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Abstract
Objectives: Diabetes, a heteregenous metabolic and chronic disease, is a growing
countries. It has been claimed that diabetes is associated with the increased formatior
decreased in antioxidant potential. Oxidative stress formed in diabetes cause DNA
Ursolic acid, a well-known pentacylic triterpene, is commonly used in traditional Chinese medicine due to its
beneficial health effects such as antioxidant, anticancer, and antiulcer The aim of this study was to
investigate the effects of ursolic acid in the kidneys of Wistar albino ptozotocin (STZ)-induced

diabetes.

in most
f free gadicals and
age in the tissues.

ofifats using alkaline comet assays.
Oxidative stress parameters such as catalase (CAT), superox| @e (SOD), glutathione reductase (GR),
and glutathione peroxidase (GSH-Px) enzyme activi ione (GSH) and malondialdehyde
(MDA) levels were also evaluated.
Results: Ursolic acid treatment was found to signi ease DNA damage, GR enzyme activities, and
MDA levels, and significantly increase GSH le
rats.

Conclusion: According to our results, it seem i0’acid may be beneficial against diabetes-induced renal
damage.
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Amag: Metabolik ve kroni
gostermektedir. Diyabetin
iddia edilmektedir. Diyabe

r hastalik olan diyabetin birgok iilkede 6nemli saglik sorunu olma durumu artig
1§ ser adikallerin iiretimi ve azalmig antioksidan kapasiteyle iliskili oldugu
an oksiatif stres dokularda DNA hasarina neden olabilir. Antioksidan,

agliga yararl etkileri nedeniyle geleneksel Cin halk tibbinda yaygin olarak
animlanmus pentasiklik triterpendir. Bu ¢aligmanin amaci, streptozotosin ile
bino siganlarin bobreklerine ursolik asidin etkisini degerlendirmektir.

acla, bobrek hiicrelerindeki DNA hasar alkali comet yontemiyle arastirilmistir.

oksit dismutaz (SOD), glutatyon rediiktaz (GR) ve glutatyon peroksidaz (GSH-Px) enzim
glutatyon (GSH) ve malondialdehit (MDA) diizeyleri gibi oksidatif stres parametreleri de
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INTRODUCTION
Diabetes mellitus, a heteregenous metabolic and chronic disease, is caused by an absolute or relative lack of
insulin. It is a growing health problem in most countries, especially in developing countries (1). Around 3% of
the world’s population has diabetes and it is concluded that it may exceed 5.4% by the year 2025 (2). In Turkey,
7.4% of the population has diabetes, and it is also estimated that the number of patients will increase to 9.6% of
the population by 2030 (3).

Studies on diabetes therapy have gained interest due to its unwanted effects on human life e.g. changing
lifestyles lead to reduced physical activity, and increased obesity (3). Drugs used in diabetes therapy have higher
costs, limited efficacy and/or significant adverse effects (4, 5). As a result of these factors, patients with diabetes
often use alternative therapy such as herbal medicines (6). Epidemiologic studies have associated diets rich i
isoflavones with a lower risk of diabetes and diabetes-related complications (7, 8). However, pharmacologi
toxicologic evidence validating the safety and efficacy of these medicinal plants is not readily available (9).

For experimental diabetes model in animals, streptozotocin (STZ) and alloxan are the most frequentlyase

GLUT?2 and causes alkylation of deoxyribonucleic acid (DNA) (10). The potential problem
toxic effects are not restricted to pancreatic -cells because it may cause renal injury and o
12).

Ursolic acid (33-hydroxy-12-urs-12-en-28-oic acid), commonly used in traditional
known pentacylic triterpene. Malus pumila, Ocimum basilicum, Vaccinium spp.,

B-cells and modulate blood glucose level in diabetic mice (14).

In this paper, oxidative DNA damage in the kidney cells of streptozot
evaluated using alkaline comet assays. Oxidative stress paramete
(CAT), glutathione reductase (GR) and glutathione peroxida
and malondialdehyde (MDA) levels in the kidney tissues we!
acid on diabetes-induced oxidative damage.
MATERIALS and METHODS

The study was approved by Ankara University Ani Committee (2015-12-138).
Chemicals

The chemicals used in the study were purchase
and low-melting-point agarose (LMA) fromnB
(NaCl), sodium hydroxide (NaOH), a
Germany); dimethyl sulfoxide (D
(PBS) tablets, STZ and ursolic ac
ethylendiaminetetraacetic aci
ICN Biomedicals Inc. (Au
GSH assay kit from Caym:
(Istanbul, Turkey).
Animals

