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ABSTRACT

Context: Diabetes mellitus is a group of syndromes characterized by hyperglycemia, altered metabolism of lipids,
carbohydrates and proteins and an increased risk of complications from vascular diseases. Filicum decipiens Wight
& Arn., (Sapindaceae) and Ventilago madraspatana Gaertn., (Rhamnaceae) are traditionally used for diabetic and
other different folk medical uses. Objective: The present study compares the antihperglycemic activity exerted by
methanolic extracts of Filicum decipiens (400 mg/kg), Ventilago madraspatana (400 mg/kg), rutin (100 mg/kg),
quercetin (50 mg/kg) and combined treatment of rutin with quercetin (100 mg/kg + (50 mg/kg) on diabetic rats.
Material and methods: Methanolic extracts of Filicum decipiens and Ventilago madraspatana leaves were prepared
and isolated by soxhlet and solubilization method. Rats were made diabetic by a single dose of streptozotocin
(45mg/kg i.p.). The animals with fasting blood glucose level more than 250 mg/dL were given methanolic leaves
extract of Filicum decipiens (400 mg/kg), Ventilago madraspatana (400 mg/kg), quercetin (50 mg/kg), rutin
(100 mg/kg) and rutin with quercetin (100 mg/kg + 50 mg/kg) were administered for 45 days and screened for
antidiabetic activity. Results and discussion: After 45 days we observed that supplementation with combined
dose of rutin and quercetin significantly (p<0.05) decreased glycosylated hemoglobin (HbA,C) (6.01 mg/g ) and
increased the levels of plasma insulin 11.98 yU/mL, hemoglobin 12.12 g/dL, urea 42.16 mg/dL, creatinine 1.41
mg/dL, plasma sodium141.00 mEqg/L and urinary potassium 5.11 mEg/L and decrease the activities of enzymatic
antioxidant upon STZ treatment and also significantly (p <0.05) reversed the altered levels and activities of
above mentioned diabetic, renal and antioxidant markers in experimental rats as compared to their individual
supplementation. Conclusion: Summed effect of quercetin with rutin seems to have a promising value for the
development of a potent phytomedicine for diabetic nephropathy.
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Diabetic nephropathy is a progressive, irre-
versible disease characterized by increasing

idly, and by 2030, this number is estimated
to almost double. India has more diabetics
than any other country in the world, accord-
ing to the International Diabetes Founda-
tion. Clinically, the main consequence of
hyperglycemia is secondary impairments in
various tissues and organs. Some complica-
tions such as cardiovascular disease, kidney
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blood pressute, micro albuminutia, protein-
uria, and a continuous decline in glomeru-
lar filtration rate. There are several factors
involved in the development of diabetic glo-
merulopathy but the main initiator of this
disease is chronic hyperglycemia, which trig-
gers increased production of reactive oxy-
gen species, increasing oxidative stress and
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favoring coagulation and fibrotic events. Hyperglycemia
also sensitizes the vessel wall of efferent arterioles to
the action of vasoconstrictors, which, together with an
increase in vascular permeability, lead to hyper filtration.
Also, in the progression of diabetic nephropathy per-
sistent proteinuria, glomerular hypertrophy, mesangial
expansion, and tubulointerstitial fibrosis occut, which
lead to partial or total loss of renal function.’

Filicum decipiens and Ventilago madraspatana are tradition-
ally used for diabetic, so the above findings instigate us
to explore the summed effect of RUT/QUE isolated
compounds from plants on the STZ-induced changes in
the levels of glucose, insulin, Hb, HbA C, on tent, and
the activities of antioxidant enzymes and renal function
indicators in STZ induced diabetic nephropathy.

