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ABSTRACT

Diabetic Nephropathy (DN) is one of most prevaleainplications of Diabetes Mellitus (DM), therefore
prevention of its development is a important fiétd researches. Quercetin is a plant flavenoid with
hypoglycemic and antioxidant properties that isnctad to have a reno-protective effect in diabetdss
study was designed to investigate the reno-prexemtle of Quercetin treatment in terms of biocteahi
and pathological changes in diabetic rats and terohne whether the effect is mediated through
modulation of oxidative stress and NK* ATPase expression and activity. Sixty male Spra@aedey rats
were distributed equally among 6 groups: (i) Cdngioup (C), (ii) Quercetin treated Control groupq),

(i) Diabetic group (D), (iv) Diabetic Insulin teged group (DI), (v) Diabetic Quercetin treatedugpr¢DQ)
and (vi) Diabetic Insulin and Quercetin treatedugrdDIQ). Systolic blood pressure was measurethet t
end of the experiments (8 weeks). Retro-orbitabtlsamples were used to determine the serum levels
glucose, HbAlc, urea, creatinine, Nand K. Renal homogenate levels of Na&K*ATPase activity,
Malondialdehyde (MDAO, Superoxide Dismutase (SOQJ &lutathione Peroxidase (GPx) were measured.
Semiquantitative reverse transcriptase-PCR, IKATPase expression assays and kidney histopathalogic
examination were conducted. Treatment with eithsulin or Quercetin alone resulted in partial reaeof
the biochemical and histopathological signs of nephthy in diabetic rats. This was associated witttial

but significant amelioration of indicators of oxid@ stress and NaK*ATPase gene expression and activity.
However only combined treatment by both insulin a@dercetin significantly improved all of the
aforementioned parameters up to the control leWélsse results suggested that combined therapyirvsitifin
and Quercetin might be a useful preventive tooiregaevelopment of DN.

Key words: Metabolic Diabetes Mellitus, Quercetin, N&'Atpase Expression And Activity
Semiquantitative Rt-Pcr For N&K* Atpase Gene Expression

1. INTRODUCTION (Tappy and Minehira, 2001). Microvascular

complications of DM include retinopathy, neuropathy

Diabetes Mellitus (DM) has achieved a worldwide and nephropathy (Hakim and Pflueger, 2010). Diabeti

epidemic status associated with an increased rfsk onephropathy is one of the most serious and indeitab
macro-vascular and micro-vascular complications microvascular complications of DM. It occurs in 20%
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of patients with type 1 diabetes mellitus leadingetd the renal function and ameliorate diabetic neptirgphy

stage renal failure in young age (ADA, 2005). To its hypoglycemic and antioxidant effects with Sujossnt

successfully cope with this challenging situatiothgre ~ amelioration of the renal Na+-K+ ATPase expression.

is an urgent need to search for treatment optioasare The aim of this study was to investigate the effefct

readily available, safe and cost-effective. Quercetin concomitantly with insulin as a proteetiv
Diabetic Nephropathy (DN) involves complex agentagainst the development of nephropathy inedia

mechanisms and pathways. Chronic hyperglycaemiarats and whether the effects are mediated by mésihan

induced oxidative stress with consequence highd lipi involving anti-oxidant efficiency and the renal NE+

peroxidation in the vascular and cellular milieu is ATPase expression and function.

believed to be the most determinant factors resptans

for the Development and progression of (DN) 2. MATERIALSAND METHODS

(Kedziora-Kornatowskat al., 2003; Baiget al., 2012).

Free radicals and Reactive Oxygen Species (ROS) ar@.1. Animalsand Experimental Design
formed disproportionately in diabetes and cause®sice

production of advanced glycation end products, cedu This study followed a randomized controlled animal
antioxidant enzyme activities, impaired glutathione experiment design. The experimental procedures were
metabolism and formation of ||p|d peroxides (Set@]’ conducted in accordance with the ethical gwdelrftm!s
2003). Oxidative stress may also increase the fiomaf  investigations in laboratory animals and were apgadoy