Wistar albino rats
with stainlegsgstee

1es, and total glutathione (GSH)
investigate the effects of ursolic

llowing suppliers: normal-melting agarose (NMA)
nheim (Mannheim, Germany); sodium chloride

1de (KCl) from Merck Chemicals (Darmstadt,

bromide (EtBr), Triton-X-100, phosphate-buffered saline
drich Chemicals (St Louis, Missouri, USA);

ydrate (EDTA-Na2), natriumlauroylsarcosinate, and Tris from
SA), SOD assay kit, CAT assay kit, GR assay kit, GSH-Px assay kit and
0. (Ann Arbor, MI, USA), ketamin hydrochloride from Eczacibasi

n=24) were used in all experiments. The animals were housed in plastic cages

he rats were maintained on a 12-h light-dark cycle, at controlled temperature

0%). The animals were fed with standard laboratory chow and allowed to access feed
libitum. The blood glucose levels of the animals were measured before the experiments.
umanely according to the Helsinki Declaration of 2008 and with regard for the alleviation

ere subjected to type 1 diabetes through STZ injection (60 mg/kg in freshly prepared PBS) as
ly described (15). Two days later, blood was taken from the tails of the rats using a lancet to measure the
d glucose levels with a glucometer (Plusmed). Rats with a blood glucose level higher than 250 mg/dL were
considered to be diabetic.

perimental Design
The rats were divided into four groups:
Group 1: Sham group (n=6). This group consisted of animals treated with i.p. saline alone.
Group 2: Diabetic group (n=6). This group consisted of animals in which only diabetes was induced and the
animals were treated with i.p. saline.
Group 3: Ursolic acid-treated group (n=6). This group consisted of animals treated with a dose of 50 mg/kg b.w.
per oral ursolic acid (in saline) for 28 days.



Group 4: Ursolic acid-treated diabetic group (n=6). This group consisted of animals treated with a dose of 50
mg/kg b.w. per oral ursolic acid (in saline) for 28 days following the induction of diabetes.

Ursolic acid dose (50 mg/kg b.w. per oral) was selected according to our unpublished studies. At the end of the
experimental period, all animals were decapitated under anesthesia (90 mg/kg ketamine hydrochloride, i.p.). The
kidneys were removed. The organs were examined for changes in size, color, and texture. The samples were kept
in the dark at 4°C and processed within 4 h for comet assays. The kidney homogenates were kept at -80°C for
the determination of oxidative stress parameters.

Determination of Oxidative Stress Parameters

Oxidative stress parameters were assayed in the plasma samples and in the liver homogenates. The liver tissues
were weighed and extracted following the homogenization and sonication procedure (16).

The determination of CAT, SOD, GR, and GSH-Px enzyme activities and GSH and MDA levels in the kid
tissues were performed spectrophotometrically using CAT, SOD, GR, GSH-Px, GSH, and MDA assay kits
(Cayman Chemicals Co., Ann Arbor, MI, USA) at 540, 440, 340, 340, 420, and 535 nm, respectively e
results are expressed as mmol/min/mg for enzyme activities, uM for GSH levels, and nmol/g for
Determination of DNA Damage

Kidney homogenates were used for the comet assays. The kidney tissues were carefully disse
attachments and totally excised. Preparation of a single-cell suspension from the organs wa:
according to standard procedures (17, 18). In brief, approximately 0.2 g of each organ wa

and Bacanli et al. (2016) (21) was followed.
The dried microscopic slides were stained with ethidium bromide (Et
pL/slide), covered with a cover-glass prior to analysis using a Leica
light. The microscope was connected to a charge-coupled devi
system (Comet Analysis Software, version 3.0, Kinetic Imag
DNA damage after the electrophoretic migration of
DNA damage, 100 nuclei per slide were examined at
DNA in tail (‘tail intensity’).
Statistical Analysis
Statistical analysis was performed using the SP indows 20.0 computer program. Differences between
the means of data were compared using thegesn i

in distilled water, 60
¢ microscope under green

; personal computer-based analysis
iVicrpool, UK) to determine the extent of
the agarose gel. In order to visualize

nt difference (LSD) test. The Kruskal-Wallis K test
followed by the Mann—Whitney U S compare parameters displaying abnormal distribution

i ealy + standard deviation. P values of less than 0.05 were
considered as statistically si
RESULTS
Assessment of Oxidative

