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Bce »xuBble OpraHu3Mbl 3BOJIIOIMOHHO a1alITHPOBAHBI
K MPHUPOJHOW BOJIC C TOCTOSHHBIM COOTHOIICHHEM
H30TOIOB Boxopoaa mpotus u aedrepus 0,24 M [1, 4].
UccnenoBanus Gu3HUECKUX U XUMHUYECKHX CBOMCTB
BOJIbI C Pa3HBIM COOTHOIIIEHHUEM HM30TOIOB BOAOPOJA
BBISIBUJIM aHOMAJIbHBIE SIBJICHUS B BOJIE C TOHMKEHHBIM
MO0 TIOBBIIICHHBIM COJICP)KaHUEM JCUTEpHs, CBI3aH-
HBIE C KOJIOCCAIBHBIM H30TOIMHBIM dpdexTom [5, 10].

B oprannueckux XuMUYECKUX COCAMHEHUSX, BXOS-
LIMX B COCTaB )KMBBIX TKaHEH, AelTepueBas Boja Ooiee
yCTOMUMBAs, MOATOMY NPAKTUUYECKHU HE y4acTBYeT B
0OMEHHBIX TpoIeccax U TOpMO3UT ux [2, 9]. [IpoTekTop-
HBIC CBOMCTBA BOJIbI, 00 IHEHHOH 10 neiiTeputo (ddw —
deuterium depleted water), moaTBEepKACHBI pe3ybTaTa-
MU TOKCHKOJIOTHYECKHUX MCCIIEIOBaHMH. 3a cueT TpaHc-
MOPTHBIX cBOWCTB ddw 3 (PEeKTUBHO BBIBOANT TOKCHHBI
Y TIPOAYKTHI MeTa0oIu3Ma U3 opranmusma [3, 6, 8].

Ha mosexynsipHOM ypOBHE BBISBICHBI HEKOTOPBIC
0COOCHHOCTH JUHAMMKHM PEaKLUUi JbIXaTeIbHON Lenu
B MUTOXOHJAPHUSAX IPU U3MEHEHHH M30TOIHOTO COCTaBa
BOJIBL: CHIDKAET COZIEpKaHue AeHTepHs B BOJIE 10 YPOBH,
HIKE TPUPOJHBIX KOHUEHTPAUd, NeMHIMOUpPYeT U
YCKOpsIeT ucciaenyeMmyto peakuuto [7, 10].

C y4eToM BBIIICONUCAHHOTO POJIb JeHTEpUs B OHO-
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All living organisms have been evolutionarily adap-
ted to natural water with 0.24 M constant ratio of hyd-
rogen isotopes: protium and deuterium [3, 7]. Studies of
physical and chemical properties of water with different
ratio of hydrogen isotopes revealed abnormal phenomena
in water with either reduced or increased deuterium
content, associated with a huge isotopic effect [4, 10].

In organic chemical compounds within living tissues
the deuterium water is more stable, and that is why it
scarcely participates in metabolic processes and inhibits
them [6, 9]. Protective properties of deuterium depleted
water (DDW) are confirmed by findings in toxicolo-
gical research. The DDW efficiently removes toxins and
metabolic products out of body due to its transport pro-
perties [2, 5, 8].

Some features in dynamics of respiratory chain
reactions in mitochondria were revealed at the molecular
level when changing water isotope composition, i. e. a
decrease in deuterium content in water down to the level
below natural concentrations de-inhibited and accelerated
the studied reaction [6, §].

Proceeding from the stated above the role of deute-
rium in the in vitro biological systems has not been finally
determined yet. In this context this research was aimed

to study the effect of isotope composition of deuterium
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JieneHa. B ¢Bsi3u ¢ 3TUM 11€51bI0 pabOThI OBLIO M3YUYUTh
BIIUSTHUE M30TOIHOTO COCTaBa Cpejibl, 00CTHEHHOM MO
JIeUTEepUIo, Ha MPOIUQEpanio U KOJIOHUEOOpa3yro-
IO CITOCOOHOCTH (PUOPOOITACTOB YeIOBEKA B KYJIBType
in vitro.

