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BPEMEHHAS OPITAHU3AIIUA AKTUBHOCTU AETUIPOI'EHA3

IHEHTO30®OCPATHOI'O TIYTHU B TKAHAX
BOJIBIIUX MOJYIIAPUN MO3I'A MBIIIEA U KPOJIUKOB

Owmenpsauuk B.H., HoBocan H.B., Konecauk H.B.

3anopocckull HAYUOHAILHBI YHUBEPCUMEM
69600, Yxkpauna, 3anopooicve, yn. Kykosckozo, 66

kolesniknadvas@yandex.ru

B ycnoBusix €CTECTBEHHOTO OCBEIICHHMS CPEAWHBI Mas ¥ HEOTPAaHWIEHHOTO JOCTYIa K IUIIE B TKaHAX
Oonpiinx mousyniapuid rojoBHoro mosra (BIIM) Oenbix Mblleli B aKTHBHOCTH TJIHOK030-6-hocdar
neruaporenassl u 6-pocdormokonar aeruaporenasst (6PGD) craTHcTHUECKH TOCTOBEPHbBIH CYTOYHBIIN
put™ ¢ 24-yacoBeiM neprogoM (G6PD) orcytcrByer. Kak mpu Makpo-, Tak U MHKpOaHalM3e, y 00eux
nerunporenas BIIM KpoaMKOB BBISABISIETCS CYTOUHBIH PUTM C 24-4acOBBIM IEpUOAOM M OOJBIION
amMIUIUTYH0#. Akpodasbl GMOPUTMOB 00eHX JEeTHIPOreHas cooTBETCTBYIOT 20-22 yacam, a opTodassl — 8-
10 gacam. OOcy)xaaeTcsi BO3MOXKHAs POJIb ABUTaTCIbHON aKTHBHOCTH M MHIIM KaK JATYUKOB BPEMEHH
COTJIaCOBAaHUS HANPaBICHHOCTH METa00JIM3Ma B Iepu(pepHIECKUX TKaHAX.

Kniouegvle cnosa: muluiu, KpomuKy, 20T06HOU MO32, CYMOUHbLL DUmMM, 2loK030-6-pocpam Oecudpocenasa,
6-gocghoentoxonam decudpozenasa.
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YACOBA OPTAHIBAIIA AKTUBHOCTI AETI'TIPOI'EHA3 IIEHTO30®OCPATHOI'O IIVIAXY
Y TKAHUHAX BEJIMKHX IIBKYJIb MO3KY MUAIIEM I KPOJIUKIB

Owmenpsaunk B.M., Hosocax H.B., Konecank H.B.

3anopizvruil HayioHanbHull yHiGepcumen,
69600, Yrpaina, 3anopisicoics, eyn. Kykoscvrozco, 66

kolesniknadvas@yandex.ru

B yMoBax mpupomHOTro OCBITIEHHS CEpElIUHU TPaBHS 1 HEOOMEKEHOro IOCTYIy IO DKi B TKaHUHAX
BEJIMKUX MiBKYJIb rosioBHOro Mo3Ky (BIIM) Oinmux mumeit y rimoko3o-6-docdar nerimporenasu i 6-
¢dochormrokonar geriaporerasu (6PG) cTaTHCTHYHO TOCTOBIpHUE JO00OBUI pUTM 3 24-TOAWHHUM
nepiogom (G6PD) BincytHiit. [lpm makpo- 1 MikpoaHamizsi B 00ox zerimporenas BIIM kpomukis
BHUABISIETBCA JTOOOBHHA PUTM 3 24-TOAWHHUM TEPIiONOM 1 BEIMKOIO aMILTITYI0r0. AKpodasu OiopuTMiB
000x perimporeHas BigmoBimaroTe 20-22 romgmHam, a opTodazu — 8-10 rommHam. OOTOBOPIOETHCA
MOJKJIMBA POJIb PYXOBOi aKTUBHOCTI Ta 1Ki SK JaTYHUKIB YaCy Y3TOKEHHS CIIPIMOBAHOCTI METa0oIi3My B
nepu(pepUIHNX TKAHHHAX.

Kmouosi  crnosa: muwi, Kponuku, 20106HULL MO30K, 00008uil pumm, 2moKo30-6-ghocpam  Odeziopocenas,

6-ghocpoenioxonam deziopozenasa.

TEMPORAL ORGANIZATION OF THE PENTOSE PHOSPHATE PATHWAY DEHYDROGENASE
ACTIVITY IN THE CEREBRAL HEMISPHERES TISSUE OF MICE AND RABBITS

Omelyanchik V.M., Novosad N.V., Kolesnik N.V.

Zaporizhzhya National University
69600, Ukraine, Zaporizhzhya, Zhukovskiy str., 66

kolesniknadvas@yandex.ru

Objective: chronometric analysis of indicators of daily activity of glucose-6-phosphate dehydrogenase
(G6PD) and 6-phosphogluconate dehydrogenase (6PGD) — dehydrogenases (DG) of the pentose
phosphate pathway (PPP) of carbohydrate metabolism in the tissues of the cerebral hemispheres (CM)
albino mice (nocturnal omnivores animals) and californian white rabbits (twilight, herbivores) under
natural light and free access to food and water.

Investigations were carried out in the middle of May, the albino male mice weighing 18-20 g, and
California white male rabbits weighing 2.5-3.0 kg. Animals were kept under standard conditions vivarium
under natural light without limiting access to food and water. Every 6 hours under light chloroform
anesthesia 6-7 animals were bled by opening the jugular vein.