MATERIAL AND METHODS

Plant material - extraction and isolation

The leaves of Filicum decipiens Wight & Arn., (Sapinda-
ceae) and Ventilago madraspatana Gaertn. (Rhamnaceae)
were collected from Tirupati, Andra Pradash, India, on
July, 2010. Identification and botanical authentication
of plant was carried out at the Department of Botany,
Sri Venkateswara University, Tirupathi by Dr. K. Mad-
hava Chetty, where a voucher specimen was lodged.
After collection, the leaves of Filicium decipiens and 1Ven-
tilago maderaspatana were separated from other plant
parts, dust and then washed with running tap water.
The leaves of Filicinm decipiens and Ventilago maderaspa-
tana were shade dried at room temperature for 15 days
and coarsely powdered. Then each plant powder (300 g)
was extracted with methanol successively using Soxhlet
apparatus for 16 h. The solvent was evaporated to dry-
ness in a rotary evaporator. The yield of the methanol
extract were 25.6 g from Filicium decipiens and 20.67 g
trom Ventilago maderaspatana. Quercetin from Filicium
decipiens and rutin from Ventilago maderaspatana were iso-
lated by fraction and solubilization method.*

Animal model

The whole experiment was carried out according to the
guidelines of the Committee for the Purpose of Control
and Supervision of Experiments on Animals (CPCSEA),
New Delhi, India, and approved by the Institutional
Animal Ethical Committee TAEC NUMBER: Ph.D/
COL/11/10-13). The study was conducted on 48 male
albino Wistar rats weighing 180-220 g, obtained from the
Central Animal House. They were housed in polypropyl-
ene cages (47 x 34 x 20 cm), (six rats per cage) lined with
husk, renewed every 24 h under a 12:12 h light dark cycle
at around 22 °C and had free access to tap water and pel-
let diet (Pranav Agro Industries Limited, Maharashtra,

India). The pellet diet consists of 22.02% protein, 4.25%
fat, 3.02% fiber, 7.5% ash, 1.38% sand silica, 0.8% cal-
cium, 0.6% phosphorus, 2.46% glucose, 1.8% vitamins
and 56.17% carbohydrates. It provided a metabolisable
energy of 3600 kcal/kg;

Induction of experimental diabetes

Streptozotocin (STZ) was freshly dissolved in citrate
buffer (0.01 M, pH 4.5) and maintained on ice prior to
use. The overnight fasted rats were made type 2 dia-
betic with a single intraperitoneal injection of STZ (50
mg/kg). Control rats were injected with citrate buffer
alone. Diabetes was confirmed in the STZ-treated rats
by measuring the fasting plasma glucose levels 72 h post
injection. After an overnight fast, blood was withdrawn
by sinocular puncture (0.2 ml) from rats in tubes con-
taining potassium oxalate and sodium fluoride as anti-
coagulant. Plasma was separated after centrifugation
and glucose was estimated using a commercial glucose
kit (Sigma Diagnostics Pvt. Ltd., Baroda, India). Rats
with plasma glucose levels above 13.89 mmol/L (250
mg/dl) were considered as diabetic and were used in the
experiment.

Experimental design

The rats were divided into 8 groups comprising of 6
animals in each group as follows:

Group I: Normal rats.

Group II: RUT (100 mg/kg/day) and QUE (50 mg/
kg/day).

Group III: Diabetic control rats.

Group IV: Diabetic rats + MVM (400 mg/kg/day).
Group V: Diabetic rats + MFD (400 mg/kg/day).
Group VI: Diabetic rats + RUT (100 mg/kg/day).
Group VII: Diabetic rats + QUE (50 mg/kg/day).
Group VIII: Diabetic rats + RUT (100 mg/kg/day) and
QUE (50 mg/kg/day).

RUT and QUE were saturated in water and orally

administered to rats using an intragastric tube daily for

a period of 45 days.

Termination of Study

At the end of the experimental period, after an over-
night fast, the rats were anaesthetize and sacrificed by
cervical decapitation. Blood samples were collected in
heparinized tubes, after 60min rest in the supine posi-
tion, and then centrifuged at 160 X g for 10 min at 20 °C.
Plasma was separated and stored at -20 °C until assay.
Kidneys was carefully dissected out, cleaned, weighed
accurately and stored at -80 °C until used.

