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ABSTRACT

Aim: Hyperglycemia is known to cause lipid peroxidation due to an increase in free radicals due to glucose auto-
oxidation and by suppressing the antioxidant defense system of these radicals. Antioxidant therapy to manage
diabetes mellitus and its complications is an emerging trend. Stobadine is a pyridoindole compound and is known
to be an effective antioxidant in biological systems. In this study, we aimed to investigate the effects of stobadine
on lipid peroxidation and paraoxonase-1 enzyme activities in liver tissues of streptozotocin-induced diabetic rats.
Methods: A total of 60 Wistar male rats, each weighing 250 g were randomly distributed into four groups; Control (C),
Stobadine (STB), diabetic (D), STB treated diabetes (D+STB). Diabetes was induced by a single intraperitoneal injection
of streptozotocin (55 mg/kg) to animals fasted overnight. Stobadine was administrated to rats as 25 mg/kg/day orally
for four months. Rats were sacrificed after anesthesia; Malondialdehyde levels and PON-1 enzyme activities were
measured. In homogenized rat liver tissue samples after portioning by manual spectrophotometric method.

Results: Malondialdehyde levels were significantly increased and paraoxonase-1 activities were significantly dec-
reased in Group D compared to Groups C and STB (p<0.001). Malondialdehyde levels of diabetic rats treated
with stobadine decreased while paraoxonase-1 activities were significantly increased (p<0.001). No significant
difference was found between C and STB groups in terms of MDA levels and paraoxonase-1 activities (p>0.05). A
negative correlation was detected between MDA levels and paraoxonase-1 enzyme activity (r=-0.435, p<0.001).
Conclusion: Stobadine administration was found to decrease lipid peroxidation and increase paraoxonase-1 enz-
yme activity in liver tissues of streptozotocin-induced diabetic rats. With further investigations using stobadine
and pyridoindole derivatives, it may be possible to use these compounds as potential agents for the prevention of
diabetes mellitus and its complications.

Keywords: Diabetes mellitus, oxidative stress, paraoxonase, stobadine
oz

Amag: Hipergliseminin, glukoz oto-oksidasyonu sonucu serbest radikallerde bir artisa ve bu radikallerin antioksi-
dan savunma sistemini baskilamasi sonucu lipit peroksidasyonuna neden oldugu bilinmektedir. Diyabetes mellitus
ve komplikasyonlarinin 6nlenmesi ve tedavisinde antioksidan ajanlarin kullanimi gelismekte olan bir trenddir. Sto-
badin pridoindol yapida bir bilesiktir ve biyolojik sistemlerde etkili bir antioksidan oldugu bilinmektedir. Bu ¢alis-
mada, streptozotosin ile diyabet olusturulmus sicanlarin karaciger dokularinda, stobadinin lipid peroksidasyonu ve
Paraoksonaz-1 enzim aktiviteleri lizerindeki etkilerini arastirmayr amagladik.

Yéntem: Her biri 250 g agirligindaki toplam 60 adet Wistar erkek si¢an rastgele; Kontrol (K), Stobadin (STB), Di-
yabet (D) ve STB ile tedavi edilmis Diyabet (D+STB) gruplarini olusturmak lizere dért esit gruba ayrildi. Diyabet;
periton ici streptozotosin (55 mg/kg) enjeksiyonu ile, Stobadin tedavisi ise 4 ay siire ile 25 mg/kg/giin oral Sto-
badin verilerek yapildi. Sicanlar anestezi sonrasi sakrifiye edildi. Porsiyonlandiktan sonra homojenize edilen sigan
karaciger dokularinda, Malondialdehid diizeyleri ve Paraoksonaz-1 enzim aktiviteleri manuel spektrofotometrik
yéntemle élgiildii.