Removed from the skull brain, the cerebral hemispheres were separated, washed with cold 0.15 M KCl,
excess wash solution was removed with filter paper. Weighed portion of tissue (200 mg) was
homogenized in a glass homogenizer with a teflon pestle 30 s at 1000 rev / min to a cooled solution of
0.15 M KClI in relation 1:9. After 60 minutes extraction at 4°C. Homogenates was centrifuged for 20
minutes at 6000 g. Enzyme activity was determined in the supernatant. G6PD activity and 6FGD was
evaluated by of reduced NADPH at 340 nm. The composition of the incubation medium (final
concentration in mM) Tris-HCI buffer, pH 7.6 — 100, MgCI2 — 100, NADP — 0.5; 0,1 ml of the working
dilution of the extract organ tissue. The reaction was started by adding substrates for G6PD glucose-6-
phosphate to 6PGD — phosphogluconate-6 at a final concentration of 2 mM. The total volume of 3.0 ml of
the incubation mixture. The medium consisted the excess of substrate and coenzyme, the kinetics of the
reaction for 3 min. incubation was linear. Enzyme activity expressed as mkmol NADPH, reduced in a
minute at 25°C per 1 g of tissue, and 1 mg of protein sample. The molar extinction coefficient NADPH
340 nm 6.22 x 106. Protein was determined by Lowry. All assays were performed in duplicate samples.

Results were analyzed in accordance with hronobiometrii —embodiments the macroscopic and
microscopic analysis. In the first phase of the macroscopic analysis determined the mean values of
enzyme activity in each test hour days, standard deviation, standard error of the mean and 95%
confidence interval (95% CI) of the mean. Estimate the true time effect on enzymatic activity in the liver
tissue was performed using ANOVA (ANOVA); definition of significant differences of enzyme activity
on the scale of the time of day was performed using multiple post hoc comparisons, Fisher's exact test.
Statistical and graphical procedures were performed using a software package for Windows XP SPSS
Art. 13. True differences at p < 0.05. Microanalysis was performed using kosinor analysis.

Found that under the experimental conditions in the tissue of the cerebral hemispheres of mice factor
«time of day» has no effect on the activity of the enzymes (ANOVA). No statistically significant rhythm
with a 24 hour period is confirmed in the test of Fisher (a posteriori multiple comparisons). Credible
rhythm is not detected and kosinor analysis. Calculated chronograms G6PD and 6PGD activity in the
brain tissue of mice were sinusoidal, with different amplitude fluctuations of enzyme activity and
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the different position of acrophase . Suggests that inbred mice have different chronotype, which defines
the parameters of the statistical unreliability of the average 24 hour rhythm sinusoid . Not excluded
phenomenon reset the circadian rhythm dehydrogenases pentose phosphate pathway in brain tissue of
mice with free access to food. The average G6PD activity per 1 g of mouse brain tissue was higher 6PGD
activity nearly doubled, in contrast, the specific activity 6PGD was 5-fold higher specific activity of
G6PD. Perhaps this activity ratio DG PPP reflects differences in the compartmentalization of the enzymes
in the cells of the brain tissue of mice.

In the tissue of the cerebral hemispheres of rabbits time factor has a pronounced effect on the activity of
both dehydrogenases as per 1 g of tissue, and per 1 mg of protein samples (P < 000). In the diurnal profile
of enzyme activity per 1 tissue (a posteriori multiple comparisons) revealed a single maximum at
21 hours (P <0,01). In the diurnal profile of specific activity as G6PD, and two maximum detected
6PGD — 3 hours and 15 hours (P < 0,01).

When kosinor assay G6PD activity streak pictures and 6PGD with 95% confidence level revealed 24 hour
circadian rhythm . Mezor amlitudy both dehydrogenases and close; acrophase rhythms correspond to 20-
22 hours. Draws the attention of virtually inverted circadian both DG brain tissue of rabbits in the
calculation of enzyme activity per 1 g of tissue and 1 mg of protein sample. With this phenomenon, we
have encountered previously when determining the circadian enzymes in rat brain tissue. One would
assume that this phenomenon reflects the different contents of protein extracted from the samples.
However, the content of protein in the brain extracts of tissue samples during a day was not statistically
different in the experiment with rats and mice and rabbits

Thus, under natural light and unrestricted access to food in the tissue BPM white mice, a statistically
significant circadian rhythm activity DG PPP 24 hour period is reset, while at the Californian rabbits
under the same experimental conditions, such a rhythm is detected. When comparing the mean activity
sinusoids DG PPP BPM mice and rabbits seem possible to say that the acrophase of enzyme activity in
mice occurs during the rest of the motor, which is logical, taking into account the key role in ensuring
recovery PPP syntheses. The fact that rabbits maximum enzyme activity is observed in the late evening
and pronounced minimum in the morning, the assumption is that their physical activity in the early
morning, which is typical for twilight animals.

Taking into account the fundamental role of circadian rhythms in the preservation of health and the
development of pathological conditions, the effects of food on the structure of biorhythms metabolic
processes epidemic manifestations of metabolic disorders in modern humans, topical study of tissue-specific
manifestations of the effect of time of day of food on the internal clock.

In ambient light mid-May and unrestricted access to food in the tissues of the cerebral hemispheres
(BPM) in white mice, glucose-6 -phosphate dehydrogenase and 6 - phosphogluconate dehydrogenase
(6PGD) was statistically significant circadian rhythm with a 24 hour period (G6PD) is absent, rhythm
reset. As with macro- and microanalysis both dehydrogenases BPM rabbits revealed circadian rhythm
with a 24 hour period and large amplitude. Acrophase biorhythms both dehydrogenases match 20-22
hours and ortophase — 8-10 hours. The possible role of motor activity and food as sensors time in agreeing
directivity of metabolism in peripheral tissues.