DuU3UKO-XUMUYECKUT AHATU3 800bl C PA3HBIM CO-
oepacanuem Oetimepusi. B pabote MCTIOIB30BaIN UC-
xonHy ddw ¢ koHmeHTpamnuei neitepus 0,6 MM
(3BAO «Jlerkast Boma»). B Xome mpuroToBIeHNs POCTOBBIX
Cpeld A KyJIbTUBUPOBAHUS KOHEYHAs KOHIICHTPAIHS
uzorona Bogopona cocrasisina 1,1 MM. Kontponem
CITyXKWJIa JIEMOHU3MPOBaHHAsA BoJa cucTeMbl miliQ ¢
KOHIIeHTpanuel neirepust 16 MM — pupoIHOE COOTHO-
[IeHHe TerTepus/mpotus. [1o HGU3HKO-XUMITYeCKUM MOKa-
3aTeisiM [5] ¥ MHKPO3JIEMEHTHOMY COCTaBY JCHOHH-
3UpoBaHHas Boja U ddw He WMenu OTIMYUH, Kpome
KOHIICHTPAIMU JICUTEPHsl, YTO UCKIFOUYMIO MHOTO(aK-
TOPHOCTB B IPYTIIaX CPABHCHHS.

XUMHUECKHUH aHaJIN3 BOJIBI C PA3HBIM COJIEpKAHUEM
JEUTepusi OCYIIECTBISIIA METOJIOM MacC-CIIEKTPOMET-
pUHU ¢ MHAYKTHBHO-CBSI3aHHOH IJIa3MON Ha mpudope
«ICP-QMS Agilent 7500CE» («Agilent Technologies,
CLIA). [y rpagyupoBKy IpruOOpa UCTI0IB30BANH Ipa-
IQYUPOBOYHBIC PACTBOPHI B LIMPOKOM HHTEpBAJE KOH-
uentpanuii saementoB (0,1-100 Mxr/am?) mo Mex-
JyHapOAHOMY CTaHIapTHOMY oOpasuy 2.74473.0100
«ICP Multi Element Standard Solution XXI CertiPUR®»,
coJieprKalieMy cleAyrome dJeMeHThl: Ag, Al, As, Ba,
Be, Bi, Ca, Cd, Co, Cr, Cs, Cu, Fe, Ga, In, K, Li,
Mg, Mn, Na, Ni, Pb, Rb, Se, Sr, Tl, U, V, Zn,
Hg. Ycranosneno, uro B ddw u 1enOHH3HPOBaAHHON
BOJIC KOHIIGHTpAIMsl BCEX 3JIEMEHTOB HE IMpEBbINIaa
npezen oonapyxenust —1 076 mr/mm?®.

Kyrvmueuposanue depmanvuvlx pudopodiacmos
yenosexa. PaboOTy BBIONHSIN HA OCHOBAaHUHM WH(OP-
MHUPOBAHHOTO COIVIacUsl JOHOPOB Ha HCIOJIb30BaHUE
MOJIyYCHHBIX NePMaJbHBIX (UOPOOIACTOB B JAaHHOM
HCCIICJIOBAHUH.

Hepmanbabie pudpodnacts yenoseka (DY) momy-
qJanu mocie (GepMeHTaTUBHONH 00paboTKM M3 OmomnTa-
TOB KokH B pacTBope 0,1%-1i komarenassl [A («Sigmay,
CIIA) u 0,1%-i mpoHassl («Sigmay) ¢ mo0aBieHIEM
2%-11 sMOproHansHOM Tensabeit chiBopoTKH (OTC) («Sig-
may, B TeueHue 2 4. CycrneH3uio KJIETOK ePEeHOCHIIN B
KyJIBTypaJIbHYIO ITOCYTY U KYJIFTUBHPOBAIH Ha cpene 199
(«Sigmay), mpuroroBieHHoN u3 10-KpaTHOTO KOHIICHT-
pata myTteMm pasBeaeHus ddw u BOIOW ¢ MPUPOTHBIM
H30TOIHBIM COCTAaBOM. J[OITOTHUTENBHO B KYJIBTYpaib-
Hyto cpeny gobasinsui 10%-10 OTC («Sigmay), 2 MM rity-
tamuHa («Sigmay) u 1 X 1072 r/nm® FGF-2 («Sigmay).
KynsruBrpoBaH#e POBOJIVITH B MYJTBTHT'a30BbIX HHKYOa-
topax nipu 37°C mpu aOCOMOTHON BiaxHOCTH 5%-i
KOHIIEHTpalnu COZ; 5 1 20%-X KOHLIEHTpaIHsIX Oz. Jns
M3YYCHHsI KOJIOHHEOOpa3yromel crmocoOHOCTH Ha JTHO
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depleted medium on proliferation and colony-forming
ability of human fibroblasts in an in vitro culture.