Bulgular: K ve STB grubu ile karsilastirildiginda, D grubunda, Malondialdehid diizeyleri anlamli artmis,
Paraoksonaz-1 aktiviteleri anlamli azalmis bulundu (p<0,001). Stobadin ile tedavi edilen diyabetik ratlarin ise D
grubuna gére Malondialdehid diizeyleri azalirken, Paraoksonaz-1 aktiviteleri anlamli artmis bulundu (p<0,001).
Malondialdehid diizeyleri ve Paraoksonaz-1 aktiviteleri agisindan K ve STB gruplari arasinda anlamli fark bulu-
namadi (p>0,05). Malondialdehid diizeyleri ile Paraoksonaz-1 enzim aktivitesi arasinda negatif orta derecede
korelasyon saptandi (r=-0,435, p<0,001).

Sonug: Stobadin verilmesinin, streptozotosin ile diyabet olusturulmus ratlarin karaciger dokularinda lipid peroksi-
dasyonunu azalttigi ve Paraoksonaz-1 enzim aktivitelerini arttirdigi bulunmustur. Diyabetes mellitus ve komplikas-
yonlarinin 6nlenmesi ve tedaviye destek igin, Stobadin ve pridoindol tiirevlerinin kullanildigi yapilacak daha ileri
arastirmalarla, bu bilesiklerin potansiyel ajanlar olarak kullaniimasi olasi olabilir.

Anahtar kelimeler: Diyabetes mellitus, oksidatif stres, paraoksonaz, stobadin
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INTRODUCTION

It is known that diabetes mellitus, which is one of
the most common metabolic disorders in the world,
causes a disruption in the oxidant/antioxidant balan-
ce. Oxidative stress may worsen with the increase of
free radicals or the decrease of antioxidant defense
capacities, or because of the increased free radicals
suppressing the antioxidant system. It has been re-
ported in various clinical and experimental studies
that hyperglycemia causes an increase in the free ra-
dicals as a result of glucose auto-oxidation, thus re-
sulting in lipid peroxidation due to the suppression of
the antioxidant defense system®>. Lipid peroxidation
is a degenerative process that affects all structures
containing lipid in the cells under oxidative stress,
which in turn leads to cytopathological results. This
process plays an important role in the etiopathology
of the development of diabetes complications®.

The paraoxonase-1 (PON-1) enzyme is a calcium-
dependent, high-density lipoprotein (HDL) ester
hydrolase, also known as aryldialkylphosphatase,
and is synthesized in the liver. It exhibits paraoxona-
se and arylesterase activities, it is found in the serum
as being HDL-dependent, and is otherwise known
as lactonase. PON-1 plays an important role in the
protection of low-density lipoprotein (LDL) and HDL
from oxidizing by hydrolysing the accumulation of
lipid peroxide. PON-1 moreover contributes to the
antiatherogenic effect of HDL"®.

Antioxidant agents with different mechanisms of
action are continuously being developed in order
to either prevent the formation of reactive oxygen
types, or in order to minimize their harmful effects.
The use of antioxidant agents in the prevention of
diabetes mellitus and its complications, alongside
its supportive care, is a newly developing trend®'!.
Stobadine, which is a good antioxidant in biological
systems given its potential as an electron redox, is
a synthetic compound with a pyridoindole structure
that is, a derivative of heterocyclic indole known for
its reactive oxygen scavenger effect. It effectively ne-
utralizes the hydroxyl, peroxyl, and alkoxyl radicals,

and inhibits both the amino acid oxidation as well as
lipid peroxidation?2.

In this study, we aimed to compare the levels of ma-
londialdehyde, which is the end product of the lipid
peroxidation in the liver tissue of streptozotocin
(STZ)-induced diabetic rats, and PON-1 enzyme ac-
tivities with the control group, as well as aimed to
evaluate the probable changes in these parameters
in the liver tissue of diabetes-induced rats receiving
STB treatment.

