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Abstract

Diabetes mellitus is a metabolic abnormality that has a relatively high prevalence throughout the
world. Kidney failure is one of the main complications of diabetes. Many therapeutic methods
have been introduced from all over the world to treat diabetes. The aim of the present study was
to assess the protective effect of Naringenin on early kidney injuries in alloxan-induced diabetic
rats. Forty male Wistar rats were randomly allocated into 4 equal groups, including: healthy
control, Naringenin treated, diabetic and diabetic receiving Naringenin. Diabetes was induced
by intra-peritoneal injection of a single dose of naloxone (120 mg/kg). Naringenin treatment
groups received the drug (50 mg/kg) daily for 3 weeks through gavage. Finally, serum levels of
kidney function markers including urea, uric acid and creatinine as well as the amount of lipid
peroxidation product (MDA) and activities of superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPX) and glutathione reductase (GR) were assessed in kidney
hemogenates. Moreover, histopathological observation was conducted to assess the degree of
renal injury. Naringenin significantly increased the levels of serum urea, uric acid and creatinine
(p<0.05) in alloxan induced diabetic rats. Furthermore, naringenin significantly reduced the
amount of lipid peroxidation in all diabetic rats and increased the levels of antioxidant enzymes
(p<0.05). Histopathological changes were in agreement with biochemical findings. The results
of the present study showed that naringenin with its antioxidant properties can prevent early
diabetic kidney damage.

Conflict of interest: None declared.

Keywords: Alloxan, Diabetes, Naringenin, Citrus flavonone, Nephropathy, Rat.



YYO-YFY :lbrio AF-Y ol SV by F o)lad VY 09 SSbjaly (alleyd il

"L;:'Ajj‘i J"
25 s i SLg e (Citrus flavonone) pisw ;U chdlows 50 aadlas

OLS 1 Lo 5 ok b3 ol o sla i ge
rdﬁ\.@.ﬂ jﬁ)‘} QY‘_;GJ“’:\AS &:.G‘J L*\Jl:-.d}} b&ﬁﬂx

U\J:'\ gﬁJJ 4&3&.«' Jb] a[i.ii\: ‘ﬁJJ US.&JA er.G ¢ <.J:j‘.»:‘.3 0 dSESNs 563})}:@}514” ajjf ‘)L;.C..v‘; -\
‘-"J‘.’.' cj._l_f; tvﬁml )‘)T el.<.i.'|‘b ‘j‘ij"; é«?ﬁ €}l& cé.‘;ﬂ\a om‘b c@li.llﬁ)b f}l& a); )L”JL’Lw\ —Y
Q‘ﬁ‘ ‘j‘,’.]"‘; 4&3,\«4‘ bbT aK..i.'u‘b gﬁjﬁ Lﬁg';fl f}l; cé‘iﬂ‘b om\) ‘6)")5}:.:}7[.3 aj/f JL'IM:\ —Y
vetdoustar@gmail.com : L3 J she oM_j.:'*

(VEYN N Ll oy VEYV/O tallie il s)

o AS>

23158 3 S5 L )bl 51555 0 s el 53 VL T g Ol 5145 ol (S e ()bl G o b ol
arlllas plonil 51 Bun ledd (B e Zabs lolie sl bs JS 51 ob) less atss g s ol 5ol (o
o s g OLeS JT Jaw 5 0dd s ol e Gt s 53 S st el 2 b Bl 6 g Sl
b3 s Fb bl Wl aals Gy S Jols Ol op B F Jo dolal Ko jls s 315 5 ol oo 590w B sl
s B sloml (VY morkg) OLwS I 5585 Sl 515 5,5 bws (025 Sabs Kdd w55 o5l b ol (2L o
O 3 A S cdlys wia ¥ Sue g 1505 158 Gk 5115 a)ls (00 MO/KG) s b b odd Hles slabge oizen
$30) (S Ol denS 3 pmames Oljee eoman 5 01 S 5 SKsl Al o)l Jold S 5 Shoe gla jas s (o ji3li
S Bl DU gen 3 5US 53, 0b S 5 5T 05U oS GVYBLS GU pams ST e (sl 5T Il 5 5 (A
25 s plonl oa b bae S 53 ol Sl s Sad G55l Sl (SIS St s ped LS (5 S 03I L s
(P00 sl Ll 1y p e il S 5 Syl Aol cosl Ol (13 fme 5 5b 4 56 OLS JT L o 2bs sla 55
ST 5T sl 5T st 5 ol 23 slafse 48 55 1y (Sikad O prlheaS T Dlen (613 smm sty 5 e
DL ol s gl Lz g B35 53 plerdom el b 55 alS ($3 950 fmp slaadl (p<e/00) ls 2l T s 1,

S (58 ey KI5 S s pE0n 55 Sl 50 5l 355 SIS BT ol b s ,G 4S5l

sl el ge o S LS P ccabs iz U tlae 3l s als

ARIA



OhSer 5 Hliwgd Cawg

S I b 02325 2l o (sl g 13 (2D iy sy 2 (Citrus lavonone) s b Asbloxa 5 eollas

Ol 5 (Catalase; CAT) NS «(SOD
53,5 (Glutathione peroxidase; GPX) ;la.sl
Kalia et al., 2004; Cameron et al., 2005; )
sl ool pLs .(Jandeleit-Dahm et al., 2005
Ll 5 T sLadiSanly W55 Jaall b 5l s
s bdplo 53 ol slol el st gla i
Signorini et al., ) >3 » Odo cadiks glacsl
Loy cabs 3l AU ol &S ol e (2002
(ol ol 5 A0 S e sl (gadate 5 ilises Julye
5 ALy JB 0 a3 Ll a8 Gk 51 e
J=10 55 oS xorpa (Liu et al, 2008) kxS Ole s
sLea3l B s Lazdl 5 Lad s ol 6 5las sl
S5 4 e 8 g Ll 3 g el 055 5
Vestra and Fioretto, ) i Lag 0 O35 L3 Sy38
Sl 2l & O L3 e J 28l 4L (2003
SCN I S JCH I S Rt e

e 5 A SlaenlSe bl slad sl
355 3T Gladosly 5l 36 glacawl blis s
S yomss Aoy g Glm 551 IS o Bl s
Ol ol 53 35S 5 5lasST,y 055658 VB
i ael s 3l SO 3L eSTHL s bl i
0335 lS A it sl 5o o el S 0
3 abs 53 OF M a5 andls spm s p o e
Aviram et al., 1999; Tas et al., ) .c—ul oais o, LS
.(2006; Rozenberg et al., 2008

F550 o3 sl SLadlsl) rge 1B 4 a5 L
Olajs 53 Sy )30 Slaaie 31 S5 ezals ($sla
Sl 31 OT 51 26 Loslse J xS 5 olew ol

Butler ) el 3137 gladiSGsl, W 55 2als Cg s

PRV
sl Jladar Culs g5 Sals 93 8 Sul
Sler codlig s S 5 Jdne SO Ol
Alberti and Zimmet, ) ol JZul58l a5, Oloean
e g 4y sled a4 s s o Ohda s S
Col Ldlae 48 5550 05 3 0l3e 5,00
Oy cilies sl Sl 5 B ,e s ks slacew]
Solew 35506 ax 81 .(Kesari et al., 2005) 5 55
Sl ‘jb sl 0SS U‘m ii:é: 93 C}: Q,.:Lib
(McGarry, 1992) ol ed sluads J4e Ol oyl
s S e plie 5o Sk b (S sl oyt
e N ot A el T R SR g
5 0ds S slal OF 5, Ses 3 Dl by 5ol
-’)—M’L;" PR Y ‘OTO[-A)J} U'é‘&’.h“uJJ(‘_é‘”’

