplatin was presented in fig.1. Our previous
results showed that the total phospholipids quantity in rat liver nuclear membranes pre-
parations was a 25 % more (1450 mcg/g of tissue) than that in thymus nuclear memb-
ranes (1160 mcg/g of tissue) and the percentage of changes of total phospholipids con-
tent after in vivo action of cisplatin is nearly the same in both tissues nuclear membrane
preparetions: a 23 % decrease of phospholipid quantity in nuclear membranes of liver
cells and a 20 % decrease in thymus nuclear membranes [10]. These results demonstra-
ted the universal influence of this cytotoxic antitumor agent on lipid metabolism in nuc-
lear membranes of two tissues which sufficiently differ from each other.
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Fig. 1. Phosphatidilinositol (monophosphoinositides) content (in mcg/g of tissue) in rat liver (A)
and thymus (B) nuclear membrane preparations before (1) and after (2) in vivo action of cisplatin

Polyphosphoinositides separated from rat liver and thymus nuclear membrane
preparations were fractionated by micro thin layer chromatography into three phospho-
inositide fractions: monophosphoinositides (the same as phosphatidilinositol), diphos-
phoinositides and triphosphoinositides. The relative quantities and percentage of each of
them in nuclear membrane preparations from liver and thymus cells after administration
of cisplatin were demonstrated in tab. 1 and 2. One can see that more than 40 % of total
phosphoinositides was presented as monophosphoinositides in both liver and thymus
nuclear membrane preparations, while the relative percentage of di- and triphospho-
inositides was only 32-33 % and 26-27 % successively.

One can see that more than 40 % of total phosphoinositides was presented as mo-
nophosphoinositides in both liver and thymus nuclear membrane preparations, while the
relative percentage of di- and triphosphoinositides was only 32-33 % and 26-27 % suc-
cessively. Cisplatin administration led to appreciable decrease in relative content and
percentage of monophosphoinositides in both liver and thymus nuclear membrane. At
the same time the relative content and percentage of two other phosphoinositides were
increased in both nuclear membrane prepartations (tab. 1 and 2).
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Table 1. The relative content (mcg) of separate fractions of phosphoinositides in rat
liver nuclear membrane preparations before (1) and after (2) in vivo action of cisplatin

# Phosphoinositides Baseline Cisplatin
Quantity, mcg % Quantity, mcg %
1 | Monophosphoinositides 21.00+0.85 42.0 *15.00+0.63 30.0
2 Diphosphoinositides 16.0040.62 32.0 *20.00+0.77 40.0
3 | Triphosphoinositides 13.00+0.73 26.0 15.00+0.67 30.0
Total 50 100 50 100

Table 2. The relative content (mcg) of phosphoinositides fractions in rat thymus
nuclear membrane preparations before (1) and after (2) in vivo action of cisplatin

# Phosphoinositides Baseline Cisplatin
Quantity, mcg % Quantity, mcg %
1 Monophosphoinositides 20.35+0.85 40.7 *13.00+0.67 26.0
2 Diphosphoinositides 16.43+0.23 32.9 16.50+0.78 33.0
3 Triphosphoinositides 13.2240.19 26.4 *20.50+0.30 41.0
Total 50 100 50 100

The absolute quantities of diphosphoinositides and triphosphoinositides per
1 g of tissues were also reliably increased (tab. 3).

Table 3. Content of mono- , di- and triphosphoinosotides (mcg/g of tissue) in rat liver
and thymus nuclear membrane preparations before and after the in vivo action of cisplatin

#| Phosphoinositides Liver Thymus
Baseline Cisplatin |Baseline Cisplatin
1| Monophosphoinositides 134.9+4.46 *95.5+3.08 100.9+2.54 *90.2+1.60
2| Diphosphoinositides 102.8+4.15 *127.3+3.07 81.6+1.52 *114.5+2.76
3| Triphosphoinositides 85.6+2.56 95.5+2.75 65.5+1.42 *142.2+0.95
4| Triphosphoinositides/ 0.64 1.00 0.65 1.58
Monophosphoinositides

Thus, these results showed that in vivo action of antitumor agent cisplatin against
the background of significant decreasing total phospholipid content (including phospha-
tidilinositol content) in nuclear membranes in both tissues [10] lead to reliable increase
of diphosphoinositides quantities in liver and thymus nuclear membranes and to re-
liable increase of triphosphoinositides quantities particularly in thymus nuclear memb-
ranes (tab. 3).

It is well known that the transformation of monophosphoinositides into diphospho-
inositides and subsequently into triphosphoinositides is conducted by definite phospho-
inositide kinases. The activation of these kinases may be connected with destruction of
certain nuclear structures caused by cisplatin action. Triphosphoinositides/ monophos-
phoinositides ratio may demonstrate the functional status of nuclear membranes concer-
ning the functioning of several nuclear signaling pathways. These results are in accor-
dance with literature data indicated that cisplatin-induced DNA damage activates phos-
phatidilinositol 3-kinase/Akt cascade both in vitro and in vivo which has been shown to
mediate cell survival via the regulation of numerous proteins [11,13]. It is well known
that cisplatin-induced DNA damage activates various signaling pathways to prevent or
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Promote cell death [8]. So, cisplatin, being one of the most effective anticancer agents
widely used in the treatment of tumors, often manifests contradictory effects preventing
the cell death. Although extensive DNA damage can induce cell death by apoptosis, se-
veral signaling pathways, including phosphatidilinositol 3-kinase/Akt cascade and
others, can regulate cisplatin-induced apoptosis. Since signaling pathways regulate cis-
platin sensitivity, one way to improve the efficacy of cisplatin is to use it in combination
with agents that target the signaling pathways and contribute to cisplatin resistance [8,
18]. For example, blocking the phosphatidilinositol 3-kinase/Akt cascade with a phos-
phatidilinositol 3-kinase inhibitor wortmannin increased thr efficacy of cisplatin [13].
These findings are very important especially in practical medicine. The results support
the idea that combination therapy with cisplatin and wortmannin would increase the the-
rapeutic efficacy of cisplatin [13]. The increase of triphosphoinositides/ monophospho-
inositides ratio after the cisplatin action was observed in both liver and thymus nuclear
membrane preparations (tab. 3). It is remarkable that this ratio was higher in case of thy-
mus nuclear membrane preparations which showed that this transmuting process was
more effective in thymus nuclear membranes which may be the result of huge differen-
ces among metabolic pathways in liver and thymus tissues.
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