MATERIALS and METHODS

In this study, all experimental procedures had been
conducted in accordance with the rules of the “Gui-
de for the Care and Use of Laboratory Animals”. The
research protocol had been approved by the Anka-
ra University Ethics Committee of animal studies
(18.04.2001, 2001/11). 60 male Wistar rats weighing
between 250 to 300 grams were used in the experi-
ments. The rats were fed standard rat food, and al-
lowed free access to drinking water. They were kept
in a temperature controlled (18-23°C) environment
with a 12-hour light and 12-hour dark cycles. These
conditions were kept constant throughout the expe-
riment. The rats were randomly distributed into the
following four groups, each comprising of 15 rats:
the control group (C), STB group (STB), diabetic gro-
up (D), and STB administered diabetic group (D+STB),
with each group being respectively housed separa-
tely. Diabetes was induced with a single dose of int-
raperitoneal STZ (55 mg/kg) via injection, and the
glucose concentrations in the blood samples taken
from the tails of the rats 48 hours after the injections
were measured (Accutrend GCT meter Roche Diag-
nostics, Mannheim, Germany). Rats with blood glu-
cose levels of over 250 mg/dl were accepted as being
diabetic. For the STB group, 15 rats, for which the
blood glucose levels were known to be within normal
limits, were administered orally with 25 mg/kg/day
of STB over a period of 16 weeks.In the STB-treated
diabetic group, half (n=15) of the diabetes-induced
rats (n=30) were administered oral STB (25 mg/kg/
day) over 16 weeks®* >,
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Twenty-four hours after the last manipulation, the
rats were sacrificed using anesthetics and myore-
laxant, whereupon cardiac samples were collected,
and liver tissues were removed. The tissues were fro-
zen in liquid nitrogen immediately after being was-
hed with saline solution, and then stored at -80°C
until the day of the analysis.

The liver tissues to be used in the experiment were
proportioned separately for each parameter to be
studied, and homogenized at a 1 : 1 ratio for a half
minute in 1/5 saline solution using a Heidolph DIAX
900 homogenizer on the day of the analysis. Homo-
genates were centrifuged at 5000 g for 20 minutes,
whereupon their supernatants were then separated.
For each parameter being studied, the homogeniza-
tion and procedures of centrifugation were repeated
invariably.

Malondialdehyde (MDA) analysis

MDA in liver tissue homogenates was analysed ba-
sed on the principle asserted by Van Ye et al.'® that
these homogenates combine with one mol MDA in
thiobarbituric acid (TBA) in acidic environments at
temperatures ranging between 85 to 100°C, where-
upon they form a purple TBA-MDA complex, and the
absorbance of this complex is spectrophotometri-
cally measured at 532 nm. In order to ensure protein
sedimentation, the samples were treated with 20%
trichloracetic acid and then centrifuged. Some of the
supernatant was mixed with the same 0.6% volume
of TBA in a separate test tube, and incubated in a
bath of boiling water for 30 minutes. After the samp-
les jad cooled, the sample absorbance values were
read at 532 nm against the blank. The MDA concent-
rations were calculated from the standard graphics
prepared using 1,1,3,3-tetraetoxipropane. The MDA
unit was expressed as nmol/mg protein.

Paraoxonase-1 (PON-1) analysis:

The PON activity was measured with the method ba-
sed on the p-nitrophenol formation in the presence
of PON-1, in which paraoxon was used as a substra-
te'. For the analysis, the p-nitrophenol was measu-
red, and formed with paraoxon (diethyl p-nitrophenyl
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phosphate, 1 mM) in 50 mM glycine/NaOH (Ph 10.5)
containing 2 mM CaCl2 at 25°C and 412 nm. The mo-
lar extinction coefficient of p-nitrophenol, e=18.290
M* cm™ was used in the calculation of the PON-1
enzyme activity. An enzyme unit was defined as the
amount of enzyme that catalyses the hydrolysis of
1 milimol substrate, at a temperature of 25°C. The
PON-1 activity unit was presented as a mlU/mg pro-
tein.

Protein analysis:

The determination of proteins in the liver tissue ho-
mogenates were conducted in accordance with the
principle dictating that the proteins in the alkali en-
vironment formed a complex with Cu*?, which degra-
des the phosphomolybdate-phosphotungstate reac-
tive®®. As the protein standard, the standard graphic
was drawn using bovine serum albumin (BSA). The
tissue protein concentration unit was presented in
terms of mg/ml.