.(Holman and Turner, 1991)
o 5l Sl aS G 5550 (6305 Al sl
33T Gladlsly 5 0 (53 5 ISt o 2l
03 Jalse ol cdls 5 cbs 4 OLSs O s
Cerielo et al., 1997; ) c—ul s law o=l 5550
.(Kaneto et al., 2007; Butler et al., 2008
Je— &Ly (Advanced glycation end products)
Reactive oxygen ) o5uS| JLseé slaw S Wy s
5, Shes s P15 b 3l (species;  ROS
LSuri}—;" Junty ST gl sly Sy slaedsls

Superoxide desmotase; ) ;U se—uus huST g

\Atd


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8D-4F7HJ6P-2&_user=4082875&_coverDate=02%2F28%2F2005&_alid=675385640&_rdoc=6&_fmt=full&_orig=mlkt&_cdi=5084&_sort=v&_st=17&_docanchor=&view=c&_ct=9&_acct=C000055263&_version=1&_urlVersion=0&_userid=4082875&md5=5f87b2b67a0c1fb5c77fc9b3b63a5bb6#bib8
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8D-4SK62WM-1&_user=1901209&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000055263&_version=1&_urlVersion=0&_userid=1901209&md5=c1e378db55aec0be370ca035497bc04a#bib1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8D-4SK62WM-1&_user=1901209&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000055263&_version=1&_urlVersion=0&_userid=1901209&md5=c1e378db55aec0be370ca035497bc04a#bib37
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8D-4SK62WM-1&_user=1901209&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000055263&_version=1&_urlVersion=0&_userid=1901209&md5=c1e378db55aec0be370ca035497bc04a#bib37
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8D-4SK62WM-1&_user=1901209&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000055263&_version=1&_urlVersion=0&_userid=1901209&md5=c1e378db55aec0be370ca035497bc04a#bib37

TYO-YEY iloiio VF+Y job SV ol X oylad Y 0)9

SSbjaly (alleyd il

Sl st Ly i b DS 5 S5 00
o dula Ol gea 5035 sdmte S 54 SLJL
Arul and ) uS e s T gL adSsl,
! - .(Subramanian, 2013; Keser et al., 2013
05,5 St oS 5 onl S Sl s osls
Ladssdls @ Jols a5 5515 3505 S 5506 5l okas
Lad 55 5500 (flavonols) ad s 5556 «(flavones)
La eols (flavanones) Lo sl (isoflavones)
(anthocyanidins) L_a -, 1l 451 5 (catechins)
e 5e,— (Kinoshita et al., 2006) .c_.»
- S 55k s -V O «(Naringenin)
(4,5,7-trihydroxyflavanone) o s 156 .S 5,0
03 5L 0 55 5L Jldie an 4S Cos S8l
et 5 W 5 (SOb ey p o S e OUS
Kawaii ) 555 0 23l 551 5 (S5 e 8 oS
o= ok s bas (etal, 1999; Jain et al., 2011
Glosss o 5 old Las LSS o) 58 4 051500
(Haidari et al., 2009) das s &l 1, 5
ool sl e, alesls LS Slides
Sl 5 Gl s s GleS] ]
Miyake et al., 2003; Hirai et ) ail o owze cil

al., 2007; Choi and Ahn, 2008; Lee and Kim,
05,5 4w L 5,5 .(2010; Nalini et al., 2012

5 2Uls La0 s pla 4y Lo 55 JonS 5o
Chiou and ) s,ls VU Jlews Slaus] T o,
o3 sldles (Xu, 2004, Pollard et al., 2006
S 4_als (Ortiz-Andrade et al., 2008) ulssas
Sl et (Mulvihill et al., 2009) o5 >
Lisaetal., ) ;s 545 «(Jong-Hwa et al., 2010)

«(Zbarsky et al., 2005) S, .ilis (1999

yyYV

glomt Al Gldllas b s o) 5o (et al., 2008
Clacal 2als U5 80 5s bolaes! sl
S e—=2b sla St gla o il 5 b sles sl
El-) el a3 S 15 )y 3590 31T sLaCsl
.(Bassiouni et al., 2005; Peerapatdit et al., 2006
23 S US55 ) el 555 Ol
by gleSt a5 gk sl
Sl bl oS e ol glap il
33T Ladllsly au 3l b 5 oyl eiS g5LuSL
.(Wohaieb and Godin, 1987) s 5 . J =S (tzes
S S Gk e w48 el nl ke
o slin S (5,8 5k sl ST Slac e
33t el ol s 1 a3l 5 Lad b
by ol IS s e 5T GladISGal
S el ale K S e g8y D O 3
Sl 255 e ol 03 5 AL e e Lo 3 ) 0
Lo L slomen sl Sl eslinal sl 2l Oblegy
ol a5y Olamen ol Oleys ol b s acb
sdalS slasyls sl 5 o sudl ols &S | oo
w2l Sl S ool sl 05 1S
Kameswara Rao and Appa Rao, ) L. il )6
J S e 5o glab>de LB glacs i, (2001
Sty St Slagols Lo g 5o 7580 ubs olew
doolss o alis Gl GO 5 e I el el
Solaw ol 5l (30 (ool e Ladilie ¢l p b
o glst bl kaly ol 53 5515 aalsl Olones
a5 3y pa dr ey LS L b baols] s

(Srivastava et al., 1993) ol o3 5 pudims



OhSer 5 Hliwgd Cawg

S I b 02325 2l o (sl g 13 (2D iy sy 2 (Citrus lavonone) s b Asbloxa 5 eollas

el 5l ey azin 5> (GUi Wu et al., 2006
e 53U sl da s 035 s Sl (S
53 e ooy pma VY mg/Kg 53 L OLuS JT s
Sleelie s cole V0 5l Aoy 0) Jhis o
G=up sl glees S e e 4 Slis 5 el
a VEmg/dl 51 i O A Oliee b gla i ge LS
Gupta et al., ) a3 1,5 e e ulos Ol e
CS b St Oyt A e oS 31.(2005
st 351 e (5 S Sl 5 e
A sty 35 Ly opd el Olpe . oslinad La i o
(Pharmacia, Uppsala, Sweden) ..l sl ssl, oS
(Cronex, Dupont, France) Ssbly ©lS law g
Gk oliol 5)se cS B S 10 e 5 e
5 3ol Ol e ay Ll G sl (S5l 5
L oS b o slasl o sl 1251 Slusles st sl
2l wblis JLS1y ol e e e

el = Gl Sl eslial ek b 5 Ol
SYNY cladlo s 0LSan 5 gl 5ol oladllas
Annadurai et al., 2012; ) a_s S x5 Yo NY
slaes S sla s s (Annadurai et al, 2013
Sigma, ) (555 3ol (el sl S el s
4 koS o a3 P 53 035 = L 5 (USA
ssbis s S w5 Lls, O mOlkg Ol
Gl fse 4 s S dbys 5L G b 5l S
e Ldbs Gl 5 Blae dals glaey S
Laes S olad 6l (01365 Loyl 3 plo 3 5oy
Sy 0l

G S o3l i s e aia as 5l ey
oyl Jold Laa IS s, Sas o, sla s

s (Lisa et al., 1999) ol aiters (SUS fouas
(Ordoli¢ et al., 2011) o553 5l Sd oS bl

..«U‘a."b QL:..: b u:a}..:)l.’