Key words: mice, rabbits, brain, circadian rhythm, glucose-6-phosphate dehydrogenase, 6-phosphogluconate

dehydrogenase.

BBEJEHUE

B nporecce amantanuy KUBBIX CYIIECTB K CMEHE IIMKJIA CBET-TEMHOTA IMPH BpallleHuu 3eMild
BOKpYT cBoeil ocu copmupoBanachk mupkagnas cuctema (L[C) [1]. ¥V muexonuraromux LC
OpraHM30BaHa B HEPapXUI0 OCUMUIATOpoB. Ha BepmmHe mepapxum — cynpaxmazMaTHUECKOe
anpo (CXS) nepenHero rumnoraiamyca ¢ IEHTPAJIbHBIM T'eHepaTopoM 24-4acoBbIX pUTMOB. Ha
nepudepun Kaxablii opraH U TKaHb UMeIT cBou Boautenu putmoB (BP). CXS ocymecteusier
KoopauHanmio nepudepuueckux BP  u  Ha opraHM3MEHHOM ypOBHE oOecreyMBaeT
¢dbopMHpOBaHHE TAPMOHUYHOTO CYTOYHOTO puTMa [2, 3].

Ha wmonekynsapHoMm ypoBHe uacoBble MexaHusMbl CXS u BP B mepudepuyeckux TkaHsIx
no00HbI. MIX 00pasyeT ceTh TPaHCKPUNIIMOHHO-TIOCTTPACISALMOHHBIX METENb MOJI0XKUTEIbHON U
OTPHILIATEILHOW 00paTHOM CBSA3M, KOTOPHIE YNPABIAIOT 24-4acoOBOM dKCIpeccueil KOMIOHEHTOB
anpa 4acoB. KOMIIOHEHTHI sipa 4acoOB IPECTABICHBI YaCOBBIMU I'€HAMM, IMPOAYKTBI KOTOPBIX
TEHEPUPYIOT U PETYJIHUPYIOT LUPKaJAHbIE PUTMBI Kak B kieTkax CXSl, Tak m B KJIETKax 4acoB
nepudepuIecKux opraHos (4).
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Jns  mojamepikaHUST CHHXPOHHOCTH — MEXJY  HECKOJIBKUMH  (DH3HOJOTMYECKHUMH WM
MOBEJICHYECKUMHU PUTMAMH U BHEIIHUMU JaTYUKAMH BPEMEHHU OMOJIOIMYECKHUE PUTMBI B TKAHIX
YBJIEKAIOTCS BHEUIHMM TaiiMepoM. Bemymum TaiiMmepoM JUIsi MIIEKOIHMTAIOUINX SBISETCS
HKOJIOTMYECKUN UK CBET-TEMHOTA. Y OOJIBIIMHCTBA MIIEKOMHUTAIOUIMX LUKI CBET-TEMHOTA
YBJIEKAET JIBUTATEIIbHYIO aKTUBHOCTH B OIpeNeleHHON ¢a3e wim ¢a3zax Kaxaoro AHs (IeHb /
HOYb / CYMEPKH), KOTOpasi OOBIYHO MCIOJIB3YETCs JUIsl ONPEeIeTIeHUsT BUOB KaKk HOUHOTO o0Opa3a
YKU3HH, THEBHOTO WJIM CyMEpPEeuHOro. DT (a3bl SABISIOTCS OTPAKECHHEM CUTHAIOB OKPY KaIOIIeH
cpensl [5].

[luki cBeT-TEMHOTa HE BIMSCT Ha PabOTy TaMepoB NepudepudecKux OpraHoB. MOIIHBIM
CHT'HAJIOM, BOBJICKAIOIIUM IepuepriiHbIC Yachl, sIBJsieTcs BpeMs npruema nuiny. CoodIanoch,
YTO Y HOYHBIX JKMBOTHBIX OTpPaHUYCHHE IHUIIM B TEYCHHE KOPOTKOT'O BPEMEHH BO BpEMs
CBEeTOBOM (ha3bl CYTOK MOJHOCTHIO HHBEPTHUPYET (ha3y IKCIPECCHU YaCOBUX I'€HOB B IICUCHU, HE
BiMsis Ha QyHKImo 4acoB B CXS [6,7].

B 1o xe Bpems CXS cOpacbiBaeT IMPKagHBI PUTM OJHOBPEMEHHO C TaKOBBIM B
nepudepruyeckux TKaHSIX NpU orpaHuveHuu KanopuitHoctu muum [8,9]. [peamonararor, 4ro
CTHMYJIbI, KOTOPBIE CBSI3aHbl C IUTATEIbHON LEHHOCTHIO MMIIM U C KOJUYECTBOM Kajlopui
BO3JICUCTBYIOT Ha LEHTpPaJbHBIM LHPKAIHBIA TIeHepaTop. B NOAIEp:KKy O5TOH THIIOTE3bI
[IOKa3aHO, YTO IUINA C BBICOKUM COJAEP>KAHUEM >KUPOB HPUBOAUT K M3MEHEHMAM Iepuoja
[UPKAJHBIX PUTMOB Y MbIneii [10].

