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SELENIUM — GLUTATHIONE PEROXIDASE RELATION
IN ERYTHROCYTES WITH G-6-PDH DEFICIENCY
AND THE GP ACTIVITY DEVIATION DURING OXIDATION

T.M. Huseynov*, R.T. Guliyeva
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ABSTRACT. Selenium status and glutathione peroxidase (GP) activity were investigated in patients with normal
and glucose-6-phosphate dehydrogenase (G-6-PDH) deficient erythrocytes among Azerbaijani population. It has been
shown that the content of Se in G-6-PDH-deficient erythrocytes is a little (=16%) different from the norm, while GP ac-
tivity of in them is substantially lower (= 50%). The low activity of GP probably is due to decreased production of
GSH, the basic substrate for GP, in G-6-PDH-deficient erythrocytes. Addition of GSH precursor (N-acetylcysteine) to
the incubation medium increases the GP activity, suggesting that the low level of GP activity is possibly connected with
low level of GSH. G-6-PDH-deficient erythrocytes demonstrate significantly greater susceptibility to oxidative stress
than normal ones when exposed to ultraviolet radiation of the small (7 kJ/m?) and moderate (15 kJ/m?) doses, and to
high tension electric field (HTEF ~ 60 kV/m x 5 hours). In particular, the accumulation of lipid peroxidation products
(malonic dialdehyde) under visible UV irradiation in G-6-PDH-deficient erythrocytes is ~50-80% higher, than in the
control. Nevertheless, in G-6-PDH-deficient erythrocytes HTEF have no significant effect on the accumulation of ma-

lonic dialdehyde, though the GP and catalase activity are falling faster than normal, and have initially lower level.
KEYWORDS: glucose-6-phosphate dehydrogenase deficiency, selenium, glutathione peroxidase, high tension

electric field, ultraviolet radiation.

INTRODUCTION

It is known that the G-6-PDH deficiency is an
erythrocyte enzymopathy widely spread in the world
(WHO Working Qroup, 1989; Beutler, 1994; Cap-
pellini, Fiorelli, 2008). The occurrence of this gene
defect varies in different areas of the Globe. In
Azerbaijan areas with its high prevalence also exist
(Javadov et al., 1977; Rustamov, Kulieva, 1983;
Krasnopolskaya et al., 1985).

The G-6-PDH enzyme has an important role in
erythrocytes and it is a main enzyme of the pentose-
phosphate pathway (Luzatto, Lippincott, 1995). Its
deficiency limits the synthesis of NADPH, which is
a product of the energy cycle, and it also cause lack
of the GSH form of glutathione, which is the main
substrate of antioxidant glutathione peroxidase (GP)
enzyme. The defective erythrocytes show sensitivity
to infections, toxins, some medicines, mechanical in-
juries, being especially vulnerable to oxidation (Lu-
zatto, 1967; Luzatto, Lippincott, 1995; Vasilyeva,
2005; Yoshihito, 2012).
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The ecological situation is aggravating due to
urbanization last years, reducing resistance of human
organism to the oxidation factors (Yoshihito, 2012;
Erzurum, Kalayci, 2012). It is interesting to study
the effect of endogenous and exogenous factors in
organisms with low antioxidant status. Therefore,
we have investigated the oxidative influence of
physical factors on erythrocytes. The influence of
UV radiation (high dose) (Guliyeva, Mamedova,
2010) and high tension electric field (HTEF, 50 Hz)
in different dose on erythrocytes with G-6-PDH has
been investigated and it has shown that such influ-
ence accelerates oxidation significantly (Huseynov
et al., 2012b; Huseynov, Guliyeva, 2015). The de-
pendence of oxidative process on HTEF dose is ap-
parent. It is important to find out the regularities
(stress phases) of oxidation stress under little and
medium doses of UV radiation (Huseynov et al.,
2012a). Also participation of selenium (Se) which is
the main component of antioxidant defense system
has been examined (Huseynov et al., 2012b;
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Huseynov, Yakhyayeva, 2014; Huseynov, Guliyeva,
2015). The investigation which have been done on
Azerbaijan population shows that the amount of sele-
nium in the blood is close to deficiency level (~ 90
pg/ml) (Huseynov et al., 2012c¢; Huseynov, Yakhya-
yeva, 2014). The subnormal amount of selenium has
been found out in experiments on erythrocytes with
G-6-PDH deficiency (Guliyeva, 2014). Therefore, it
is important to investigate the relation between sele-
nium and GP in erythrocytes with G-6-PDH deficien-
cy, the state of oxidation processes, and some endog-
enous antioxidant components under the influence of
the above mentioned induction factors.