L sy 5 olse
Sa st e 2 e 5 s Ry aalllas
0 dSzils 3 VY Jlw s s eny o A2l
e Ol ST (St sle ol (Sl
S35 08 Gla ISy, als andllas ol 55 il ol
O sl 5 A bl Ul ledue
Sl G s sl 4 taS A6 355

Sy JAK:..“,LU'T
S e ol sl adllas plnil gl
S Y ET e B 055 L ks S5 5l
Sl g M 5 sy Joee Sl amia Ve s
S gl 0 dS il Dl S e Al
3G s el sl (S ele oS8
daliiglasy S Jold gm0 8 ¥ L3 islar ) sba
Lolesd mbs 5 mbs (3ol bobes Wl olla
Sl o3 5 i Byl s Lud ms s st
s A S b s 0L Laey S el
Sles 5350 aele \V Cosm s SOLU/ sy,
o A3 S oS gk a3 VVEY 3 s
5o bl sba Of 5 (G K ) solikal Ll
laml 5o el S 235 13 Sl s
Lagfge dan 53 Coly &S o 5840 (2L Gl 8
SUo s G Gk Sl s slaml L
Ol 504 (Alfasan, Netherland) e Jlel sy
Anderson et al., 1992; Yong-) . f[’-”.‘ o+ mg/kg

YYA



TYO-YEY iloiio VF+Y job SV ol X oylad Y 0)9

SSbjaly (alleyd il

eSSy s b adS s o Ol
Thiobarbituric acid ) TBARS (s S ;lul dews s 4
53 OLLSas 5 815 55, 3b (reacting substances
sk« (Fraga et al., 1988) . rk?,_;\ YAAA JLe
e Y L B Sl sen i e /) bl
vv) TBA-trichloroacetic acid—Hcl reagent -, 3l
as TCA s )5 V0 s Hel Jys /Y0 TBA s )5
Ol plam 4235 V0 51 ey bsee (Vi)Y e
Glos 53 aids Vv Do 0 Y0 exg )3 5oy S SO
Olid 5l Jslows Ol s A 5k Sl GUI
At Sl SO Jolie 5o OYO MM el sb s
e N R e B

TSR P Iy PSP I JVPWIPUR{IC P
Al 6 ,=S el AVY Jle s 0 5 St
B rj_fjji...a 0 550> ,s .(Nishikimi et al., 1972)
Slid g Bl L 5ds SUsen ol sl Sy
NBT s (Phenazine methosulfate) PMT s
L xSls .45 S b ylses (Nitro-blue Terazolium)
Nicotinamide-adenine ) NADH (055, 3l
Gles 55 Sty byl s § 5L (dinucleotide
Lg)\.l_fuup_f Ay Sl 4 gk a3 Y
LSS Sl ol e ) 05530 L 5 e
PSP P EY RN WOV I JR U S I P
Shasly a s (6,8 o3Il 0F e nm s el LS2S
vi}—j Cble g 4 50 e dnST s Clad
V3 Ao 00 B SS) as Sl Ciles sl 5L 3 e
35 s canlllan Lyl 5 o cadd

i 53 8o s e s YU b

C)ﬁ ij)b djj)-z\?b .,lﬁ....S‘ﬁ 4.3/,>r5 UAL&‘}J‘} VAAD

yvya

Caraway, ) <G sl Al (Fawcett and Scott, 1960)
5 O aises (Teitz, 1987) -osl, s 5 (1955
L. 5 (retro-orbital plexus) oz oS culy o s
A8 A e (O] s ond) e sladls)
23053 Y0 Lo L S Sl b 5 055
o sk 453 Y0 Gles 53 423510 s 4y 5 4i3
J_wtkét_,[_awywuu)vﬁ U NS
Labse oo S Ll 2S0LT (decapitation)
S oy s M LT ) Sladad 5 e S ol by
VoSl Ssen 5 i e e Sl ol sdaad
A A el s A8 WIV) s 3 VN0 55 Ao s
slos o adds Ve 4 VereXg Cls b DU sen
Dbt Jpdomn 5 0l Sl Bl ks a5
S Oyl benS1 2L Ol lomis g
MDA) Jyb o Iy |
30 poms AeST s g sl 55T Sl (6 S5l

Catalase; ) ;YIS «(Superoxide dismutase; SOD)

s (malondialdehyde;

Glutathione ) jlu—.s1, 0 sl S (CAT
S S, 0esl 58 4 (peroxidase;  GPX
ol 3 eslaul 5, 5 (Glutathione reductase; GR)
Olyee 5 555 de SlaSI BT slan 5l cdlad 2 8
Shesteul Ly sbd Jpdoee 55 55— s MDA
Nanjing Jiancheng ) >5—= s s low slac.s
4—b s (Bioengineering Institute, Nanjing, China
MDA Jliis ds ol oS ol &8 5 5 s
Cdld 5 s e S e 5o Jse sl e 4 L
03 @313l 8 ety oo S]]

3,5 Ol s oS e



OhSer 5 Hliwgd Cawg

S I b 02325 2l o (sl g 13 (2D iy sy 2 (Citrus lavonone) s b Asbloxa 5 eollas

s i o =Sl EY e nm s dsl- S,
0S8 s Son syt 0 Sy 0556518
35 Ol e 05 e/ ak3 S|

oo Sheslaal Ly 5LS 03, 0555 )8 e
LSty el VA L s Oen 5 ulbigs
Mohandas et al., ) « S ;1,5 oo 555 o3
.(1984

NADPH+H* +GSSG — NADP* +2GSH

Lol denST 0556 I8 LS 53, 050 I8 pea s
352 50 015 NADP* &, NADPH (0lojos 5 ol
Akl Ol e o oo 5 BT glos 53 o 5T e
e st Sl L FFe M s o iss /NADPH oo
NIES QTSR ISIRY

23 el Ol s S aglie 5 Ll S
S 5l caalllan 35 baos S 53 b se S il
AL ol s 5 A5l (BL laki e L b el
S esliul U G g slaed sad 5 Lld Il doys Ve
ppl—ie a5 Sl Sl =l lae s
L5 005 0 culid b o b ()5l s
Lee ) dd ags i sl = kS silon 50l SS5 2,
S bt wblis o) (and Luna, 1988
semiquantitative ) oS aas s So by
s oLl g S s D on s (SCale
s (glomerulo-tubular) Js— s- Js 0518 ol
Cdd s S bl bl slad b ol a2
+) b dS KL a0) +F 6 Lis 5l el
Yl e ol OGS HY (S el SOLES
il S s el LS Y 5 s ol Sl

sbeSon L lagauar s peled s gituax s (4

Claiborne, )« 3 )|, 5 e 5,5 JYe M
5 S i 3550 bslis e, by (1985
V PHEY) Yo +/00 Sl 5l x L 1/40
AN IS PEVRYERL UVE PR RV WRAL{ SURSER A g 00
Vel o 3 e VL olis o
T Isb s ol s Dl 3l e ) e
S amm culg s s S (g S el Y em
A delee Mai3s s VB "
o el L Sl 055U 58 e
SSTy oelad s VAV Ol s OLas 5 S5,
{(Rotruck etal., 1973) .3 3 ;1 3 Jiowiw 5550 J3
H202+2GSH — 2H20+GSSG
(ol Ol i e o Gl ST, 0l 5 I8
LSl Oles oa Jsb 4 oS 63 S sdenST 1, 05508
Vo Sl e STy opl 3 S e bl Ol @ 055 s
0588 5 b gt dosl Szl JS (6 5 Jawn 55 45
(Dithiobis DTNB Jsloes b5 oSl 3L
o ove 5 0dss S JLas Isdes nitrobenzoic acid)
2 agy Sl LS 5 o SO S 5 S
S ize Ssly blss 355 0 (5 ,S05100 FY+ nm
Ethylenediamine tetra-) EDTA ) L. +/Y 3
ol AT ) e /) Y g e +/A (acetic acid
LeS1yy i e v /Y Y5 L Y+ (Sodium azide)
3o D5 gen i he /Y 5 Ve s Y/O 035,008
SOl aiBs Vv Sdis a eseede a3 TV 58S
Sl AS 65 I e 110 03531 L Sl s S
aidds 5o 5 Yeer Llady) 5 CBste don Ve
63 il e ¥ LIS 5y Sl aids 10 Soe
DTNB = s +/) 5 5¥ 50 oo +/A 0555008 auds
Aol 5ol 03558l [ sls Jgke 4 ds s /0 F