angiotensin converting enzyme, protein kinase C andthe ethical committee of the medical college atgKin
Mitogen-Activated Protein Kinase (MAPK) all of wiic ~ Khalid University, Saudi Arabia. All procedures wealso
may contribute to the progression of nephropathy inconducted in accordance with the National Institote
diabetes (Hassat al., 2002). Health’'s Guide for the Care and Use of Laboratory
Increased renal oxidative stress is associated withAnimals. Fifty male Sprague-Dawley rats were ol#din
impairment of N& K" ATPase activity and/or expression from the animal house of the physiology department,
that is claimed to play an essential role in thihggenesis  College of Medicine, King Khalid University, Saudi
and progression of DN (Tsimarates al., 2001). Some  Arabia. The animals weighed between 150-200 gm and
studies have reported increased activity and/aresgpn in -~ were fed with a standard chow diet, water, ad uibit
the units of this enzyme in diabetes (Wald and Pizpo, They were housed in the animal house of College of
1988; Khadouriet al. (1987). Other studies have shown Medicine under laboratory conditions of: Temperatur
decreased activity and expression in various tssue 22°C (+3°C), a 12:12-hour light/dark cycle. Thesratere
including heart and kidney (Ngyal., 1993). randomly divided into five groups (n = 10) as falto
Bioflavonoids are essential part of human diet arel  Control group (C) where the rats received the Vehit
present in plant extracts that are commonly usestiémtal ~ mL kg™) IntraPeritoneally (IP); Quercetin treated Control
medicine. Quercetin is the most WIde'y distributed group (CQ), in which the rats received Quercetih m
bioflavonoid in foods like vegetables, fruits, teaney and kg™ by oral gavage once daily. Diabetic model graDp (
many other dietary sources (Toetgal., 2011). Quercetinis  \here diabetes was induced by a single IP injeatibn
reported to normalize blood glucose level, augmieet  strepTozotocin (STZ). Insulin treated Diabetic ré),
glycogen content and significantly reduce serum here rats were made diabetic as in group D areivest
cholesterol and LDL in diabetic rat models (Maheski mixtard insulin in a daily dose of one 1U/kg. Quetic
Menon, 2004; Kimet al., 2011). Exposure of isolated rat  yreated Diabetic group (DQ), where rats were maalsetic
islets cells to Quercetin enhances insulin reldasé4- as group D and received Quercetin in the same andt
ZO% (Hi ?nd_ dHO‘,E"e(Ll_* 1%84)' Quercetin Iisoaélso %'V}’el dose as CQ group; Quercetin and Insulin treateteffim
nown antioxidant directly scavengin and free ; :
radicals (Tong-uret al. 201%) and ac?iva?ing the function rats -(DlQ) Where_rats were m ade diabetic as groumd
.y ! N . received concomitantly insulin and Quercetin asigsaDI
of antioxidant enzymes (Ga.lat.' and Brien, 2004). fand DQ respectively. All treatments continued dddy
There has been only limited research on the role o eight weeks. Hakard al. (2006) have shown that diabetic

uercetin in ameliorating DN and the mechanismt®f i . .
Sephro-protective effectho our knowledge therads nephropathy devellopes in streptozotocin treatedarfter at
: least 6 weeks of diabetes induction.

previous study of the possible role of Querecetin i
regulating the activity and/or expression of redaf/K+ 2.2. Induction of Diabetes

ATPase in diabetes. In the current study, we are . )

hypothesizing that oral administration of Quercetin Diabetes was introduced to rat groups D, DI, DQ and
StrepToZotocin (STZ) induced diabetic rats will imge  DIQ by I.P injection of a single dose of of 65 mgk
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body weight STZ. The control group of rats weredtgd
with the vehicle buffer alone. STZ was dissolve®ih M
cold sodium citrate buffer, pH 4.5 as a vehiclee Thts
were then kept on 5% glucose solution bottles ®irth
cages for the next 48 hrs to prevent hypoglycae#@drs
following the STZ injection, rats with non-fastirgood
glucose level 0£20 mmol L were considered diabetic and
were included in this study. The failure rate for
development of diabetes was 15% and the deathwaxte
5%. The failed and died rats were excluded from the
experimental study groups from the start.

2.3. Measurement of Systolic Blood Pressure

At the end of the experimental protocol period (8

Beltowski et al. (2004). N3, K'-ATPase level was
assayed by measuring the amount of inorganic pladsph
(Pi) liberated from ATP in a buffer containing 16tM
NaCl, 20 mM KCI, 4 mM MgCI2, 1 mM EDTA, 40 mM
Tris/HCI (pH 7.4) and 3 mM Na 2ATP and was calcedat

as the difference between the activities assayethen
absence and in the presence of 2 mM ouabain. Both
samples contained 0.2 mM Sch 28080 to block ouabain
sensitive H+,K+-ATPase, which otherwise interfenéth

the Nd,K™-ATPase assay. Enzyme activity was expressed
in micromolar of Pi liberated by 1 mg of microsomal
protein during 1 h (micromolar per hour per milligr of
protein). Pi and Effect of vanadium on renal Na+-K
ATPase activity in diabetic.

weeks), Systolic Blood Pressure (SBP) was measured-7- Determination of Renal Tissue Levels of

using the rat-tail sphygmomanometer (Harvard Appara
Ltd., England) in conscious rats prewarmed for 10 im
a thermostatically controlled restrainer (XBP108@nt
Scientific) .The mean of at least three separaterdings
on three occasions was taken (Wahg., 1995).