MATERIALS AND METHODS

For the experiment blood samples of 24 healthy
donors and 31 patients with G-6-PDH deficiency
(age 18-40 years) were used. The samples were ob-
tained from the Scientific Research Institute of He-
matology and Transfusion of the Ministry of Health
of Azerbaijan. Blood was taken from the cubital
vein; erythrocytes were separated from heparinized
blood, centrifuged (1000g x 10 min) and washed 3
times by isotonic 0.15 M NaCl solution (Dodge,
1963). Washed erythrocytes were exposed to HTEF
(60 kV/m; 5, 8, 24, 96 hour exposition) and relative-
ly small (7 kJ/m?) and medium (15 kJ/m?) dose of
the UV radiation. The amount of hemoglobin was
determined using cyanmethemoglobin method. The
accumulation of methemoglobin (MetHb) has been
estimated according to the equation offered by Win-
terbourn (Winterbourn, 1990). The amount of GSH
(Luzatto, Lippincott, 1995) and catalase activity
(Aebi, 1984) were determined spectrophotomet-
rically. GP activity in erythrocyte lysate was deter-
mined by Moin method (Moin, 1986). The amount
of selenium in investigated samples was determined
by the fluorimetrical method with 2,3-diamino-
naphtalin (Nazarenko et al., 1975). The intensity of
oxidation process was estimated by accumulation of
thiobarbituric acid reactive products (Mengel, Kann,
1966). Statistical analysis was carried out using Stu-
dents t-test (Khudson, 1990).

RESULTS AND DISCUSSION

The results of the measurements of Se amount
and GP activity in erythrocytes with G-6-PDH defi-
ciency and control erythrocytes are shown in Table 1.

Despite a small difference in Se amount, a sig-
nificant difference between GP activities was found
out. This situation can be explained with small
amount of GSH, the main substrate for GP, in eryth-
rocytes with G-6-PDH deficiency (Luzatto, Lip-

pincott, 1995; Pace et al., 2003). For clarifying this,
amount of GSH in the samples have been evaluated
(Table 2).

In order to ensure normal substrate supply for
GP activity in erythrocytes with G-6-PDH deficien-
cy, N-Acetyl-Cysteine, a proximate precursor of
GSH, has been used. It became clear that it is possi-
ble to bring GP activity to the normal level (= 5
umol/g Hb and more) by increasing GSH amount
(Table 3).

The results gave us opportunity to put forward
an idea that the low activity of GP in erythrocytes
with G-6-PDH deficiency is connected with small
amount of reduced glutathione that occurs on the
background of this enzymopathy. It is clear that GP
is an active indicator of Se metabolism. In G-6-
PDH-deficient erythrocytes the correlative relation-
ships between Se amount and GP activity is break-
ing down: (r = 0.69 at “norm” and r = 0.35)" at G-6-
PDH deficiency (Fig. 1.)

300 -
Z 250
[
s B i
_g £ 200
S B 150
m <
2 100 |
g
50 4
0 : : ; ;
0,02 0,04 0,06 0,08 01
Se_ mkgfml
a)r=0.69;n=22;p<0.01
300 -
& 250 -
-1
E £ 200
£z
5B 150
om
= 100 -
g
m -
0 : ; : :
0,02 0,04 0,06 0,08 0,1
Se, mkaq/ml

b)r=0.35;,n=22;p<0.05

Fig. 1. The correlation between Se and GP activity
in erythrocytes with at G-6-PDH deficiency:
a) control erythrocytes,
b) erythrocytes with G-6-PDH deficiency