[lpuauMas BO BHHMAaHWE JaHHBIE JIUTEPAaTypsl O TOM, YTO JBHraTelibHasi aKTUBHOCTH
KUBOTHBIX — 3TO OTPAKEHHE HACTPOWKM 4yacoBbIX reHoB CXJSl, a mpuem muum ¥ 0COOEHHOCTb
panroHa —KJIFOYEBO CHTHAJl B HACTPOWKE YACOBBIX T'€HOB B NEpU(EPHUECKUX TKAHSIX, LENb
paboThl — XPOHOMETPUYECKHI aHaIM3 MOKa3aTejaed CyTOYHON aKTUBHOCTH TJIHOK030-6-(hocdar
neruaporenassl (G6PD) u 6-pocdormokonar neruaporenassl (6PGD) — mermaporenas (I)
neHTo3odocarnoro mytu (IIDII) oOMeHa yrieBogoB B TKaHSAX OONBIIMX MOJyIIAPHI MO3ra
(BIIM) GenbIx Mblel (HOYHbIE KUBOTHBIE, BCESJIHBIE) U OelbIX KaTu()OPHUUCKUX KPOJIHKOB
(BpeMs IBUTaTEIbHOW AKTUBHOCTH CIIOPHO, TpaBosiiHble) [l11] B ycCIOBHSIX €CTECTBEHHOIO
OCBEILIEHUSI U CBOOOIHOTO JIOCTYIIA K MUIIIE U BOJIE.

MATEPHUAJIBI U METOABbI HCCJIEJOBAHUSA

UccnenoBanust mpoBesieHbl B Mae Ha O€NbIX OeCrOpOJHBIX MbIIIax-camiiax, Becom 18-20 r, u
OenbIX KamuOpHUHCKHX KpoJukax, BecoMm 2,5-3,0 Kr, coaeprkaniuxcsi B OOBIYHBIX YCIIOBUSIX
BHUBapusi, 0e3 OrpaHWYCHHs JOCTyMma K KOpMy U Boje. Uepe3 Kaxkaple 6 YacoB MOJ JIETKUM
XJIOpOOPMHBIM HapKO30M 6-7 3KUBOTHBIX OOECKPOBIMBAINA IyTEM BCKPBITUS SPEMHON BEHBI.
Bce mpomenypsl orbopa mpoO, MPHUTOTOBICHHE TOMOTEHATa TKaHHW, OMpEACNIEHHE W pacuer
aKTUBHOCTH (PEPMEHTOB, CTATUCTHUYECKHN M XPOHOMETPUYECKHI aHallu3 JNaHHBIX MPOBOAMIIH,
Kak omnucaHo panee [11].

PE3YJIBTATBI U OBCYXKXKIEHHUE

Onenka BiauAHUS (akTopa «BpeMsi CYTOK» Ha AaKTUBHOCTh WCCIIEJOBAaHHBIX (EPMEHTOB
ocyuiecTBisiH ¢ momoisio ANOVA. TlonyueHHble pe3ybTaThl OTpaKeHbI B Ta0nuIe 2.

Tabmuua 1 — ITokazatenu BIusSHUS BpeMeHU cyTok Ha akTuBHOCTH /II' TIDII B Mo3re Oenbix
mutieit (ANOVA).

depMeHTHI CpaBHeHHE F P
G6PD NADPH mkmol/min/g Mexay rpynnamu ,968 427
G6PD NADPH mkmol/min/mg Mexay rpynmnamu 1,753 ,189
6PGD NADPH mkmol/min/g Mexay rpynnamu ,749 ,536
6PGD NADPH mkmol/min/mg Mexy rpynnamMu ,560 ,648
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Jannsle Tabn.1 cBUAETEIBCTBYIOT 00 OTCYTCTBHM BIMSHUS BpeMeHU Ha akTuBHOCTH JII' [1DII
B TKAHM MO3ra MblIIIEH B YCIOBUSAX JKcnepuMmeHTa. [lokaszaTenm omucarenbHOM CTaTHCTKU
aKTUBHOCTH (DEPMEHTOB B pa3HOE BpEMs CyTOK OTpakeHbI B TabmIe 2.

J10CTOBEPHOCTh Pa3InyUil MEXy 3HAUEHUSIMU aKTHUBHOCTH ()EPMEHTOB B pa3HOE BPEMs CYTOK
ONpEAEIAaN MyTEM MHO)KECTBEHHBIX allOCTEPHOPHBIX CpPaBHEHWM cpelHUX B Tecte Pumiepa

(LSD).

Tabmuua 2 — [lokazatenu onucarenbHoil ctaTUcTUKUA akTUBHOCTH JII' [IDII B TKanu Oonbimx
MOJTyIIapHil MO3Tra MbIIIEH B pa3HOe BpeMs CyTOK

95% noBepuTeNbHBIN

DepMEeHTEI Bpems | N | Cpennee OTKJsoTIiHI/Ie omczgka TR A TR
CYTOK Hwxuas BepxHss

FpaHI/II_[a rpaHHua

G6PD 3 | 6| 952 1341 0547 811 1,092
NADPH 9 6 | ,938 2183 0891 709 1,167
mkmol/min/g  —=——"—917 2710 1106 627 1,19
21 | 6 | ,782 1067 0435 670 894

Wrtoro | 24 | 896 1935 0395 814 978

G6PD 3 |6 | 1413 3315 1353 1,065 1,761
NADPH 9 6 | 1,400 2031 0829 1,187 1,613
mkmol/min/img === 5es 2921 1192 1378 1,992
21 | 6 | 1,300 13686 1505 913 1,687