2.4.Blood Sampling
M easur ements

for Biochemical

At the end of the experimental protocol and after
overnight fasting, retro-orbital blood samples were
obtained through non-heparinized capillary tubesl an
were divided into two parts. The first part of thiwod
was allowed to clot for 20 min in a 37°C water batid
centrifuged at 14,000 rpm for 10 min for serum
separation and was used for different determination

The other fraction of the blood was collected ibet
containing potassium oxalate and sodium fluoricz @sed
for glycosylated Hemoglobin (HALc) determination.

2.5. Renal Tissue Homogenates Prepar ation

Immediately after blood collection, animals were
killed by lethal doses of thiopental sodium. Thésra

MDA, SOD and GPx

Lipid peroxidation was assessed by the measurement
of secondary product MDA after precipitation of f@ia
by addition of trichloroacetic acid then ThioBauit
Acid (TBA) which reacted with MDA to form TBA
reactive product, which was measured at 532 nm. A
fresh solution of MDA was made by the hydrolysislof
1, 3, 3-tetramethoxy propane and was used as dasthn
(Ohkawa et al., 1979). SOD activity was assayed
following the method of Kakkagt al. (1984). The sample
containing 5 pg protein was mixed with sodium
pyrophosphate buffer, Phenazine MeThosulphate (PMT)
and Nitro Blue Tetrazolium (NBT). The reaction was
started by the addition of NADH, incubated at 3G
stopped by the addition of 1 mL of glacial acetilaThe
absorbance of the chromogen formed was measuggDat
nm. One unit of SOD activity is defined as the eney
concentration required for inhibition of the chrayea
production by 50% in one minute per mg protein urnhke
assay condition. The other parts of the kidney
homogenate were homogenized in cold buffer conefsts
50 mM tris-HCI, pH 7.5, 5 mM ED-TA, 1 nM DTT for
Glutathione Peroxidase (GPx) activity analysis. All

abdomen was opened and right kidneys were quicklysypernatants were kept in separate tubes and sibred

dissected and cut into small pieces. The kidnegqsie
were put in Phosphate Buffered Saline (PBS), pH 7.4
containing 0.16 mg Mt of heparin to remove any red
blood cells (erythrocytes) and clots. Some partshef
kidneys were homogenized with an Omni’s homogenizer
in cold phosphate buffer, pH 7.0 with Ethylene Diiagn
Tetraacetic Acid (EDTA).

2.6. Determination of Na', K*-ATPase Assay in
Renal Tissue Homogenate

A microsomal fraction was isolated from the renal
cortex and medulla as previously described by
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80°C. The left kidneys were cut into small pieces a
preserved in a 10% formalin saline solution and $&n
histopathological examination.

2.8. Determination of Plasma HbA1c%, Serum
Glucose, Urea, Creatinine, Na+and K +

Plasma glucose level was determined using glucose
oxidase method. HbA1c% was determined according to
the chemical separation and colorimetric methocethas
on the phenol sulfuric acid reaction of carbohyelsat
(Nayak and Pattabiraman, 1981). Serum urea levsl wa
determined by enzymatic colorimetric method using a
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specialized kit. The method was based on ureas® (ur mL™ ethidium bromides and photographed with a Polaroid
amidohydrolase)/glutamate ~ dehydrogenase  couplectamera under ultraviolet illumination.

reactions and used a two-point fixed time Kkinetic . . .

scheme for monitoring the rate of consumption of 2.10. Histopathological Studies

NADH at 340 nm (Bretaudieret al., 1976). Serum

creatinine 'e.V‘?" was deter_mine_d by t_he Qaffe rc_aemcti experimental groups were fixed in 10% neutral beffie
where creatinine reacts with picrate ion in an hila formalin, dehydrated in ascending concentrations of

medium to yield an orange red complex, which was :
ethylalcohol (70-100%) and then prepared usingdsteth
measured at 490 nm (Spencer, 1986). SerurhaNed procedures for hematoxylin and eosin staining.

