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Abstract

Aim: Diabetes mellitus (DM) is a chronic disorder and characterized by the development of long-term complications. Methylglyoxal
(MGO), a precursor of advanced glycation endproducts (AGE), is detoxified in the organism by Glyoxalase through Glyoxalese | (GLO
I) and GLO II.This study was aimed to investigate AGE formation in a diabetic rat model induced by streptozotocin (STZ) and the
possible role of melatonin MEL which is a powerful antioxidant in this mechanism.

Materials and Methods:Four study groups, each containing ten Sprague Dawley rats, were defined as control, MEL, STZ and STZ-MEL.
STZ and STZ-MEL groups were given a single 50 mg/kg dose of STZ to induce diabetes. MEL, 25 mg/kg was given intraperitoneally
to MEL and STZ-MEL groups on a daily basis for 42 days. At the end of study, the levels of MGO, GLO | and GLO Il enzymes were also
determined in only tissue samples.

Results: Blood and urine glucose levels were found to be high in rats (p<0.05). STZ group had been shown to have higher tissue MGO
levels and lower GLO | and GLO Il activities (p<0.05). MEL treatment had suppressed high levels of MGO and increased enzymatic
activities in STZ-MEL group.

Conclusion: In this study, we have shown that reducing MGO tissue levels in chronic diabetes to almost normal level and that the
GLO system suppressed in diabetic rats are preserved with MEL,GLO | and GLO Il activities increased. It has been shown that STZ
induced diabetic rats had high MGO levels and the supression of GLO detoxification system indicates that AGE formation in diabetes
is inevitable. Therefore, the usage of antioxidants such as MEL may be suggested to prevent diabetic complications.
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Amag: Diabetes mellitus (DM) uzun siireli komplikasyonlarin gelismesi ile karakterize kronik bir hastaliktir. ileri glikasyon son Uriinleri
(AGE) dncustii olan metilglikoksal (MGO) Glioksalaz 1 (GLO 1) ve GLO 2 ile Glioksalaz tarafindan organizmada detoksifiye edilmektedir.
Bu galismada amag streptozotosin (STZ) ile indiiklenen diyabetik rat modelinde AGE olusumunu arastirmak ve giiglii bir antioksidan
olan melatonin (MEL)'in bu mekanizmadaki gliclii antioksidan roliinii arastirmaktir.

Materyal ve Metot: Her biri on adet Sprague Dawley ratlari iceren dért caligma grubu kontrol, MEL, STZ ve STZ-MEL olarak tanimlandi.
STZ ve STZ-MEL gruplarina diyabeti indiiklemek igin tek doz 50 mg / kg STZ verildi. 25 mg / kg MEL, 42 giin boyunca MEL ve STZ-MEL
gruplarina giinliik intraperitoneal olarak verildi. Calismanin sonunda sadece doku 6rneklerinde MGO, GLO 1 ve GLO 2 enzimlerinin
diizeyleri tespit edildi.

Bulgular: Ratlarda kan ve idrar glikoz diizeyleri yiiksek bulundu (p<0.05). STZ grubunun daha yiiksek doku MGO diizeylerine ve daha
diistik GLO | ve GLO Il aktivitelerine sahip oldugu (p<0.05) gdsterilse de MEL tedavisi, yliksek MGO diizeylerini ve STZ-MEL grubunda
artmis enzim aktivitelerini baskiladi.

Sonug: Bu calismada, kronik diyabetteki MGO doku diizeylerinin neredeyse normale diistiigiini ve diyabetik siganlarda GLO
sisteminin baskilanmasinin MEL, GLO 1 ve GLO 2 aktiviteleri ile korundugunu gosterdik. STZ kaynakh diyabetik sicanlarin yiiksek
MGO seviyelerine sahip oldugu ve GLO detoksifikasyon sisteminin baskilanmasinin diyabet hastaliginda AGE olusumunun kaginilmaz
oldugu gosterilmistir. Bu nedenle, MEL gibi antioksidanlarin kullanimi, diyabetik komplikasyonlari énlemek igin dnerilebilir.
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INTRODUCTION

