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INDUCED OXIDATIVE STRESS IN RETINA
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Summary

Effects of two weeks treatment with niacin-oxyethylidendip-
hosphonato-germanate (MIGU-4, 2,5; 25,0 mg/kg, i.p.) and
alpha-lipoic acid (LA, 5,0 and 50,0 mg/kg, i.p.) as well as
their combined usage (MIGU-4 - 2,5, and LA - 5,0 mg/kg)
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upon antioxidative enzymes and level of malon dialdehyde
(MDA) in retina tissue of rats with streptozotocin (STZ)-
induced diabetes was determined. It was established that in
six weeks after STZ administration superoxiddismutase (SOD)
activity decreased by 33,4% (P<0,05), catalase (CAT) - by
28,2% (P<0,05), glutathione peroxidase (GPx) - by 39,8%,
glutathione reductase (GR) - by 48,3%, and MDA level raised
by 2,65 times when compared with intact rats (P<0,05).
MIGU-4 treatment (25,0 mg/kg, i.p.) increased SOD activity
by 38,1% (P<0,05), GPx and GR - by 62,9% (P<0,05) and
by 35,2% (P<0,05), when compared with diabetes rats. MDA
level was reduced by 30,2% (P<0,05) correspondently. The
SOD activity under condition of combined MIGU-4 (2,5 mg/
kg) and LA (5,0 mg/kg) administration exceeded its level in
rats with diabetes by 41,3% (P<0,05), while activity of GPx
and GR also was higher by 52,4% and by 47,8% (P<0,05)
correspondently. MDA level reduction was higher than in
groups which were given MIGU-4 or LA alone (P<0,05). Thus,
niacin-oxyethylidendiphosphonato-germanate caused preven-
tion on diabetes-induced deterioration of antioxidant enzymes
activity and level of MDA in retina tissue. Combined usage of
MIGU-4 and LA was resulted in heightened preventive effects
upon manifestations of oxidative stress.

Keywords: experimental diabetes mellitus, streptozotocin,
diabetes retinopathy, niacin-oxyethylidendiphosphonato-
germanate, lipoic acid, oxidative stress

Rezumat

Efectele acidului nicacin-oxetilendendifosfonat germanat
si acidului alfa-lipoic asupra stresului oxidativ indus de
diabet in tesutul retinei

Au fost investigate efectele administrdrii de doud saptdmani
a hidroxietilidendifosfonat germanatului (MIGU-4, 2,5; 25,0
mg/kg, i.p.) si a acidului alfa-lipoic (LC, 5,0 si 50,0 mg/kg, i.p.)
si efectul utilizdrii lor combinate (MIGU-4 - 2,5 5i LC - 5,0
mg/kg) asupra activitdtii enzimelor antioxidante si nivelului
de malondialdehida (MDA) in tesutul retinei sobolanilor cu
diabet indus de streptozotocind (STZ). S-a constatat cd dupd 6
sdptamani de la momentul aplicdrii STZ, activitatea superoxid
dismutazei (SOD) a scdzut cu 33,4% (P <0,05), a catalazei
(CAT) - cu 28,2% (P <0,05), a glutationperoxidazei - cu
39,8%, a glutationreductazei (GR) - cu 48,3%, cu o crestere
a confinutului de MDA de 2,65 ori, comparativ cu sobolanii
intacti (P <0,05). Odatd cu introducerea MIGU-4 (25,0 mg/kg,
i.p.), activitatea SOD a fost mai mare cu 38,1% (P <0,05), a
HP i GR - cu 62,9% (P <0,05 ) si, respectiv, 35,2% (P <0,05),
in comparatie cu animalele cu diabet zaharat. Nivelul MDA
a scazut cu 30,2% (P <0,05). Eficacitatea MIGU-4 (25,0 mg/
kg) a fost comparabild cu cea a LK utilizatd in dozd de 50,0
mg/kg. In cazul folosirii combinate a MIGU-4 (2,5 mg/kg) si
a LC (5,0 mg/kg), activitatea SOD a depdsit-o pe cea a sobo-
lanilor cu diabet zaharat cu 41,3% (P <0,05), GP si GR fiind
mai mari cu 52,4% si, respectiv, cu 47,8% (P <0,05). Scdderea
nivelului MDA a fost mai mare decdt in cazul grupurilor care
utilizeazd MIGU-4 sau LC (P <0,05). Astfel, administrarea
hidroxietildidenfosfonat germanatului previne deregldrile
activitdtii enzimelor antioxidante si nivelului MDA induse de
diabet in tesutul retinian. Administrarea asociatd a MIGU-4
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sia LC este insotitd de o actiune preventivd sporitd impotriva
manifestdrilor stresului oxidativ.