Physicochemical analysis of water with different
deuterium content. We used here an initial DDW with
0.06 mM deuterium concentration (CJSC Legkaya
Voda, Russia). When preparing the growth media for
cultivation, the final concentration of hydrogen isotope
was 1.1 mM. The deionized water of miliQ system
with 16 mM deuterium concentration (natural deute-
rium/protium ratio) served as the control. By physico-
chemical parameters [4] and microelement composition,
a deionized water and DDW had no differences, except
deuterium concentration, which excluded multifactority
in comparison groups.

Water with different deuterium content was chemi-
cally analyzed with inductively coupled plasma mass
spectrometry using the ICP-QMS Agilent 7500CE de-
vice (Agilent Technologies, USA). For calibration of in-
strument we used the graduating solutions within a
wide range of element concentrations (0.1-100 pg/dm?)
according to the international certified reference
standard 2.74473.0100 ICP Multi Element Standard
Solution XXI CertiPUR®, containing the following
elements: Ag, Al, As, Ba, Be, Bi, Ca, Cd, Co, Cr, Cs,
Cu, Fe, Ga, In, K, Li, Mg, Mn, Na, Ni, Pb, Rb, Se,
Sr, TI, U, V, Zn, Hg. It was found that in DDW
and deionized water the concentration of all the ele-
ments did not exceed the detection limit —107° mg/dm?.

Culture of human dermal fibroblasts. The research
was implemented with the informed consent of do-
nors to use the procured dermal fibroblasts in this stu-
dy.

Human dermal fibroblasts (HDF) were derived after
enzymatic treatment from skin bioptates in 0.1% col-
lagenase IA solution (Sigma, USA) and 0.1% pronase
(Sigma), supplemented with 2% fetal bovine serum (FBS)
(Sigma) for 2 hrs. The cell suspension was transferred
into a culture dish and cultured in medium 199 (Sigma),
prepared from a 10-fold concentrate by diluting with
DDW or water with a natural isotope composition.
The culture medium was additionally supplemented
with 10% FBS (Sigma), 2 mM glutamine (Sigma) and
1 x 10" g/dm® FGF-2 (Sigma). The culture was per-
formed in multi-gas incubators at 37°C with absolute
humidity, 5% CO, concentration; 5 and 20% O, concent-
rations. To study the colony-forming ability, 100 cells
were inoculated onto the bottom of the Petri dish
(100 mm diameter) (herewith the FBS concentration in
growth medium increased up to 20%.). In 14 days the
cells were fixed with cold ethanol and stained with azur-
eosin by Romanowsky to calculate the number of
colonies. The experiment was performed in triplicate
for each cell line in passages 2 and 4 (P2 and P4, respec-
tively).
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yaiku [etpu (muametp 100 mm) 3aceBanu o 100 kite-
ToK (mpu 3ToM KoHueHTpauus OTC B pocToBoil cpene
nobItaiack 110 20 %). Uepes 14 cyTok KieTku GpUKCH-
pOBaJIM XOJOAHBIM 3TAHOJIOM M OKpalIMBald a3yp-
903MHOM 10 PoMaHOBCKOMY MJIsl TIOACYETa YUCia KO-
JIOHUH. DKCIEPUMEHT IIPOBOJUIM B TPEX OBTOpAX Ha
KaKIYI0 JTHHUIO KiIeToK Ha BTopoM (I12) u ueTBepTOM
(IT4) maccaxax.

Db heKTHBHOCTD KOJIOHNEOOPa30BaHHS BBIYHUCIISUIIN T10
CTaHJAPTHOH GopMmyIie

3K = (konmm4yecTBO c(HOPMHPOBAHHBIX KOJOHHUI/KO-
JUYECTBO MOCESHHBIX KIETOK) X 100%.

[TokazaTens BpeMEeHH YIIBOSHHS KJIETOUHOM MOMyIIsi-
nun (population doubling time, PDT) onpenemnsiin Ha
2—6-M maccaxax 1o CTaHIapTHOH (hopmyie

PDT = T/3,31 lg (X, / X)),

rae T — BpeMs KyJIbTUBUPOBAHHS KJIETOK; X, — KOJIH-
YECTBO MOJTYYEHHBIX KIETOK; X — KONMYECTBO 3aCEsH-
HBIX KJIETOK.