Diabetes mellitus (DM) is a set of metabolic diseases
characterized by hyperglycemia induced by defects in
insulin secretion, insulin action, or both (1). Although
hyperglycemia is widely acknowledged as the most
important risk factor for the development of diabetes
complications, it is still debated which pathogenic
mechanisms produce these complications. Many
complex mechanisms such as increased carbonyl stress
(2), oxidative stress (3) and the formation of advanced
glycation end products (AGE) (4) are responsible for the
development of diabetes complications. According to the
classification made in 1980 by the committee of experts
formed by the World Health Organization (WHO) and the
Diabetes federation, two main forms of diabetes, namely
TYPE 1 (Insulin-dependent IDDM) and Type 2 (Insulin-
independent NIDDM) diabetes were defined, and the
definitions of “juvenile” and "adult" diabetes were used
in the naming of these forms (5).

Studies on experimental animals plays an important
role in the understanding of diseases, the direction of
treatments, and the discovery of new treatment methods.
The animals most commonly used as diabetes models
are rats, cats, dogs, cows, rabbits, and mice (6). Alloxan
and streptozotocin (STZ) are chemical agents that are
preferably used in the formation of experimental diabetes
today (7). Despite the fact that their mechanisms differ,
it is suggested that both have cytotoxic effects via free
oxygen radicals (FOR) (8).

Oxidative stress is defined as the disruption of the
balance between oxidant-antioxidant systems in the
organism in cases where reactive oxygen species
(ROS) is overproduced or antioxidant mechanisms are
insufficient (9). Cross-linking reactions that can occur
within or between molecules have been stated to have
an association with protein oxidation and glycation
reactions.

Glycation is the nonenzymatic covalent bonding of
reducing sugars, primarily glucose, to amino groups of
proteins. It's called “Maillard." In glycoxidation, reactive
intermediates (a-oxoaldehydes) such as methylglyoxal
(MGO), glyoxal (GO), and 3-de-oxyglucocone (3-DG) are
formed as the second step of Maillard reactions (10).
MGO is a three-carbon aldehyde with a double carbonyl
group that can be derived from carbohydrates, lipids,
and even proteins in the organism. The main pathways
responsible for MGO degradation in the organism are
the glyoxalase detoxification system and alpha-keto
aldehyde dehydrogenase pathway found in the cytosol of
all cells (11). The glyoxalase system, which uses reduced
glutathione (GSH) as a cofactor, has two different enzyme
activities: Glyoxalase | (GLO I), Glyoxalase Il (GLO II).
MGO has been proposed as the most important precursor
in the formation of AGE in recent years, and this view is
supported by high plasma and/or tissue MGO levels in
diabetic patients and experimental diabetes models (12).
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In addition to its known effects on endocrine function
and circadian rhythm, melatonin (MEL), a pineal gland
hormone, has alsobeen shownto have antioxidantactivity
in vitro and in vivo studies (13). It has been reported that
it can protect the organism from the negative effects
of diabetes and prevent oxidative damage in diabetic
rats although the effect of MEL on AGE formation is still
unknown (14).

The aim of this study is to assess the glyoxalase
detoxification system as well as the MGO levels that
cause AGE formation in an experimental diabetes model,
as well as to look into the possible interaction of a strong
antioxidant such as melatonin on these mechanisms.

MATERIAL AND METHOD

Erciyes University School of Medicine's Animal Care
and Use Committee has approved all the experimental
protocols (Approval number: TT-03-07;03/32).

Study group consisted 40 male Sprague Dawley rats,
4-5 months old, weighing 250-350 g. Experimental study
was conducted in Erciyes University Hakan Cetinsaya
Experimental Research Application and Research Center.

Induction of diabetes A single dose of freshly prepared
STZ (50 mg/kg, dissolved in 0.1 M cold citrate buffer,
pH 4.5) was administered for the induction of DM in
overnight-fasted rats. Rats were tested for the induction
of DM after 3 days of STZ administration by evaluating
their fasting blood glucose levels via a commercial
glucometer (Medisense Optium, Abbott, Switzerland).
Only rats with fasting blood glucose levels > 200 mg/dL
were included in the present study.

