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The article represents laboratory experimental investigations of microsomal system
components (NADP-dependent dehydrogenases activities, cytochromes bs and Psso contents) in
white rats liver at the conditions of long-term administrations of 12-crown-4, aza-12-crown-4 and
thia-12-crown-4 (within 30 days, perorally, in 1/100 LDsg). Crown-ethers significantly decrease
contents of microsomal cytochrome P4s9, do not influence cytochrome bs contents and increase
activities of glucose-6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase and NADP-
dependent-decarboxylizing malate dehydrogenase in rat hepatocytes. These alterations are
connected with activation of lipid peroxidation and development of oxidative stress reaction.
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BnuimB kpayH-eipiB Ha KOMNOHEHTHM CHCTeMH MiKPOCOMAJIBHOIO OKHMCJIEHHS Y
nevingi Oiimx mypiB. Kparenko P.I. — CrtaTTs mpeacraBisie eKCIIEpUMEHTAIbHI JTOCHIIKEHHS
KOMIIOHEHTIB CHCTEMH MIKpOCOMalbHOTO OoKHciIeHHs (akTuBHOCTI HAJ[D-3anexHux AeriaporeHas,
BMICT IUTOXPOMIB Pyso Ta bs) y meuinmi 611X n1ypiB 3a yMOB TPUBAJIOIO HaJXOMKEHHS 12-KkpayH-
4, aza-12-kpayn-4, tia-12-kpayn-4 (30 ni6, nepopansao y 1/100 IJIso). Kpayn-edipu noctoBipHO
3HMXKYIOTH BMICT MIKPOCOMAJIBHOTO IUTOXpOMY Pisp, HE BIUIMBAIOTH HAa BMICT IUTOXpOMY bs i
MiJBUIIYIOTh aKTUBHOCTI TUII0K030-6-ocdar-aeriaporenasu, 6-hochorirokoHaT-aeriIporeHasu 1a
HAI[(D 3aJIeKHOI  1EKapOOKCUITIOI0UO01 MalaT-AeTiAporeHas y remaronutax miypis. L{i 3miHM
MOB’SA3aHI 3 AKTHUBALIEIO0 IEPEKHUCHOTO OKHUCIIEHHsS JiMiJiB 1 PO3BUTKOM OKCHAATUBHOI CTpec-
peaxuii.

Knwuosi cnosa: xpayH-epipu, MIKpocoMajibHe OKUCIEHHS, nuroxpomu, HAJID-3anexHi
JIeT1IporeHas3u, OKCUJaTUBHUM cTpec.

Investigations of various origin xenobiotics influence on prooxidative-
antioxidative system have been confidently gaining their place amongst the global
recent tendencies of experimental biology and medicine. If a xenobiotic invades the
organism for a long time in quantities, which are much lower than lethal doses, its
action or the action of its metabolites, in most cases, would be connected with
accumulation of free radicals, and lipid and/or protein peroxidation activation [7].
The organism responds to the negative influence with the formation of a number of
defensive compensatory mechanisms directed towards inhibition of free-radical
oxidation and homeostasis maintenance [22]. One of the main protectory reactions
ought to be generation of cellular reduced NADP, which is a necessary component of
glutathione reduction, fatty acids and nucleotides biosynthesis, functioning
monooxigenase system of poisons detoxification [6; 9].

Earlier we showed some macroheterocyclic crown-ethers representatives to
have belonged to moderately toxic and supremely cumulative substances [2]. In
1/100 LDs, crown-ethers evoked alterations in oxido-reductive processes, activated
lipid peroxidation and antioxidant system [3], and in higher doses inhibited the latter
[3; 4]. Although, what remains unclear and insufficiently investigated, is the work of
liver monooxigenase system itself, as a whole, and the behavior of its functional
components facing the invasion of various crown-ethers doses.

Objective. Investigation of alterations in NADP-dependent dehydrogenase
activities and cytochromes bs and P,so contents in white rats liver at the conditions of
prolonged administrations of 12-crown-4, aza-12-crown-4 and thia-12-crown-4.