1 r — is a correlative coefficient of selenium amount and GP
activity.
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Fig. 2. Influence of UV radiation (10 W/m?)
to the catalase activity in erythrocyte lysate

at G-6-PDH deficiency

(0.1 M phosphate buffered saline, pH=7.2)
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Fig. 3. The changing of catalase activity
in erythrocytes at G-6-PDH deficiency

under HTEF influence
(60 kV/m x 5 hours)

Table 1. Se amount and GP activity in erythrocytes with G-6-PDH deficiency

Group Se (ua/l) GP (mmol/g Hb)
Control (n = 24) 0.116 + 0.034 460 + 40
G-6-PDH deficiency (n = 31) 0.098 +0.028 280 + 30
p<0.05 p<0.01

Table 2. Amount of GSH in the lysates of control erythrocytes and erythrocytes
with G-6-PDH deficiency

Group

GSH pmol/g Hb

Control (n = 15)

4.7+0.7

G-6-PDH deficiency (n = 15)

3.1+0.6

Table 3. GP activity after adding N-Acetyl-Cysteine to the erythrocyte lysate (hematocrit = 5)

+ N-Acetyl-Cysteine NAC GSH pmol/g Hb GP activity umol/g Hb
(n=5) (n=5) (n=5)
0 3.1+0.5 280
1x10-*M 4.5+0.7 290
5x10-M 5.3+0.8 340
10x10-3M 6.5+1.0 345

Table 4. Influence of «small» (7 kJ/m2) and «medium» (15 kJ/m2) doses
of UV radiation on oxidation process in erythrocytes at G-6-PDH deficiency

Samples
uv Control G-6-PDH deficiency
GP activity MDA GP activity MDA
pmol GSH/minxg Hb pmol/ml pmol GSH/ minxg Hb pmol/ml
0 357+21 0.24+0.03 270+18 0.34+0.05
7 kd/m? 438+25 0.18+0.04 210420 0.48+0.04
15 kJ/m? 415422 0.31+0.04 186+14 0.5740.08

E. kVim
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Table 5. GP activity and MDA amount in erythrocyte suspension at G-6-PDH deficiency
under exposure to HTEF

Exposure time
8 hour 24 hour 96 hour
Groups
MDA GP. MDA GP. MDA GP
nmol/ml umol/minxg nmol/ml umol/minxg nmol/ml umol/minxg
Hb Hb Hb
control 5.82+0.60 370453 5.40+0.85 280+18 12.34+1.82 102433
Donor
experiment 6.93+0.73 430169 5.83+0.91 210423 9.36+1.12 62+12
control 9.44+0.77 210+48 8.02+0.98 160425 10.30+1.10 47+11
G-6-PDH deficiency
experiment 11.08+0.96 260+47 10.31+0.87 123419 14.60+1.25 2348

Oxidation in erythrocytes with G-6-PDH defi-
ciency was determined by MDA amount and change
in GP activity under UV-irradiation (Table 4).

As it can be seen from Table 4, under the influ-
ence of 15 kJ/m? in both samples the accumulation
of thiobarbituric acid reactive products increases.
Relating to control, in erythrocytes with G-6-PDH
deficiency it increases up to =~ 100%. Despite adap-
tive increasing of GP activity (= 25% under 7 kJ/m?
and =~ 15% under 15 kJ/m?) in control samples, in
the samples with G-6-PDH this effect did not occur.
Oxidation under the influence of UV radiation for
erythrocytes with G-6-PDH deficiency is =~ 1.8-2.5
times greater.

The changing of catalase activity is reflected in
Fig. 2 and it decreases faster in comparison with
control.

Also we examined oxidation in erythrocytes
with G-6-PDH deficiency at different exposures to
HTEF used as a stress factor. Since under the condi-
tions of physiological temperature during long-term
exposure auto-oxidation occurs rapidly, the effect of
HTEF on erythrocytes was investigated at low tem-
perature. The results are shown in the Table 5.