Cuvinte-cheie: diabet experimental, streptozotocin, retino-
patie diabeticd, niacin-oxietildendifosfonat germanat, acid
lipoic, stres oxidativ

Pe3tome

ApPpexmovt Huauun-oxcudImunudenHoudocoduam
zepmanama u anva-1unoesoii Kucniomovt Ha ouabem-
UHOYUUPOBAHHDLI OKCUOAHMHDLIL CIPecc 6 MKAHU cem-
uamxu

Hccnedosanu enustue 08yxHedenvHozo 86e0eHUS HUAYUH-
okcusmunudenougpocponam eepmanama (MUI'Y-4, 2,5;
25,0 me/xe, 6/6p) u anvga-nunoesoti kucnomot (JIK, 5,0 u
50,0 me/ke, 6/6p), a makie 61UAHIUE UX COBMECHO20 NPU-
merenus (MUT'Y-4 - 2,5, uJIK - 5,0 mz/x2) Ha akmusHocmo
AHMUOKCUOAHHUX (PepMeHInos U yposetb MAnoH06020
ouanvoeeuda (MIJA) 6 mxanu cemuamxu Kpvic co crmpen-
mosomoyun (CT3)-undyyuposarnvim ouabemom. Yema-
HOB7IeHO, umo uepes 6 Hedernv ¢ momerma npumereruss CT3
akmusrocmo cynepoxcudoucmymasuvt (COJIl) ymenvusunacy
Ha 33,4% (P<0,05), xamanasvt (KAT) - na 28,2% (P<0,05),
enymamuonnepoxcudasvl (I'Tl) — na 39,8%, enymamuon-
pedykmasvl (I'P) — na 48,3% npu ysenuuenuu cooepianus
MIA 6 2,65 pasa 6 cpasHenuu ¢ UHMAKMHbIMU KPblCAMU
(P<0,05). Ha ¢one ssederus MUTY-4 (25,0 me/xe, 6/6p)
axmusrocmv COJII 6vina sviue Ha 38,1% (P<0,05), I'TI u
I'P - 1a 62,9% (P<0,05) u coomsemcmaenHo 35,2% (P<0,05)
npu cpasHeHuu ¢ HuUsomuuimu ¢ ouabemom. Ipu amom
yposerv MIA ymenvuancs na 30,2% (P<0,05). IIpu kom-
6unuposanrom npumernernuu MUT'Y-4 (2,5 me/xe) u JIK (5,0
me/ke) axkmusnocmv COJ] npesviuiana makosyn y Kpuic ¢
ouabemom na 41,3% (P<0,05), 6 mo spemst KAk aKkmusHOCMb
I'TT u I'P 6vina sviuwe Ha 52,4% u coomsemcmeenHo 47,8%
(P<0,05) coomsemcmeseno. Benuuuna cHusdenus yposHs
MJIA 6vina evuue, wem 6 2pynnax ¢ npumeHeHuem 00H020
MUTY-4 unu JIK (P<0,05). Taxum obpasom, npumenerue
HUAUUH-OKCUIMUNUOEHOUPOCPHOHAM 2epmaHama npedom-
spaujaerm 0uabem-evi36aHHble HAPYUIEHUS AKIMUBHOCHIU
AHMUOKCUOAHMHBIX pepmenmos u yposus MITA & mxanu
cemuamku. Cosmecmnoe ssederue MUTY-4 u JIK conposo-
HOALCS NOMEHUUPOBAHHBIM NPeBEHINUBHBIM 0eliCTNBUeM 6
OMHOULEH U NPOSBTIEHUTE OKCUOAMUBHO20 CHIPECCa.