K" levels were estimated using a specific kit.
2.11. Chemicals

2.9. RNA Extraction and RT-PCR:
Streptozotocin was purchased from Sigma (St

Published sequences of PCR primers used for th . . TS
detection of ATPase al (forward: %_OUIS, Mo, USA). Assay kits for determination of

5’GAAGCTCATCAT-CAGGCGACG3' reverse: Malondialdehyde levels (MDA, Cat No. 10009055),
5'CCAGGGTAGAGTTCC-GAGCTC3, AtplAl, rattus SuperOxide Dismutase (SOD, Cat NO.706002) and
norvegicus; NCBI accession number NM-012504 Glutathione Peroxidase (GPx, Cat NO.703102) a&s/at

product size 159 bp) and glyceraldehyde-3-phosphatevere purchased from Cayman (Chemical, MI, USA).

Specimens sectioned from left kidneys from all

dehydrogenase (GAPDH): Forward: 5= Assays kits for determination of serum glucose, HbA
AGAAGGCTGGGGCTCACT-3, reverse 5. Na', K, Urea and creatinine were purchased from
GGCATTGCTGACAATCTTGA-3’ (GenBank  Human diagnostic, Germany.

accession no. NM-001034034), product size 134-bp C .
(Westonet al., 2002, Hermaret al., 2013). Total RNA 212 Statistical analysis

was extracted from the frozen parts of kideny (3§) m Statistical analyses were performed using
using the RNeasy Mini Kit (Qiagen Pty. Ltd., Vidr Graphpad prism statistical software package (versio
Australia) according to manufacturer’s directioie 6). Data were presented as means with standard
concentration of total RNA was measured by absaan deviation (mean + SD). Normality and homogeneityhef

at 260 nm wusing a UV1240 spectrophotometer data were confirmed before ANOVA, differences among
(Shimadzu, Japan). The purity was estimated by thethe experimental groups were assessed by one-way
260/280 nm absorbance ratio. Single strand cDNAANOVA followed by Tukey’s t test.

synthesis was performed as follows: 30 uL of resers

transcription mixture contained 1 pg of DNase |-pre 3.RESULTS
treated total RNA, 0.75 pg of oligo d(T) primeru&
of 5x RT buffer, 10 mM dithiothreitol, 0.5 mM Administration of Quercetin in control rats did not

deoxynucleotides, 50 U of RNase inhibitor and 240 Uresult any significant changes in all measured
of reverse transcriptase (Invitrogen). The RT resct biochemical parameters execpt a significant inaeas
was carried out at 40°C for 70 min followed by heat (p<0.0001) in the activity of SOD compared with the
inactivation at 95°C for 3 min. RT-PCR amp'lflCH‘lO Control group (C) Systo“c blood pressure showed n
was carried out in Biorad thermalcycler using 2RT  sjgnifcant changes in all experimental groups weth
products from each sample in a 20 UL reactioneated or not, compared with the control group.
containingTaq polymerase (0.01 U mt), dNTPs (100

mM), MgCI2 (1.5 mM) and buffer (50 mM Tris-HCI). 3.1. Serum Glucose Levels

PCR reactions consisted of a first denaturing cytle Eight weeks after induction of diabetes, the mean
97°C for 5 min, followed by 35 cycles of amplifie@t,  serym glucose level of Diabetic rats (D group) was
defined by denaturation at 96°C for 30 sec, anngat  sjgnificantly higher (p<0.0001) compared with the C
60°C for 30 sec and extension at 72°C for 1 min. A group. Both Insulin and Quercetin treated diabetic
final extension cycle of 72°C for 15 min was inatgd  groups showed significant decreases in their serum
A control reaction without reverse transcriptaseswa glucose levels compared with group D (p<0.0001).
included for every sample to verify absence of Concomitant administration of insulin and Quercetin
contamination. PCR product (10 pL) were (DIQ group) resulted in almost normal levels of dudo
electrophoresed on 1.5% agarose gels containingng00 glucose which were signifcant less ompared with the
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diabetic insulin treaed (p<0.001), or diabetic @atin
treated rats (p<0.000Ejig. 1.

3.2. Plasma HBA 1%

The Diabetic group (D) showed a significant
increase in the percentage of HbAompared with the
control group (p<0.0001). Diabetic
diabetic querectin treated and concomittant diatesulin

insulin treated,

and DQ groups respectively) resulted in significant
elevation in serum Naand significant reduction in
serum K compared with the diabetic group, however
serum Nawas still significantly lower and serum*K
was significantly higher (p<0.0001 for both) comgdr
with the control group. Concomitant administratioh
insulin and Quercetin resulted in significant eléwa

in serum NA&significant reduction in serum *Kgroups

and quercetin groups showed significant decreasqp<0.0001 for both) compared with the diabetic grou

(p<0.0001) in the HbA levels compared with the diabetic
group. However only concomittant treatment withulims
amd Quercetin normalized HpA6 levelsFig. 1.

