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Synthetic Antioxidants as
Potential Medical Remedies:

An Update of the Past Decade of
Pyridoindols

Potansiyel Tibbi Care Olarak
Sentetik Antioksidanlar: Pridoindollerin
Son On Yilina Giincel Bir Bakig

ABSTRACT Diabetes mellitus, has long been recognized as a cause of accelerated aging, is a heterogeneous metabolic dis-
order characterized by hyperglycemia, which is often associated with complications such as cardiovascular disease,
retinopathy, nephropathy and peripheral and autonomic neuropathy. In fact, aging and age-related diseases such as dia-
betes are accompanied by increased Oxidative Stress (OS) and accumulation of Advanced Glycation End products (AGEs).
Unmitigated OS can lead to diminished cellular longevity, accelerated aging, and accumulated toxic effects for an organ-
ism. Consequences of oxidative stress are damage to DNA, lipids, proteins, accumulation of damaged molecules and dis-
ruption in cellular homeostasis. These damaged molecules also impair endothelial integrity and destroy membrane calcium
current, leading to endothelial dysfunction, vascular smooth muscle proliferation and abnormal cardiovascular reactivity.
Diabetes-induced oxidative stress increases AGEs formation. AGE modification of proteins leads to alterations in their
normal functions by binding to intracellular or extracellular cell components, or through receptor binding. These inter-
actions consequently can initiate a cascade of signal transduction pathways, which activate inflammatory responses, caus-
ing tissue injury. Such tissue injury contributes to the development of cardiovascular and other serious complications
responsible for morbidity and mortality in diabetes. The increased amount of evidence on the harmful effects of hyper-
glycemia-induced oxidative stress on organ functions, the recent interest has focused on strategies to prevent, reverse or
retard firstly oxidative stress and then its triggered harmful signaling. In this regard, stobadine, a synthetic and efficient
antioxidant pyridoindole, has been studied largely, and found that it inhibits glyco-oxidative damage, decreases albumin-
uria, enzymuria, lipid peroxidation, matrix collagen cross-linking, plasma cholesterol, triglycerides, protein carbonyla-
tion and protein AGEs formation, and lead to a normalization in protein thiol, total thiol and non-protein thiol groups in
different tissues of diabetic animals. Stobadine treatment of diabetic rats is characterized by retarded calcium accumula-
tion in hearth. Stobadine is able to control mean arterial blood pressure, to prevent endothelial disturbances and to restore
vascular reactivity abnormalities. This antioxidant protects metabolism, function and/or structure of heart, aorta, kidney,
brain, liver, peripheral nerves, vas deferens and retina in streptozotocin-diabetic rats. Accumulating experimental evi-
dence suggest that stobadine is a promising agent to prevent, delay or treat late diabetic complications.
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OZET Diabetes mellitus, baslica hiperglisemi ile karakterize metabolik bir sendrom olup, kardiyovaskiiler hastaliklar, reti-
nopati, nefropati, periferal ve otonomik néropati gibi gesitli komplikasyonlara siklikla eslik etmektedir ve hizlandirilmis ya-
slanmanin 6nemli bir sebebi olarak taninmaktadir. Gergekte, “yaslanma” ve “diyabet” gibi ilerleyen yas ile iliskili
hastaliklarda, “oksidatif stres (OS)”de artig ve “ileri glikasyon son tiriinleri (AGEs)"de birikme, organ yaglanmasina aracilik
eden 6nemli faktorlerdir. Iflah olmayan OS'in, DNA, protein ve lipidlerde neden oldugu hasarlar, molekiillerin tunover'da
ve onarim mekanizmalarinda meydana gelen azalmalar, hasarli molekiiller hiicrelerde giderek birikmesine ve doku fonk-
siyonlarinin ilerleyen yasla birlikte bozulmasina énciilitk eder; 6rnegin, endotel disfonksiyonu, vaskiiler diiz kas prolife-
rasyonu, ve membran kalsiyum akiminda bozulmaya neden olurlar ve bunlar sonugta kardiyovaskiiler reaktivitenin
degismesiyle sonuglanir. Diyabetin indiikledigi OS aymi1 zamanda AGEs olusumunu arttirir. Proteinlerde AGE’ler aracilig
ile olusan modifikasyonlar da bu molekiillerin hiicre i¢i ya da dis1 komponentlere baglanmalarini ya da reseptor baglayic
olarak normal fonksiyonlarini degistirebilir. Bu etkilesmeler sonrasinda inflamatuvar reaksiyonlar da tetiklenir. OS’in ve
AGEs’lerin neden oldugu doku hasarlari, diyabette morbidite ve mortaliteden sorumlu kardiyovaskiiler ve diger kompli-
kasyonlarin gelismesini tetikleyen baslica faktorlerdir. Hipergliseminin indiikledigi OS’in organ fonksiyonlar: tizerindeki
zararh etkilerine y6nelik bilimsel kanitlarin giderek artiyor olmasi, arastirmacilarin ilgisini OS’in 6nlenmesi, geciktirilmesi
ya da geri déndiiriilmesi tizerine odaklamustir. Bu baglamda, pridoindol yapisinda sentetik bir antioksidan olan stobadinin
etkileri genis ¢apta calisilmus ve sonug olarak bilesigin, gliko-oksidatif hasar1 inhibe ettigi, albuminiiriyi, enzimiiriyi, lipid
peroksidasyonu, matriks kollagen capraz baglanmasini, plazma kolesterol ve trigliserit diizeylerini, protein karbonilasyo-
nunu ve proteinlerle AGEs etkilesimini azalttig1, farkli dokularda protein tiyol, total tiyol, non-protein tiyol gruplarinda iyi-
lesmeye neden oldugu ve hipergliseminin siddetini diyabetik deney hayvanlarinda azalttig1 gosterilmistir. Stobadin ile
tedavi edilen diyabetik deney hayvanlarinda, kalpte kalsiyum birikimi azalmakta, ortalama kan basincimi diizelmekte, en-
dotel hasarimi 6nlemekte ve vaskiiler reaktivitedeki bozukluklar iyilestirilmektedir. Stobadin, kalp, aorta, bobrek, beyin, ka-
raciger, periferik sinirler, vas deferens ve retinayi, diyabetin neden oldugu metabolik, fonksiyonel ve yapisal degisikliklere
karg1 korumaktadir. Bu anlamda giderek artan deneysel kanitlar, diyabetik komplikasyonlarin 6nlenmesi, geciktirilmesi ya
da tedavi edilmesi bakimindan stobadinin potansiyel terapétik bir ajan olabilecegini ortaya koymaktadur.
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I MECHANISMS OF DIABETIC COMPLICATIONS