Kntouesvie cnosa: sxcnepumenmanvHuiii Ouabem, cmpen-
mo30moyuH, ouabemuneckas pemuHoOnamus, HUAKUH-
OKCUIMUNUOEHOUPOCPHOHAM 2ePMAHAIN, TUNOEBAS KUCTIOMA,
OKCUOAMUBHDITE Cpecc

Introduction

The intensification of mechanisms of oxidative
stress in retinal tissue is regarded as a key mechanism
of diabetes retinopathy development [1, 2]. Those
drugs, which alleviate diabetes retinopathy mani-
festations are known as such ones which suppress
oxidative stress as well [3].

During last years the pharmacological activity
of different derivatives of germanium has been
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investigated at our laboratory [4, 5]. Among others
such one as oxyethylidendiphosphonate germanate:
(NicH), [Ge(OH), (Oedph)1.H,0 (MIGU-4) with molecu-
lar weight of 593 g/M was identified as perspective
compound. It was established that MIGU-4 intensify
oxidative phosphorilation, prevented discordant state
of mitochondrial ATP-ases and heightened mitochon-
drial resistance to damages. Such pharmacological
properties of MIGU-4 led to the stabilization of mito-
chondrial membrane phospholipids, and suppressed
an oxidative stress — both on behalf of enzymatic and
antiradical components of defense [5, 6].

That is why it was reasonable to investigate
effects of MIGU-4 upon diabetes-induced experi-
mental retinopathy. Hence, the aim of work was to
investigate activity of antioxidative enzymes in retina
of rats with experimental diabetes under condition
of treatment with MIGU-4, and to compare effects
with such ones caused by alpha-lipoic acid (LA),
which is used for diabetes retinopathy treatment.

Material and methods

Investigations were performed on 94 Wistar
male rats with body weight of 170- 240 g, which
were kept under standard conditions at Odessa
National Medical University (ONMedU) vivarium.
Animals were randomly allocated to the following
conditions: a constant temperature of 23°C, relative
humidity of 60%, 12 h dark/light cycles, a standard
diet, and tap water were given ad libitum in accor-
dance to international laws and policies (EU Council
Directive 86/609, OJ L 358, 18/12/1986 P.0001-0028;
National Institute of Health Guide for Care and Use of
Laboratory Animals, US National Research Council,
1996, p. 21-55) and in strict accordance to prescrip-
tionsissued by Commission on Bioethic at ONMedU
(Protocol no 84, 10t October, 2008).

Experimental diabetes was induced via i.p.
streptozotocin (STZ, Sigma Aldrich.ru RF) adminis-
tration (55,0 mg/kg) which was dissolved in sodium-
citrate buffer solution (pH 4,5). The level of glucose
was determined in vein blood in one week from the
moment of STZ administration and those rats with le-
vel not less than 300 mg/dL have been included into
observation [1, 3]. Measurements were performed
at 9.00 AM under conditions of free access to water
and food during night time. Insulin administration
(0,21U, subcutaneously, two-five times per week) was
performed during all period of observation [1, 3].

The treatment with MIGU-4 and LA was per-
formed during fifth-sixth weeks from the moment
of diabetes modeling via STZ administration. Both
drugs were administered daily and tissues for mea-
surement of enzyme activity and MDA level were got




in 24 h from the moment of last (14t") administration.
After euthanasia was performed retina was got and
kept in liquid nitrogen.

Retina tissue washed out from blood remnants
with a buffer solution was homogenized in 0,1M
phosphate buffer solution (pH 7,0) at the ratio of 1:20
(weight of tissue/volume of homogenate). Homoge-
nized samples were centrifugated during 15 min at
velocity of 13.000 rotations/min at + 4°C.

SOD activity was determined in accordance to
[7], CAT - [8], GPx - [9], and GR - [10] methods.

MDA was determined with spectrophotometric
method [11]. The incubation of homogenate was
performed at high temperature with thiobarbituric
acid and gained pink solution was investigated at
532 nm length of wave. The tetraoxypropane so-
lution was used as a standard. The MDA level was
expressed as nmoles/mg of proptein. The protein
level was determined in accordance to Lowery me-
thod [11].

Results of investigation were statistically
analyzed using ANOVA method and followed with
Newman-Keuls test.