Analytical procedure

Plasma glucose® using a commercial kit (Sigma Diagnos-
tics Pvt. Ltd., Baroda, India). Plasma insulin was assayed
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by an enzyme-linked immunosorbent assay (ELISA)
method using a commercial kit (Catalog No.SP-401)
from United Biotech Inc., Mountain View, CA, USA.
Hemoglobin was estimated by the cyanmethemoglobin
method.“*HbA .

Renal function was defined by measuring urea, uric acid
and creatinine concentration with standard commert-
cial diagnostic kit (Span Diagnostics, Gujarat, India).
Serum albumin contents were estimated by the method
described by Reinhold.” Sodium and potassium ion con-
centrations of the plasma and urine samples were mea-
sured using an electrolyte analyzer (Nova Electrolyte/
Chemistry Analyzers-Nova 4), Waltham MA, USA).

The kidney excised (1 g) was cut into small pieces and
mixed with 3 mL Tris HCI (0.05 M, pH = 7.6) buffer.
The mixture was homogenized, allowed to stand on
ice for few minutes, and then centrifuged for 15 min
at 8000 X gat 4 °C. The supernatant stored in small ali-
quots at -80 °C for further analysis. Lipid peroxidation
as indicated by thiobatbituric acid reactive substances
(TBARS) was measured using the method."

Superoxide dismutase (SOD, EC. 1.15.1.1)." Cata-
lase (CAT, EC. 1.11.16)."* Glutathione reductase (GR,
EC.1.6.4.2) was determined by the method of and
Mannerik."” Glutathione peroxidase (GPx, EC.1.11.1.9)
activity was assayed by the method of and Gunzler.'
A known amount of the enzyme preparation was incu-
bated with H O, and was determined using method."

Measurement of non enzymic antioxidants reduced
glutathione (GSH) was determined by the method of,'
based on the reaction with Ellman’s reagent.

Histology of kidney

Kidneys were quickly removed after euthanasia, fixed in
10% buffered formalin for 48 hrs, dehydrated by pass-
ing successively in different concentrations of ethanol—
watet, cleaned in xylene, embedded in paraffin and they
were sectioned (5-6 pm thickness) by microtome. Sec-
tions were stained with hematoxylin and eosin (H and
E) dye and then mounted in a neutral deparaffinated
xylene (DPX) medium using standard protocols. They
were assessed using light microscopy and photographed.

Data analysis

The data are expressed as means £ SD. Comparisons
of the determined variables among all the grouped
data for biochemical and physiological parameters were
analyzed statistically using one way analysis of variance
(ANOVA) followed by Duncan’s multiple range test for
post hoc analysis using the SPSS software package, version
11.01 for windows and line graphs were drawn using the
sigma plot (version 10.0) software package. Statistical
significance was defined as p values less than 0.05.

RESULTS

(Table 1) shows the levels of plasma glucose, insulin, Hb
and HbA, . in normal and experimental rats. In diabetic
control rats, there was a significant (p<<0.05) increase in
the levels of plasma glucose and HbA, - when compared
to normal control rats. A single treatment with MVM,
MFD, rutin or quercetin significantly (p<<0.05) reduced
the concentrations of plasma glucose and HbA,
respectively. On combined treatment with rutin and
quercetin, a much greater fall in the concentrations of
plasma glucose and HbA, . were noticed than individual
treatment. In diabetic control rats, there was a signifi-
cant (p<0.05) decrease in the levels of insulin and Hb
concentration when compared to normal control rats.
A single treatment with MVM, MFD arutin or querce-
tin significantly (p<<0.05) increased the concentrations
of insulin and Hb respectively. On combined treatment
with rutin and quercetin, a much greater increased in
the concentrations of insulin and Hb was noticed than
individual treatment.