3.3. Serum Urea and Creatinine Levels

Eight weeks after induction of diabetes, there was

significant increases (p<0.0001) in serum leveldath
urea and creatinine in the D group compared witktrod
group. Both insulin and Quercetin treatment (DI &@
groups) resulted in significant reduction of theuse
urea and creatinine levels compared with the diabet
group. Concomittant administration of both insudind
Quercetin resulted in significant reduction of bedrum
urea and creatinine levels (p<0.0001) down to tirerol
level and significantly different compared with the
diabetic or quercetin alone groups (DI and Q). 2.

3.4. Serum Na"and K* Levels

There was significant reduction in serum “Nand
significant elevation in serum™Kp<0.0001for both) in
the Diabetic group of rats (D group) compared whité
control group. Treatment with insulin or Querccetin

18
16
14 o
z 12 =
= 6 E
- 4 =0
2 =

DI DQ DIQ

but similar to the control groupig. 3.

3.5.Renal Tissue homogenate Levels of MDA
and SOD, GPx and Na+K+-ATPase
Activity Levels

Diabetic rats in group D showed a significant iase
in kidney homogenate lipid peroxidation marker MDA
level with a significant decrease in kidney homagen
anti-oxidants SOD, GPx and NK'-ATPase activities
compared with the control group (p<0.0001). Treatme
with insulin (DI group) and Quercetin (DQ group)
produced a significant decrease in kidney homogenat
MDA levels and significant increases in kidney
homogenate SOD, GPx (and N&K'-ATPase activity
levels compared with the Diabetic group (D) (p<000
for all). Compared with the control group, kidney
homogenate MDA level remained significantly highed
SOD, GPx and Na K*-ATPase activity levels remained
significantly lower in both DI and DQ groups. Levelf
GPx and Nj K'-ATPase activity in the DQ group
increased almost to the levels in the control group

100

L]
(=]

DIQ

Fig. 1. Effect of Quercetin and insulin treatment for 8 W®é a rat model of STZ induced diabetes on: Segluvose and HbAlc.
C: Control group; CQ: Control Quercetin treated groupDizbetic group; DI: Diabetic insulin treated groupQ: Diabetic
Quercetin treated group; DIQiabetic insulin and Quercetin treated group. Resait expressed as means + SD (n=10).
Significance was considered when P value was <6Significantly different from C and CQ groupSignificantly different
from D group Significantly different from DI groug’Significantly different from DQ group
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Fig. 2. Effect of Quercetin and insulin treatment for 8 k&én a rat model of STZ induced diabetes on: Senuea, creatinine.
Sodium and potassium, C: Control group; CQ: Control rGaim treated group; D: Diabetic group; DI: Didbelnsulin
treated group. DQ: Diabetic Quercetin treated gr@I@: Diabetic Insulin and Quercetin treated groupiRes are expressed
as means * SD (n = 10). Significance was congideten P value was <0.0%ignificantly different from C and CQ groups.
bSignificantly different from D grougSignificantly different from DI groug'Significantly different from DQ group
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Fig. 3.Effect of Quercetin and insulin treatment for 8 kW&@ a rat model of STZ induced diabetes on: Raoatogrnate level of
MDA, SOD, GPx and Na+,K+-ATPase. Control group; CQ: Control Quercetin treated group;Oiabetic group; DI:
Diabetic Insulin treated group. DQ: Diabetic Quércdreated group; DIQDiabetic Insulin and Quercetin treated group.
Results are expressed as means + SD (n = 10). iSaié was considered when P value was <GSi§nificantly different
from C groups®Significantly different from D grougfSignificantly different from DI grougSignificantly different from DQ
group.®Significantly different from C group
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Fig. 4. Effect of Quercetin and insulin treatment for 8 kge@m a
rat model of STZ induced diabetes on: RT-PCR
amplificatin products of Na+K+-ATPase-1 (159 bp,
Upper panel, A) mMRNAs expression in the kidneyslbf
groups of rats. Na+,K+-ATPasel mRNA expression
were normalized to the internal reference geéBAPDH
(134 bp, Lower panel, B). All PCR product (10 pLgrer

electrophoresed on 1.5 % agarose gels containify 10

ng/ml ethidiumbromides and photographed with a Polaroid
camera under ultraviolet illumination. 1: Controbgp; 2:
Control Quercetin treated group; 3: Diabetic grodp;
Diabetic insulin treated group. 5: Diabetic Querceeated
group; 6: Diabetic insulin and Quercetin treatedugr 7:
Negative control (without reverse transcriptase)