MATERIALS AND METHODS OF RESEARCH

The research used white male rats (body mass 180-210 g) kept at the standard
conditions of vivarium. The animals of experimental groups (10 rats in each group)
were administered emulsion of the investigated crown-ethers in 1/100 LDs, (0.0117;
0.022; 0.0365 g/body mass kg, for 12-crown-4, aza-12-crown-4 and thia-12-crown-4
respectively [2]) daily within 30 days perorally. The animals of the control group
(n=10) were given water at the same conditions. On the 30" day of the experiment
the rats of all groups were anesthetized by sodium thiopental (50 mg/body mass kg
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[8]) and slaughtered by decapitation with the Guillotine knife. The liver was perfused
by cold isotonic NaCl solution directly after the slaughter, and was homogenized on
ice. Microsomal and cytosolic factions were obtained with the method of
differentiated centrifuging the liver homogenate by aid of centrifuge CRV-I.
Activities of glucose-6-phosphate dehydrogenase (G-6-PDG; EC 1.1.1.49) and 6-
phosphogluconate dehydrogenase (6-PGDG; EC 1.1.1.44) were determined by Glock
and McLeanne method in Bottomley modification [14]; of NADP-decarboxylizing
malate dehydrogenase (dMDG; EC 1.1.1.40) - by Ochoa method in Usatenko
modification [12]. The rate of reduced NADP formation was registered with
spectrophotometer CP-46 using 340 nm wave length, and the activities of the
enzymes was expressed in nmol of NADP for 1 min per 1mg of protein. The contents
of microsomal cytochromes was determined by differentiated spectrophotometry with
Omura method [20], using coefficient of molar extinction: 164¢10° M'scm™ for
cytochrome bs, and 91¢10° M™Tecm™ for cytochrome P450 and expressed in
nmol/protein mg. Protein concentration was determined by Lowry [18]. Experimental
results were calculated by traditional methods of parametrical statistics.

RESULTS OF RESEARCH AND THEY DISCUSSION

The action of crown-ethers resulted in significant decrease in contents of
microsomal cytochrome P4so and did not influence the contents of cytochrome bs in
hepatocytes of the experimental animals groups compared to the control (tab. 1).

The animals, toxified by various representatives of crown-ethers, had the
similar tendencies of the indexes alterations with somewhat stronger effect for 12-
crown-4.

Table 1
Contents of microsomal cytochromes P4s0 and bs in hepatocytes of rats
toxified by crown-ethers, (M+m) nmol/ protein mg

Index Control 12-crown-4 Aza-12- Thia-12-
crown-4 crown-4
Paso 0,68+0.04 | 0,43+£0.04* | 0,47+£0.05* | 0,49+0.04*
B; 0,57+0.05 0,55+0.06 0,55+0.07 0,56+0.04

Notes: 1. n-10; 2. *p<0.05

The powerful oxidative stress is known to evoke changes in some enzymes of
heme and hemoproteins metabolism, particularly induction of hemoxigenase which is
the key enzyme of heme degradation [17], as well as the decrease in contents of
cytochrome Py4s0 [21] and concentrations of reduced glutathione [15]. The cytochrome
P4s0 contents reduction after crown-ethers administrations may be connected with
inhancing lipid peroxidation of microsomal membrane. Cytochrome Pyso is shown to
be a membrane-linked hemoprotein, molecules of which are practically completely
sunk in membrane lipid bilayer [11]. At the conditions of oxidative stress

38



Kparenko P.I.

development after crown-ethers action there has been proved the occurrence of
alterations in phospholipid composition of membranes [5], phospholipid
microsurrounding membrane-linked receptors [3], and, therefore, most probable,
there may be the changes in phospholipid microsurrounding cytochrome Pgs5, in
membranes of hepatocyte smooth endoplasmic reticulum. This may result in
disturbance of native conformation of the hemoprotein, and, in many cases, in its
conversion to its inactive form. At the same time the experiments in vitro showed
hepatic cytochrome P45y to have got reduced by 50 % when incubated together with
high concentrations of lipid peroxidation products [13]. Apart from that, one of lipid
peroxidation products — trans-4-hydroxy-2-nonenal induced inactivation different
isoforms of cytochrome P4s0 by forming Schiff’s bases with aminogroups of
apocytochrome lysine residues although heme with its sulfhydrilic ligands remained
intact [13].