(Table 2) shows the levels of serum urea, creatinine, albu-
min, sodium and potassium in normal and experimen-
tal rats. In diabetic control rats, there was a significant
(p<<0.05) increase in the levels of serum urea, creatinine
and plasma sodium when compared to normal control
rats. A single treatment with MVM, MFD, rutin or quer-
cetin significantly (p<<0.05) reduced the concentrations
of serum urea, creatinine and plasma sodium respec-
tively. On combined treatment with rutin and querce-
tin, a much greater fall in the concentrations of serum
urea, creatinine and plasma sodium were noticed than
individual treatment. In diabetic control rats, there was
a significant (p<<0.05) decrease in the levels of albumin
and plasma potassium when compared to normal con-
trol rats. A single treatment with MVM, MFD a rutin or
quercetin significantly (p<<0.05) increased the concentra-
tions of albumin and plasma potassium respectively. On
combined treatment with rutin and quercetin, a much
greater increased in the concentrations of albumin and
plasma potassium was noticed than individual treat-
ment.

(Table 3) shows the levels of urinary volume, urinary
sodium and potassium in normal and experimental rats.
In diabetic control rats, there was a significant (p<<0.05)
increase in the levels of urinary potassium when com-
pared to normal control rats. A single treatment with
MVM, MFD, rutin or quercetin significantly (»p<0.05)
reduced the concentrations of urinary potassium. On
combined treatment with rutin and quercetin, a much
greater fall in the concentrations of urinary potassium
was noticed than individual treatment. In diabetic con-
trol rats, there was a significant (p<0.05) decrease in the
levels of urinary volume and urinary sodium when com-
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pared to normal control rats. A single treatment with
MVM, MFD a rutin or quercetin significantly (»<0.05)
increased the concentrations of urinary volume and uri-
nary sodium respectively. On combined treatment with
rutin and quercetin, a much greater increased in urinary
volume and urinary sodium was noticed than individual
treatment.

(Table 4) shows the levels of kidney TBARS, superoxide
dismutase, catalase, glutathione peroxidase and reduced
glutathione in normal and experimental rats. In diabetic
control rats, there was a significant (p<0.05) increase in
the levels of kidney TBARS when compared to nor-
mal control rats. A single treatment with MVM, MFD,
rutin or quercetin significantly (»p<0.05) reduced the
concentrations of kidney TBARS. On combined treat-
ment with rutin and quercetin, a much greater fall in
the concentrations of kidney TBARS was noticed than
individual treatment. In diabetic control rats, there was a
significant (p<0.05) decrease in the levels of superoxide
dismutase, catalase, glutathione peroxidase and reduced
glutathione when compared to normal control rats. A
single treatment with MVM, MFD arutin or quercetin
significantly (p<0.05) increased the concentrations of
superoxide dismutase, catalase, glutathione peroxidase
and reduced glutathione respectively. On combined
treatment with rutin and quercetin, a much greater
increased in superoxide dismutase, catalase, glutathione
peroxidase and reduced glutathione was noticed than
individual treatment.

(Figure 1) summatizes photomicrographs of the hema-
toxylin and eosin staining of kidney of the control and
experimental rats. (Figure 1a and 1b) photomicrograph
of renal sections stained with hematoxylin and eosin (H
& E) showed no histopathological changes in kidney of
control group and rutin and quercetin treated group.
(Figure 1c) kidney sections of diabetic control group
showed hypertrophied distorted glomeruli and dilated
tubules with thick basement membranes. A single treat-
ment with MVM, MFD, rutin or quercetin (Figure: 1d,
le, 1f, and 1g) showed some interstitial fibrosis and
inflammation with slightly dilated glomeruli. On com-
bined treatment with rutin and quercetin (Figure: 1h)
was nearly similar to normal control group except that
there was minimal focal tubular lesion.

DISCUSSION

There are obvious therapeutic benefits to studying dia-
betic nephropathy and evaluating novel antidiabetic
strategies that are capable of improving the chronic
consequences of hyperglycemia. In the present study,
STZ-injected rats displayed typical characteristics of dia-
betes mellitus, such as hyperglycemia, polyuria, growth

retardation, proteinuria, renal dysfunction, oxidative
stress, and lipid peroxidation. The changes in markers
of diabetic nephropathy in our study were consistent
with previous report.”"” We also demonstrated in our
study that administration of combination of rutin and
quercetin could influence these parameters in the dia-
betic nephropathy rats.