The CAT, SOD, GR aid enzyme activities and GSH and MDA levels in the kidney tissues were shown

in the Table.
CAT, SOD, and G me activities and GSH levels were found to be significantly lower in the diabetic
group compaied n group (p<0.05). CAT, SOD, and GSH-Px enzyme activities and GSH levels were

¢ ursolic acid-treated diabetic group compared with the diabetic group (p<0.05).
ant differences between the sham and ursolic acid-treated diabetic group.
ivities and MDA levels were found to significantly increased in the diabetic group
the"sham group (p<0.05). However, the levels were found to significantly decreased in the ursolic
iabetic group compared with the diabetic group (p<0.05). There was no significant difference
am and ursolic acid-treated diabetic group in terms of MDA levels (p<0.05).
cid alone caused no significant changes in all studied oxidative stress parameters compared with the
group.
ssment of DNA Damage

e DNA damage expressed as tail intensity in the kidney cells of rats in comet assays is shown in the Figure 1.
In all samples studied, there were no statistically significant differences in tail intensity between the sham group
and the ursolic acid-treated groups (p>0.05). The DNA damage was found significantly higher in the diabetic
group compared with the sham group (p<0.05). Ursolic acid treatment in the diabetic group was found to
decrease the DNA damage significantly (p<0.05).
DISCUSSION



In the present study, we evaluated the protective effects of ursolic acid against the renal effects of STZ-induced
diabetes in rats. STZ is a pancreatic -cell toxin that causes irreversible necrosis of B-cells (16). When injected
into animals at different doses, it causes mild-to-severe types of diabetes according to the dose used (22).
Multiple factors can cause oxidative stress in diabetes. The most important factor is glucose autoxidation, which
leads to the production of free radicals. Other factors include cellular oxidation/reduction imbalances and
reduction in antioxidant defenses including decreased cellular antioxidant levels and a reduction in the activity of
enzymes that dispose of free radicals (23).

It has been shown that oxidative stress exists in patients with diabetes, as evidenced by increased total
antioxidant capacity in the saliva and blood of patients (24). MDA has been identified to bind and damage DNA.
It is a direct product of lipid peroxidation. In different studies, it has been demonstrated that MDA levels wer,
significantly increased in different tissues such as liver and kidney tissues (25, 26). Increased MDA levels

shown in patients with diabetes (27) and diabetic rats (28).

Our findings are consistent with the data of some recent studies that showed changes in oxidative stress
parameters in diabetes. In the present study, we observed that GR enzyme activities and MDA leve
significantly increased, and GSH levels and CAT, SOD, and GSH-Px enzyme activities were signi
decreased in diabetic rats.

Recently, there has been a growing interest in replacing synthetic diabetic drugs with natur
plant materials (29). Phytochemicals with antioxidant effects include cinnamic acids, comma
flavonoids, lignans, monoterpenes, phenylpropanoids, tannins, and triterpenes (30).
demonstrated that oleanolic acid (0.1 and 0.2%) and ursolic acid (0.1 and 0.2%)

essed renal
advanced
; o triterpenes on
mRNA expression of renal aldose reductase and glyoxalase I revealed thafithe effects of thege,agents occurred at
in STZ-ind®ced diabetic mice
¢ kidneys were found to be

for three months, glomerular hypertrophy and type IV collagen accu
markedly ameliorated (32). In a 16-week study on rats with STZ-i

renal function and increases in oxidative stress, NF- ectin expression in the kidneys (33). In
our study, we found that ursolic acid regulated all o : dative stress parameters in diabetes.
Ursolic acid treatment was found to significantly dec C Yactivities and MDA levels and
significantly increase GSH levels and CAT, SOD, zyme activities in diabetic rats.

Kushawa et al. (2011) determined the DNA da , aorta, heart, kidney, pancreas, and blood
samples of experimentally-induced diabetic rat t and endonuclease IIT and formamidopyrimidine
(fpg) modified comet assays. The author; amage was significantly greater in the diabetic group
compared with the non-diabetic group (3" ) us study With ursolic acid, we reported the
antigenotoxic effect of this phytoc 3

CONCLUSION
Our results are in accoii@ previous reports about diabetes, its complications and the effects of natural

nclude that ursolic acid treatment may be preventive against diabetes and its

S

DS. Importance of postprandial glucose control. Southern Med J. 2001;94:804-809.

