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ABSTRACT

Diabetic nephropathy is one of the serious diabasimplications and has been a major cause of expst
renal disease which requires dialysis or transpteont. The role of oxygen radicals are known foe th
pathogenesis of kidney damage. There are severahtrestudies focusing positively on therapeutics o
diabetic nephropathy using traditional herbal mieés. This study adopted oral administration o
naringenin to determine the protective effects ohiimproving antilipid perxidative and antioxidanTotal

of 24 male Wistar rats were divided into 4 grouss fallows: control, diabetic nephropathy (DN),
DN+naringenin and naringenin alone. The alteredybadight and kidney weight of DN induced animals
were normalized in naringenin treated rats. Theraad significant difference in naringenin aloneatesl
groups. The increased lipid peroxidation and deméaantioxidants (GSH, GPx, SOD, CAT, and GST
levels were found in group Il DN rats. The altereddative stress markers were normalized in narimge
administered groups. Thehanges suggestive of dilation of tubules necrasis swelling of the epithelial
cells with slight loss in brush border integrity nedound in the kidney tissue of DN induced animdlse
naringenin treated animals were normalized histapagical changes. We conclude that naringenin ha
protective effects against DN due to its antilipgtoxidative effects.
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affects approximately one-third of all diabetic
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patients. Most devastating complication of diabetes (Room temperature 25+2°C and relative humidity
is nephropathy, which causes 14% of all deaths in 50-60 %). They were housed in polypropylene
diabetes patients and accounts for 40% of end-stagecages with stainless steel grill top, bedded wiite r
renal cas€s® DN is the common cause of chronic husk and offered commercial standard pellet diet
kidney failure and end stage of renal disase and tap water ad libitum. The animals used in the
Several factors, such as hyperglycemia, present study were maintained in accordance with
hyperlipidemia, oxidative stress and inflammatory the guidelines of the Committee for the Purpose of
cytokines, contribute to the progression of renal Control and Supervision of Experiments on Animals
damage in DRt ®. Diabetic nephropathy results from (CPCSEA), India.

the combined effects of various genetic and Chemicals

environmental factors. Prolonged duration of (+) Naringenin (95%) and streptozotocin were
diabetes, poor glycaemic control and hypertension procured from Sigma Chemical Co. (St. Louis,
are major risk factors for both diabetic nephrogath Missouri, USA), stored at 2-4°C and protected from
and cardiovascular disedse direct sunlight. All other chemicals used were
Flavonoids are a group of natural products presentpurchased from standard local commercial suppliers
mainly in plants and plant products with diverse and were of analytical grade.

chemical structure and have been identified in Experimental protocol

several studies for their various biological acs8n The adult Wistar albino rats were divided into four

They are widely recognized as naturally occurring
antioxidants that can inhibit lipid oxidation in

biological membrane. They usually contain one or
more aromatichydroxyl groups, which is responsible

groups with six animals in each group and given
dose regimen as given below.

Group I. Control rats treated with vehicle alone.
Group Il. Streptozotocin (STZ) induced diabetic

for their antioxidant activit}f. Naringenin is a nephropathy, the animals were fasted overnight and
flavanone compound found in citrus fruits, such as diabetes was induced by a single intraperitoneal
grapes and oranges, and also in tomato skin. It hag(i.p.) injection of freshly prepared STZ (55 mg/kg
been pharmacologically evaluated for antioxidant  body weight of rats) in 0.1 M citrate buffer (pHb.

anti-inflammatory® and anticancerotfs The animals had free access to 5% glucose solution
Antiatherosclerotit, hepatoprotective ~ *°, over night to overcome the drug induced
nephroprotective and immunomodulatof§y hypoglycemia. Group Ill. Animals were induced
activities. Naringenin effectively quenches free diabetic nephropathy as group Il treated with

radicals due to a 4'hydroxyl group in its ring 11.
However, to our knowledge no reports have 0.5ml carboxy methylcellulose daily using
recorded the precise biological action of naringeni intragastric tube for 15 days orally. Group IV.
against on diabetic nephropathy in rats. Therefore, Animals treated with naringenin (50 mg/kg body
the present study was designed with an aim to weight) dissolved in 0.5ml carboxy methylcellulose
determine the protective effects of naringenin on daily using intragastric tube for 15 days orally.
diabetic nephropathy in rats. Preparation of the samples