The decrease in microsomal cytochrome P4s0 contents in the liver of rats
toxified by crown-ethers may be also explained by impairment of incorporation of
Fe’" atom in heme synthesis. Admittedly, crown-ethers have high affinity to mono-
and bivalent metal ions involving the ion in their molecular hole and binding it with
their oxygen, nitrogen or sulfur atoms (for crowns, aza-crowns and thia-crowns
respectively) by coordinational bonds [10], depriving the ion of its metabolic activity.

Earlier we showed the disturbance of concentrational gradient of metal ions
and metal-dependent enzymes activity at the action of similar crown-ethers doses [3].
Besides, the experiments of American scientists revealed inhibition of cytochrome
Psso human 1A1 gene with the participation of NF1 transcription factor at the
conditions of oxidative stress and its consequences as active oxygen forms
accumulation and cellular thioldisulfide metabolism impairment [19].

The second part of our experiment was devoted to investigation of crown-
ethers action at the level of activities of two NADP-dependent pentose phosphate
pathway dehydrogenases (G-6-PDG and 6-PGDG) and the enzyme of NADP-
reduction alternative route (AMDG). The activities of all the three enzymes mainly
increased significantly at the influence of experimental substances (tab.2).

Table 2
Activities of glucose-6-phosphate dehydrogenase (G-6-PDG), 6-
phosphogluconate dehydrogenase (6-PGDG), NADP-malate dehydrogenase
(dMDG) in hepatocytes of rats toxified by crown-ethers (M+m) NADP per for 1
min per 1mg of protein

Index Control 12-crown-4 Aza-12- Thia-12-
crown-4 crown-4

G-6-PDG 27.3+3.1 36.6+£3.2%* 34.4+3 3% 31.5+4.0
6-PGDG 30.4 £3.3 39.7+3.8* 35.5£3.3 32.7+3.3
dMDG 23.5+2.1 28.6+2.0* 26.8+2.0 27.442.5

Notes: 1. n-10; 2. *p<0.05
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The work [16] reflects the direct correlation between NADPH-generating
enzymes activities enhance and maintenance of reduced glutathione adequate level
for prevention of cellular DNA and proteins oxidative impairments. Induction of
NADP-dependent dehydrogenases synthesis and activation of NADP-reduced
generation for resynthesis of antioxidants and xenobiotics detoxification might be an
important link in realization of cells and organism protective mechanisms at the
conditions of oxidative stress development and lipid peroxidation enhance. There is
the reverse dependence between the rate of lipid peroxidation, its products
accumulation and contents of reduced NADP — the increase in quantity of NADPH
and antioxidants reacting with free radicals reduces lipid peroxidation rate;
acceleration of lipid peroxidation leading to free radicals increase reduces NADPH
and antioxidants contents. Our present and previous experiments proved crown-ethers
not to be exhausting agents for antioxidant system and NADPH-generating processes
in 1/100 LDsy , although action of higher doses of these xenobiotics leads to
significant accumulation of toxic products of lipid peroxidation, which gives the
following disbalance in metabolic processes and may result in disturbance of
enzymes systems regulation, conformational changes of membrane lipiproteinic
complex, appearance of hydrophilic incorporations in the whole hydrophobic layer of
membrane [1].

CONCLUSIONS

1. Crown-ethers (12-crown-4, aza-12-crown-4 and thia-12-crown-4) in 1/100
LDs, at the condition of 30-days peroral administration to the rats organism
significantly decrease microsomal cytochrome P,so contents and do not influence
cytochrome bs contents, and also induce activities of NADP-generating enzymes
(glucose-6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase, NADP-
decarboxylizing malate dehydrogenase) in rats hepatocytes.

2. The alterations of cytochrome P45y contents and NADP-generating enzymes
activities are connected with activation of lipid peroxidation and development of
oxidative stress reaction.

Literature

1. Bmagumupor FO.A. IlepekucHoe OKHCIECHHUE JUIHIOB B OHOJOTHYSCKHUX
meMOpanax / Bmagumupos F0.A., ApuakoB A.U. - M: Hayka, 1972. — 320 c.

2. Kparenko P.M. IlapameTpbl TOKCMYHOCTH W KyMYJIITUBHBIE CBOMCTBA
KpayH-3(pupoB B KpaTkocpodHbix ombiTax / Kparenko P.M. // Excnepum. 1 iiHid.
meauuuna. — 2001, — Ne 1. — C. 25-27.