Concomitant administration of both Insulin and @e¢in
(DIQ group) resulted in a significant reductionkininey
homogenate MDA and significant elevation in SODxGP
and Nd4,K*-ATPase activity levels compared with both

of all groups of rats. GAPDH mRNA expression from
same sample was used as internal control. All deste
transcripts were detected and RT-PCR resulted in
fragments similar in size to those expected (15%dop
Na', K" ATPasea-1 and 134 bp for GAPDH). GAPDH
MRNA expression levels were similar in the kidndy o
all groups of ratsKig. 4, Lower panel B). However, in
the control group, thick prominent band for
Na'",K'ATPasea-1 mRNA was seenF{g. 4, Band 1).
Quercetin administration to control rats resulted ai
clear up-regulation of Na K" ATPasea-1 mRNA as
compared to control group and very thick band that
approximately double in size to that of the contnals
seen Fig. 4 and Band 2). mRNA expression of N&K*
ATPasea-1 was inhibited in the kidney of diabetic rats
and a very thin band was detecté&iig( 4 and Band 3).

On the other hand, a small enhancement i, Nd
ATPaseo-1 mRNA band that is narrower than that of the
control was seen in diabetic rats treated with linsu
alone (2 U kg (Fig. 4 and Band 4). Quercetin
administration alone or incombination with insulin
resulted in upregulation of NaK* ATPasea-1 mRNA

in the kidneys of diabetic rat§ig. 4, Bands 5 and 6)
The thickness of these bands were very close tesden

in the control group. No bands of amplification wer
seen in the negative control sample when reverse
transcriptase was omitteHi¢. 4 and Band 7).

3.7. Histopathology of the Kidenys

Histological examination of renal tissue in Contool
Control Quercetin (C,CQ) groups showed normal renal
tissue structuresF{g. 5A and B). Eight weeks after
induction of diabetes, the diabetic rats kidneytisas
showed thickening of the basement membrane along
with changes in the density of mesenchyme, atr@tty
complete degeneration of glomerular capillaries and
tubular necrosis of both tubular and proximal tesul
(Fig. 5C). Histological examination of kideny tissue in
Insulin treated Diabetic group (DI) revealed partia
damage of glomerular capillaries, intact epithetialls

the Diabetic (D) and the Control (C,CQ) groups. The with dilated Bowmann’s capsule and some injury dthb

concomitant treatment normalized all the aforenoseti
parameters except for the kidney homogenate MDAl lev
which remained significantly higher (p = 0.0430)
compared with the control grotg. 3.

3.6.mRNA Expression of Na', K'ATPase a-1
Subunit by RT-PCR

proximal and distal tubuleg=i{g. 5D). Treatement with
qurecetin alone in DQ group resulted in hyperatyoph
and partial damage of glomerular capillaries artite li
damage of proximal and distal tubulefig, 5E).
Maximum improvement was seen in the histological
examination of the kidney tissue of the concomitant
group (DIQ) which showed almost the normal sturesur

Figure 5 shows the transcriptional changes in the of the glomeruli, epithelial cell, glomerular cdaiies,

levels of N&, K" ATPasen-1 subunit in the rats’ kidneys
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proximal and distal tubule$ig. 5F).
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Fig. 5.Light microscopical photomicrograph of renal tissufeom (A) control and (B) control Quercetin treétgroups; both
showed normal architecture of renal tissue withngnent Bowman’s capsule, epithelial Cells and ndrtnaules. (C)
Diabetic group showed thickening of the basemenmbrane along with mild change in the density of emehyme,
complete degeneration of glomerular capillaries &uttllar necrosis of both tubular and proximal tiesu (D) Insulin
treated diabetic group showed normal partial danggf glomerular capillaries, intact epitheliallsaelith the presence of
injured dilated Bowmann’s capsulée) Quercetin treated diabetic group showed hypephied and partial damaging of
glomerular capillaries and little damage of proxiraad distal tubules(F) Quercetin and insulin treated diabetic group
showed normal kidney architecture with intact egligd cell and tubules

4. DISCUSSION diabetic rats as evident by the significant lowgaf blood
glucose and HbA1dHg. 1). Previous studies have reported

The present study was carried out to evaluate thethat Quercetin has hypoglycemic effect on in a dasging
efficacy of oral administration of Quercetin (25 from 10-50 mg kg body weight/day in diabetic rats
mg/kg/day) alone or in combination with insulin in (Rivera et al., 2008; Kim et al., 2011). The exact
combating the nephropathic effects of diabetesSifiz) mechanism of._the hypoglycemic effect of Quercedimat
vestod et o whether any ena et of Queres 44 eun 0 Do (960 pores el e
mediated through modulation of hyperglycemia, .
oxidative stress and/or K™ ATPase gene expression. 44-70%. They sgggest(;fi that, the effect is at legsart,