Wtoro | 24 | 1,450 3197 0653 1,315 1,585

6PGD 3 | 6| ,368 0417 0170 325 412
NADPH 9 6 | 430 1691 0690 253 607
mkmol/min/g - — e 355 0695 0284 282 428
21 | 6 | 360 0620 0253 295 425

Wrtoro | 24 | 378 0971 0198 337 419

6PGDp 3 [ 6| 6017 1,4176 5787 4,529 7,504
NADPH 9 6 | 6,683 2,6881 1,0974 3,862 9,504
mkmol/min/mg \— =577 5797 2366 6,112 7,328
21 | 6 | 5,717 1,0226 4175 4,644 6,790

Vtoro | 24 | 6,284 1,5817 13229 5,616 6,952

B cooTBeTcTBUU C TaHHBIMH Ta0Jl. 2, B TKAHW MO3Ta MBIIIEH cpeaHecyToYHass akTuBHOCTE GOPD
B pacuere Ha | r TkaHu BblIe akTUBHOCTH 6PGD mpakTthueckn BIBOE, HANPOTHUB, yZACIbHAs
aktuBHOCTh 6PGD — B 5 pa3 Beime yzaenbHoOM aktuBHOcTH GO6PD. BepositHo, Takoe
cootHouieHue aktuBHocted [II' [IDII oTpakaer ux pasHyr KOMIAPTMEHTAIN3ALNIO B KIETKAX
Mo3ra Mbled [12]. JlocToBepHBIX paznuuuii Mexay mnokasartensMu aktuBHoctu AT TIDIT B
TkaHaxX BIIM Meleli B pa3HOe BpEMs CyTOK HE BBIABIEHO, UYTO COIVIACYETCS C pe3yjbTaTaMHU
ANOVA (Tabmn.1).

PesynbpTatel 0qHO(AKTOPHOTO JUCIEPCHOHHOTO aHaiu3a (BIUSHUE BpPEMEHH CYTOK Ha
aktuBHOCTH [II" [TDI1 B MO3Te KpOJIUKOB) MPEACTABIICHBI B TA0HIIE 3.
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Tabnuna 3 — Ilokazatenu BiaMsiHMS BpeMeHHM cyTok Ha akTuBHOCTh JII' TIDII B mo3re Oenbix

kponkoB (ANOVA)
DepMeHTBI CpaBHeHue F P

G6PD NADPH mkmol/min/g Mesicy 102,109 | ,000
rpynnamMu

G6PD NADPH mkmol/min/mg Mescy 27,085 000
rpynnamMu

6PGD NADPH mkmol/min/g Meicy 24,269 ,000
rpynnamMu

6PGD NADPH mkmol/min/mg Meicy 52,081 ,000
rpynnamMu

Jannsie ANOVA (1a6:1.3) cBHIETENBCTBYIOT O BBICOKOM JOCTOBEPHOM BIMSTHHUHM BPEMEHHU CYTOK
Ha akTuBHOCTh G6PD 1 6PGD B TkaHM Mo3ra KpoJinkoB (00a criocoda pacuera).

ITokazarenu onucarenbHOU cTaTUCTKUA akTUBHOCTU J(I' IIDII B TKaHKM MO3ra KpOJIMKOB B pa3HOE
BpEMSI CyTOK OTpaKeHbI B Tabuulie 4.

Ta6muma 4 — ITokazaTenu onucareabHO cTaTUCTUKKA akTUBHOCTH JII' IIDII B TkaHM Gonbimx

MOJTyIIapuil MO3ra KPOJIMKOB B pa3HOE BPEMsI CYyTOK

95%
JIOBEPUTEIIbHBIN

HHTCPBAJJI IJIA

PepmenTEI Eﬁiﬁf N | Cpemnee OTKJlCOZIHem/Ie OH?I:gKa CPSJIHCFI(;
Hwxnsas | Bepxuas

FpaHI/ILIa FpaHI/ILIa

G6PD 32 | 6 | 622 1584 0647 455 788
NADPH 9,2 6 635 1161 0474 513 757
mkmol/min/g 155 g | 750 1441 0588 599 901
212 | 6 | 2,303 3137 1281 | 1,974 | 2,633

Wroro | 24 | 1,078 7480 1527 762 1,393

G6PD 32 | 6 | 1,750 4220 1723 | 1,307 | 2,193
NADPH 92 | 6 815 1896 0774 616 1,014
mkmol/min/mg 155176 [ 1530 1956 0799 | 1324 | 1,735
212 | 6 | 508 2266 10925 271 746

Wroro | 24 | 1,151 5781 1180 907 1,395

6PGD 32 | 6 | ,803 2426 10991 549 1,058
NADPH 92 | 6 637 1178 ,0481 513 760
mkmol/min/gt 55776 | 790 2161 0882 | 563 | 1,017
212 | 6 | 1827 4200 1715 | 1,386 | 2,267

Wrtoro | 24 | 1,014 5463 1115 784 1,245

6PGD 32 | 6 | 2,095 3879 1584 | 1,688 | 2,502
NADPH 92 | 6 848 2162 ,0883 621 1,075
mkmol/min/mg 256 1548 1356 0553 | 1,406 | 1,691
212 | 6 | ,503 1349 0551 362 645

Vtoro | 24 | 1,249 6692 1366 1966 1,531
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B coorBercTBHM ¢ nmaHHBIMEH Ta0i.4, B TKAHW MO3ra KPOJIMKOB CPEIHECYTOYHAasi aKTUBHOCTh
ob6enx neruaporenas ommska. Cyrounsiii npoduins aktuBHocTH " [IDII B pacuere Ha 1 T TKaHU
u 1 mMr 6enka npoObl MO3ra KpOJIMKOB OTpaXkeH Ha puc. 1

3,0 3,07
[=I1]
E E
= 2,57 g =
gj,o— —g 2,01
2 |
| =)
1 4] _
@ 1,5 % 1.5
&
| &
— 1,0
A 1,0 @ .
& O
° <
LD) 0,5_ Q 0,5_
=
)
(=%
0,0 0,0_
I I I I T I [ I
3.2 972 15,2 21,2 30 97 15,2 21,2
Tume A Time 5
P21-3,9 15<0,001 P3-9,21 <0,001; P 21-15,3 < 0,001.