Results and discussion

Effects of MIGU-4 administrations. Obtained
data revealed that in rats with diabetes the signifi-
cant reduction of investigated enzymes activity was
detected (table 7). Thus, Superoxide dismutase (SOD,
EC1.15.1.1) was reduced by 33,4% (P<0,05), CAT (EC
1.11.1.6) - by 28,2% (P<0,05), Glutathione peroxidase
(GPx,EC1.11.1.9) and Glutathione reductase (GR, EC
1.8.1.7) - by 39,8% and by 48,3% (P<0,05) pertained
to corresponded data registered in control rats. Be-
sides, the increased level of MDA, which exceeded
such onein the control group by 2,65 times was also
observed (P<0,05).

In the group of rats treated with MIGU-4 in
lower dosage (2,5 mg/kg, i.p.) SOD activity increased
by 7,6% when compared with such one in the rats
with diabetes (P>0,05), and CAT activity also have
been raised by 5,2% (P>0,05). Meanwhile the GPx
activity exceeded initial value by 15,8% (P>0,05),
while GR activity also raised by 17,6% (P>0,05). MDA
level was higher when compared with the initial one
by 6,8% (P>0,05).

MIGU-4 (25,0 mg/kg, i.p.) administration was
followed by SOD activity increasing by 38,1% when
compared with diabetes rats (P<0,05) and was not
differ from such one registered in the control group
(P>0,05). The CAT activity also increased by 32,0%
(P<0,05), while GPx and GR activity exceeded initial
values by 62,9% (P<0,05) and by 35,2% (P<0,05)
correspondently. CAT and GPx activity was not differ
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from control values, and GR activity remained redu-
ced by 30,1% (P<0,05). The MDA level was less when
compared with diabetes rats by 30,2% (P<0,05) and
continued to be reduced when compared with the
control group - by 85,0% (P<0,05) (table 1).

Table 1
The activity of antioxidative enzymes in retinal tissue (6
weeks from the moment of STZ-administration) under con-
ditions of MIGU-4 treatment (M+m)

STZ-
diabetes
+MIGU-4
(25,0mg/
kg)
(n=10)

STZ-
diabetes +
MIGU-4 (2,5
mg/kg)
(n=10)

Control
group
(intact rats,
vehicle i.p.)
(n=11)

ST1Z-
diabetes
(n=11)

Superoxide
dismuta-
se (% of
blocking of
nitroblue
tetrazolium
reduction)
CAT (H,0,/
(min.mg of
protein)
Glutathione
peroxidase
(GSH/(min.
mg of pro-
tein), nM)
Glutathione
reductase
(NADPH/
(min.mg of
protein),
nM)

Malon
dialdehyde
(nM/mg of
protein)

121,345,56 | 80,80+ 6,53* | 86,97+6,59% | 111,6+7,71#

3,48+0,23 | 2,50+0,18* | 2,63+0,24* | 3,30+ 0,27#

1,0340,07 | 0,6240,05* | 0,7840,08 | 1,01+0,09#

12,84+0,61 | 6,64+0,56* | 7,81+0,55% | 8,98+0,44*#

2,00+0,18 | 530+0,43% | 4,94+0,41% | 3,70+ 0,25*#

Notes. * — P<0,05 when compared with the data in the
control group (intact false operated rats); # — P<0,05 when
compared with the data in diabetes rats. Method ANOVA
+ Newman-Keuls test were used.

Alpha-lipoic acid (LA) effects. LA administrati-
oninalower dosage (5,0 mg/kg, i.p.) was followed by
the tendency of the antioxidant enzymes increasing
with the GR activity heightened by 35,0% as a grea-
test one (P<0,05) (table 2). At the same time the SOD
activity raised by 22,7% (P>0,05), while CAT activity
increased only by 2,8% (P>0,05). Meanwhile, both
SOD and CAT activity continued to be less when
compared with control data — by 32,7% (P<0,05) and
by 23,8% (P<0,05) correspondently. The MDA level
decreased by 9,9% when compared with diabetes
rats (P>0,05).

LA administered in a dosage of 50,0 mg/kg, i.p.
caused more pronounced effect when all investiga-
ted indices - activities of enzymes were did not differ




from the corresponded data in the control group
(P>0,05). Besides, SOD and GR activity exceeded the
value of analogous indices in the control group by
37,2% and by 43,9% (P<0,05) correspondently. The
MDA level also was reduced when compared with
the control group by 42,1% (P<0,05) and continued
to be greater than such one in rats with diabetes by
1,65 times (P<0,05) (table 2).