At the end of the experimental period the animal
MATERIALS AND METHODS were fasted overnight and were sacrificed by
Animals cervical decapitation. The blood was collected and
Male albino Wistar rats ((130-140g) were used for serum was separated by centrifugation at 3,000 rpm
the study. The animals were acclimated to laboyator and stored at -20°C and used for the various
housing conditions under 12hr light and dark cycles biochemical and enzyme analysis. The animals were
for 2 weeks prior to the commencement of the quickly dissected kidney were excised and perfused
treatment under standard laboratory conditions with ice cold saline. A part of kidney tissues were

naringenin (50mg/kg body weight/day) suspended in
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used separately to prepare 10 % (w/v) homogenatewhen compared with group Il animals. The kidney
in 0.1 M Tris—HCI buffer (pH 7.4) and centrifuged weight was increased slightly in group Il diabetic
at 7,000 rpm for 10 min at 4°C. The supernatant wasnephropathy induced animals (p<0.05) when
used for the assays. compared to the group | animals. There was a mild
Estimation of biochemical parameters decrease in the kidney weight of group Ill drug
The level of urea and creatinine in serum samplestreated animals when compared with group Il. On
was estimated spectrophotometrically according to the contrary, no statistical differences were oleser
the standard procedures using commercially in both body weight and kidney weight of group 1V
available diagnostic kits (Sigma Diagnostics (IX Pv drug control animals.

Ltd., Baroda, India). The kidney homogenates were Table No.1 represents the levels of serum urea, uri
used for the measurement of Lipid Peroxidation acid, creatinine and protein of control and
(LPO) in terms of thiobarbituric acid reactive experimental animals. Due to diabetic nephropathy

substance (TBARS), reduced glutathione (GSH) in group Il animals urea, uric acid, creatinine and
Superoxide Dismutase (SOB) Catalase (CATY, protein were increased in serum (P<0.05), when
glutathione-S-transferase (G3T)and glutathione  compared with group | control animals.

peroxidase (GPX{. Management with naringenin significantly reverted
Histopathological study back these levels (P<0.05) in group Il animals

For histological examination, kidney tissues were compared with group Il animals. No remarkable
collected from all groups, then washed in ice-cold changes were noted in group IV naringenin alone
normal saline, cut into small pieces and fixed 0ol treated animals when compared with group | control
formalin for 24 h and processed further. 10 X 5 X 3 animals.

mm sized tissue blocks of both the organs were Table No.2 demonstrates the effect of naringenin on
processed for paraffin embedding. Thin sections of lipid peroxidation and antioxidants in the kidnély o
4-5um thickness were cut with rotary microtome control and experimental animals. The levels of LPO
and stained with hematoxylin and eosin (H and E). were found to be significantly increase than inugro
The sections were observed under light microscopell DN induced animals (p<0.05) when compared
and photographs were taken at different with control animals under basal conditions. On the
magnifications. other hand, the administration of naringenin
Statistical Analysis significantly diminish the peroxidation reaction in
All data were expressed as Mean = Standard group Il animals when compared with group Il
deviation (n=6). The statistical significance was animals (p<0.05). However, no significant changes
evaluated by one-way analysis of variance were observed in group IV drug control animals
(ANOVA) using SPSS 12.5 and Duncan’s Multiple when compared to the group | control animals.
Range Test (DMRT) obtained the individual Group Il DN animals showed a significant decrease
comparisons. Values were considered statistically in the activities of enzymic antioxidants (p<0.05)

significant when p<0.05. and non-enzymic antioxidants (p<0.05). The levels
of these antioxidants enzymes were increased
RESULTS significantly in naringenin treated group Il anilma

Figure No.1 and 2 describe the effect of body and when compared to that of group Il animals (p<0.05).
kidney weight of the control and experimental No remarkable changes were observed in group IV
animals. Body weights was significantly decreased drug control animals when compared with control
in group Il diabetic nephropathy induced animals group | animals.