Streptozotocin administration to rats increased plasma
glucose and decreased insulin levels. Rutin and quer-
cetin combination treatment in STZ induced diabetic
nephritic rats exhibited a decrease in plasma glucose
and an increase in insulin levels. Rutin and quercetin by
its ability to scavenge free radicals and to inhibit lipid
peroxidation, prevents STZ-induced oxidative stress
and protects 3-cells resulting in increased insulin secre-
tion and decreased plasma glucose levels. In this con-
text,”’ have shown that quercetin, the aglycone of rutin
decreased blood glucose concentration and increased
insulin release in STZ-induced diabetic rats.* have
also reported that, in STZ-induced diabetic rats, quer-
cetin protected pancreatic B-cells by decreasing oxida-
tive stress and preserving pancreatic B-cell integrity.
Increased insulin levels could also be due to the stimu-
latory effect of rutin, thereby potentiating the existing
B-cells of the islets of Langerhans in diabetic rats.

Measurement of glycated hemoglobin has proven to be
particularly useful in monitoring the effectiveness of
therapy in diabetes .* The glycated hemoglobin levels
increased in diabetic rats with a subsequent decrease in
the levels of hemoglobin. Agents with antioxidant or
free radical scavenging property may inhibit oxidative
reactions associated with glycation.” Rutin and querce-
tin with its free radical scavenging capability effectively
reduced the formation of glycated haemoglobin and
increased the total haemoglobin levels in diabetic rats. A
decrease in blood glucose levels might also contribute to
decreased levels of glycated haemoglobin in rutin and
quercetin combination treatment in diabetic nephritic
rats.

Diabetic hyperglycaemia induces elevation of the
plasma levels of urea, uric acid and creatinine which
are considered as significant markers of renal func-
tion.** Utrea is the major nitrogen containing metabolic
product of protein metabolism; uric acid is the major
product of purine bases, adenine and guanine; creati-
nine is endogenously produced and released into body
fluids and its clearance is measured as an indicator of
»2 Treatment with rutin and
quercetin brought these parameters to near normal
level which could be due to decreased disturbances of
protein and nucleic acid metabolism as evidenced by
improved glycaemic control as well as renal functions.
After treatment with rutin and quercetin, we found that

glomerular filtration rate.
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combination of rutin and quercetin lowered fasting
blood glucose and HbAlc of diabetic rats. Blood urea,
serum creatinine, urine volume were effectively reduced
in combination treatment with rutin and quercetin dia-
betic nephritic rats compared to diabetic nephritic rats.
In this study, combination treatment with rutin and
quercetin caused significant improvements in the rela-
tive kidney weight, suggesting that they may reverse the
hypertrophy in STZ induced diabetic nephritic rats. We
concededly demonstrated that combination treatment
with rutin and quercetin attenuated diabetic nephritic
syndrome characterized by loss of renal function in
STZ-diabetic nephritic rats.

Oxidative stress may promote the formation of lipid
peroxidation products, increase production of oxygen
free radicals thereby reducing the level of antioxidant
enzymes. It has been shown previously that increased
oxidative stress is related to pathogenesis of diabetes”
diabetic renal dysfunction and development of tubu-
lointerstitial injury.”® TBARS is a marker of lipid peroxi-
dation and is detected in rats with diabetic nephropathy,
and is related to glucose concentration and renal func-
tion. Some studies have shown that TBARS is a reliable
marker of oxidative stress in renal tissue, and increased
levels of TBARS are involved in the occurrence of oxi-
dative stress induced tubular cell damage in diabetic kid-
neys, and may be possibly used to estimate the severity
of renal damage . In the present study, the levels of
renal TBARS increased, similarly as in previous stud-
ies. In present study, combination treatment of rutin
and quercetin decreased TBARS levels in kidney which
improves renal impairment in diabetic rats.

