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Aim. Involvement of Xanthine Oxidase (XO; EC1.1.3.22) in cellular proliferation and differentiation has been
suggested by the numerous investigations. We have proposed that XO might have undoubtedly important role
during the development, maturation as well as the death of human embryos brain cells. Methods. Human abor-
tion material was utilized for the cultivation of brain cells (E90). XO activity was measured by the formation of
uric acid in tissue. Cell death was detected by the utility of Trypan Blue dye. Results. Allopurinol suppressed the
XO activity in the brain tissue (0.12 £ 0.02; 0.20 £ 0.03 resp., p <0.05). On day 12" the number of cells in the
culture treated with the Allopurinol at the early stage of development was higher in comparison with the Control
(2350.1 £199.0 vs 2123 + 96) and higher in comparison with the late period of treatment (1479.6 +103.8, p <
< 0.05). In all groups, the number of the dead cells was less than in Control, indicating the protective nature of
Allopurinol as an inhibitor of XO. Conclusions. Allopurinol initiates cells proliferation in case of the early

treatment of the human brain derived cell culture whereas at the late stages it has an opposite effect.
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Introduction. Neuronal death during the processes of
proliferation and cell migration is pronounced in emb-
ryonic developing brain [1].

It was demonstrated that in chick embryos, about
45 % of the retinal ganglion cells are lost between E10
and E16 [2], whereas isthmo-optic nucleus loss is about
55 % between E12 and E17 [3]. Neuronal death occurs
at the time of the formation of connectivity with other
neurons, during the development of the synapses.

The mechanism of reactive oxygen species produc-
tion might be mediated due to the activity of the Xanthi-
ne Oxidase (XO; EC1.1.3.22). Activity of this enzyme
might be similar at the number of diseases, including
myocardial ischemia, stroke, chronic heart failure, hy-
pertension, hypercholesterolemia, atherosclerosis, dia-
betes etc.
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Furthermore, an involvement of XO in cellular pro-
liferation and differentiation has been suggested [4].
Moreover, Moriwaki et al. demonstrated the presence
of XO in brain, as well as in other organs, by the utility
of immunochemical methods [4].

Taking into account that XO is responsible for the
ROS formation its involvement into the delayed reco-
very of injured nerves in old rats as well as into tissue re-
pair might be suggested [5].

We have proposed that XO might play undoubted-
ly important role during the cell growth, development,
maturation as well as in death of human brain derived
cell culture.

Materials and methods. 7rypan Blue staining. A
cell suspension was prepared in BSS (Hank’s Balanced
Salt Solution, Product No. H9269, «Sigmay», USA).
After all it was transfered 0.5 ml of 0.1 % Trypan Blue
solution to a test tube and 0.3 ml of BSS was added to
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0.2 ml of the cell suspension (dilution factor = 5) and
mixed thoroughly. The cell suspension-Trypan Blue
mixture was kept for at least 5 min [6]. The cultured
cells were trypsinized with 0.25% trypsine solution and
collected from the plates. Cells were stained with the
2% Trypan Blue dye for visualization of the viable/non
viable cells.

Cell culturing. All procedures with the utility of bio-
materials were carried out in accordance with the De-
claration of Helsinki. Human embryos were obtained
from elective abortions with the informed consent of
the women seeking abortion. Moreover, only fetuses
with the age of formation no more than 12 weeks were
used as a biomaterial [7].

Brains of the human embryos (E90) were with-
drawn, and placed in Neurobasal medium (NB, pre-
natal, «Gibco Life Technologies», USA) containing
0.05 % bovine serum albumin (BSA). The tissue was
isolated and incubated at 37 °C for 20 min in NB con-
taining 0.05 % BSA, 0.15 % trypsine. The tissue was
resuspended in fresh NB and mechanically disintegra-
ted using a Pasteur pipette. The supernatant was discar-
ded and the cell suspension resuspended in NB medium
containing 1 % BSA. This procedure was repeated 3 ti-
mes. Human brain cells were collected (1,000 rpm,
10 min), washed and cultured at 37 °C, 5 % CO, in
35 mm Petri dishes pre-coated with poly-L-lysine («Sig-
may) containing 0.09 % Na,HPO,, 1 % glucose, 0.4 %
KClL, 0.06 % KH,PO,, 0.4 % MgSO, x 7H,0 and
0.001 % gentamicin sulfate. A day later the medium
was replaced by NB containing 2 % B27-supplement
(«Gibco») and the cells” number was calculated on the
days second and 12" [8].