when compared to control group | animals (p<0.05). Histopathological studies on kidney of control and
On the other hand body weight was significantly experimental animals are presented in Figure No.3.
increased in naringenin treated animals (p<0.05) The kidney of control rats showed no abnormality.
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Histological examination of kidney section showed
marked and varying morphological alterations in DN
induced animals comprise of vacuolation, tubular
atrophy, severe tubular necrosis and interstitial

serious health concern to both individual and
public?” 2 Oxidative stress has an important role in
the pathogenesis of diabetes-induced nephrofathy
Previous studies on antioxidant administration to

inflammation. Naringenin treatment decreases the diabetic rats emphasized their hypoglycemic effects
induced tubular necrosis and most of the changesin STZ-induced diabetd%®*® The aim of the present

and kidney displayed an almost normal architecture.
The drug control group kidney showed normal
architecture.

Figure No.3: Histopathological changes in the
kidney tissue of control and experimental groups. A
Control (group 1) shows renal parenchyma with
normal glomeruli and tubules. B-Diabetic
Nephropathy induced (group Il) depicts changes
suggestive of dilation of tubules necrosis and
swelling of the epithelial cells with slight loss i
brush border integrity. C- DN+naringenin intact
tubular epithelium with mild swelling and focal
fibrosis (group 1ll). D-naringenin alone treated ra
(group 1V) shows reveals features similar to normal
H and E staining, magnification X 100.

DISCUSSION
Traditional Indian and Chinese medicine are being
increasingly recognized worldwide. A series of

study was to investigate the protective effects of
naringenin against diabetic renal damage primarily
by microscopic and biochemical methods. Body
weight loss is commonly observ&d® in group I
experimental diabetes studies. Interestingly,
previous report shows have reported that naturl an
chemical agents having free radical-scavenging
properties prevented weight loss in diabeticPats
Body weight loss in diabetic rats has been found to
be related with muscle loss due to over catabolism
of tissue proteins as a result of hyperglycéfitn

the present studyaringeninadministered maintain
the body weight by controlling blood glucose level
thereby preventing protein catabolism. In the
experimental diabetes studies, results on kidney
weights are contradictory. Our studies show the
kidney weight have increased like Garmanh al
reports but Cold iroret al reported decreases in
kidney weightd**! whereas Teolet al found no

bioactive compounds have been isolated from the significant difference in kidney weighfs We

medicinal herbs. Citrus fruits are considered teeha
renal protective activity. After thorough analysise
founds naringenin was the major active ingrediant i
the citrus fruits. Aim to evaluate this effect of
naringenin; we established an animal model of

observed that increased blood urea nitrogen and
serum creatinine in diabetic rats indicates
progressive renal damage, which is taken as an
index of altered GFR in diabetic nephropathyn

the present study, oxidative stress was evaluaged b

diabetic nephropathy (DN) to assess its potency. DN means of tissue MDA, GSH levels and GPx, SOD,

also known as diabetic glomerulosclerosis or
diabetic kidney disease is a frequently occurrind a
dangerous complication of diabetes melfituN

CAT and GST activities. The tissue MDA levels
were increased, whereas tissue SOD and CAT
activities were decreased® in group Il diabetic

has been recognized to be the leading cause for thenephropathy induced rats. Glucose is oxidized to
end-stage renal disease (ESRD), accounting forreactive ketoaldehyde and superoxide radicalst. If i

nearly 50% of all new ESRD cases in the United
State€®, and most patients with ESRD have to

is not decomposed by CAT or GPx it causes
production of reactive hydroxyl radicals. Excess

receive renal replacement therapy through either amounts of free radicals damage cellular proteins

dialysis or kidney transplantation due to the di@be
renal failure in the end. With the changes of wogki
and living styles, as well as the unhealthy dietary
habits, the DN incidences have rapidly increased

and nucleic acids by attaching to théth They
cause lipid peroxidation by increasing low-density
lipoprotein. Increase in tissue MDA level and
decreases in cellular antioxidant enzymes emphasize

worldwide in the past few decades, and become aoxidative stres€. We suggest thatnaringenin
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prevent from oxidative stress by reducing lipid nephropathy by ant oxidative agefit§ In
peroxidation and increasing GSH levels, SOD and summary, our data demonstrated thatingeninare
CAT activities®. On the other hand, previous beneficial in improving diabetic nephropathy by
experimental studies have shown that GPx enzymepreventing oxidative stress.

