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V.I". aftit6os, 3.1x. Komunos, A. T, Sprawes, M.H, Acpapos, T.®.Apunos

FOCCHUIIOJ BA YHHUHIT XOCHUJIAJTAPHHH MUTOXOHIPHSA ®YHKLUUOHATI [TAPAMETPJIAPHT A
TABCHPH

Toccunon nonndenon Guprkma 63nub, keHr GHONOMHK XyCyCHATHapra ara MoAaa, YHHHT TYplTH MOHO- Ba
IWXOCWIANAapH aHTHOKCHIAHT, WAMOJUTAIUra KapllM, aHTHA/lepreH, MMMYHOMOAYNATOp, BHpycnapra Kaplid Ba
$cMa KacamMHKIAPHra KaplIH KeHT KyJaHWnagH, ByHaaH Talkapi roCCHIION Ba YHHHI XOCHIANapH acockaa Taép-
NIHraH A0PH BOCHTANAPH FeNaTHT BHPYCHIa KapIlK FenaToNpoTeKTop cHaTHAa KeHT KY/UIRHHAMOKAA,

UIyHuHT yuyH, NaTONOTHK XONaTAapiard MHTOXOHAPHA (YRKUHAUIAPHHH KOPPEKUNA KIWTYBYH 00bexT cudarH-
128 TOCCHNON Ba YHWHI XOCHIANApHHK LHKMNOCMOPHHCEITHp Mopara TabcHpM Yprauwnrad. ByHnan Tamkapy,
10KOPHAA KeTHPHNTaH MOJAANAapHH MHTOXOHAPHA MeMOpaHanapiaaH GHp Ba MKKH BANEHTNTH KATHOHIApHH NacCHB
TPaHCNOPTHIa TALCHPH XaM YpraHunraH,

Y.I. Taitn6os, 3./Ix. Komwios, A.T. Sprawes, M.H. Acpapos, T.®. Apsnos

BJIMSIHUE TOCCHITOJIA H EIO MPOU3BOJHLIX HA ®YHKIIMOHAJILHEIE [TAPAMETPBI
MUTOXOHIPUI

ToccHnon xopolo W3BECTHOE NONH(PEHONBHOE COEAHHEHHE C WHPOKNUM CNEKTPOM GHONOrHYECKHX aKTHBHO-

CTefi, TaxKe ero pasnHyHble MOHO- W AHMPONH3BOAHBIE UCNONB3YIOTCA B KAYECTBE AHTHOKCHAAHTHEIX, MPOTHBOBOC-
NANKTENbHLIX, AHTHAUIEPreHHbIX, HMMYHOMOAYIBPYIOLIHX, NPOTHBOBHPYCHBIX W MPOTHBOOITYXONEBBIX Mpenapa-
ToB. KpoMme Toro, B nocneaHHe rofibl MpenapaTbl Ha OCHOBE rOCCHIION2 W ero NPOH3IBOAHLIX LIMPOKO HCIIONBIYIOTCA
KaK renaTonpoTeKTOpLI MPH EYEHHH BHPYCHOTO TENATHTA,
Takum o6pa3oM, QA H3yYEeHHA OeHCTBHA FOCCHNONA M €ro HEKOTOPBIX NPOM3BOMNHBIX, KaK OOBEKT KOPPEKTHPOBKH
GYHKIMI MHTOXOHAPHI B NaTONOTHYECKHX COCTOAHHMAX, B AAHHOH paGoTe H3YYEHO BJIHAHHE BhILIEYKA3aHHBIX CO-
eZHHEHRH LMKIOCIOPHHIYBCTBHTENRHYD nopy (mitochondrial permeability transition pore) B MUTOXOHAPHAX K3
neyenu kpsic, Takoke GHUIO H3Y4eHO BITHAHHE FOCCUNONA H €r0 MPOU3BOAHEIX HA NMACCHBHBIH TPAHCTIOPT PAITHIHBIX
OLHO- H JBYXBANEHTHRIX KATHOHOB Yepe3 MeMOpaHbl MHTOXOHAPHH,

U.G. Gayibov, E.J. Komilov, A T Ergashev, M.I. Asrorov, T.F. Aripov

EFFECT OF GOSSYPOL AND ITS DERIVATIVES ON FUNCTIONAL PARAMETERS OF RAT LIVER
MITOCHONDRIA

Effect of gossypol and its mono-derivatives (monoamigossypol, monoaminogossypol) on ion transport across
mitochondria membrane was investigated. Comparison investigation of influence of gossypol and its derivatives to
transfer of protons through membrane shows different activities. However, gossypol has the highest activity than its
derivatives. Mitochondrial permeability transition pore mPTP in vitro activities of gossypol and its derivatives were
investigated too. Comparison results were the same.