yY-



TYO-YEY iloiio VF+Y job SV ol X oylad Y 0)9

B A e I
Laadl

Slde L iz L il sl 2L s
e Sl ay oSS np S ke 00 O
Y lsad s asdllas 5,40 Sl fge O A3 Ol
LSJ‘JWM Wﬁﬁﬁ J:‘ u:.!}.ni)b &;.w‘ PR e 43‘)‘
dxs (P<e/0)) s 5 (p<e/00) rJL.d sla fge o
3 S sl QOled waa Y

ssban (P o Sl S s See Oldee O 3 5 XV 0

A rlq;.l JPLE1Y
(oS sl Tz slaesls (Laesls g bl fukou-
e I3 smme B 5 &Ll meantS.EM o soa
4, b S il Jdos O3l o5 Loy S
o L3 (Tukey) S5 ins 05051 5 (ANOVA)
5,52 SPSS (¢ Ll S3le 5 Lo 5 P00 (613 s
bl 4 by e slaesls 23515 (<5081,
IS s S STl o G pesl By 55 8L
o xS 0531 5 (the Kruskal wallis test)

S8 e 5,5 (U mann whitney test) s

FBS (mg/dL)
g

80 +——
60 a
40 +—
20 -
0 - ‘ ‘
1 2 3

Groups

(MeantSEM) aslllas 5,50 ol e sla 550 55 055 L3 Ol 5 550l S50 aglia =) 5ls sal
Ap<e/00) (b)Y o3 S L awslis jacC ‘((JLA Jali) ) oy S L oawlis j3ab

e o L les v 0,8 sla se s
Jsd=) s sl 5 She gls el )b 55 (gols ome
0

AR

J\.LM‘ co)‘5| Pl C).E..e u:“L.’.J 0‘5; LSLQU’:'_}" BE
siba el o 3L alie 3 il S 5 Sl
solos 0,8 5 .ol Ll sl (/0 0) (gl sxe



OhSer 5 Hliwgd Cawg

S I Lawsgs o b (ol yuo slaBge )3 (Bbd (i Sbgyss y (Citrus flavonone) s )b adlxe wb adlas

(mean+SEM) _xbs 5 (,Jl“ sl Sl ise 5 il S 9 Sl Al oyl o lewﬂ Ol 56 =Y Jade

(bowd g gLl

(mgldl) Ky 551 bl (mgldl) Ky 551 doe! (mg/d1) o ! =7
V50 VEESLVE YA/+EOY /) RIWIRIE
VRS VANy VEES AN YV /0F o3l L les ol
Y/ E00/YVF ARE=2Vidls AAVAEV.Vid & sl
\AEVEAA VAT Yo k) F/50 et Ul mbs

S @l (p</0) (ols e sbar s TBARS ol
SO G gass eS|y g sl 5T b 2als
Cls 3 S35 0556518 5 ST, 0556 8
e o0 L les Wl o5 8 gla se 3 A
Sadshe 53 Sl O sldenS 1 Olsn 55 (5515 sma
SUSA N P I KWW {1 L;um-j s 5 als sl

(Y dsi>)

(p<e/0) b dald 65 S L Sl e Ml SOl "

Ao sl 3T b b 65 S o

035518 5 5l sty 055 8 GYULS U sass
b oIl el oy, 8 L alis 55 5L 5,
Olgeas TBARS 0l 5 Jials (p<+/+0) Sols g
Sl e b s Gl OS5l ol
L olas mlos o, 5 5o il il (p</+0)

S @l (p<e/00) ol gme Hsbar i b iz sl

(Mean£SEM) _bs 5 ol sl e sla g 53 adS (5l STl 50l 30 - Jsr

b g el

GR (U/mg protein) GPX (U/mg protein) CAT (U/mg protein) Sopz)t(;g]g TB}?)F:;(E?SOI/Q e
ARR7Z =R VAT YO/\EA/OF OV/0E00/14 4/+£04/00 Yo/NEYE/F V_SL.J Jals
Vo A/EENZ/OY YV/\EYY/AY OV/00Y /YN Voo EVA/YY YANENA/YS J_ﬂ)l.. Lol VJL.q
VO/fENY/AY* \TZAEAViAm YO/YEYY/AF O/+EFV/\A* YO/NED/50% sabs
44/0EAF/VY Y/ \EAYV/YY YA/fE0Y/AV A VY4 AAVAE-3 AR+ Soseob Lol ks

Sl oISl laslis cabis LI
o3l sl plust as sdaliie JU3l5e oS 5le
Hyaline ) .55, o 55 Olkd e ol on
Slres s S Ol 3 (proteinaceouse droplets
5 (Synechiae) o5 Js—nS (ol 5 oL 0>

A 5 955 b s Jusle e ¥l s

(p<r/0) Wl dals 65 S L Sl e Ml SiL2S "

b b ol e 5 Gl als Glaes 3 s

3 ladaSe LB sl 5 3 p b SllS 4dS il
A edaline Laol e 8l —wbiscoul bl
sle Sla s 55 S SISk sn Dl nss
osls QLS ) IS 5 s b b sl by 5 b

‘L;“*iL.’.b o‘}}j 61_4%&},44_?]5@_9\.; B ) 0

vy



TYO-YEY iloiio VF+Y job SV ol X oylad Y 0)9

SSbjaly (alleyd il

Som 3 Ble lakeSle LB sbas 05U o b
Wi mles slaise 53 B8 S35k sl
5o S e e Wl ks Sib s S be
5 JB ol (s s i o5
PSP PPV S CNSI| TN EL B PRSI
sbad s ol 750 5 (Glomerulo-tubular)
350 e S a ¥ dsdr 53 b Ssd 5 bl

sl 03 S dlie andllas

IS oM 03 58 slad sl 55 50 b
eos= ol slaads) o3 s edalln LB 55 e s
5L cLid ol s il sl 5 ity slad sl
eSS s glacoS sy ey U 5 s
53 i3y ol an a7 sl 5 Sl L Blse 2
5 S oblis sy edalis LU adp g J0
Sl 3 st FLAS 5 el Lol en (5 5
Ll s 05,8 53 g pasie WS als oy

(MeantSEM) asllas 550 (sloes S o S md 5 omlol o sh L2551 5 b J 58 ol S gl Y I

S5PSY O s 055
397 5 2@ d g LS PRI P |
v/aka /e ==y V'H'""' Jals
NIESUN ook o5t bsles Gl
\AVAES VAR AAES AN b
VA EYY/NY v/aEVa /Y J"J"ﬂ)LL)L“:‘; LSL:L;J

yYY

(p<e/+0) W sl 65,8 Ul s OVl Sl



OKen g Hliwgd Cawg S Il bawsgs 005 0bd olyomo (slobge ;3 (U3 o yin Sbgyds » (Citrus flavonone) cypiso b (adlee 36 adllae

. 2 R Ve : s &S L g [ # g2 7 ‘- ~
05,5 53 adS ol sl on sl o Yy LS s palenS silen) addlls 5 pe ol s Sl ise A8 5 pons sl -) IS
Ol S Sl s (s 05,8 5 (B 5 el edalie ot SIS et 58 ool Lol fdle s S 0 (A) Wil e b L sl
Slab il s i 0dis o IS ol 5 plim) Slaes (St 5 U3l oS5l 5 JomlS Gl glaelis culses 55 a5 L6
Lol Jlile oV sk son adl o st bad 55 I o) Sladsho o s 53 05V 535810 5 (255 3l oo Lol pon (55100
SlacS Al g sdaliin 6 calin b G 5 G bpls D S ol 5 plil laes y (S 5 Js 088 S
i SLS S sl 3l 5 sl S5 L2 5 S sbad g 5355 A3k e asiie S b CL s s Leles s
5 5 03 b Lo S il 03,15 (6 or S5l i S 3l i3l 03l b e s 05,5 5 AC) a2l e