The obtained results from the experiments
show that HTEF intensifies oxidative processes in-
fluencing the GP activity in erythrocytes. This re-
flects itself in accumulation of MDA and change of
GP activity. At the same time, changing in catalase
activity occurs in the samples (Fig. 3)

Thus we should note that there is a discrepancy
between the Se amount and GP activity in erythro-
cytes with G-6-PDH deficiency. And this is caused
by the overspending of antioxidant resources of

erythrocytes with G-6-PDH deficiency during the
oxidation processes. In other words, even though the
amount of Se is close to normal, GP activity in the
erythrocytes with G-6-PDH deficiency is low. This
discrepancy is increasing more under influence of
physical stress factors on the erythrocytes.
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COOTHOLUEHME CEJIEHA
WU FMYTATUOHMNEPOKCUAA3HOW AKTUBHOCTMU
B r-eo AEOULINTHBIX SPUTPOLIUTAX
N LBMEHEHME I'lm AKTUBHOCTHU
B MPOLIECCE UX OKUCJIEHUA
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PE3IOME. PaccmoTpeH craryc ceneHa U akTHBHOCTH TiryTaTHoHnepokcuaassl (I'Tl) B apurponnTax y nanueHTos
¢ nehuunTOM rItoK030-6-pocdarnernaporenass (I-6DJ]) cpenu Hacenenust AzepOaiipkana. [lokazaHo, 4To comepxa-
nue Se B [-6D/I-neduunTHEIX spuTpormTax Maio (= 16%) oTaugaeTcst OT HOPMBI, B TO BpeMs Kak akTuBHOCTH 11 B
HUX cymecTBeHHO HIXke (= 50%). Husknit yposens axtuBHOCTH ['Tl, BeposiTHO, CBsI3aH C IMOHW)XEHHOW BBIpaOOTKON
GSH, ocHoBHoro cyocrpara st I'TI, B I'-6D/[-neduunTHeix sputpouurax. JlobaBieHne B MHKYOAIMOHHYIO CPERy
npeamectBenHnka GSH (N-anermnmucrenna) yBenndyuBaeT akTHBHOCTH ITI, CBHIETENBCTBYS O TOM, UTO HHU3KHA
ypoBeHb akTuBHOCTH [ T1, BO3MOXHO, cBsi3aH ¢ HU3KUM ypoBHeM GSH. I'-6D/1-neunuTHbIE SPUTPOLIUTHI TOKA3bIBAIOT
3HAYUTEIBHO 0O0Jiee BBICOKYIO UYBCTBUTEIBHOCTh K OKHCICHHIO IO CPAaBHEHHIO C HOPMOW MpH OOJYYEHHH MajbIMU
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(7 xJx/M?) u ymepennsivu (15 kJIx/M?) nosamu ynsTpaduonera M BO3IEHCTBHU 3JIEKTPUYECKOTO IIOJIS BBICOKOM
HanpspkenHoctd (OI1BH) (= 60 kB/mM x 5 1). B yacTHOCTH, HAKOIUICHUE TPOTYKTOB NMEPEKUCHOTO OKUCIICHHS JINITHIOB
(ManoHOBOTO IUanbAeruaa) npu BuguMoM Y @-obmayuenun ma [-6D/1-nedurutabix sputpornnToB Ha =~ 50-80% BHI-
me, yeM B KoHTposie. Omgaako B [-6D/I-nedunmtHeix spurpormrax JIIBH He okas3piBacT 3aMETHOTO BIUSHHS Ha
HaKOIUIEHHE MaJIOHOBOTO JIMAJIb/IETUAA, XOTs akTUBHOCTB I 1 1 KaTanaspl cHIDKaroTCsl ObICTpee, 4YeM B HOPME, H UMEIOT
M3Ha4YalIbHO 00JIee HU3KUH YPOBEHB.

KIIFOYEBBIE CJIOBA: gedunut riaroko30-6-hocharaerunporeHassl, ceieH, TIyTaTHOHIEPOKCHIa3a, dICKTPH-
YeCcKOoe M0JIe BHICOKOW HANPSHKEHHOCTH, YIbTpadroIeToBOE N3ITyUeHHUE.
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