activities reduced in STZ-induced diabetic
Table No.1: Shows the levels of serum urea, uric ig@¢ creatinine and protein of control and experimeral
animals
S No Particulars Group | Group Il Group Il Group IV
' (mg/dl) (Control) (DN) (DN+ Naringenin) (Naringenin)
1 Urea 22.65+0.11 50.31+0.04 37.51+0.38" 23.10+0.01¢
2 Uric Acid 1.23+0.52 3.27+0.06 1.41+0.08" 1.31+0.18°¢
3 Creatinine 0.80+0.12 1.56+002 0.58+0.13" 0.72+0.04°
4 Protein 10.78+0.02 13.59+006 11.45+0.14" 9.77+0.03°
Values are expressed as mean + SD for six animaach group; a - Group | Vs Group Il, 1ll and IV -

Group 1l Vs Group Il and IV; ¢ - Group 1l Vs GrpuV; The significance at the level of p<0.05.

Table No.2: Shows the levels of kidney lipid perogation and antioxidants of control and experimental

animals
S No Particulars Group | Group Il Group 11l Group IV
' (mg/dl) (Control) (DN) (DN+ Naringenin) (Naringenin)
1 MDA” 0.26+0.03 0.65+0.05 0.42+0.08F 0.28+0.0%¢
2 GSH 5.07+0.53 3.28+0.G7 4.45+0.08" 4.12+0.18¢
3 SOD 6.80+0.13 4.50+0.02 5.53+0.16" 5.73+0.08°¢
4 GPX 1.31+0.02 0.59+0.G7 1.15+0.18" 1.17+0.04°
5 CAT* 51.57+1.20 41.70+1.02 50.73+1.72" 50.63+1.3°
6 GST® 4.87+0.53 3.26+0.15 4.08+0.2F" 4.06+0.3%¢

"nmol of MDA formed/mg protein;ug/mg protein;” Units/ mg protein®umol of reduced GSH
oxidized/min/mg protein®pmol of HO, consumed/min/mg proteiffnmol of CDNB conjugated/min/mg

protein. Values are expressed as mean + SD f@rsirals in each group; a - Group | Vs Group 1l aiid 1V,

b - Group Il Vs Group Il and IV; ¢ - Group Il &roup 1V; The significance at the level of p<0.05.
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Figure No.1: Effect of Naringenin on Body Weight ofControl and Experimental Animals
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Figure No.2: Effect of Naringenin on kidney weightof control and experimental animals

Figure No.3: Histopathological changes in the kidnetissue of control and experimental groups
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CONCLUSION

We conclude that naringenin have protective effects
against diabetic nephropathy due to its anti-lipid
peroxidative effects.

ACKNOWLEDGEMENT
We wish to express our thanks to Mr. M.Marimuthu

Chairman, Mr. P.Ganesan Secretary, Enathi Rajappa9.

College, pattukkottai for providing us the necegsar
facilities in the department to carry out our work
successfully.

CONFLICT OF INTEREST
We declare that we have no conflict of interest.

BIBLIOGRAPHY

1. Umar A, Ahmed Q U, Muhammad B Y, Dogarai
B, Soad S Z. Anti- hyperglycemic activity of the
leaves of Tetracera scan dens Linn, Merr (Dille-
niaceae) in alloxan induced diabetic rdsurnal

of Ethnopharmacology]l, 2010, 140-145.
Edwards CRW, Baird J D, Frier B M, Shepherd
J, Toft A D. Davidson’s principle and practice of
medicine, Churchill Livingstone, New York,
1995.

Lasaridis A N, Sarafidis P A. Diabetic
nephropathy and anti hypertensive treatment,
what are the lessons from clinical trialgdn J
Hyper tens16, 2003, 689-97.

Ziyadeh F N, Sharma K. Overview combating
diabetic nephropathyjJournal of the American
Society of Nephrologyl4, 2003, 1355-1357.
Fioretto P, Steffes M, Brown D, Mauer S. An
overview of renal pathology in insulin-
dependent diabetes mellitus in relationship to
altered glomerular hemodynamigim. J. Kidney
Dis. Off. J. Natl. Kidney Foun@0, 1992, 549.
Shah | M, Mackay S P, McKay G A.
Therapeutic strategies in the treatment of
diabetic nephropathy-a translational medicine
approach,Curr. Med. Chem,16, 2009, 997-
1016.