3. Kpareuxko P.M. Buonoruueckass akTUBHOCTb KpayH-3()UPOB B CBSITU C
npobiemoii oxpansl BogHuX 00bekToB / Kparenko P.M. — Xapskos: XI'MVY, 2001. —
207 c.

4. Kparenko P.U. CocrosiHue aHTMOKCHUIAAHTHOM CHUCTEMBbI, OKHUCIUTEIbHO-
BOCCTAHOBUTEJIBHBIX MPOILIECCOB M TEPEKUCHOTO OKUCICHUS JUMUIOB y KPBIC MpHU

40



Kparenko P.I.

nectBuM kceHoOnoTukoB / Kparenko P.U. // Excniepum. 1 kiniHi4. MeaunuHa. — 2002, —
Ne 4. - C. 12-16.

5. Kpareaxo P.I. [lis ioHi3yBajmbHOrO BUIIpOMIHEHHS Ta 12-kpayH-4 Ha
docdomnimig HAN CKIIaJ EPUTPOIUTIB 1 remaTtonuTiB Oummx urypiB / Kparenko P.I.,
MitpsieB A.b. // Ykp. Pagion. Kypn. —2002. — Ne 2. — 167-170

6. Kynunckuit B.M. O6men riyratnona / Kynunckuii B.U., Konecanuenko
JI.C. // Ycnexu 6uon. xumun. — 1990. — Ne 11. — C. 157-179.

7. Kynenko C.A. OcnoBsl Tokcukonoruu / Kynenko C.A. // Poccuiickuii
onomenuuuHckui xxypHai. —2003. — Ne 4. — 119c¢. — medline. ru.

8. Jlaur C.M. Jlaboparopnas kpwica / Jlanr C.M., VYuncon P.IL. //
JlaGopatopuble kuBOTHBIE. — 1993, — Ne 2. — C. 101-110.

9. Jlaxosuu B.B. Uuaykums ¢epmMeHTOB MeTaboim3Ma KCEHOOHMOTHKOB /
JIsixosuu B.B., LsipnoB U.b. — HoBocubupck: Hayka, 1981. — 240 c.

10. Makcrotmna H.II. TlepcriektuBbl  MpUMEHEHHsS]  KpayH-2QHUPOB  JUIS
AKCTPAKLIIMOHHO-(DOTOMETPUYECKOr0 OMPEIeNICHHS IETOYHBIX METAJUIOB B JIEKAPCTBEHHBIX
npenaparax / Makctotuna H.I1., Bettotnesa [1.A. // @apm. Kypnamn. — 1991.

11. Campun A.H. ®epmeHTh MeTa00IM3Ma U IETOKCUKAIM KCEHOOUOTUKOB /
Canpun A.H. // Ycnexu ouon. xumuu. — 1991. — Ne 1. — C. 146-175.

12. Ycareuko M.C. BimsHMe  WHCYJIMHOBOM  HENOCTATOYHOCTH W
rugpokoptu3oHa Ha axkTtuBHOCTh HAJI®- m HAJI-3aBUCHMMBIX JErMApPOreHas B
neyeHn U kope mouek kpbvic. / Ycarenko M.C., IlonueBa A.B. // Bompocsr men.
xumuu. — 1974. — Ne 4, — C. 401-406.

13. Bestervelt L.L. Inactivation of ethanol-indusible cytochrome P-450 and
other microsomal P-450 isoenzymes by trans-4-hydroxy-2-nonenal, a major product
of membrane lipid peroxidation. / Bestervelt L.L. // Prot. Nat. Acad. Sci. USA. —
1995. — Ne 9. — 3764-68.

14. Bottomley R.N. Metabolic adaptations in rat hepatomas. Reciprocal
relationship between threonine dehydrase and glucose-6-phosphate dehydrogenase /
Bottomley R.N., Pilot H.S., Potter V.R. / Cancer Research. — 1963. — Ne 1. — P. 400-409.

15. Christova T. Heme oxygenase as the main protective enzyme in rat liver
upon 6-day administration of cobalt chloride // Christova T., Duridanova D.,
Braykova A. // Arch. Toxicol. —2001. — Ne 8. — P. 445-451.