Experimental design Forty male rats were divided
into four groups (n =10 per group) as follows: Control
Group:Normal control (negative control without any
treatment, CONT); Melatonin Group,:Only 25 mg/
kg Melatonin administration, MEL); Streptozotocin
Group,;Diabetic rats, STZ; Streptozotosin+Melatonin
Group,;Diabetic rats treated with melatonin at 25 mg/kg
for 6 weeks (STZ + MEL)

Liver homogenates;The liver of the treated rats were
rinsed with isotonic saline, and their homogenates were
prepared immediately (10% [w/v] in 0.1 M phosphate-
buffered saline, pH 7.4) using a tissue homogenizer.
Their supernatants were prepared by centrifugation and
were used to measure MGO,GLO I,GLO Il parameters.

MGO levels in liver tissue were determined employing
the method developed by Cooper. The principle of the
method is based upon measuring the color intensity
of phenylhydrazones formed by MGO with dialdehyde
structure and 2,4-dinitrophenylhydrazine (DNPH) at
550 nm (15). The method developed by Mannervick
was used for the determination of tissue GLI | activity
The methods principle is based upon the fact that S-d-
lactoylglutathione (SLG) formation by GLO |, which
catalyzes the conjugation of GSH and MGO, at 240 nm
as a time dependent increase in OD (16).The method

255



DOI: 10.37990/medr.983276

developed by Racker was employed for the determination
of tissue GLO Il activity. The principle of the method is
based upon monitoring the decrease in OD at 240 nm due
to the conversion of SLG to lactate by GLO 11 (17). GLO |
and GLO Il activities and MGO levels were determined in
liver tissues obtained from rats.

Statistical comparisons were conducted utilizing SPSS
for Windows 10.0 software package. ANOVA and post-
ANOVA (Scheffe procedure) tests were performed.
The level of significance was accepted as p<0.05 in all
statistical comparisons.

RESULT

Results showed that there was no significant difference
between the control and MEL groups in terms of tissue
MGO and GLO | and GLO Il activities. In the STZ group,
MGO levels were found to be significantly higher, while
GLO Il activity significantly decreased, and GLO | activity
have shown a more significant decrease than only the
MEL group. The increase in MGO values in the STZ-
MEL group was also found to be statistically significant.
When STZ and STZ-MEL groups were compared, it was
observed that MGO levels decreased with the effect of
MEL, but could not reach the levels of the control group.
On the other hand, it was determined that the GLO Il
activity in the STZ-MEL group reached levels of the
control and MEL groups.

All data of the study groups were presented in Table 1.

Table 1. Liver MGO,GLO | and GLO II levels in rats forming the study|
groups

GROUPS MGO (nmol/mg pt) GLO I (U/mg pt) GLO Il (U/mg pt)

CONT 1.4140.027 0.084+0.017 0.049+0.018
MEL 1.44+0.31 0.095+0.02 0.051+0.018
STZ 3.34+0.43+° 0.061+£0.019  0.024+0.008+?
STZ-MEL  2.12+0.26*° 0.074+0.044  0.054%0.018°

CONT=Control, MEL=Melatonin, STZ=Streptozotocin, Values
are given as meantS.D., for ten rats per group. Values are
statistically significant at p<0.05; Statistical significance was
compared with in the groups as follows: a) diabetic STZ rats
groups were compared with normal control rats, b) STZ+MEL

DISCUSSION

Unclear remains how and under which pathological
mechanism hyperglycemia poses the most important
risk factor in the development of DM complications.
Even if the experimental models used to understand this
disease do not meet the real conditions in which human
diabetes occurs, they are very advantageous in terms of
showing the diabetic state biochemically, hormonally,
and morphologically (18).
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Considering the mechanisms associated with the
pathogenesis of diabetes complications, it is seen
that these mechanisms, which are based on different
foundations, overlap with each other.