Diabetes Control and Complications Trial
Research Group. The effect of intensive
treatment of diabetes on the development and

Available online: www.uptodateresearchpublicatiomc

progression of ion-term complications in insulin-

dependent diabetes mellitusN Engaged

329(14), 1993, 977-986.

Gaede R Lund-Anderson iH, Parving iHiH,

Pedersen O. Effect of a multi factorial

intervention on mortality in type 2 diabetds,

Engaged358(6), 2008, 580-591.

Hoi man R. Paui S K, Bethei M &t al 10-year

follow up of Intensive glucose control in type 2

diabetes, WEns/JMeci, 35(905), 2008, 1577-

1589.

10.Formica J V, Regelson W. Review of the
biology of Quercetin and related bioflavonoid,
Food Chem ToxicoB3, 1995, 106-1080.

11.Van Acker F A A, Schouten O, Haenen G R M
M, van der Vijgh W J F, Bast A. Flavonoids can
replace [alpha]-tocopherol as an antioxidant,
FEBS Lett473, 145-148.

12.Baumann J, Wurm G, Fv B. Prostaglandin
synthetase inhibition by flavonoids and phenolic
compounds in relation to their O2-is scavenging
properties,Arch Pharm (Weinheim)313, 1980,
330-337.

13.Shi Y, Dai J, Liu H, Li R, Sun P let al
Naringenin inhibits allergen-induced airway
inflammation and airway responsiveness and
inhibits NF-kappa activity in a murine model of
asthma,Can J Physiol Pharm87, 2009, 729-
735.

14.Park JH,JinC Y, Lee BK, Kim G Y, Choi Y H
et al Naringenin induces apoptosis through
down regulation of Akt and caspase-3 activation
in human leukemia THP-1 cells;ood Chem
Toxicol,46, 2008, 3684-3690.

15.Wilcox L J, Borradaile N M, Huff M W.
Antiatherogenic properties of naringenin, a citrus
flavonoid, Cardiovasc Drug Revl7, 1999, 160-
178.

16.Yen FL, WuTH, LinLT, Cham T M, Lin C.
Naringenin-loaded nanoparticles improve the
physicochemical properties and the
hepatoprotective effects of naringenin in orally-
administered rats with CCl4-induced acute liver
failure,Pharm Res26, 2009, 893-902.

8.

April — June 43



Mathi Selvam and Murugaiyah Kaliyaperumal. / Asian Journal of Phytomedicine and Clinical Research. 3(2), 2015, 37 - 45.

17.Badary O A, Abdel-Maksoud S, Ahmed W A, 29.Liptakova A, Carsky J, Ulicna @t al. Influence
Owieda G H. Naringenin attenuates cisplatin of resorcylidene amino guanidine on selected
nephrotoxicity in ratsLife Sci, 76, 2005, 2125- metabolic parameters and antioxidant status of
2135. rats with diabetes mellitus, Physiol Res51,
18.Du G, Jin L, Han X, Song Z and Zhang H et al. 2002, 277-284.
Naringenin a potential immunomodulator for 30.Vardi N, Iraz M, Gul Met al. Improving effects

inhibiting lung fibrosis and metastasi§ancer of amino guanidine on the histologic alterations

Res,69, 2009, 3205-3212. in rat kidneys in diabeteg, Med Sci,26, 2006,
19.0hkawa H, Ohishi N, Yagi K. Assay of lipid 599-606.

peroxidation in animal tissue by thiobarbituric 31.Garman J H, Mulroney S, Manigrasso &4l al

acid reactionAnal Biochem95, 1979, 351-358. Omega-3-fatty acid rich diet prevents diabetic

20.Moron J P, Defierre J W, Mannervik D. Levels renal diseaseAm J Physiol Renal Physja296,
of glutathione, glutathione reductase and 2009, 306-316.
glutathione-S-transferase activities in rat lung 32.Lu Q, Ym X, Wang J Yet al. Effects of

and liver,Biochim Biophys Act&(82, 1979, 67- Ginkgobiloba on prevention of development of
68. experimental diabetic nephropathy in rasta
21.Marklund S, Marklund G. Involvement of PharmacolSin, 28, 2007, 818-828.

superoxide anion radical in autoxidation of 33.Abo-Salem O M, El-Edel R H, Harisa G Eet
pyrogallol and a convenient assay for superoxide al. Experimental diabetic nephropathy can be

dismutasefur J Biochem47, 1974, 469-474. prevented by propolis effect on metabolic
22.Sinha A K. Colorimetric assay of catalageal disturbances and renal oxidative paramefea,
Biochem47, 1972, 389-394. J Pharm Sgi22, 2009, 205-210.