Puc. 1 Cyrounsiii npo¢uib nokasareneit akTuBHOCTH jeruaporenas [1®I mo3ra kponukos B
pacuere Ha 1 r Tkanu (A) u 1 mr Genka npoo6s! (b)

B cootBercTBUM ¢ naHHBIMU puc.l, cyrounsle npodunu obeux JI' TkaHu Mo3ra mpu pacuere
aKTUBHOCTH (epMEHTOB B pacuere Ha | r TkaHu W Ha | Mr Oenka mMpoOBl NMPaKTHUECKU
uHBepTHpOBaHbl. C 3TUM SBIIEHHEM Mbl CTAJIKUBAINUCh PaHEE IMPH ONpPEIETICHUH CYTOYHOIO
npoduiiss JeruaporeHas B TKaHM Mosra Kpelc. Ham He ynanoch cBsi3aTh npoduiab akTUBHOCTH
(bepMEeHTOB ¢ coziepkaHieM Oellka B COJIEBBIX IKCTpaKTax TKaHH Mo3ra Kpbic [11].

Pesynbrarel Mukpoananusa xpoHorpamMm aktuBHoctu JII' IIDII B Tkawsax BIIM wbimen u
KPOJIMKOB OTpakeHbl B Tabiaumax 5 u 6.

Tabnuua 5 — INokazatenu kocuHop-aHanu3a akTuBHOCTH AI" TIDIT B Tkanu BIIM mbImeit

[Mepuon Cpennue X Y h A Phi Delta
G6PD HAJ1®H mMkMoib /MUH/T
244 Cpeonue -0,108 0,112 0,936 0,156 8,931 0,000
Onaunc SX Sy r a b Teta
P =95% 0,091 0,046 -0,350 0,347 0,157 -12,579
[TapameTtps dyutuTica OMMOOK 24-4acOBOTO MEPHO/Ia AKTUBHOCTH
G6PD HAJI®H mxmonb / MuH/T
Amin Amax PhiMin PhiMax CkoH/n MinH MaxH Amin
0,16 0,86 0,00 23,99 0,04 1,43 1,74 0,16
G6PD HAJI®H mxmoib /MuH/MT
244 Cpeonue -0,282 0,104 1,582 0,301 10,644 0,000
dnnunc Sx Sy r a b Teta
P =95% 0,149 0,090 -0,309 0,573 0,312 -15,120
Nel, 2015
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[Tepuon Cpennue X Y h A Phi Delta
[TapameTtps dyutuTIica OMHOOK 24-9aCOBOTO IMEPHO]Ia AKTUBHOCTH
G6PD mxmons HAJI®OH/Mun/Mr
Amin Amax PhiMin PhiMax CkoH/n MinH MaxH Amin
0,04 0,47 0,01 24,00 0,05 0,77 0,94 0,04
6PGD HA JI®H mkmonb /MuH/T
24 4y Cpeonue 0,004 0,006 0,363 0,007 4,054 0,000
Dnnunc SX Sy r a b Teta
P =95% 0,026 0,014 -0,140 0,099 0,050 -5,492
[Tapametpsl smnunca omudok 24-4acoBOro nepuo/ia akTMBHOCTH
6PGD HAJI®H mxmoib /MUH/T
Amin Amax PhiMin PhiMax CkoH/n MinH MaxH Amin
0,04 0,10 0,00 24,00 0,01 0,34 0,37 0,04
6PGD HAJI®H mMxmomb / MUH/MT
24 4 Cpeonue -0,761 0,126 6,454 0,771 11,375 0,000
Dnnunc SX Sy r a b Teta
P =95% 0,288 0,173 0,406 1,123 0,570 18,675
[Tapametps dyutunica omubOoK 24-4acoBOTO MEPHOJIa AKTUBHOCTH
6PGD HAJI®H mxmoib /MuH/MI
min Amax PhiMin PhiMax CkoH/n MinH MaxH min
0,24 1,89 0,02 24,00 0,26 5,37 7,50 0,24

Takum 00pa3oMm, HU TIPH MAKpPO-, HA MIPH MHUKpoaHam3e mokaszareneii aktuHoctu I [1ODIT B
TKaHU MO3ra MbIIEH pUTM € 24-4acOBBIM MEPUOJOM HE BbIABIEH. [I0CKOIBKY B SKCIIEpUMEHTE
UCIIOJIb30BaJIM  OECHOpPOJHBIX MBIIIEH, OAHOM U3 TNPUYUH OTCYTCTBHUS CTaTUCTHYECKU
JIOCTOBEPHOTO pPUTMA MOT OBITh Pa3HBIA XPOHOTHN KUBOTHBIX, KOTOPBIA BBIABIAETCA MpU
rpaduyecKoM aHaK3e MyYKa PacyeTHBIX XOHOTPaMM (puc. 2)

G6PD NADPH mkmol/min/ing, mouse G6PD, average sinusoid, mouse

3.0
2.5
2,0 -
1.5 1=

10 | 1,0
’ 0,8
0.5 0,6
0.0 0,4

0,2
0,0

2,0

1,8
1,6
14 N

1,2

9 11 13 15 17 19 21 23 25

Time of day 1234567 891011121314151617181920212223242!