Aging and related chronic diseases such as diabetes mel-
litus are accompanied by increased Oxidative Stress (OS),
which can directly affect the function of different tissu-
es and organs. Since Advanced Glycation End products
(AGEs) and OS are two mutually enhancing and tightly
linked processes, it is likely that the accumulation of
AGE:s observed in the aging population is an important
factor in the pathogenesis of the increased OS.! Hyper-
glycemia-induced metabolic abnormalities including re-
dox imbalance, increased lipid peroxidation, AGEs
formation and inflammation contribute to modifications
in the receptor, enzyme or ion channel proteins. These
result in impairments in their physiological functions
and also signal transduction pathways such as abnorma-
lities in the contractility of vascular smooth muscle and
hearth, high blood pressure, nerve conduction velocity
deficits and other tissue dysfunctions leading to compli-
cations as micro and macrovascular diseases, cardiom-
yopathy and neuropathy in diabetics.>”

I PREVENT, REVERSE OR RETARD
OXIDATIVE STRESS IN ORDER TO
MODIFY THE NATURAL HISTORY OF
DIABETIC COMPLICATIONS

Since a linking element between hyperglycemia-indu-
ced metabolic disturbances and tissue function abnor-
malities is redox imbalance due to increased production
of reactive oxygen species (ROS) and insufficiency in an-
tioxidant defense, therefore recent research interest has
focused on strategies to prevent, reverse or retard of OS
in order to modify the natural history of diabetic comp-
lications.®*

Oxidative stress is defined as an increase in the ste-
ady-state levels of ROS and may occur as a result of in-
creased free radical generation and/or decreased
anti-oxidant defense mechanisms. Increased basal pro-
duction of Oy and hydrogen peroxide (H)O5) in tissu-
es has been shown in very early studies in diabetic
animals.!’ Today we are clearly known that diabetes is a
reason for an increased generation of oxygen-derived fre-
e radicals through autoxidation of glucose, AGE-formati-
on, increased substrate flux through the polyol pathway,
and stimulation of eicosanoid metabolism, sorbitol-di-
acylglycerol metabolism and NO synthase.!!