Introduction. Mitochondria are involved in a wide range of cellular processes of importance for cell
regulation including the transport of different metabolites across inner mitochondrial membrane (Palm-

ieri, 2010). In this case biologically active compounds demonstrating effect on mitochondrial processes
are of a great interest and searching for a novel and effective safe drugs to prevent mitochondria dysfunc-
tion remains an area of intensive research. Natural products derived from plants such as polyphenols have
received considerable attention in recent years due to diverse pharmacological properties, including anti-
inflammatory, anti-parasitic, antioxidant, antiviral, anticancer and other activities (Asrarov et al,, 2015;
Daglia, 2012; Lipiriska et al., 2014; Xia et al,, 2010). One of such kind of polyphenols is a polyphenol
gossypol isolated from the seed, roots, and stem of the cotton plant (Gossypium sp.). The substance, a
yellow pigment similar to flavonoids, is present in cottonseed oil (Gayibov et al., 2010)



The variety of activities of gossypol and its derivatives is indicative of several mechanisms of action
and they can be considered polyfunctional medulators of cell processes. Thus gossypol was shown to in-
hibit oxidation of NADH substrate on isolated mitochondria (Arinbasarova et al., 2012). Gossypol can
also chelate iron and other metal ions and be both a pro-oxidant and antioxidant (Depeyster and Wang,
1993). Moreover, the aromatic rings in gossypol render it a fairly hydrophobic compound able to pene-
trate biological membranes more readily (Laughton, 1989). With the help of differential scanning calo-
rimetry and fluorescent methods it was shown that gossypol and its derivatives have expressed membrane
activities that in turn made it interesting object for pharmacological goals. Additional chemical modifica-
tions of these natural compounds can improve their biological and pharmacological properties (Kosymbe-
tov, 2006).

One of the important functional parameters of the cell is functional activity of mitochondrial
permeability transition pore (mPTP). The mPTP is a causative event, leading to necrosis and apoptosis in
hepatocytes after oxidative stress, Ca(2+) toxicity, and ischemia/reperfusion (Kim et al., 2013).

Inhibitors of the MPT have been shown to reduce cardiac ischemia-reperfusion injury (Martel et al.,
2012). Furthermore, most cardioprotective strategies appear to reduce ischemic cell death either by reduc-
ing the triggers for the opening of the MPT, such as reducing calcium overload or reactive oxygen spe-
cies, or by more direct inhibition of the MPT. .

This work focuses on the study of influence of gossypol and its mono-derivatives (monoaminogossy-
pol, MAG; monoanilinogossypol, MANG) on proton transportation across mitochondrial membranes and
their effect on Ca"-dependent mitochondrial permeability transition pore in vitro.

Materials and methods. Mitochondria were isolated as described by Frezza et al. (2007). The meas-
urements of the permeability transition pore was done as described Marcu et al. (2012).

Mitochondrial swelling was monitored by absorbance at 540 nm in incubation buffer containing 200
mM sucrose, 20 pM EGTA, 5 mM succinate, 2 pM rotenone, 1 pg/ml oligomycin, 20 mM Tris, 20 mM
HEPES, and 1 mM KH;PO,, pH 7.2 as described previously (He and Lemasters, 2002).

Statistical analyses were performed using the statistical package Origin 8 (OriginLab Corporation,
USA).

Results. The biological activity of gossypo! is mainly due to a disturbance of mitochondrial functions
such as modification of the mitochondrial Ca®* concentration associated with membrane fluidity (Marti-
nez et al., 1993), disruption of oxidative phosphorylation by inhibition of mitochondrial succinic dehy-
drogenase (Jiang et al., 2002), release of cytochrome C from mitochondria into the cytosol suggesting a
mitochondrial-mediated apoptotic mechanism (Hou et al., 2004). It is the diversity of mitochondrial dys-
functions that remains the problem of gossypol toxicity opened. The understanding of gossypol’s mecha-
nism of action on eukaryotic cells would raise a possibility of clinical implications.
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in isotonic NH,;NO;-solution,

The effect of gossypol on deenergized mitochondria from rat liver in isotonic NH;NO;-medium was
dose-dependent and in concentrations 5 pM, 10 pM, 15 M and 20 uM increased proton transportation
1.8, 3.2, 3.7 and 4.7 times respectively (Figure 1). Effect of MAG on passive transport of H' in isotonic
NH4NOs-solution shows that MAG increases the speed of mitochondria swelling in dose-dependent man-
ner (Figure 2) and in the concentrations 5 M, 10 uM, 15 pM and 20 uM the process sped up 1.3, 1.8, 2.1
and 2.5 times respectively. At the same time effect of MANG on proton transportation across mitochon-
dria membranes was not observed.