Habmronenue 3a JI®Y npoBoaniIyM ¢ TOMOIIBIO CBE-
TOBOTO MHKpockomna «Axio ObserverAl» u mporpam-
MHoOro obecrneuenust «ZEN 2012» ¢ ucnonb3oBaHneM
¢dorokamepsl «AxioCam ERc 5s» (Bce mpomsBojacTa
«Carl Zeissy», ['epmanns).

Cratuctuueckyro 00pabOTKY IaHHBIX BBITOJIHSIN
CTaHJIAPTHBIMH CTaTUCTHYECKUMHU METOJaMH C IIpUMe-
uerneM «Excel» («Microsofty, CILIA), «Origin 8» (CLLIA).
Juist onpeneneHus pa3uduii MEXIy IBYMs TpyIa-
MU JIaHHBIX HCIIONB30BaNH t-KpuTepuii CThIOJICHTA PU
p <0,05.

[Noxazarens DK B ycn0BHAX HOPMOKCHH OBLT 3HAYHU-
TEJIBbHO HIDKE B 00EUX IPYIIIAX CPABHEHUS], YUEM B YCIIOBHSX
TUIOKCHUHU, TIO3TOMY SKCHEPHUMEHT HMPOBOAUIH TOIBKO
npu 5% conepxanuu O,.

Pesynbrarhl KyJlbTHBHPOBaHUS IEPMAIbHBIX (HHO-
po6nacToB 4ea0BeKa in Vitro MPHU Pa3HBIX COOTHOLIE-
HUSIX JIeWTepus U IPOTUS B POCTOBBIX cpeiax mpu 5%-M
conepxanuu O, NPeICTaBIEHBI B TAOIHIIE.

Ha stame 12 ycranoBneno, uto npucyrcreue ddw
CIIOCOOCTBYET aKTHBAIlMU KOJIOHMEOOPA30BaHUS NPHU
CMCHE YCIIOBHH KyJIbTHBHPOBAHMS KIETOK CO CPEJBI
C IPUPOIHBIM H30TOITHBIM COCTaBOM Ha BOAY, OOCTHEH-
HyI0 10 feiitepuio. Ha 14 yxe nabmronanack nHas Kap-
tuna: DK B kynerype JJ®Y OblL1a BHIIIE TOCTE KYIBTH-
BHUPOBAHUS B CPEAX, IPUTOTOBICHHBIX HA OCHOBE BOJIbI
C IPUPOTHBIM U30TOIHBIM cocTaBoM. B ddw BeIsiBIIEHO
3HaunMoe cHUkeHue DK He TONBKO 10 CPaBHEHUIO C
pesynbraTamu Ha [12, HO 1 ¢ mokas3areneM BOJbl IPUPOJ-
HOT'0 U30TOIHOTO COCTABA.

B pesynbrare usyuenus nokasareins PDT kynsTypsl
JA®Y B cpegax ¢ pasHbIM H30TOIIHBIM COOTHOILIEHUEM
JeWTepus U MPOTHs YCTAHOBIICHO, YTO Ha TIO3JHUX Tac-
caxax (I15, T16) on 3Hauumo He ominuaics. B odenx
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Mokasatenu nponudepaumm aepmarnbHbix pnbpobnactos
YyenoBeka in vitro B cpede Ha OCHOBE BOAbI C pa3HoOW
KOHUeHTpauuen aentepus (n = 3)
Proliferation indices of human dermal fibroblasts in vitro
in water-based medium with differently concentrated
deuterium (n = 3)

Maccax [pynnbl cpaBHeHUA 3K % PDT, u
Passage Comparison groups ECF, % PDT, hr
KoHTponb
n2 Control 22 +1,9 41 + 1,4
P2
ddw 28 + 2,1* 44 + 1,5*
KoHTponb B 33+ 09
n3 Control -
P3
ddw - 34 + 1,1
Korpons 16+ 15 39+ 1,4
n4 Control
P4
ddw 11 +1,2% 37 £1,2
KoHTponb
Control B 54 £ 1,6
ns
P5
ddw - 51 + 1,6*
KoHTponb -
ne Control 58 + 1,6
P6
ddw - 52 + 1,6*

MpumeyaHue: * — pasnuumsa 3Ha4YMMbl Mexay OBYMs rpynnamu,
p < 0,05.
Note: * —
p < 0.05.

significance of differences between two groups,

The efficiency of colony formation (ECF) was cal-
culated by the standard formula

ECF = (number of colonies formed / number of
inoculated cells) x 100%.