Table 2
Antioxidative enzymes activity in rat retina (six weeks from
the moment of diabetes modeling via STZ administration)
under conditions of alpha-lipoic acid treatment (M+m)

STZ-dia-
betes + LA
(50,0 mg/

kg)
(n=10)

Control
group
(intact rats,
vehiclei.p.)
(n=11)

STZ-diabe-
tes + LA
(5,0 mg/kg)
(n=10)

STZ-
diabetes
(n=11)

Superoxide
dismutase
(% of
blocking of
nitroblue
tetrazolium
reduction)
CAT (H,0,/
(min.mg of
protein)
Glutathione
peroxidase
(GSH/ (min.
mg of pro-
tein), nM)
Glutathione
reductase
(NADPH/
(min.mg of
protein),
nM)

Malon
dialdehyde
(nM/mg of
protein)

111,39+7,44 | 61,06+6,69* | 74,93+6,94* | 97,22+7,774

3,3240,21 | 2,4640,19* | 2,5340,24* | 3,10+0,26

1,04+ 0,07 | 0,69+0,07* | 0,75+0,08 | 0,98+0,12

13,2140,99 | 8,74+0,81% | 11,80+1,10# | 12,58+1,21#

1,96+0,14 | 558+0,52* | 5,03+0,46* | 3,23+0,25#*

Notes. The same as in table 1.

Effects of combined usage of MIGU-4 and LA.
Combined administration of MIGU-4 and LA in lower
dosages (2,5 mg/kg and 5,0 mg/kg correspondently)
resulted in SOD activity increasing by 41,3% per-
tained to the level observed in rats with diabetes
(P<0,05) (table 3). Besides, the activity of GPx and GR
have been increased also when compared with the
data in rats with diabetes — by 52,4% and by 47,8%
correspondently (P<0,05). It should be stressed that
in this session of experimental observation LA admi-
nistration (5,0 mg/ kg, i.p.) effectively prevented GPx
activity decreasing, which significantly exceeded the
corresponded value in rats with diabetes — by 52,4%
(P<0,05). There were any significant differences be-
tween enzymatic activity in groups with separate
and combined usage of MIGU-4 and LA (P>0,05).
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Table 3
Antioxidant enzymes activity in retina tissue (6 weeks from
the moment of STZ — administration) under conditions of
treatment with MIGU-4 and alpha-lipoic acid (M+m)

Control
(intact rats,
vehicleip.)

(n=11)

MIGU-4
(2,5mg/kg)
(n=11)

LA
(5,0mg/kg)
(n=10)

STZ-diabetes
(n=10)

MIGU-4+ LA
(n=10)

Superoxide
dismutase
(% of
blocking of
nitroblue
tetrazolium
reduction)

1205464 | 743+59* |8697+6,59% | 78,12+7,88% | 105,03+ 9,624

CAT(H,0/
(min.mg of
protein)

3284020 | 23340.22% | 2631024 | 2874025 | 3,08+026

Glutathione
peroxidase
(GSH/
(min.mg of
protein),
nM)
Glutathione
reductase
(NADPH/
(min.mg of
protein),
nM)

Malon
dialdehyde
(nM/mg of
protein)

075+

1074007 00

0,63+0,05* 0,89+0,07# | 0,96+0,08#

14494080 | 9,37+0,64* | 11,0641,16* | 12,13+0,86 | 13,85+0,93#

1964014 | 554+0,60% | 530+043* | 495+0,27% | 3,0940,21#*

Notes. The same as in table 1.

MDA level was reduced by 44,2% (P<0,05) per-
tained to rats with diabetes and exceeded the cor-
responded level in control group by 57,6% (P<0,05).
It should be stressed that MDA level in rats given
combined treatment was significantly less when
compared with such one in the groups treated with
MIGU-4 - by 41,7%, (P<0,05) and LA - by 37,6%,
(P<0,05) (table 3).