(D) 355 05 odalive 01 53 ol 3Pl ks Wl s Ciist O g 55515

)
oy
N

CAJL: Cn_’lib L cadlae U_i‘ B J\_.JJL’Q_A Q;.;’L.’.J ‘5};4;5:‘3"&,99
j“ganij""&-””“wj‘Lf‘)‘“ﬂ;l-i‘)“bgf”di‘ib}‘ d‘ﬂ”“dﬁﬂ)buwﬂb'w}f)>
Ol Jls me a8l e 5 (il S el Sty ol 3l azia ¥ ode 4y 5 00 mglkg

L;l_av.i}_',\)bu_;;u ol S 5 u_SWlgs0 sl L;"-fl—PJVJL“ = Glaise 53 Os A5 LRalS
L aslie 55 oS il 5US 55, 0 a8 5 5lunsS) o SLaisn 53 alS Conl 5l Sl 5 ol

yYY¥



TYO-YHY iloiio VF+Y jub SV ol X oylad Y 0)9

SSbjaly (alleyd il

> ATl e Olsme Srali ) bl s
A4S s e 0L by ol e gla S g S I
5SS ol gladlsosl, 5l b slanST ozl
Sl S ol 5350 2 Jeme GlapeilSs
el sl ladlsTsly 4 twy oo e 3L e
Sl fpzman 5 oLES Gl ) O snldS]
R e S
5 (AT 630 ) (S SladenST s S5 4y i
Sl 3 s badshw L8 Oo 5 Wl ) s
55 5Wlen0 b Olme il 5l el ol S ol
Sla Sy Sl sdoasolis ( ules glafose
S Gl e i 4 Sl S snlins]
S omilen o o 5 ki3 S e 1 Sl
dal g S oa 3T SIS, w51k A 8
Ole il s ole o .(Naik, 2003) s,
OSSRl 5 (Sl S s w5 Te30 Sl
an 5 4SSl ol 4 e 65 ol i)
BN PURSY KN ] (P K PO CORg Pt
238 35T sl Lase JSES
Jles las 8 dtlhe 5 5l o mul 23
Sl ooy ST s Sl 8 5550 3 O3S
VLS b gess AoS1 s (NOyan, 2005)
S At SIS ST Glan 3T 5l 0556 8
S 031 Jld a8 e 1) bl et
e 3 S Lagy sl cpl (Ll 1988) wlesls
Sles 31 ISl o1 aslas e 53 el 52
S AeaST g 055 56 pans LSy g izes
e 3 03335 O3 daSl e O s b

Curtis ) das o 2ol |, of SeS 5 ol jl e 5

YYo

wolde 3 sls e Ol oas S Il aals 05,5
Burtis) 13 558 slacanl 3l 0lis 35 sla l L
5l esleul caadlles o o1 55 (@and Ashwood 1996
w3l Sl sl sl (ghls some 5 pban 85U
Sl 5o sl S 5 Sl Al ol oo e
SN Ele 05l D pae Grzmen AL (2l o) e
A e LS 5 Sl 520 I Ol 530
035518 5 5lanst 0555 8 GYUE U sas
Jeoas Sl Se 1l S dd ol Sl s 5LS s,
S 2l sl ey s GladIGsl, g5LaSL
5 S .g;_wu.x_;um_ﬂ@\ iy 5 L 4 s
e el as Wsls QLES Y 2 Jle 5 olis! O, e
e s b SHIL-L S TGF-BL nals L
s gl e gla s 5SS
S Atsy e 3 b e 5 el S L
il e G3ls 3 pol addllas il L 0L slaasly
by oS glaadlas b o imman (ROY et al., 2016)
S el oLl YOYY Jla 5 (55 0LKes 5 Ot
3= S 555,80 ) oo il
Sl 2l oo Gl 5o enndS
J=s s S0 ol oLl i L) b oS sl e
03] G| a5 T () 55 v il 5l il
OLLSea 5 0L sls ail .(Khan et al., 2022) ..l
ks U ol S als OLES Y8 Tl 53 59
let-7a/transforming ) let-7a/TGFBR1 s JLX..
53|y ads T (growth factor-B1 receptor 1
Yanet ) iz o5 b ol o sla g

.(al., 2016



OhSer 5 Hliwgd Cawg

S I b 02325 2l o (sl g 13 (2D iy sy 2 (Citrus lavonone) s b Asbloxa 5 eollas

Il slacdplie ols5am SRl 5 bl 055648
S o ol el 0558 L 0 palS 58 ban 3
g pls Gl aS cil Sl o
Gk 3l LS 10 555 8 e sl (g3uae (sla, S
S 5 B 0 LS 5 S n U S
(Sl adsl L1055 4= ST .(Liu et al., 2008)
Ll oS on a5 s Sl 8 Ol
oS en L i slac o Ll 50 0
s ! 31 .(Vestra and Fioretto, 2003) 5 ,l._ bl
O G sian 2l O SIS IS
S il s PSS (2l Gl 8 Ay,
S ol Sl 5 L el sl
5> bl g 55 (extra cellular matrix; ECM)

Kalia et al., ) 105 658 S50 50 lacaul

2004; Cameron et al., 2005; Jandeleit-Dahm et

3die S Slanl Sl LS I Lo 5 0
lalie ol L Yl iaaal ol a5 Wsp ol
JEPFCENAE SPIE JORN YUY
ol sl oS s 51 230 4510ST (gla ezl
Al
deS) e S0 5l 5l S0 s5lanST ezl
Slas,s 585525 s (Superoxide anions)
s L .(Vural et al,, 2002) wsb o Jos b
S8 S5 A 5L e (b slatise 4 ezl
Ol Sl s gl aS i edalie S Ly g i
Cld SIS ol Jlie 5o ) izl bl
by S sl bl (ol ol das e OLES

Sl mede | e s s el

36y eS|y gon Olgae il a5 (1972
Lol Olsl LS s 4 als gla i e 5o
Ol gy > & 3L [2alS ()l e sbay deST 5 5
o 05300 AeSTy edlsy slany 5T el
o ba B ol 53 58 5l 05508 5 VLK
WS A e B g Al Ll (ol pxe b
Sl sl a5 50 s oSy 0 b 8
Od—d Jlsd 8 ey ot cdeeST s Bl 0153
SVBIS 55 o SeS1 5 03B 1S 5 SVBIS (slas 5]
i Sl glacsl s oS ool S| s i
Sl o i GLls s e pime les zuS 5k
deS1y YU ol e 3 glad 58 5 AS s
Sl chbblbee Col 5 AS o a2 1) 055 e
Chance, ) 52 oo JouS 5540 Jled [l ISl
el o Kan YU b 28l ol by (1952
ISl Sl (2l e D) 5 e
235 O55ohen oS 5 AenST 5 s
SIS I35 s 51 S LS 53, 0568
iy (GSSG) dnST 8556, L2alS 53 oS o
S50 = MeeST 0 Cdld ol saee
Suresh and ) u_ib . s ((GSH) clml 0550 58
= 0> Smls LA 3l (Vandana, 2008
05558 Ol 3 (e 5= =B Shals s~
05t s & e S 43 5 Jol S8
Cdlad s 5 e S A e s e LS 3
53 oS O ae LBl ShalS SIS 35 0550 418
Idioms | 5L 3, 0l 5lS e b sla b s

MC/_@}\)GSSG &_ej_ﬁa.odebj_o.s‘)bﬁf

YY»