4




Effect of gossypol! and its derivatives on mitochondria permeability transition pore was also studied.
Addition of 10pM Ca®* to the incubation medium with induces intensive mitochondria swelling that indi-
cates mPTP opening. Addition of gossypol in concentration of 1 tM inhibits mPTP function to 6%. The
raising of gossypol concentration to 3 pM, 5 pM and 7 M inhibits mPTP activity to 34.4 %, 62.5 % and
86.1 %, respectively (Figure 3). Effect of MAG on the activity of mPTP was weaker in comparison with
gossypol. At the same concentration of 5 M, 10 uM, 15 M and 20 M and in presence of 20uM Ca®*
MAG inhibited mPTP to 9.1 %, 26.3 %, 52.4 % and 86.8 %, respectively (Figure 4). The second deriva-
tive of gossypol, MANG, showed even less activity comparing to gossypol and MAG. At a concentration
of 15uM, 30 uM, 50 pM and 70 pM MANG inhibited the activity of mPTP to 13 %, 25 %, 55 % and 91
%, respectively (Figure 5).

0]+

e 024
P .
<
al o1
f ;
il ol B BRSNS A 1
control 00+ 2
(_‘Lﬂ“:;&g‘:u% L control SuM  1OuM 15puM  20pM
. ﬂ 1 Conceatration of MAG
Figure 3. Influence of gossypol on Figure 4. Influence of MAG on mPTP.
mPTP.
03
024
=)
<

control 15uM JouM SOpM T0uM
Concentration of MANG

Figure 5. Influence of MANG on mPTP.

Discussion. Gossypol, a triterpenoid aldehyde, is a naturally occurring compound extracted from the

cotton plant and other plants of the genus Gossypium. The compound has been shown to reveal bacterio-
static (Yildirim-Aksoy et al,, 2004), antifungal (Puckhaber et al., 2002), antitumor (Moon et al., 2001),
antifertility (Dodou et al., 2005) and anti-insect (Stipanovic et al., 2006) activities. Being biologically ac-
tive, gossypol has received significant attention as a potential medicinal product and has been extensively
studied over the past two decades.

Our results suggest that gossypo! and MAG increase passive proton transport across mitochondria
membrane thus showing protonophoric activity. At the same time gossypol possessed higher activity in
comparison with MAG. MANG did show any protonophoric activity. '

Experiments on mPTP showed that gossypol and its derivatives in dose-dependent manner can inhibit
pore opening. Mitochondrial membrane is slightly permeable to some anions and cations, like NH,', but
not permeable to chloride, sulphate, as well as to protons. Penetration of NH," does not cause mitochon-
dria swelling as H" or OH™ are transported outside the cell thus protecting mitochondria from increased
osmotic pressure. When both cation and anion ions penetrate into mitochondria th swelling process in-
creases as increases osmotic pressure. NH,* penetrates as neutral molecule of ammonia. We propose that
in presence of gossypol and MAG cations and anions penctrate into mitochondria causing significant mi-
tochondria swelling.

The higher protonophoric activity of gossypol in comparison to MAG and MANG is more likely be-
cause of its higher membrane active and antiradical activities. It was shown that antiradical and mem-
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brane activity of gossypol derivatives were determined by the structure of the substituent and that gossy-
pol and its derivatives were partially localized in the lipid bilayer and possibly induced formation of a
new interdigitating phase (Tukfatullina et al. 2008).

Conclusion. Gossypol has been known for over a hundred years and the dichotomy between its toxic-
ity and its unique biological activities places gossypol in an unusual position. And one of points for re-
searchers is using gossypol’s binaphthy! structure, functionality, and unique biological activities to make
gossypol a potentially important value-added natural product. Our results suggest that the presence of
carbonyl groups in the gossypol structure plays an important role in its protonophoric activity and ability
to alter the function of mPTP that could be useful for further research efforts to obtain suitable gossypol
derivatives for medical applications.
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