Disturbances of antioxidant defense systems in diabe-
tes have been demonstrated, including alteration in the
activities of antioxidant enzymes such as superoxide dis-
mutase (SOD), catalase (CAT), glutathione peroxidase
(GPx), glutathione reductase (GR) and impaired glu-
tathione (GSH) metabolis.*” The antioxidant enzymes
SOD, CAT and GPx play an important role in scaveng-
ing toxic intermediates of reactive oxygen species. Lipid
peroxidation is associated with the changes in the dia-
betic nephritic shows decreased activities of key antioxi-
dants SOD, CAT and GPx which play an important role
in scavenging the toxic intermediate of incomplete oxi-
dation. SOD is the natural cellular antioxidant enzyme;
it plays a pivotal role in oxygen defense metabolism
by intercepting and reduced superoxide to water and
molecular oxygen.” SOD scavenges the superoxide ions
produced as cellular byproducts. Catalase is a heme con-
taining ubiquities enzyme, it reduces hydrogen peroxide
produced by disputation reaction and preventing gen-
eration of hydroxyl radicals thereby protecting the cellu-
lar constituents from oxidative damage in peroxisomes.

Decreased activities of both SOD and CAT in diabetic
nephritic is due to excess availability of superoxide and
hydrogen peroxide (H,O,) in the biological systems
which in turn generate hydroxyl and peroxyl radicals,
resulting in the initiation and propagation of lipid pet-
oxide. The SOD plays an important role in protecting
cells from oxidative damage by converting superoxide
radicals into hydrogen peroxide, which is then further
metabolized by CAT and GPx, where CAT detoxifies
hydrogen peroxide and GPx catalyze the destruction of
hydrogen peroxide and lipid hydroperoxide. If the CAT
and GPx activity is not sufficiently enhanced to metab-
olize hydrogen peroxide, this can lead to an increased
hydrogen peroxide and TBARS levels.”!

Non-enzymic antioxidants such as reduced glutathione
(GSH) play a vital role in quenching of hyperglycemia
mediated free radicals. GSH, being the most important
biomolecule against chemically induced toxicity can pat-
ticipate peroxides in the presence of GPx. GSH also
functions as free radical scavenger and in the repair of
free radical caused biological damage.** GSH, a direct
free radical scavenger, also reported to protect the cel-
lular system against the noxious effects of lipid peroxi-
dation.”> GSH, a major endogenous antioxidative agent,
involve in the conjugation of several types of com-
pounds, protect cells from toxic effects and maintain
the cellular redox status. Moreover, reduced glutathi-
one acts as a co-substrate for the activity of glutathione
peroxidase and as a cofactor for many enzymes.”* The
decreased levels of GSH in diabetes could be due to its
increased utilization in trapping the oxyradicals.” In our
study, diabetic nephritic rats exhibited a decreased level
of GSH, which might be due to increased utilization
for scavenging free radicals and increased consumption
by GPx. Combination treatment of rutin and quercetin
increased renal enzymic and non enzymic antioxidants
which improves renal impairment in diabetic rats.

Our histological analysis showed that the renal tissues
from diabetic animals treated with rutin and quercetin
were protected from the damage induced by hypergly-
cemia. Glomerulosclerosis, hypertrophied distorted
glomeruli and dilated tubules with thick basement mem-
branes were significantly inhibited and the fibrotic col-
lagen deposition was prevented by treatment with rutin
and quercetin. Extracts can reduce the urine protein
levels of patients with DN and thus represents a novel,
potentially effective, and safe renoprotective drug for
the treatment of DN.

Combination therapy was shown to be significantly bet-
ter than therapy with the individual agents in renal sur-
vival of diabetic patients who have moderately reduced
renal function and moderate daily protein excretion.”

In conclusion, our results suggest that treatment with
combination of rutin and quercetin exerts a beneficial
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effect on diabetic nephropathy via improves antioxidant
status, reduced oxidative stress, reduce hyperglycemic

conditions and it may be a potential renoprotective
pharmaceutical for the treatment of diabetic nephropa-

thy.
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