Statistical Analysis

All statistical analyses were conducted using SPSS
software, (Chicago, IL, ABD) version?'. The norma-
lity controls of the variables were analysed using the
Kolmogorov-Smirnov test. The mean values of the
groups for the parameters were given as a median
(IQR=Inter Quartile Range). The Mann Whitney-U
Test and Kruskal Wallis analysis of the variance were
used in comparisons of the data. For the pairwise
comparisons of the groups, the post-hoc Tukey test
was used. The correlation between the parame-
ters was evaluated using the Spearman Correlation
Analysis. P<0.05 was accepted as being statistically
significant.

RESULTS

Since the measurements did not exhibit any normal
distribution, the MDA (ngmol/mg protein) levels of
the groups and their average values for PON-1 (mlU/
mg protein) activities were presented as a median
(IQR=Inter Quartile Range). The MDA levels in the D
group [13.8 (2.2)] were found to be significantly hig-
her when compared to the Groups C [6.9 (1.7)] and
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STB [7 (1.3)]. The PON-1 activities were significantly
lower in the Group D [3 (1.4)] than the Group C [4.8
(1.3)] and (p<0.001). The MDA levels of the STB ad-
ministered diabetic rats [6.8 (1.5)] decreased compa-
red to Group D [13.8 (2.2)], and their PON-1 activities
elevated significantly [PON1; Group D: 3 (1.4), and
Group D+STB: 4.5 (1.3)] (p<0.001). Any statistically
significant difference could not be found for the MDA
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Figure 1. The comparison of MDA (Malondialdehyde) levels
between 4 groups: 6.9 (1.7) nmol/mg protein in Control (C)
group, 7 (1.3) nmol/mg protein in Stobadine (STB) group, 13.8
(2.2) nmol/mg protein in Diabetes (D) group, 6.8 (1.5) nmol/mg
protein in Stobadine treated diabetes (D+STB) group.

*Kruskal Wallis test used
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Figure 2. The comparison of PON-1 activities between 4 groups:
4.8 (1.3) mlU/mg protein in Control (C) group, 4.9 (1.6) miu/
mg protein in Stobadine (STB) group, 3 (1.4) mlU/mg protein
in Diabetes (D) group, 4.5 (1.3) mlU/mg protein in Stobadine
treated diabetes (D+STB) group.

*Kruskal Wallis test used

levels and PON-1 activities between Groups C [MDA:
6.9 (1.7); PON-1: 4.8 (1.3)] and STB [MDA:7 (1.3);
PON-1: 4.9 (1.6)] (p>0.05) (Figures 1 and 2). A nega-
tive correlation was found between the MDA levels
and PON-1 activities (r=-0.435, p<0.001) (Figure 3).
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Figure 3. There was a negative correlation between Malondi-
aldehyde (MDA) levels (nmol/mg protein) and Paraoxonase-1
(PON-1) activities (mlU/mg protein); r=-0.435, p<0.001.
Spearman’s Correlation test used

DISCUSSION

In the liver tissue homogenates of those rats with
streptozotocin-induced diabetes mellitus, the MDA
levels were found to be higher, whereas the PON-1
enzyme activities were found to be lower when com-
pared with the control group (p<0.001). Also, accor-
ding to the findings of this study, the MDA levels of
the diabetic rats decreased, and the PON-1 activity
elevated following the 16 weeks of STB treatment.
According to the overall results of the measure-
ments, a moderate and negative correlation existed
between the MDA levels and PON-1 enzyme activiti-
es (r=-0.435, p<0.001).

Dose and toxicology studies of STB delivered through
various routes (intravenous, intramuscular, intraperi-
toneal, subcutaneous and oral) and at different do-
ses were performed in mice, rabbits, rats, and dogs.
It has been suggested that the oral administration of
10-30 mg/kg/day of stobadine to the rats scavenge
free oxygen radicals, and reduces lipid peroxidation®?.
Gajdosikova et al.?® did not find any adverse hema-
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tological, histopathological, or genotoxic effects of
stobadine administered orally to the rats at different
doses (7.07, 23.6, 70.07 mg/kg/day). On the other
hand, Balonova T et al.?* had evaluated the effects
of stobadine on the perinatal and postnatal deve-
lopment of the rat by orally administering different
doses (5, 15, 50 mg/kg/day), and had only observed
that the given dose of 50 mg/kg/day resulted in mild
maternal toxicity. In our study, we applied STB at dif-
ferent doses for various durations in compliance with
the STB therapies used in rat tissue studies perfor-
med in diabetic rats induced with streptozotocin**.