16. Lee S.M. Cytosolic NADP(+)-dependent isocitrate dehydrogenase status
modulates oxidative damage to cells / Lee S.M., Koh H.J., Park D.C. // Free Radic.
Med. —2002. - V. 32. - Ne 11. — P. 1185-96.

17. Lleuse S.F. Heme oxygenase and oxidative stress. Evidence of
involvement of bilirubin as physiological protector against oxidative damage / Lleuse
S.F. Tomaro M.L. // Biochim. Biophys. Acta. — 1994. — Ne 1. — P. 9-14.

18. Lowry O.H. Protein measurement with the Folin phenol reagent / Lowry
O.H., Rosenborg N.J., Farr A.L., Randal R.J. // J. Biol. Chemistry. — 1951. — Ne 2
P. 265-275.

19. Morel Y. Down-regulation of cytochrome P-450 1Al gene promoter by
oxidative stress / Morel Y., Barouki R. // J. Biol. Chem. — 1998. — Ne 41. — P. 69-76.

41



36ipHuMK HaykoBWX NpaLb XapKiBCLKOro HaLlioHarnbHOro neaaroriyHoro yHisepeutety imeHi I.C. Ckoopoam
BIONIONIA TA BAJIEONOrIA, 2013, Bun. 15

20. Omura T. The carbon-monooxide binding pigment of liver microsomes /
Omura T., Sato R. // J. Biol. Chem. — 1964. — Ne 7. — 2379-85.

21. Sumbayev V.V. The effect of CoC12 on xanthine oxidase, nitric oxide
synthase, and protein kinase C activity as well as cytochrome P59 1A1,1A2, and 1bl
quantities in rat liver / Sumbayev V.V., Yasinska [.LM. // Ukr. Biochem. J. — 2002. —
Ne 1. -117-120.

22. Sunderman F.W. Metals and lipid peroxidation / Sunderman F.W. // Acta
Pharmacol. Toxicol. — 1986. — Ne 7. — P. 248-255.

23. Ursini M.V. Enhanced expression of glucose-6-phosphate dehydrogenase
in human cells sustaining oxidative stress / Ursini M.V, Parella A., Rosa G. et al. //
Biochem. J. — 1997. — V. 323. — 801-806.

Baunsinne xpayH-3(pMpoB HA KOMIIOHEHTbI CHCT€MbI MHUKPOCOMAJILHOI'O OKHMCJICHHSI B
neyeHn Oeabix Kkpbic. Kparenko P.M. — Cratbs mnpencraBiseT HKCIEPUMEHTaIbHbIE
HCCIIEIOBAaHUSI KOMIIOHEHTOB CHCTEMBl MHUKPOCOMAJIBHOTO OKHCIeHHus (akTuBHOCTH HAJID-
3aBHCUMBIX JIETHJIPOT€HA3, COJCPKAHUE UTOXPOMOB Pyso 1 bs) B medeHn GesbIX KPBIC B YCIOBHIX
JUTUTEIILHOTO TOCTyTUIeHus 12-kpayH-4, a3a-12-kpayn-4, tna-12-kpayn-4 (30 cyTok, nmeppopaibHO
B 1/100 1JIsp). KpayH-3¢pupsl 10CTOBEpHO CHMXKAIOT COJEpPKAHWE MUKPOCOMAJIBHOTO LUTOXpOMa
P4s0, HE BIMSAIOT Ha colep)KaHUE IUTOXpOMa bs W TOBBIIIAIOT aKTUBHOCTH TIIFOK030-6-docdar-
neruaporenassl, 6-pocdormokonar-geruaporenassl 1 HAJ[D-3aBucumoii gekapOoKCHIMpyromen
MajaT-JeruporeHasbl B renaTouuTax Kpbic. DTH U3MEHEHUS CBSI3aHbl C aKTHBAIMEe MEepeKUCHOro
OKHCJICHUS JIMIIUJIOB U Pa3BUTHEM OKCUAATUBHOM CTPECC-PEAKIINH.

Knrwoueevie cnosa: xpayH-3(pHpbl, MHKPOCOMAJIbHOE OKHCICHHE, IUTOXpombl, HAJ[D-
3aBUCHMBIE JETUAPOTE€HA3bl, OKCUJJATUBHUI CTpECC.
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