Shukla A, Bukhariya V, Mehta J, Bajaj J, Charde R, Charde M, Gandhare B. Herbal remedies for diabetes:

n overview. Int J Biomed Adv Res. 2011;2:57-68.

Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of diabetes for 2010 and 2030.
Diabetes Res Clin Pract. 2010;87:4-14.

4. Moller DE. New drug targets for type 2 diabetes and the metabolic syndrome. Nature. 2001;414:821-827.

5. Rotenstein LS, Kozak BM, Shivers JP, Yarchoan M, Close J, Close KL. The ideal diabetes therapy: what
will it look like? How close are we? Clin Diabetes. 2012;30:44-53.

6. Yusuff KB, Obe O, Joseph BY. Adherence to anti-diabetic drug therapy and self management practices
among type-2 diabetics in Nigeria. Pharm World Sci. 2008;30:876-883.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

29.

30.

31.

Bhathena SJ, Velasquez MT. Beneficial role of dietary phytoestrogens in obesity and diabetes. Am J Clin
Nutr. 2002;76:1191-1201.

Dyrskog SE, Jeppesen PB, Colombo M, Abudula R, Hermansen K. Preventive effects of a soy-based diet
supplemented with stevioside on the development of the metabolic syndrome and type 2 diabetes in Zucker
diabetic fatty rats. Metabolism. 2005;54:1181-1188.

Ezuruike UF, Prieto JM. The use of plants in the traditional management of diabetes in Nigeria:
pharmacological and toxicological considerations. J Ethnopharmacol. 2014;155:857-924.

Mythili MD, Vyas R, Akila G, Gunasekaran S. Effect of streptozotocin on the ultrastructure of rat pancreatic
islets. Microsc Res Techniq. 2004;63:274-281.

Valentovic MA, Alejandro N, Carpenter A, Brown PI, Ramos K. Streptozotocin (STZ) diabetes enhance
benzo (a) pyrene induced renal injury in Sprague Dawley rats. Toxicol Lett. 2006;164:214-220.

Lei YC, Hwang JS, Chan CC, Lee CT, Cheng TJ. Enhanced oxidative stress and endothelial dysfuncti
streptozotocin-diabetic rats exposed to fine particles. Environ Res. 2005;99:335-343.
Ikeda Y, Murakami A, Ohigashi H. Ursolic acid: An anti-and pro-inflammatory triterpenoid.
Res. 2008;52:26-42.

Jang SM, Yee ST, Choi J, Choi MS, Do GM, Jeon SM, Yeo J, Kim MJ, Seo KI, Lee M
enhances the cellular immune system and pancreatic f-cell function in streptozotocin-i
fed a high-fat diet. Int Inmunopharmacol. 2009;9:113-119.

Sabahi Z, Khoshnood-Mansoorkhani MJ, Namadi SR, Moein M. Antidiabetic a
of Anthocyanin Fraction from Berberis integerrima Fruit on Streptozotocin-I
Trends Pharm Sci. 2016;2:43-50.
Sier CF, Kubben FJ, Ganesh S, Heerding MM, Griffioen G, Hanefaaijer R, Van Kyiéken JH, Lamers CB,
Verspaget HW. Tissue levels of matrix metalloproteinases MMP-2 anddMMP-9 are refated to the overall
survival of patients with gastric carcinoma. Br J Cancer. 1996;74:
Patel R, Shervington A, Pariente JA, Martinez-Burgos MA, Salid hate E, Singh J. Mechanism of
Exocrine Pancreatic Insufficiency in Streptozotocin-Induced e iabet ellitus. Ann N'Y Acad Sci.
2006;1084:71-88.

Tice RR, Agurell E, Anderson D, Burlinson B,
Sasaki YF. Single cell gel/comet assay: guidelin
Environ Mol Mutagen. 2000;35:206-221.
Singh NP, McCoy MT, Tice RR, Schneider i technique for quantitation of low levels of DNA
damage in individual cells. Exp Cell Res. 1
Aydin S, Sahin TT, Bacanli M, Taner G B
Induced Oxidative DNA Damage i
Bacanli M, Aydin S, Taner G, G6
treatment have protective role
Toxicol. 2016;35:877-886.

ashi H, Miyamae Y, Rojas E, Ryu JC,
vivo genetic toxicology testing.

of Rats. Balkan Med J. 2016;33:594-601.
, Basaran AA, Basaran N. Does rosmarinic acid
duced oxidative damage in Wistar Albino rats? Hum Exp

Ito M, Kondo Y, Nakatani aruse A. Characterization of low dose streptozotocin-induced
progressive diabetes i iron Toxicol Pharmacol. 2001;9:71-78.