STZ or alloxane-induced diabetes in rats is a well-
designed animal model for Type 1 insulin-dependent-
diabetes®. It has been reported that hyperglycemia
after STZ exposure had decreased the production of
reactive oxygen and nitrogen types in various tissues,
increased lipid peroxidation and protein carbonylati-
on, and decreased the activity levels of antioxidant
enzymes. In addition, the main mechanisms that ca-
use free oxygen radicals in diabetes mellitus originate
from glucose auto-oxidation, protein glycation, and
the production of advanced glycation end products.
During the initial stage of diabetes, the changes in
the carbohydrate, lipid, and protein metabolism, and
the oxidative stress parameters induce development
of great biochemical and functional anomalies in
the liver?*2, It is argued that a series of mechanisms
such as hyperglycemia, the glicosylation of proteins,
and oxidative stress all contribute to the pathoge-
nesis of the cellular function disorders causing the
cardiovascular, hepatic, and other complications of
diabetes®*?.

MDA is the lipid peroxidation indicator used in the
evaluation of liver damage in human and experi-
mental animal studies?®. The MDA levels, which
were found to be high in the C and STB group of the
diabetes-induced rats in our study, had decreased af-
ter 16 weeks of STB treatment administered to the
diabetic rats. This finding is in accordance with ot-
her studies on the MDA changes in the liver tissue
homogenates of the diabetic rats administered with
either STB or other antioxidant treatments**?’. The
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reason for the absence of a difference between the
C and the STB groups with regards to MDA levels can
be explained by the efficiency of STB treatment only
in the presence of oxidative stress.

The beta-oxidation of fatty acids increases in diabe-
tic patients due to insulin deficiency. This situation
results in hydrogen peroxide accumulation in the
tissues, which in turn causes enzyme inactivation via
glycation®. A decrease in PON enzyme activity has
previously been reported in patients with diabetes
mellitus?>*. PON enzyme activity may arise from the
inactivation of PON via glycation, a decrease in the
gene expression, or with the inhibition of the HDL
synthesis or secretion which are known to be rela-
ted with serum PON%31, PON, which has been shown
to decrease in diabetic patients, may be an indica-
tor of diabetes mellitus complications®2. The liver is
the main organ responsible for PON and arylesterase
synthesis. Therefore, the decrease in PON activities
in diabetes-induced rats in our study may be related
to the aforementioned mechanisms. The eliminati-
on of the oxidative damage with the STB supplement
can be explained with the statistically significant inc-
rease in the enzyme activities of the rat liver homo-
genates.

STB and other prydoindole derivatives are effective
synthetic antioxidants used in the experimental mo-
dels of many chronic diseases, where oxidative stress
plays a role in their etiopathogenesis especially in
the case of diabetes. Pekiner et al.** showed that 10
weeks of low- dose STB treatment administered to
diabetic rats had lowered blood glucose and triacylg-
lycerole levels, and inhibited lipid peroxidation, pro-
tein glycosylation, and calcium accumulation in liver
and heart tissue, and thus they had argued that STB
treatment may prevent or delay the development of
the complications of diabetes. Long-term STB treat-
ment in diabetic rats was shown to reduce oxidative
damage by decreasing the carbonyl content, conju-
gated dienes, MDA and oxidation end products in the
tissues, as well as to partially increase the enzyme
activity!3153334,
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CONCLUSION

STB administration had decreased the MDA levels in
the liver tissue of rats with streptozotocin-induced
diabetes, and had increased the PON enzyme activi-
ties. In future studies, it may be possible to use the-
se compounds safely through studies involving STB
and prydoindole derivatives in order to prevent the
complications of diabetes mellitus and to support
treatment.
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