The complexity of the physiopathology of diabetes
becomes more apparent when considering the fact that
oxidative stress accelerates the formation of AGEs, in
addition to the fact that AGE formation causes oxidative
stress, and that lipid peroxidation products such as
malondialdehyde (MDA), which are formed as a result of
oxidative stress, are also anreactive carbonyl compounds
(RCC), thus causing carbonyl stress (10).

MGOis areactivedicarbonylintermediate and a precursor
of AGEs. Significant amount of evidence can be regarded
as the increase of MGO levels in diabetic patients (19).
MGO can be very cytotoxic making stable adducts. Its
concentration levels are found to be significantly higher
in the plasma of diabetic patients and diabetic animal
tissues. (20) MGO is a physiological substrate of the
glyoxalase system, as well as being a physiological
a-dicarbonyl compound derived from glycolytic
intermediates produced during the Maillard reaction.
In this system, which utilizes reduced glutathione as
a cofactor, MGO is converted to D-Lactate via SLG
intermediates (21). In the experimental models, the
significance of MGO in terms of endothelial dysfunction
in diabetes was presented an increase in oxidative stress
(22). According to Nemet et al. (23), it was shown that
whole blood and plasma MGO levels, which were found
to be high in both diabetic groups, were statistically
significant only in plasma when MGO whole blood and
plasma levels of patients with Type | and Type Il diabetes
were compared. MGO levels were similarly found to be
highin kidney, lens, and blood samples from rats with STZ
diabetes (24). However, Ohmori et al. (25) reported that
MGO levels were low in liver tissues and high in skeletal
muscle of rats 72 hours after the alloxan administration.
Discrepancies in tissue MGO results in the literature can
be attributable to methodological differences as well as
experimental diabetic circumstances such as dose and
duration.

In this study, liver tissue MGO levels were found to be
high in the diabetic rat group. The glyoxalase system,
which is common in almost every tissue of the organism
and catalyzes the detoxification of MGO, may also affect
MGO levels. Any suppression of this detoxification
system can be the cause of the increase in MGO levels.

Although there are many studies in the literature
investigating the effect of diabetes on GLO | and GLO Il
activities, the findings obtained from these studies differ.

According to Brouwers et al. in rats having Stz diabetes,
GLO-I activity was found to be significantly increased in
multiple tissues of all transgenic rats compared to wild-
type (WT) littermates (26).

There are studies that reported the GLO | activity to
be high in skeletal muscle (27) but low in liver (28) in
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diabetic rats. GLO Il activity was similarly discovered to
be normal in the tissues of small intestine (29) and high
in skeletal muscle (30) but low in kidney (31) and liver
(32). Both GLO | and GLO Il activities were found to be
reduced in the liver tissue of diabetic rats in this study,
which is consistent with some of the current literature.
These data can be interpreted as partially supporting the
increase in MGO levels.

Melatonin is a hormone that is produced by the pineal
gland. It plays the role of antioxidant in the oxidant-
antioxidant imbalance that could be the result of
diabetes (33) .The previous studies conducted by
Montilla et al. have revealed that melatonin decreased
hyperglycemia and hyperlipidemia in rats with STZ-
induced diabetic (34) Yavuz et. al stated that Melatonin
protect the rats' B-cells from the destructive effects of
STZ. The treatment of melatonin (200 pg/ kg/d, ip) for
3 days before the induction of diabetes and then the
treatment of melatonin every day for 4 weeks restored
the morphology and B-cell insulin levels, and increased
major decrease of glutathione peroxidase activity in
pancreatic tissue (35).

MGO levels were lower in the melatonin group than in the
STZ+MEL group in our study, although GLO | and Glo Il
levels were higher.

CONCLUSION

The fact that the GLO detoxifying mechanism is
suppressed, in addition to high MGO levels in the diabetes
model produced with STZ, indicates that AGE generation
is inevitable in diabetes when all of the findings of
this study are evaluated together the literature. In
the prevention of these highly complex pathogenic
mechanisms; According to the results of the study, it
has been found that melatonin has the protective feature
against oxidative stress and decreased the severity of
STZ-induced diabetes.
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