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8D-4SK62WM-1&_user=1901209&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000055263&_version=1&_urlVersion=0&_userid=1901209&md5=c1e378db55aec0be370ca035497bc04a#bib37
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8D-4SK62WM-1&_user=1901209&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000055263&_version=1&_urlVersion=0&_userid=1901209&md5=c1e378db55aec0be370ca035497bc04a#bib1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8D-4SK62WM-1&_user=1901209&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000055263&_version=1&_urlVersion=0&_userid=1901209&md5=c1e378db55aec0be370ca035497bc04a#bib13
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8D-4SK62WM-1&_user=1901209&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000055263&_version=1&_urlVersion=0&_userid=1901209&md5=c1e378db55aec0be370ca035497bc04a#bib13
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8D-4SK62WM-1&_user=1901209&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000055263&_version=1&_urlVersion=0&_userid=1901209&md5=c1e378db55aec0be370ca035497bc04a#bib39

TYO-YHY iloiio VF+Y jub SV ol X oylad Y 0)9

SSbjaly (alleyd il

0 adllls ool lidpnl slaasil s
Cdty ploardpn mli b cdalpd 5 b SLSL Gil
s e 53 a8l s, e | WOl 5 azils Sl sseen osl
SN S S Sl ol
LS Cmls IS oule Julie 5o 1y il
Sals sla b3S plomil 5l el oy das s
Ol g Ll oo izl (e mld J a5 S8
S Sty e (ALS s Jpame S
35 5y go g5ldenST ozl 31 50 (g8 slad
e 33,8 o 5 Oludl 2550 55 (obs ($ole
5 OLSe (38s el 5 o b il (glags 56
23 Ao S s I e b S
ol T ollas w5k ol (S50 Ske,6 5 Sae

P
S Al

Aty Dl sl o8 il st oslaa

L;]\JJ.XJ aallzs =l e s v_<..2ﬂ r)l.:«

Jj,:a‘jc

Bl o)W
s a0 S s 45 s e oDl S 5
Al bl

S 5T S w015 o 5B Sl
il by 0 O gleST (Sl il 1S
s slasise S 534S (603 e ol
e edalin ol s p o3 OLS Il L 5 ol
Sl s IS sl glalis cals Ll
Sl 53 JLslie S5l Sl g sl
S o Sl Dleas b BLI s b
Sl sl yasiie (Yamanea et al., 2004) Lib .
S!S s S 3ok s Soken 53 oS
Liuet) Ll oo ilsel ads 5o coanl 8L O3S o5 5
e il b JUsle S0 Sk il (al., 2008
Ao ol Sl el ) S S F g 03
Kotajima et al., ) 55,5 . ol coul oIS ;s
Matrix ) MMPs «S ol edi s is (2000
S5 5l Jlgs 5 4m 329 J g2 (metalloproteinase
MMP9 s MMP2 0le ol 53 5 dien ko 2l
L OIS (650U 5 52 J s oozt ) sbas
Sbs % s (Midwood et al., 2004; Sottile, 2004)
534S Al e 2l MMPY s MMP2 =l _xbs
Ryszetal.,) u& aals > EMC ol o culg
el s, aS syls s e s Jlaxs| ol (2007
b Sl s MMP9 s MMP2 =l iS5
525 dLslie S sle Gl 5l Gl o ot S
53 S5 e adS 5y 5 Jy e I8 55 ISl oty

@L:.o

o Alberti, K.G.M.M. and Zimmet, P.Z. (1998). Definition, diagnosis and classification of diabetes mellitus
and its complications. Part 1: diagnosis and classification of diabetes mellitus provisional report of a
WHO consultation, Diabetes Medicine, 15(7): 539-553.

AR


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8D-4SK62WM-1&_user=1901209&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000055263&_version=1&_urlVersion=0&_userid=1901209&md5=c1e378db55aec0be370ca035497bc04a#bib45
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8D-4SK62WM-1&_user=1901209&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000055263&_version=1&_urlVersion=0&_userid=1901209&md5=c1e378db55aec0be370ca035497bc04a#bib19
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8D-4SK62WM-1&_user=1901209&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000055263&_version=1&_urlVersion=0&_userid=1901209&md5=c1e378db55aec0be370ca035497bc04a#bib19
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8D-4SK62WM-1&_user=1901209&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000055263&_version=1&_urlVersion=0&_userid=1901209&md5=c1e378db55aec0be370ca035497bc04a#bib19

Ol g )liogd Caugy LSl b onb b (almo slaige 1 (b ey g (Citrus flavonone) oy b (ablors (36 adllas

e Anderson, S., Rennke, H.G., Brenner, B.M., Zayas, M.A., Lafferty, H.M., Troy, J.L., et al. (1992).
Nifedipine versus fosinopril in uninephrectomized diabetic rats. Kidney International, 41(4): 891-
897.

e Annadurai, T., Muralidharan, A.R., Joseph, T., Hsu, M.J., Thomas, P.A. and Geraldine P. (2012).
Antihyperglycemic and antioxidant effects of a flavanone, naringenin, in streptozotocin-
nicotinamide-induced experimental diabetic rats. Journal of Physiology and Biochememistry, 68(3):
307-318.

e Annadurai, T., Thomas, P.A. and Geraldine, P. (2013). Ameliorative effect of naringenin on
hyperglycemia-mediated inflammation in hepatic and pancreatic tissues of Wistar rats with
streptozotocin- nicotinamide-induced experimental diabetes mellitus. Free Radical Research,
47(10): 793-803.

e Arul, D. and Subramanian, P. (2013). Inhibitory effect of naringenin (citrus flavonone) on N-
nitrosodiethylamine induced hepatocarcinogenesis in rats. Biochemical and Biophysical Research
Communications, 434(2): 203-209.

¢ Aviram, M., Rosenberg, M., Billecke, S., Erogul, J., Sorenson, R., Bisgaier, C.L., et al. (1999): Human
serum paraoxonase (PONL1) is inactivated by oxidized low-density lipoprotein and preserved by
antioxidants. Free Radical Biology and Medicine, 26(7-8): 892-904.

e Bulter, R., Morris, A.D., Belch, JJ.E., Hill, A. and Struthers, A.D. (2000): allopurinol normalizes
endothelial dysfunction in type 2 diabetes with mild hypertension. Hypertension, 35(3): 746-751.

eBurtis, C.A. and Ashwood, E.R. (1996). Enzymes, Teitz fundamentals of clinical
chemistry. Philadelphia, USA: NB Saunders Company, pp: 4312-4335.

e Cameron, N.E., Gibson, T.M., Nangle, M.R. and Cotter, M.A. (2005): Inhibitors of advanced glycation
end product formation and neurovascular dysfunction in experimental diabetes, Annual New York
Academic Science, 1043(1): 784-792.

o Caraway, W.T. (1955). Determination of uric acid in serum by carbonate method. American Journal of
Clinical Pathololgy, 25(7): 840-845.

¢ Cerielo, A., Motz, E., Cavarape, A., Lizzio, S., Russo, A., Quatararo, A., et al. (1997): Hyperglycemia
counterbalances the antihypertensive effect of glutathione in diabetes patients: evidence linking
hypertension and glycemia through the oxidative stress in diabetes mellitus. Journal of Diabetes and
Its Complications, 11(4): 250-255.

¢ Chance, B., Greenstein, D.S. and Roughton, R.J.W. (1952). The mechanism of catalase action. 1. Steady-
state analysis. Archives of Biochemistry and Biophysics, 37(2): 301-321.

e Chiou G.C.Y. and Xu, X. (2004). Effects of some natural flavonoids on retinal function recovery after
ischemic insult in the rat. Journal of Ocular Pharmacology and Therapeutics, 20(2): 107-113.

¢ Choi E.J. and Ahn, W.S. (2008). Neuroprotective effects of chronic hesperetin administration in mice.
Archives of Pharmacal Research, 31(11): 1457-1462.