A multitude of in vivo studies have been performed
utilizing exogenous antioxidants in experimental diabe-
tic models. The beneficial effects of treatment with ex-
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ogenously added antioxidants on OS are measured thro-
ugh certain observable biomarkers. These markers inc-
lude thiobarbituric acid reactants (TBARS) levels,
malondialdehyde (MDA), F(2)-isoprostanes, and 4-hy-
droxynonenal as well as the enzymatic activities of cata-
lase, superoxide dismutase, glutathione peroxidase and
glutathione reductase. Normalization of the levels of any
of these markers, and ultimately, the balance of free-ra-
dical production/removal, would be an effective method
to reduce ROS-induced damage. Many animal studies
have been completed with this aim in mind and indeed
have shown that diabetes-induced alterations of OS in-
dicators can be reversed by antioxidant therapy. In dif-
ferent experiments of “the ADIC Study Group”, we
observed the effectiveness of exogenous antioxidant tre-
atments in the recovery of oxidative stress markers and
endogenous antioxidant enzyme activities in STZ-diabe-
tic rats. Moreover, these recoveries have been associa-
ted with amelioration in vascular, cardiac and nerve
metabolism and function.>*!2?2 Over the years, we fo-
cused on investigating the effects of the dietary supple-
mented antioxidants vitamin E, alpha-lipoic acid and
vitamin A2-4.12%*

I PYRIDOINDOLS ARE EFFECTIVE IN
THE PREVENTION OR IMPROVEMENT OF
CELLULAR HOMEOSTASIS, METABOLISM
AND TISSUE FUNCTIONS IN
EXPERIMENTALLY-INDUCED DIABETES

In this context, in last decades our research area has fo-
cused on examining the effects of synthetic pyridoindo-
le antioxidants on complications induced by
experimentally models of diabetes. The experiments sho-
wed that stobadine is able to reduce hyperglycemia, hy-
perlypidemia, lipid hydroperoxides and/or other
metabolic and cellular abnormalities associated with the
functional and structural changes in myocardium, kid-
ney, retina, liver, vasculature, nerve and other tissues in
an in vivo model of streptozotocin-diabetic rats. Stoba-
dine produced a vascular and endothelial protection in
various model of ischemia/reperfusion. This antioxidant
is also a neuroprotectan in models of free radical patho-
logy in vivo and exerts antidysrhythmic, local anesthe-
tic, alpha-adrenolytic, antihistaminic, myorelaxant and
antiulcerogenic actions.!”1#22243% STZ-diabetic rats tre-
ated with stobadine were characterized by retarded cal-
cium accumulation in the heart and attenuated cardiac
protein glycation compared with untreated diabetic
rats.”” However, stobadine treatment was unable to af-
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fect cardiac Ca® Mg*-ATPase activity,"” but prevented
diabetes-induced deterioration of cardiac Na*, K*-ATPa-
se in the diabetic heart.” The combined treatment with
stobadine and vitamin E was found to provide more be-
nefits than the individual therapies in reducing both li-
pid peroxidation and cardiac abnormalities in diabetic
animals.”” This combination did not strengthen the pro-
tective effect of stobadine on the abnormal function of
diabetic vas deferens” and leukocytes,® and contrary to
our expectations, advanced the progression of the hig-
her stages of cataract.?> We observed that the inhibitory
effect of in vivo stobadine treatment on Ca*? entries
through membrane-bound Ca'? channels may account
for its reducing effects on vasoconstriction and blood
pressure.® In the model of doxorubicin-induced apop-
tosis of P815 cells, stobadine significantly increased cell
viability and decreased the apoptosis rate as judged by
flow cytometric analyses and by measuring caspase-3
and caspase-9 activities.®* Furthermore, our preliminary
findings suggest that STB and its analogues protected in-
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sulin release of INS-cell line stressed by H,O, or cytoki-
ne cocktail, with potential therapeutic implications in
the prevention of autoimmune diabetes.

I CONCLUSION

STB was found to attenuate diabetes-induced pathologi-
cal changes in different organs, to decrease albuminuri-
a, enzymuria, lipid peroxidation and matrix collagen
cross-linking, to reduce plasma cholesterol and triglyce-
ride levels, and to diminish the severity of hyperglyce-
mia in STZ-diabetic rats. Accumulating experimental
evidence suggest that stobadine a promising agent to pre-
vent, retard or treat diabetic complications.!7-19-222434
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