Xanthine Oxidase activity estimation by determi-
nation of the uric acid quantity in the brain tissue [9].
Xanthine and Allopurinol were incubated with the
biological solution for one hour at 37 °C, after the
Specol 2000 estimated all the absorption at 660 nm.

Homogenization of the human embryos brain. For
100 ml of the buffer 0.87 g NaCl, 0.06 g KH,PO,,
0.09 g Na,HPO,, 5 mM MgCl,, 0.1 M Tris aminome-
thane, 1 ml of Triton X 100, 200 ug of Trypsine inhibi-
tors, 0.001 M KNaC,H,O, x 4H,0O were added. Glass-
glass homogenization was performed during 20 min.
The mixture was centrifuged at G = 8000 for 20 min.
Supernatant was used for the experiments.
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Fig. 1. Activity of XO in the human embryos brain. Grey column
represents [XO] activity in the brain (n = 16); black column points to
the suppressive abilities of Allopurinol. Here are represented standard
errors of the mean and p < 0.05 calculated by #-student test

Microscopy. It was used Polarizing microscope Bio-
lar PI (PZO, Poland; magnification 1.25 x 40 or
1.25x20). The pictures were taken on 12" day. Number
of the cells was calculated by the utility of Pixcavator
program, allowing authomatically to calculatate the
size as well as the number of the cells.

Detection and quantification of proteins by Brad-
ford. The protein content in samples was determined
in the Specol 2000 (Poland) at 590 nm [10].

Statistics. We have used ¢-test (student) for pair com-
parison as well as ONE-WAY-ANOVA for estimation
of the significance. The results were considered stati-
stically significant when p was lower or equal to 0.05.

Results and discussion. The influence of Allopu-
rinol on the activity of XO. We have measured the XO
activity in the wide range of human embryos brains to
determine whether there is any correlation between the
activity and the age of the latter. According to our re-
sults there is no any difference. The activity of XO,
disclosed as the formation of total uric acid in the solu-
tion, was suppressed by 40 % (Fig. 1). The black co-
lumn represents an effect of Allopurinol whereas the
grey one — the total activity of XO (0.12 +0.02; 0.20 +
1 0.03 respectively, p = 0.05).

The second series of experiments devoted to exami-
nation of the XOR inhibitor effect in the cells culture.
We used two types of XO inhibitor — Allopurinol. The
cells obtained from human E12 embryonic brain were
treated with Allopurinol in different concentrations
(high and low) as well as in different time points (1* to
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6" days — as the first period and 6" to 12" days — as the
second period) to delineate the functional properties
and the role of XO activity in the development and sur-
vival of the brain cells.

The results were very interesting. Allopurinol in
low concentration during the first period of time did ini-
tiate the growth of cells (2350.1 + 199.0), whereas du-
ring the second time period the same concentration of
the inhibitor had the opposite influence and significantly
reduced (1479.6 & 103.8) the number of brain cells in the
culture in comparison with the Control (2123 £ 96, p <
<0.05) and low dosage treatment during the early period
(p <0.05). The high concentration of Allopurinol had no
significant effects (1907.3 £ 194.4; 1992 +£43) in compa-
rison with the Control group (Fig. 2, see inset ).

It is interesting that all concentrations of Allopuri-
nol at any stage of the cells growth and development de-
creased the cell death in comparison with the control in sta-
tistically significant way (control — 3538.33 £356.61; ear-
ly stage of the treatment: low concentration of Allopu-
rinol —2385.20 + 389.13, high — 1033.67£235.15; la-
te stage of the treatment: low concentration of Allopu-
rinol — 389.80 + 66.80, high — 876.67 + 221.78; p <
<0.05 between all groups vs Control (Fig. 3, see inset).