¢ Claiborne, A. (1985). Catalase activityIn: Boca Raton FL, editor. CRC Handbook of methods for oxygen
radical research. Florida: CRC Press, Boca Raton, pp: 283-284.

e Curtis, S.J., Mortiz, M. and Sondgrass, P.J. (1972). Serum enzyme derived from liver cell fraction and
the response of carbon tetrachloride intoxication in rats. Gastroentrology, 62(1): 84-92.

e El-Bassiouni, E.A., Helmy, M.H. Abou Rawash, N. El-Zoghby, S.M., Kamel, M.A. and Abou Rayah,
A.N. (2005): Embryopathy in experimental diabetic gestation: assessment of oxidative stress and
antioxidant defense. British Journal of Biomedical Science, 62(2): 71-76.

o Fawecett, J.K. and Scott, J.E. (1960). A rapid and precise method for the determination of urea, Journal of
Clinical Pathology, 13(2): 156-1509.

e Fraga C.G., Leibouitz B.E. and Toppel A.L. (1988). Lipid peroxidation measured as TBARS in tissue
slices: characterization and comparison with homogenates and microsomes, Free Radical Biology &
Medicine, pp: 155-161.

YYA



YYO-YFY :lbrio AF-Y ol SV by F o)lad VY 09 SSbjaly (alleyd il

o Gupta, R.K., Kesari, A.N., Murthy, P.S., Chandra, R., Tandon, V. and Watal, G. (2005). Hypoglycemic
and Antidiabetic Effect of Ethanolic Extract of Leaves of Annona squamosa L. in Experimental
Animals. Journal of Ethnopharmacology, 99(1): 75-81.

e Haidari, F., Keshavarz, S.A., Rashidi, MR. and Shahi, M.M. (2009). Orange juice and hesperetin
supplementation to hyperuricemic rats alter oxidative stress markers and xanthine oxidoreductase
activity. Journal of Clinical Biochemistry and Nutrition, 45(3): 285-291.

e Hirai, S., Kim, Y.l., Goto, T., Kang, MS., Yoshimura, M., Obata, A., et al. (2007). Inhibitory effect of
naringenin chalcone on inflammatory changes in the interaction between adipocytes and
macrophages. Life Science, 81(16):1272-1279.

e Holman, R.R. and Turner, R.C. (1991): Oral agents and insulin in the treatment of NIDDM. In: Pickup,
J. and Wiliams, G. Editors, Textbook of Diabetes, Blackwell, Oxford, pp: 467-469.

eJain, A., Yadav, A., Bozhkov, A.l, Padalko, V.I. and Flora, S.J. (2011). Therapeutic efficacy of
silymarin and naringenin in reducing arsenic-induced hepatic damage in young rats. Ecotoxicology
and Environmental Safety, 74(4): 607-614.

¢ Jandeleit-Dahm, K.A., Lassila, M. and Allen, T.J. (2005): Advanced glycation end-products in diabetes-
associated atherosclerosis and renal disease: interventional studies, Annual New York Academic
Science, 1043(1): 759-766.

¢ Jong-Hwa, P., Jin-Woo, L., Hyun-Dong, P., Ssang-Goo, C., Seung-Yeol, N., Yong-Sun, P., et al. (2010).
Cytotoxic Effects of 7-O-Butyl Naringenin on Human Breast Cancer MCF-7 Cells. Food Science
and Biotechnology, 19: 717-724.

e Khan, M.F., Mathur, A., Pandey, V.K. and Kakkar, P. (2022). Naringenin alleviates hyperglycemia-
induced renal toxicity by regulating activating transcription factor 4—-C/EBP homologous protein
mediated apoptosis. Journal of Cell Communication and Signaling, 16(2): 271-291.

e Kalia, K., Sharma, S. and Mistry, K. (2004): Non-enzymatic glycosylation of immunoglobulins in
diabetic nephropathy, Clinical & Chemical Acta, 347(1-2): 169-176.

e Kameswara Rao, B. and Appa Rao, C.H. (2001). Hypoglycemic and antihyperglycemic activity of
alternifolium (Wt.) Walp. Seed extracts in normal and diabetic rats, Phytomedicine, 8(2): 88-93.

¢ Kaneto, H., Katakami, N., Kawamori, D., Miyatsoka, T., Sakamoto, K., Matsuoka, T.A., et al. (2007):
Involvement of oxidative stress in the pathogenesis of diabetes. Antioxide Redox Signal, 9(3): 355-
366.

¢ Kawaii, S., Tomono, Y., Katase, E. and Yano, M. (1999). Quantitation of flavonoid constituents in Citrus
fruits. Journal of Agricultural and Food Chemistry, 47(9): 3565-3571.

o Keser, S., Celik, S. and Turkoglu, S. (2013). Total phenolic contents and free-radical scavenging
activities of grape (Vitis vinifera L.) and grape products. International Journal of Food Sciences and
Nutrition, 64(2): 210-216.

e Kinoshita, T., Lepp, Z., Kawai, Y., Terao, J. and Chuman, H. (2006). An integrated database of
flavonoids. BioFactors, 26(3): 179-188.

¢ Kotajima, N., Kimura, T., Kanda, T., Obata, K., Kuwabara, A., Fukumura, Y., et al. (2000). Type IV
collagen as an early marker for diabetic nephropathy in non-insulin-dependent diabetes
mellitus. Journal of Diabetes and its Complications, 14(1): 13-17.

e Lee, J. and Kim, G. (2010). Evaluation of antioxidant and inhibitory activities for different subclasses
flavonoids on enzymes for rheumatoid arthritis. Journal of Food Science, 75(7): 212-217.

e Lee, G. and Luna, H.T. (1988). Manual of histologic staining methods of the armed forces institute of
pathology. 3rd ed. New York: Mc Graw-Hill Book Company, pp: 32-107.

o Lil, J.L., Stantman, F.W. and Lardy, H.A. (1988). Antioxidant enzyme systems in rat liver and skeletal
muscle. Influences of selenium deficiency, chronic training, and acute exercise. Archives of
Biochemistry and Biophysics, 263(1): 150-160.

e Lisa, J.,, Wilcox, M., Borradaile, W. (1999). Antiatherogenic Properties of Naringenin, a Citrus
Flavonoid. Cardiovascular Drug Reviews, 17(2): 160-178.

yva



Ol g )liogd Caugy LSl b onb b (almo slaige 1 (b ey g (Citrus flavonone) oy b (ablors (36 adllas

e Liu, H.R., Tang, X.Y., Dai, D.Z. and Dai, Y. (2008): Ethanol extracts of Rehmannia complex (Di Huang)
containing no Corni fructus improve early diabetic nephropathy by combining suppression on the
ET-ROS axis with modulate hypoglycemic effect in rats. Journal of Ethnopharmacology, 118(3):
466-472.

e McGarry, J.D. (1992). What if Minkowski had been ageusic? An alternative angle on diabetes, Science,
258(5083): 766-770.

o Midwood, K.S., Williams, L.V. and Schwarzbauer, J.E. (2004). Tissue repair and the dynamics of the
extracellular matrix. The International Journal of Biochemistry & Cell Biology, 36(6): 1031-1037.

¢ Miyake, Y., Minato, K. and Fukumoto, S. (2003). New potent antioxidative hydroxyflavanones produced
with Aspergillus saitoi from flavanone glycoside in citrus fruit. Bioscience, Biotechnology and
Biochemistry, 67(7): 1443-1450.

e Mohandas, J., Marshall, J.J., Duggin, G.G., Horvath, J.S.L. and Tiller, D.G. (1984). Low activities of
glutathione-related enzymes as factors in the genesis of urinary bladder cancer. Cancer Research,
44(11): 5086-5091.

e Mulvihill, E.E., Allister, E.M., Sutherland, B.G., Telford, D.E., Sawyez, C.G., Edwards, J.Y., et al.
(2009). Naringenin prevents dyslipidemia, apolipoprotein B overproduction, and hyperinsulinemia
in LDL receptor-null mice with diet-induced insulin resistance. Diabetes, 58(10): 2198-2210.