6PGD NADPH mkmol/min/mg, mouse 6PGD, average sinusoid, mouse

8,0

7,0 -
6,0 -

50

4,0
3,0
2,0
0,0 T T T T T T T T T T T T T T T T T T T T T T T 1,0

1 3 5 7 9 11 13 15 17 19 21 23 25 0,0

Time of dav 1234567 8910111213141516171819202122232425

Puc. 2 Ilpodune pacyeTHBIX XpOHOTpaMM OUOpPUTMA € 24-9acOBBIM IEPUOIOM YIEIbHOU
aktuBHOCTH G6PD 1 6PGD B TkaHu Mo3ra MbllIeH
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Kak cnenyer u3 puc.2, pacueTHble XpoHOrpaMMbl akTUBHOCTH Aeruaporenas [1OIT BIIM mbrmeit
y OTAEIbHBIX 0COOEH HMMEIT BHJ CHUHYCOMJ C MUHUMYMOM M MakCUMYMOM Ha IpPOTSDKEHUU
CYTOK, HO akpo(a3bl CHHYCOMJ HE COIJIaCOBAaHbI, AMIUIUTYJbl Malbl, YTO, BEPOSTHO, W
ompeeNsseT HeJJOCTOBEPHOCTh TapaMeTPOB CYTOYHOT'O PUTMa CpeaHMX cuHycoua kak y G6PD,
tak u 6PGD. Jlumutupyroumm ¢epmentom B TkaHu BIIM wmbimeii ssiusercs GO6PD — eé

aKTUBHOCTbH CYIIECTBEHHO HIXeE, ueM y 6PGD, uTo COOTBETCTBYET JaHHBIM JIuTepaTypsI [13].

Ta6nuua 6 — I[oka3arenu kocuHop-ananuza akTuBHOCTH JI" I1DII B Tkanu BIIM kponukoB

G6PD mxmons HA JI®H/ mun/mr
244 Cpeonue 1,089 -1,173 0,691 1,600 -3,142 0,000
Onaunc Sx Sy r a b Teta
P =95% 0,098 0,122 -0,924 0,576 0,112 | 128,511
[TapameTpsi sutHrnca oumO0k 24-4acoBOro nepuoia akTHBHOCTH
G6PD mxmons HA JIOH/Mun/T
Amin Amax PhiMin PhiMax CkoH/n MinH MaxH Amin
stHB.00 1,96 19,47 21,86 0,05 0,053 0,92 stHB.00
G6PD mxmons HAJI®. H /mun/Mr
24 4 Cpeonue 32,446 -29,602 17,309 43,920 -2,825 0,000
Onaunc Sx Sy r a b Teta
P =95% 2,700 2,628 -0,670 12,917 5,738 | -43,840
[TapameTtpsl smnunca ombok 24-4acoBOro Mepuo/ia akTHBHOCTH
G6PD mxmons HAJI®H / muna/mr
Amin Amax PhiMin PhiMax CkoH/n MinH MaxH Amin
33,62 55,05 20,03 21,86 1,2 13,75 18,38 33,62
6PGD mxmons HA JIOH/Mun/T
244 Cpeonue 0,775 -0,766 0,796 1,089 -2,977 0,000
Onaunc SX Sy r a b Teta
P =95% 0,114 0,092 -0,911 0,540 0,113 | -38,307
[TapameTtps! snurnca oMbk 24-4acoBOro Mepuoia akTHBHOCTH
6PGD mxmoas HA JIOH/Mun/t
Amin Amax PhiMin PhiMax CkoH/n MinH MaxH Amin
0,74 1,54 19,19 21,96 0,07 0,60 0,80 0,74
6PGD mxmons HAJIOH /mMun/Mr
24 4 Cpeonue 24,785 -20,897 18,191 32,419 -2,676 0,000
Onaunc Sx Sy r a b Teta
P =95% 3,128 3,547 -0,942 17,485 2,991 | 131,186
[TapameTpsl smnunca ommbok 24-4acoBOro Mepruoia akTUBHOCTH
6PGD mxmons HAJI®. H /mr/mun
Amin Amax PhiMin PhiMax CkoH/n MinH MaxH Amin
24.78 45.22 19,15 22,56 0,55 16,61 19,35 24,78
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[Tpu xocunop-ananuze aktuBHocTH JI' IIDII B Tkanu BIIM kponukoB (Tabn.6) BbIABIsSETCS
CyTOUYHBIN pUTM Cc 24-yacoBeIM nepuogoM. Ilapametpsl cpegnux cunycoua obemx [I° xak B
pacuere Ha 1 r TkaHu, Tak W Ha | Mr Oenka mpoObl MPAaKTUYECKU OAMHAKOBBL. MakcHMyM
akTUBHOCTH (pepMeHTOB npuxonutcs Ha 20-22 gaca. Ha puc. 3 oTpakeHbl cpelHUe pacuyeTHbHIC
cunycouzpl aktuBHOCTH GO6PD u 6PGD B Tkanu BIIM kpoaukos.