23.Habig W H, Pabst M J, Jakoby W B. 34.Coldiron A D, Sanders R A and Watkins J B.
Glutathione-S-transferase the first enzymatic Effects of combined quercetin and coenzyme
step in mercapturic acid formatiahBiol Chem, Q10 treatment on oxidative stress in normal and
249, 1974, 7130-7139. diabetic rats,J Biochem Mol Toxicol 16(4),

24.Rotruck J T, Pope A L, Gather H E, Swanson a 2002, 197-202.

B, Hafeman D G, Hoekstra W G. Selenium 35.0brosova | G, Fathallah L, Liu Et al Early
biochemical role as a component of glutathione oxidative stress in the diabetic kidney effect of
peroxidase, Science, 179, 1973, 588-590. DL-alpha-lipoid acid,Free Rad Biol Med34,

25.Satirapoj B. Nephropathy in diabetes, Advances 2003, 186-195.
in Experimental Medicine and Biology, 771, 36.Guneli E, Tugyan K, Ozturk Ht al. Effect of

2012, 107-122. melatonin on testicular ~ damage in
26.US Renal Data System, Annual Data Report streptozotocin-induced diabetes raEyr Surg

2013, Available (http: Ilwww. Res,78, 2008, 479-484.

usrds.org/adr.aspx). 37.Andallu B and Varadacharyulu N C. Antioxidant
27.Ayodele O E, Alebiosu C O, Salako B L. role of mulberry (Morus indica L. cv. Anantha)

Diabetic nephropathy-a review of the natural leaves in streptozotocin-diabetic ra@in Chim

history, burden, risk factors and treatment, Acta, 338, 2003, 3-10.
Journal of the NationaMedical Association96, 38.Teoh S L, Latiff A and Das S. Histological

2004, 1445-1454. changes in the kidneys of experimental diabetic
28.Rossing P. Diabetic nephropathy worldwide rats fed with Momordica charantia (bitter gourd)
epidemic and effects of current treatment on extract,Roman J Morphol Embryp51(1), 2010,

natural history, Current Diabetes Reportsg, 91-95.

2006, 479-483.

Available online: www.uptodateresearchpublicatiomc April — June 44



Mathi Selvam and Murugaiyah Kaliyaperumal. / Asian Journal of Phytomedicine and Clinical Research. 3(2), 2015, 37 - 45.

39.Murali B, Goyal R K. Effect of chronic 42.Kaplowitz N. Mechanism of liver cell injury, J

treatment with losartan on streptozotocin Hepatol, 32, 2000, 39-47.

induced diabetic nephropathyClin. Exp 43.Maritim A C, Moore B H, Sanders R At al

Hypertens23, 2001, 513-20. Effects of melatonin on oxidative stress in
40.Kataya H A H and Hamza A. Red cabbage streptozicin-induced diabetic rats, lhtToxico)

(Brassica oleracea ameliorates diabetic 18, 1999, 161-166.

nephropathy in rat&cam 5(3), 2008, 281-287. 44.Kataya H A H and Hamza A. Red cabbage
41.Maritim A C, Sanders R A and Watkins J B. (Brassica oleracea ameliorates diabetic

Diabetes, oxidative stress and antioxidants a nephropathy in ratg CAM,5(3), 2008, 281-287.
review, J Biochem Molecular Toxicologyl7,
2003, 24-38.

Please cite this article in press asvathi Selvam and Murugaiyah KaliyaperumBlotective Effects o
Naringeninon Streptozotocin-Induced Diabetic Nephropathy atsRAsian Journal of Phytomedicine apd
Clinical Research3(2), 2015, 37 - 45.

Available online: www.uptodateresearchpublicatiomc April — June 45