¢ Naik, S.R. (2003). Antioxidants and their role in biological functions: An overview. Indian Drugs, 40(9):
501-12.

e Nalini, N., Aranganathan, S. and Kabalimurthym J. (2012). Chemopreventive efficacy of hesperetin
(citrus flavonone) against 1,2-dimethylhydrazine-induced rat colon carcinogenesis. Toxicology
Mechanisms and Methods, 22(5): 397-408.

o Nishikimi, M., Rao, N.A. and Yagi, K. (1972). The occurrence of superoxide anion in the reaction of
reduced phenazine methosulphate and molecular oxygen. Biochemical and Biophysical Research
Communications, 46(2): 849-854.

e Noyan, T., Balaharoglu, R. and Kémiiroglu, U. (2005). The oxidant and antioxidant effects of 25-
hydroxyvitamin D3 in liver, kidney and heart tissues of diabetic rats. Clinical and experimental
medicine, 5, pp: 31-36.

¢ Ordoli¢, N., Gajski, G., Garaj-Vrhovac, V., Diki¢, D., Prskalo, Z.S. and Sirovina, D. (2011). DNA-
protective effects of quercetin or naringenin in alloxan-induced diabetic mice. European Journal of
Pharmacology, 656(1-3): 110-118.

¢ Ortiz-Andrade, R.R., Sdnchez-Salgado, J.C., Navarrete-Vazquez, G., Webster, S.P., Binnie, M., Garcia-
Jiménez, S., et al. (2008). Antidiabetic and toxicological evaluations of naringenin in
normoglycaemic and NIDDM rat models and its implications on extra-pancreatic glucose
regulation. Diabetes, Obesity and Metabolism, 10(11): 1097-1104.

¢ Peerapatdit, T., Patchanas, N., Likidlilid, A., Poldee, S. and Sriratanasathavorn, C. (2006): Plasma lipid
peroxidation and antioxidant nutrients in type 2 diabetic patient. Journal of the Medical Association
of Thailand, 89(5): 47-55.

¢ Pollard, S.E., Whiteman, M. and Spencer, J.P.E. (2006). Modulation of peroxynitrite-induced fibroblast
injury by hesperetin: a role for intracellular scavenging and modulation of ERK signalling.
Biochemical and Biophysical Research Communications, 347(4): 916-923.

¢ Rahigude, A., Bhutada, P., Kaulaskar, S., Aswar, M. and Otari, K. (2012). Participation of antioxidant
and cholinergic system in protective effect of naringenin against type-2 diabetes-induced memory
dysfunction in rats. Neuroscience, 226: 62-72.

e Rotruck, J.T., Pope, A.L., Ganther, H.E., Swanson, A.B., Hafeman, D.G. and Hoekstra, W.G. (1973).
Selenium: biochemical role as a component of glutathione peroxidase. Science, 179(4073): 588-90.

e Roy, S., Ahmed, F., Banerjee, S. and Saha, U. (2016). Naringenin ameliorates streptozotocin-induced
diabetic rat renal impairment by downregulation of TGF-B1 and IL-1 via modulation of oxidative
stress correlates with decreased apoptotic events. Pharmaceutical Biology, 54(9): 1616-1627.

vY.


http://www.sciencedirect.com/science/journal/03788741
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235084%232008%23998819996%23694859%23FLA%23&_cdi=5084&_pubType=J&_auth=y&_acct=C000055263&_version=1&_urlVersion=0&_userid=1901209&md5=03241e4bb3b499722df0f0538a1da783

YYO-YFY :lbrio AF-Y ol SV by F o)lad VY 09 SSbjaly (alleyd il

o Rozenberg, O., Shiner, M., Aviram, M. and Hayek, T. (2008): Paraoxonase 1 (PON1) attenuates diabetes
development in mice through its antioxidative properties, Free Radical Biology and Medicine,
44(11): 1951-1959.

e Rysz, J., Banach, M., Stolarek, R.A., Pasnik, J., Cialkowska-Rysz, A., Koktysz, R., et al. (2007). Serum
matrix metalloproteinases MMP-2 and MMP-9 and metalloproteinase tissue inhibitors TIMP-1 and
TIMP-2 in diabetic nephropathy. Journal of Nephrology, 20(4): 444-452.

e Signorini, A.M., Fondelli, C., Renzoni, E., Puccetti, C., Gragnoli, G. and Giorgi, G. (2002). Antioxidant
effect of gliclazide, glibenclamide and metformin in patients with type 2 diabetes mellitus, Current
Therapeutic Research, 63(7): 411-420.

e Sottile, J. (2004). Regulation of angiogenesis by extracellular matrix. Biochimica et Biophysica Acta
(BBA)-Reviews on Cancer, 1654(1): 13-22.

e Srivastava, Y., Bhat, H.V., Verma, Y. and Venkaidh, K. (1993). Antidiabetic and adaptogenic properties
of Momordica charantia extract: an experimental and clinical evaluation, Phytotherapy Research,
7(4): 285-288.

e Suresh, R.N. and Vandana, S.P. (2008). Hepatoprotective effect of Ginkgoselect Phytosome® in
rifampicin induced liver injurym in rats: Evidence of antioxidant activity. Fititerapia, 79(6): 439-
445,

e Tas, S., Sarandol, E., Ziyanok-Ayvalik, S., Ocak, N., Serdar, Z. and Dirican, M. (2006): Vanadyl
sulphate treatment improves oxidative stress and increases serum paraoxonase activity in
streptozotocin-induced diabetic rats. Nutrition Research, 26(12): 670-676.

e Teitz, N.W. (1987). Fundamentals of Clinical Chemistry. Philadelphia: NB Saunders Company, pp: 638.

o Vestra, M.D. and Fioretto, P. (2003): Diabetic nephropathy: renal structural studies in type 1 and type 2
diabetic patients, Internatrional Congress Series, 1253: 163-169.

e Vural, P., Cevik, A., Curgunlu, A.and Canbaz, M. (2002): Effects of diabetes mellitus and acute
hypertension on plasma nitricoxide and endothelin concentrations in rats, Clinical & Chemical Acta,
320(1-2): 43-47.

¢ Wohaieb, S.A. and Godin, D.V. (1987). Alterations in free radical tissue defense mechanism in STZ
induced diabetes in rat, effects of insulin treatment, Diabetes, 36(9): 1014-1018.

e Yamanea, T., Maedaa, T., Yamamotoc, Y., Nishic, K., Asanof, M., Shirahama-Nodaf, K., et al. (2007).
Legumain/asparaginyl endopeptidase controls extracellular matrix remodeling through the
degradation of fibronectin in mouse renal proximal tubular cells. FEBS Letters, 581(7): 1417-1424.

e Yan, N., Wen, L., Peng, R., Li, H., Liu, H., Peng, H., et al. (2016). Naringenin ameliorated kidney injury
through Let-7a/TGFBRL1 signaling in diabetic nephropathy. Journal of Diabetes Research, Article
ID: 8738760.

e Yong-Gui, W.u., Hui Lin, Xiang-Ming. Q.i., Guo-Zhong, W.u., Hao Qian, Min Zhao, Ji-jia Shen. and
Shan-Tan, Lin. (2006). Prevention of early renal injury by mycophenolate mofetil and its
mechanism in experimental diabetes. International Immunopharmacology; 6(3): 445-453.

e Zbarsky, V., Datla, K.P., Parkar, S., Rai, D.K., Aruoma, O.l. and Dexter, D.T. (2005). Neuroprotective
properties of the natural phenolic antioxidants curcumin and naringenin but not quercetin and fisetin
in a 6-OHDA model of Parkinson’s disease. Free Radical Research, 39(10): 1119-1125.

¥