Hence, gained data are in favor that in six
weeks from the moment of experimental diabetes
modeling via STZ administration the net reduction
of antioxidant enzymes activity is registered in rat’s
retina. Namely, SOD activity decreased by 33,4%
(P<0,05), CAT - by 28,2% (P<0,05), GPx — by 39,8%
and GR - by 48,3% when compared with correspon-
ded datain the control group (P<0,05). Besides, MDA
level raised by 2,65 times pertained to control data
(P<0,05).Such data are in correspondence with other
investigations [1].

MIGU-4 (25,0 mg/kg, i.p.) administration per-
formed during fifth-sixth weeks from the moment
of STZ administration prevented the mentioned
reduction of antioxidant enzymes activity reduction
and raising of MDA level. Thus, SOD activity increased




by 38,1% (P<0,05), GPx and GR - by 62,9% (P<0,05)
and by 35,2% (P<0,05), when compared with cor-
responded data in rats with diabetes. At the same
time MDA level was reduced by 30,2% (P<0,05)
when compared with diabetes rats. The pronounced
tendency to GPx activity raising was also noted in
diabetes rats treated with MIGU-4 in lower dosage
(2,5 mg/kg, i.p.). Such effectiveness was also obser-
ved for Ge- containing compounds in case of other
types of oxidative stress [12, 13].

Obtained data were in favor for the effective-
ness of LA treatment against STZ-diabetes-induced
oxidative stress in retina tissue. Thus, even lower
dosage of LA (5,0 mg/kg, i.p.) prevented diabetes-
induced decreasing of GR activity, which exceeded
such one in rats with diabetes by 35,0% (P<0,05),
and in higher dosage (50,0 mg/ kg, i.p.) such diffe-
rence raised up to 43,9% (P<0,05). Besides, higher
dosage of LA effectively prevented SOD activity
decreasing, and it’s activity exceeded control value
by 37,2% (P<0,05). At the same time the MDA level
decreased by 42,1% pertained to level in diabetes
rats (P<0,05).

The comparison of the pronouncement of pro-
tective effects of MIGU-4 revealed that in dosage of
25,0 mg/kg they are equal to such one caused by
LA administered in a dosage of 50,0 mg/kg. But in
lower dosages LA administration (5,0 mg/kg) was
followed by more pronounced effects than MIGU-4
(2,5 mg/kg). Such differences might be explained by
realization of LA protective action via influence upon
glutamate turnover, which plays an important role
in diabetes retinopathy [1, 2].

Combined administration of MIGU-4 (2,5 mg/
kg) and LA (5,0 mg/kg) caused the prevention of di-
abetes-induced SOD activity decreasing: it exceeded
by 41,3% similarindex in rats with diabetes (P<0,05).
The activity of GPx and GR also exceeded such ones
in rats with diabetes - by 52,4% and by 47,8% cor-
respondently (P<0,05). The absence of differences
between enzymatic activity in groups with separate
and combined usage of MIGU-4 and LA was in favor
for the summation as a main mechanism of their
combined therapeutic preventive action.

It should be stressed that MDA level in rats
given combined treatment was significantly less
when compared with such onein the groups treated
with MIGU-4 - by 41,7%, (P<0,05) and LA - by 37,6%,
(P<0,05). This fact is in favor for potentiating as the
main mechanism of MIGU-4 and LA interaction with
respect to prevention of MDA level increasing in
STZ-induced diabetes. But, absence of mentioned
differences in the case of effects upon enzymatic
activity assumes summation of preventive activity
of MIGU-4 and LA as well.
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Conclusions

1. Retinopathy in STZ-induced diabetes is cha-
racterized by reduction of antioxidants enzymes -
superoxiddismutase, catalase, glutathione peroxida-
se, glutathione redusctase activity and accumulation
of malon dialdehyde in retina tissue.

2. Niacin-oxyethylidendiphosphonato-ger-
manate (25,0 mg/kg, i.p.) caused preventive effects
upon diabetes-induced oxidative stress in retina
tissue, and pronouncement of activity is comparable
with such one induced with alpha-lipoic acid used
in a dosage of 50,0 mg/kg, i.p.

3. Combined usage of niacin-oxyethyliden-
diphosphonato-germanate and alpha-lipoic acid
are followed with strengthened protective effects
which might be regarded as effect of summation in
case of correction of antioxidant enzymes activity
and as potentiating in case of correction of MDA
accumulation.
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