Our experimental results demonstrated the XO pre-
sence in the developing human embryos brain. In ac-
cordance with the known data and our results its acti-
vity might be inhibited by Allopurinol.

It is well known that XO might initiate the for-
mation of synapses and connections between the neu-
ronal cells [4] and introduce regenerative or develop-
mental activities.

On the other hand it might serve as a source initia-
ting cells’ death [11].

Thus, the same enzyme — XO — has a bifacial func-
tional activity — death and proliferation.

In our experiments partial suppression of the XO
activity and ROS generation during the early stage of
cells growth protects the culture, whereas at the late sta-
ges, possibly, activity of the same enzyme and formed
products trigger more effective cell development, axo-
nal and dendritic ends outgrowth, formation of the sy-
napses and differentiation.

Further experiments are necessary for detailed deli-
neation of the above-mentioned phenomena.
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K. E. Janienan, I'. A. Kesopxsn

AKTHBHICTb KCAHTMHOKCHJIA3H PETyJIIO€ PICT KIITHH MO3KY eMOpioHa

JIHOJUHA

Pesrome

Mema. Badxcnugicmo ¢hynrkyionysanns xcanmunokcuoasu (KO) é npo-
yecax nponiepayi i ougepenyiayii kiimun 0o6edero bazamovma eue-
numu. Mu npunycmunu, wo KO euxonye He3aminny pons y npoyecax
PO3BUMKY, 003DI6AHHS, 4 MAKOIC 3a2ubeni Kiimun MO3Ky emopiona
ar00unu. Memoou. Abopmuenuil Mamepian 10OUHU 3ACTMOCOBAHO Ois
xkynomusyeanns kaimur (E90). Akmuenicme KO eusnauanu 3a KinbKi-
CMIO CeY0B80i KUCIOMU 8 MKAHUMI, KIIMUHHY CMepMb — 3 6UKOPUCTAH-
HAM MPUNAHO8020 CuHb020. Pezynomamu. Anonypunon, 32iono i3 na-
wium 0ocnioxcennam, npuenivye akmugnicms KO (0,12 +0,02; 0,20 +
+ 0,03 sionosiono, p < 0,05). Ha 12-ii 0end KinbKicmo KIimuH y Kyib-
mypi, y Ky 6HOCUIU AIONYPUHOT, NOYUHAIOYU 3 NEPUUX emanie po3-
sumky, 6yna euwjoro, Hixc y konmpoani (2350,1 +199,0 vs 2123 + 96),
ma nepesuwyy8ana KiibKicmo KIIMUH y Kyabmypi, 00 akoi dodasanu
aNONYPUHON Ha 6inbui Ni3HIX cmadiax pocmy i pozeumky (1479,6 +
+ 103,8, p < 0,05). B ycix kynbmypax KiibKicmb Mepmeux KiimuH eu-
ABUNACS HUNCHOIO NOPIGHAHO 3 KOHMPONEM, WO 6KA3VE HA 3AXUCHI
enacmugocmi anonypunony six ineioimopa KO. Bucnoexu. Anonypunon
iHIYit0€ KAIMUHHY nponighepayito Ha paHHIx emanax po36UmKy KiimuH-
HOI' Ky/Ib mypu ma NPUeHivye KIimuHHULL picm Ha NI3HIWUX cMaoisx.

Kntouosi cnosa: kcanmunokcuoasa, eMOpioHanbHI KIIMUHU MO3KY
J0OUHU, nponighepayis, KIIMUHHA cMepmb.