The index of population doubling time was deter-
mined in passages 2—6 by the standard formula

PDT =T/3.311g (X, /X),

where T'is time of cell culture; X, is a number of obtained
cells; X, is a number of inoculated cells.

The HDF were observed with light microscope Axio
Observer Al and ZEN 2012 software using AxioCam
ERc 5s camera (all manufactured by Carl Zeiss, Ger-
many).

The data were statistically processed with the
standard statistical methods using Microsoft Excel
(USA), Origin 8 (USA) softwares. The Student’s t-test
at p < 0.05 was used to determine the differences
between two groups of data.

The ECF index under normoxia was significantly
lower in both comparison groups than under hypoxic
conditions, therefore the experiment was carried out only
at 5% O, content.

The findings of in vitro culture of human dermal
fibroblasts at different ratios of deuterium and protium
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rpymmnax cpaBHeHus Habmonanocs ysenmaerune PIT mo
CPaBHEHHUIO C pe3ylbTaTaMi, MOJyYEeHHBIMU Ha Oornee
PaHHUX Hacca)ax, 4YT0 CBUAETENILCTBYET O Ha4aje CTa-
PEHUY NOMYJNANHWH W CHIDKEHUH MPOTH(epaTUBHON
AKTHBHOCTH KJICTOK, IprdeM B ddw TaHHBIH TTOKa3aTelb
HMeJ MEHBIITYIO TNHAMUKY CHIDKCHHS. Bo3aMoxHO, pn
OTCYTCTBHH JACHTEPHsI B KyJIBTYpaJIbHOM cpene 3amen-
JISICTCS TIPOLIECC CTAPCHHS KYJIBTYPhI U COXpPaHSICTCS
BBICOKHH ypOBEHb Nponndeparuu KieTok. OqHaxo 1
MOATBEP>KACHUSI TAHHOTO MPEATIOI0KEHISI HEOOX0IUMO
IIPOBEICHUE IOTIOJHUTENBHBIX UCCIE0BaHUH.

Taxum 0Opa3om, ToOKa3aHa BO3MOKHOCTb UCIIOJIb30-
BaHUI KJIIETOUHBIX KYIBTYp in Vitro IUIsl ©H3y4eHus Ono-
JIOTHUECKOH aKTHMBHOCTH BOJIbI C Pa3HbIM HU30TOIHBIM
COOTHOLICHUEM ACUTEpUs U MPOTHsL. YCTAHOBICHO, YTO
npucytctsue ddw B pOCTOBBIX cpefax MO-pasHOMY
BIMSET Ha MPONU(EPaTHBHYIO aKTUBHOCTD U KOJIOHHE-
00pazyoIIyIo CIIOCOOHOCTB JepMaTbHBIX (PHOPOOIACTOB
YyeJioBeKa B KyJbTYpE in Vitro, 10 CPAaBHEHUIO C BOJOM,
HMMEIOLIEeH IPUPOIHBINA H30TOIHBIN COCTaB.

Ilybnuxayusi nooeomogiena npu noooepoicke
Ipoepammor PYIIH «5-100».
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in growth media under 5% O, content are presented in
the Table.

At P2 stage the DDW presence was established to
promote the colony formation activation when changing
the culture conditions from a medium with natural iso-
tope composition to deuterium depleted water. In P4
there has been already observed a different picture: the
ECF in HDF culture was higher after culturing in the
water-based media with a natural isotopic composition.
In DDW there was revealed a significant decrease in
ECF not only in comparison with the P2 findings,
but as compared with water index of natural isotopic
composition as well.

As aresult of studying the PDT index of HDF culture
in the media with different isotopic ratio of deuterium
and protium, it was established as not significantly
differing in late passages (P5, P6). The PDT increase
was observed in both comparison groups vs. the findings
obtained in earlier passages, which testified to the onset
of population ageing and a decrease in cell proliferative
activity, moreover this index had a lower decrease
dynamics in DDW. Perhaps with no deuterium in cul-
ture medium the process of culture ageing slows down
and a high level of cell proliferation is kept. However,
this assumption requires additional studies to be con-
firmed.

Thus, the possibility of using in vitro cell cultures to
study biological activity of water with different isotopic
ratio of deuterium and protium was demonstrated. The
DDW presence within the growth media base was
established to differently affect the proliferative acti-
vity and colony-forming ability of human dermal fibro-
blasts in an in vitro culture, as compared to water with
natural isotope composition.

The publication was supported by the Peoples’
Friendship University of Russia Program 5-100.
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