[IpencraBieHHble HA pUC. 3 JaHHBIE OTPAXKAIOT HAJIWYHE BBIPAXKEHHOTO CYTOYHOIO pUTMaA
aktuBHOCTH 00eux JII' II®DII B Tkanm BIIM kponukoB. Konebanusi akTHBHOCTH (DEPMEHTOB Ha
MPOTSKEHUH CYTOK OCYIIECTBISIOTCS MPAKTUYECKH CHUHXPOHHO, C OJMHAKOBO BBHIPAKEHHOMN
aMIUIUTYZ0H. MUHMMYM akTUBHOCTH (epMeHTOB B opTodaze coorBercTtByer 10 wacam, a
MaKCUMyM B akpodaze — 22 gacam.

TakuM o0pa3oM, B YCIOBUSIX €CTECTBEHHOI'O OCBELLEHUS, HEOTPAHUUYEHHOT'O JIOCTYIIA K MHILE B
TkaHu BIIM 6enbIXx MUIeH CTaTUCTUYECKH 3HAYMMBIA CyTOYHBIH pUTM aktuBHOCTH JI" TIDII ¢
24-9acOBBIM MEPUOJIOM HE BBHISBIISICTCS, B TO BPeMsI KaK y KaTU()OPHUICKIX KPOIHKOB B TEX K€
YCIIOBUSX SKCIEPUMEHTa aKTUBHOCTh (DEPMEHTOB M3MEHSETCS MEePUOIUUECKH, IEPHOJ] pUTMA —
24-yaca. [Ipu cpaBHeHuM cpennux pacueTHbIX cuHycoun akTuBHOCTH /I I1®II B Tkanu BIIM
MBIIIEH U KPOJIMKOB IMPEACTaBISETCS BO3MOXKHBIM TOBOPUTH TOM, YTO akpoda3a aKTUBHOCTHU
(EepPMEHTOB y MBIIICH MPUXOIUTCS HA MEPUOJ JIBUTATEIBHOTO MOKOS, YTO JIOTHYHO, MPUHUMAS
BO BHUMaHue KitoueByio poib [IDII B obecriedeHnn BOCCTaHOBUTEIBHBIX CHHTE30B [14]. Tor
(axT, 4TO y KPOJIMKOB MAKCUMYM aKTHMBHOCTH HAOJIOAETCS MO3ITHUM BEUYE€POM, a BBIPAKEHHBIN
MUHUMYM YyTPOM, MO3BOJISIET JOMYCTUThb, YTO HX JIBUraTejlbHas aKTHUBHOCTb IMPUXOJUTCA Ha
panHee yTpo (¢ 3 4acoB), YTO XapaKTEPHO JUIsl CYMEPEUHBIX KUBOTHBIX [11].

2,50 Average daily activity sifusoid, 70 Average daily activity sinusoid GOPD and 6 PGD

G6PD and 6PGD 60 NADPH mkmol /min/mg x10-3b “w it
NADPH mkmol/min/g braf 50 i
40

30
20
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0
-10

2,00

1,50

1,00

0,50

0,00

15 17 19 21 23 25
-0,50 \/ -20
-1,00 30
Puc. 3. PacueTHble cpeanue cunycou bl ¢ 24-4yacoBbiM niepruoaoM akTuBHOCTH " TIDII B TKanu
BIIM kpoiuKoB.

[TommydyeHHbIe HAMU JaHHBIE COTJIACYIOTCSI C COBPEMEHHBIMU MPEACTABICHUSIMH O MIACTUYHOCTH
BHYTPEHHUX YacOB MIICKOIHTAIONIMX, KOTOpas 00ecrednBaeT roMeoctas (pU3NOJOTHUECKUX U
MeTaboJIMIECKUX MPOIECCOB Ha ypoBHE opranu3ma [6-10].

[Tpunumast Bo BHUMaHue (pyHIaMEHTAIBHYIO POJIb CyTOYHBIX PUTMOB B COXPAaHEHUH 3/I0POBbS U
Pa3BUTUHM TATOJOTMYECKUX COCTOSHHM, BIMSHUM THUIIM HAa CTPYKTypy OHOPUTMOB
METa0OIMYECKUX MPOIECCOB, SIMUAEMHUIO TPOSIBICHUS HapyUIeHHH OOMEHa BEIIeCTB Y
COBPEMEHHOT'0 YEJIOBEKa, aKTyaJlbHO MHCCIIEJIOBAaHME TKAaHECHEeNM(UUECKOTO IPOSBICHUS Ha
YPOBHEC MeTa0OINYECKUX CUCTEM BIIHUSHUSA BPEMCHHU IIpHEMa IMUIIW Ha BHYTPCHHUC YaChI.

BBIBO/bI

1. B ycnoBusAX €CTECTBEHHOI'O OCBELICHHS Mas U CBOOOJHOTO JOCTYyNa >KUBOTHBIX K IUILE Y
OenbIx OecropoIHBIX MbIlIell OGHOPUTM ¢ 24-yacoBbIM nepuoaoM aktuBHoctH G6PD n 6PGD
TkaHell BIIM orcyTtcTByer.
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2. B Tex ke ycnoBusx B TKaHsix BIIM kammudopuuiickux kpomukoB  akTuBHOCTH JI7 TIDIT
W3MEHSETCS TIePUOJMYECKH, BeIMYMHA mnepuona 24-dyaca. Axpodaza aKTUBHOCTH  00eHx
¢depmenToB coorBercTBYET 20-22 yacam, oprodaza — 9 — 11.
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