After eight weeks of the induction of diabetes,réhe via alteration in Cadluxes and cyclic nucleotide
were definitive signs of nephropathy including both metabolism. Quercetin supplementation was shown to

biochemical and  histological chanaes. There Wasinduce regeneration of the pancreatic islets actease
L : 9 ges. - insulin release in STZ-induced diabetic rats (Viessal.,
significant elevation of serum levels of urea, tiréae

and K with a significant reduction in serum Navels in 2003). Quercetin was also shown to exhibit an
9 glucosidase inhibitory activity and adiponectin valer

diabetic rats compared with the control grotig( 2). flect in vitro that | Wibute to its h :
The histological changes included thickening of the gﬁzgt (?O;tllalr(_) 2039)(_:()“(1 contribute to itshyppemic

basement membrane along with pathological changes i~ pergistent hyperglycemia induced oxidative stress
the density of mesenchyme, degeneration of gloraerul e 1o overproduction of reactive oxygen is conside
capillaries and tubular necrosis of both proximada one of the main mechanism responsible for the
distal tubuleskig. 5). o  development diabetic nephropathy (Hakim and Pfluege

In the current study both insulin and Quercetin 2010). Auto-oxidation of glucose, reduced antiorida
therapy ameliorated the DN but combination therapy enzyme activities, impaired glutathione metabolisna
had the most significant positive impact on renal formation of lipid peroxides and advanced glycataml
function and histology. products are the main factors responsible for sffdtt

We observed a positive effect for Quercetin alonmo  (Sotoet al., 2003). In the current study, the diabetic rats
combination with insulin, on the glycemic control the showed significantly decreased activities of GPxI an
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SOD and increased level of lipid peroxidation marke
MDA in the renal homogenates,
development of oxidative stress in renal tisshig.(3).
Earlier studies reported a decrease in the a&svitf

their synergistic effects. The magnitude of chaimg¢he

suggesting the enzyme activity and expression depends on theiourat

diabetes and the organ involved (Scherzer and Rxgyov
2002). Early diabetes (2-3 weeks) appear to induce

antioxidant enzymes SOD, CAT and GPx in the kidneyincrease in Nj K'-ATPase activity due to increased

and liver in diabetic animals (Morgg al., 2010). In the
same line, El-Khayaét al. (2011) reported decreased
levels of endogenous anti-oxidatives in the kidneys
diabetic rats. There was significant reduction e t
oxidative stress markers in rats treated with Qata@rcor
insulin with the maximum effect apparent in the ugro
receiving combined therap¥i@. 3). This was proved by
the significant reduction in renal MDA levels with
concomitant elevations in the renal antioxidantyemezs
SOD and GPX activities. Rodriguegt al. (2009)
reported that controlling hyperglycaemia in diabeti

protein expression (Ngt al., 1993). This increases in
Na’', K" ATPase activity was explained as an adaptive
mechanism to the sodium load increase into distal
tubules in the early stages of diabetic nephropathy
(Khadouri et al., 1987). Long-term diabetes resulted in
significant decrease the NaK* ATPase activity, with a
reduction inal andpl isoforms abundance, particularly in
the medullary thick ascending limb. In diabetesadidition

to alterations in activity of NaK*ATPase may result from
parallel changes in the amounts @f and B; subunits

patients with insulin or other hypoglycaemic agent expression (Tsimaratogt al., 2001). Other possible

reduces oxidative stress-induced diabetic nephingpat
complication in diabetes patients. Significant erdeal
activity of SOD in kidneys of the control group dted
with Quercetin alone may suggest another mechathiatm
is related to its potent antioxidant potential cike
scavenging ROS and other free radicals (Mitaal.,
2002; Tong-unet al., 2013). It has been reported that
Quercetin directly activates the function of aniitant
enzymes (Reddgt al., 2012). Also, in a recent study of

Jeonget al. (2012), Quercetin at 0.04 and 0.08% of the

diet increased the activities of hepatic SOD, CAW a
GSH-Px in db/db obese mice.