Penckofer S, Schwert Oxidative stress and cardiovascular disease in type 2 diabetes: the
role of antioxidaatssa xidants. J Cardiovasc Nurs. 2002;16:68-85.

Astaneie F, Af di A, Mostafalou S, Zamani MJ, Larijani B, Abdollahi M. Total antioxidant

capacity and pidermal growth factor and nitric oxide in blood and saliva of insulin-dependent

’ Andersen HB, Nyborg K. L1p1d peroxidation in early experimental diabetes in rats:
S and insulin. Acta Endocrinol (Copenh). 1992;126:378-380.
, Shin YK, Han ES, Lee CS. Protective effect of boldine on oxidative mitochondrial

antioxidant status in young diabetic patients with or without subclinical complications. Free Radic
Med. 2003;34:1563-1574.

Asayama K, Uchida N, Nakane T, Hayashibe H, Dobashi K, Amemiya S, Kato K, Nakazawa S.
Antioxidants in the serum of children with insulin-dependent diabetes mellitus. Free Radic Biol Med.
1993;15:597-602.

Chanwitheesuk A, Teerawutgulrag A, Rakariyatham N. Screening of antioxidant activity and antioxidant
compounds of some edible plants of Thailand. Food Chem. 2005;92:491-497.

Larkins N, Wynn S. Pharmacognosy: phytomedicines and their mechanisms. Vet Clin North Am Small
Anim Pract. 2004;34:291-327.

Wang ZH, Hsu CC, Huang CN, Yin MC. Anti-glycative effects of oleanolic acid and ursolic acid in kidney
of diabetic mice. Eur J Pharmacol. 2010;628:255-260.



32. Zhou'Y, Li JS, Zhang X, Wu YJ, Huang K, Zheng L. Ursolic acid inhibits early lesions of diabetic
nephropathy. Int ] Mol Med. 2010;26:565-570.

33. Ling C, Jinping L, Xia L, Renyong Y. Ursolic acid provides kidney protection in diabetic rats. Curr Ther
Res Clin Exp. 2013;75:59-63.

34. Kushwaha S, Vikram A, Trivedi PP, Jena GB. Alkaline, Endo III and FPG modified comet assay as
biomarkers for the detection of oxidative DNA damage in rats with experimentally induced diabetes. Mutat
Res. 2011;726:242-250.

35. Bacanl1 M, Basaran AA, Bagaran N. The antioxidant, cytotoxic, and antigenotoxic effects of galangin,

puerarin, and ursolic acid in mammalian cells. Drug Chem Toxicol. 2017;40:256-262.

Table 1. Oxidative stress parameters in the kidneys of the experimental groups

Group 1 Group 2 Group 3
CAT Activity 15.130+2.189° 10.463 £4.711° 167.390 +8.200 °
(nmol/min/mL)
SOD Activity 0.451+ 0.304° 0.241+£0.1472
(U/ml)

GSH-Px Activity 124.126 £2.563 ® 56.514 +5.466 657 +£7.120°

(nmol/min/mL)

GR Activity 3.737+1.281°" 11.382+6.2652 56 +0.423°
(nmol/min/mL)
GSH Levels (uM) | 9.938 £3.628 ° 5.419+0.584° 7.965 + 1.458°
MDA Levels 13.452 £5.128 " 24367 +4.785% 15203 £7.520°
(nmol/g)
The values are expressed as mean + standard deviatign; erent from the sham group (p<0.05); ®
Statistically different from the diabetes group (p<0.0
Group 1: sham; Group 2: Diabetic rats; Group 3: Ursohi g)-treated rats; Group 4: Ursolic acid (50
mg/kg)-treated diabetic rats
CAT: catalase; SOD: superoxide dismutase; G : e peroxidase; GR: glutathione reductase; GSH:
glutathione; MDA: malondialdehyde
Figure 1. DNA damage of the experin ps of the rats. The values are expressed as mean + standard
deviation ? Statistically different e dham group (p<0.05); ® Statistically different from the diabetic group

(p<0.05)
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Group 1: Sham; Group 2: Diabetic rats; Group 3: Ursolic acid (50 mg/kg)-treated rats; Group 4: Ursolic acid (50
mg/kg)-treated diabetic rats