K. D. Jlanuensn, I'. A. Kesopkan

AKTHBHOCTh KCAHTHHOKCH/1A3bl PETYIUPYET POCT KJIETOK MO3Tra

3M6pI/IOHa YCJIOBCKaA

Pestome

Llens. Basicnocmo gynxyuonuposanus kcanmunoxcuoaswvi (KO) 6
npoyeccax nponugpepayuu u ougpepenyuayuu Kiemox 00Ka3ana psi-
oom yuenwvix. Mot npeononodcunu, umo KO evinonnsem ne3ameHumylo
PONb 8 NPOYeccax pazgumusl, Co3pPesanus, a maKdice cCMepmu Kiemox
Mo32a ambpuoHa yenosex. Memoowt. Yenoseueckuii abopmueHulii Ma-
mepuan npumener 0Jis Kyiomusuposarus kiemox (E90). Axkmuenocmo
KO onpedensinu no konuuecmay mMouegoi KUCI0mMbl 8 MKAHU, K1emo-
HYIO CMepmb — ¢ UCNONb308ANHUEM MPUNAHO6020 cutezo. Pesynema-
mbul. ALNONYPUHON, COLNACHO HAWUM UCCIe008AHUAM, NOOAGISIEM AK-
musnocms KO (0,12 £0,02; 0,20 + 0,03 coomsemcmeenno, p < 0,05).
Ha 12-i1 0env xonuvecmeo kiemok 6 Kyiomype, 8 KOMmopyio 6HOCUNU
ANNONYPUHON, HAYUHASL C NEPEBIX IMAN08 PA3GUMUSL, ObLIO bllle, YeM 8
xoumpone (2350,1 £199,0 vs 2123 + 96), u npesviuuiano Konuuecmeo
KAemOK 8 KyJibmype, 8 KOMopyto 000agisu aiionypuHo Ha bojiee no3o0-
Hux cmaousix pocma u pazeumus (1479,6 £ 103,8, p < 0,05). Bo ecex
KYIbMypax KOau4ecmeo Mepmeblx KIemoK OKA3anioCh Hujice, Yem @
KOHmpoOe, Ymo yKa3vléaem Ha 3aujumuble c6OUCMBEA alIONYPUHONA
xax uneubumopa KO. Bvleoovl. Annonypunon unuyuupyem xiemody-
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Fig. 2. The influence of Allopurinol on the cell number at day 12”.
magnification 60 x 1.25 x20. The first group of the cells was trea-
ted during the entire period of the culturing, from day 1" until the
day 12" (b, c), whereas the second group was treated during the
second period, which was starting from day 6" until day 12" (d, e).
Also, it was used t-student test to calculate the significance of the
results. Results were considered significant, if p <0.05. The results
related with the low concentration of Allopurinol in comparison
with each other and Control (@) were statistically significant
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Fig. 3. The number of dead cells in the field, stained with the Trypan
Blue c on 12" day after seeding human embryonic neuronal cells. Mag-
nification 60 x 1.25 x 20. The pictures were taken on day 12" (4). There
were calculated results of the observation of 3 different fields from the
plates for every group (B). The first column represents the control gro-
up. The second column represents the cells treated with low, the third —
with high concentrations of Allopurinol reflecting the conditions when
the cells in the culture were receiving the Allopurinol from day 1" to
day 12°. 4" and 5" columns represent the group of the cells receiving
the low and hight concentrations of Allopurinol from day 6" to day 12"
The results were accepted as a statistically significant when p < 0.05

Fig..1. HEK293 cells were treated with rapa-
mycin (b), LY294002 (¢), 2-deoxyglucose (d),
CHX (e) and sodium arsenite (f) during 30 min.
Picture a represent cells treated with DMSO.
After treatment cells were fixed with 3.7 % FA,
and stained with anti-RCD-8 antibodies. As se-
condary were used FITC-conjugated antibo-
dies. Cell nuclei were stained with Hoechst
33258. Magnification x 100
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HYIO nponugepayuro Ha PaHHUX SManax paseumus KiemoyHou Kyib-
mypul u nodasusien KienoyHbwlll pocim Ha boiee NO30HUX CIAOUsIX.

Kniouesvle cn06a: KCaHMuHOKCUOaza, MOPUOHATbHLIE KIEMKU
MO32a HenoseKa, npoaupepayus, KiemouHas cmepms.
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