It has been suggested that impairment ii/h2ATPase
expression and activity play an essential role lie t
pathology and progress of diabetic
(Sampathkumaret al., 2006). In experimental diabetes

decreased Na K" ATPase activity has been observed in

various tissues including heart and kidney éigl., 1993).
The reduction usually occurs as part of the lomgnte

diabetic changes and could be due to altered enzyme

kinetics and/or altered subunit production. Thauctidn in

Na’, K" ATPase expression in diabetic rats was only

partially restored by insulin therapy (Mdral., 1995). In the
current study, there was significant decrease i tioe
activity of the N& K" ATPase and the enzymesubunit
MRNA expression in the renal tissue of diabetis edter
eight weeks of induction of diabetes. Insulin tnezt
partially ameliorated the changes in both activigd

nephropathy

mechanism of Quercetin activating NK* ATPase activity
and expression effect have been suggested. Enzyme
glycation is one of the mechanism that contribotéhe
decreased activity of Na K" ATPase in diabetes
(Ferretti et al., 2002), therefore Quercetin may have
enhanced the enzyme activity through inhibition of
glycation. There are also other mechanism whicHdcou
contribute to or explain the effect of quercetin on
Na'K'ATPase activity. Quercetin could mediate its
activation on Nj K" ATPase activity and expression
through induction of C-peptide secretion in diabefEhe
effect of Querectin could also be mediated throitgh
suppressive activity on Mitogen-Activated Proteimase
(MAPK) (Galuska et al., 2011). Another possible
mechanism could be through Quercetin activation of
ERKZ1/2 signaling pathway; that is significantly itoited in
diabetes (Upadhyast al., 2003). The current study did not
investigate theses alternative pathways and mesrhardue
to technical and financial constraints.
An important observation in our study is that
Quercetin significantly elevated Na+, K+-ATPase
activity level as well as the expression ofdtsubunit in
control non-diabetic rats. This observation raiskes
possibility that Quercetin may induce some form of
nephrotoxicity to normal kidneys which is poteritiah
serious problem with high doses and long term
administration (Dunnick and Hailey, 1992).

The histological examination of the kidney tissues

enzymesi-subunit expression. Quercetin treatment alone orappears to confirm the protective role of both fimsand

in combination with insulin resulted in increasexdivaty
and up-regulation of thex-subunit of N&K'ATPase
recovering to normal levels with the combined thgra
These results suggested a regulatory role for ipsilin
and Quercetin at the molecular level of N& ATPase and
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Quercetin. Insulin treated diabetic rats had ordytipl
damage of glomerular capillaries, presereved glataer
epithelial cells with the presence of some dilatatof
Bowmann’s capsule. Where as Quercetin treated titabe
group showed some hyperatrophy and partial damaging
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of glomerular capillaries but little damage of piroal Beltowski, J., A. Jamroz-Wisniewska, J. Nazar and G

and distal tubules. The maximal imrovement was Wojcicka, 2004. Spectro-photometric assay of renal

observed in Quercetin and insulin treated groupichvh ouabain-resistant Na+, K+-ATPase and its

shows normal kidney architecture with intact gloater regulation by leptin and dietaryinduced obesity.

epithelial cells and tubules. Acta. Biochim. Pol., 51: 1003-1014. PMID:
15625572

5. CONCLUSION Bretaudiere, J.P., H.T. Phung and M. Baily, 1978e&

enzymatic determination of urea in the plasma and
urine with a centrifugal analyzer. Clin. Chem., 22:

1614-1617. PMID: 975505

Dunnick, J.K. and J.R. Hailey, 1992. Toxicity and

carcinogenicity studies of quercetin, a natural

The present study showed that treatment of diabetic
rats with Quercetin in combination with insulin has
preventive role against the development of diabetic
nephropathy. The renal protection seems to be reetia
via hypoglycemic effect, antioxidants activity and i
enhancement of NaK*-ATPase expression and activity. component of foods. Fundam Appled Toxicol., 19:
In the current study we limited our investigatidnsthe 423-31. DOI: 10.1093/toxsci/19.3.423
kidney and we did not study any possible changes inEl-Khayat, Z., J. Hussein, T. Ramzy, M. Ashour &hd

pancreatic histopathology, serum insulin level or Fatma Oraby, 2011. Protective effect of panax gigse
pancreatic insulin gene expression. Also we did not against stre_ptozo'Focm induced renal dysfunction in
investigate the other possible mechanisms thatdcbel rats. J. Applied Sci. Res., 7: 1419-1423.

involved in the Quercetin nephron-protective effect Ferretti, G., R. Rabini, T. Bacchetti, A. Vigninna E.
Further studies should be carried out on Quercetin ~ Salvolini et al., 2002. Glycated low density

nephron-preventive role in order to uncover thecexa lipoproteins  modify platelet properties: A

mechanism of action. Also, investigation of Qudrcet compositional and functional study. J. Clin.

with different doses and therapy regimens in otmemal Endocrinol. Metab., 87: 2180-2184. PMID:
species is required to ensure its efficacy andysafe 11994361
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