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LRNFLABORATORY STUDY

Polyphenolic Extract of Ichnocarpus Frutescens Attenuates Diabetic 
Complications in Streptozotocin-Treated Diabetic Rats

Polyphenolic Extract on Diabetic NeuropathyC.T. Kumarappan and Subhash C. Mandal
Pharmacognosy and Phytotherapy Research Laboratory, Division of Pharmacognosy, Department of Pharmaceutical Technology, 
Faculty of Engineering and Technology, Jadavpur University, Kolkata, India

Diabetic nephropathy is one of the major complications of dia-
betes. Oxidative stress is implicated as an important mechanism by
which diabetes causes nephropathy. The aim of the study was to
examine the involvement of oxidative stress in the progression of
nephropathy in STZ diabetic animals and to evaluate the potential of
polyphenolic extract (PPE) in the treatment of diabetes mellitus. In
this study, we examined whether prolonged oral administration of
polyphenolic extract of Ichnocarpus frutescens could prevent the
progress or improve the outcome of diabetic nephropathy induced
by oxidative stress in STZ diabetic rats. Intraperitoneal glucose tol-
erance test (IPGTT) revealed a significant decrease in blood glucose
levels at 180 min after glucose loading in Wistar albino rats fed with
PPE. During the eight weeks of experimental period, diabetic rats
exhibited wide range of symptoms, including loss of body weight,
hyperglycemia, polyuria, proteinuria, renal enlargement, and total
renal dysfunction. A significant increase in TBARS level was
observed in diabetic kidney, which was accompanied by a signifi-
cant decrease in enzymatic and non-enzymatic antioxidant levels.
After eight weeks, PPE-treated groups showed a lower level of
blood glucose compared with non-treated STZ diabetic rats. The
increases in urinary albumin and protein after eight weeks of treat-
ment were significantly inhibited by prolonged treatment with PPE.
In addition, PPE attenuates the adverse effects on hepatic biomark-
ers. We found that PPE can effectively protect against aldose reduc-
tase activity and protein damage (albumin glycation), and showed
that its action was mainly due to enriched polyphenolic content. Our
results also showed that treatment with PPE normalized the
increase in hyperalgesia (i.e., the response to thermal stimuli)
associated with the induction of diabetes by STZ. PPE adminis-
tration in diabetic rats clearly ameliorated diabetic complications,

suggesting not only a natural antioxidant but also supportive therapy
for the treatment of type II diabetes.

Keywords Ichnocarpus frutescens, polyphenolic extract,
streptozotocin, diabetic nephropathy, diabetic
neuropathy

INTRODUCTION

Diabetic nephropathy (DN) is one of the most frequent
causes of renal dysfunction. Approximately 30% of patients
with diabetes experience diabetic nephropathy, which gradu-
ally develops to final renal failure (ESRD).[1] Large-scale
studies have established that the defining metabolic derange-
ments (i.e., hyperglycemia, hyperlipidemia, and hyperin-
sulinemia), systemic and glomerular hypertension, oxidative
stress, and advanced glycation end products (AGEs) increase
the risk for diabetic renal disease.[2] In addition, the persis-
tence of hyperglycemia has been reported to increase the
production of reactive oxygen species (ROS) through glu-
cose auto-oxidation, abnormal metabolism of prostaglan-
dins, and high polyol pathway flux. The prevention or
retardation of diabetic nephropathy (DN) has become a
major goal in biomedical research.[3] Current methods used
in clinical practice to slow progression of diabetic nephropa-
thy include angiotensin system inhibition, blood pressure,
glycemic control, and isocaloric protein restriction.[4,5]

Despite these remedies, the incidence of diabetic end-stage
renal disease (ESRD) steadily increased over the past three
decades, reaching epidemic proportions.

An increase in albumin excretion rate leading to
micro-albuminuria is widely acknowledged as the earli-
est index of diabetic nephropathy and as a risk factor
for the development of overt diabetic renal disease.[6]

First, although protein restriction delays aging-related
glomerulosclerosis, animal studies showed that limiting
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calorie intake is by far more effective.[7] Furthermore,
some plant foods have advantageous properties, appar-
ently unrelated to macronutrient composition. For exam-
ple, polyphenolics extracted from tea-inhibited mesangial
proliferation and significantly prolonged renal survival in
experimental models of glomerulosclerosis.[8] Polyphenol
intake delayed ESRD in animal models of chronic renal
failure.[9] Previous studies have documented that hyperg-
lycemia is associated with excessive free radical genera-
tion and oxidant stress and poor antioxidant status.[10] A
number of structurally diverse naturally occurring polyphe-
nolic compounds have been studied in vivo to clarify their
effectiveness in the prevention of diabetic nephropathy in
experimental animals.[11,12] Studies have shown that antiox-
idant treatment and good metabolic control is beneficial in
slowing the progression of nephropathy in diabetes, and if
the duration of diabetes is prolonged before reinstitution of
normoglycemia, nephropathy is not easily reversed.[13]

The leaves of Ichnocarpus frutescens are used
extensively in the form of decoction for its antidiabetic
activity by the tribal Karnataka and Utter Pradesh states
for treating diabetes and jaundice.[14] In our laboratory,
anti-inflammatory, antioxidant activity and alpha glucosi-
dase inhibitory activity of this plant have been reported.[15]

Based on our previous findings, the current study was
designed to establish the biochemical and renal histo-
pathological abnormalities that occur with the evolution of
streptozotocin-induced diabetes in rats and to appreciate
their possible reversal after the establishment of good met-
abolic control with a polyphenolic extract of Ichnocarpus
frutescens. The aim of the current study was to identify a
polyphenolic treatment pattern capable of slowing the
progression of diabetic nephropathy more effectively.

MATERIALS AND METHODS

Chemicals

Streptozotocin was purchased from Sigma Chemical Co.
(St. Louis, Missouri, USA). Folin-Ciocalteu reagent, pyro-
catechol, quercetin, pentobarbitone sodium, bovine serum
albumin (BSA), thiobarbituric acid, sulphosalicylic acid,
reduced glutathione, nitroblue tetrazolium, NADH, sulfanilic
acid, N-(1-naphthyl) ethylenediamine, vanadium trichloride,
dimethyl sulphoxide β-mercaptoethanol, diammoniun sul-
phate (NH4)2SO4, NADPH, lithium sulphate (LiSO4), dl-
glyceraldehyde, gentamicin, ethylene diamine tetra acetic
acid (EDTA), trichloro acetic acid, oxalic acid, D-glucose,
and Ellman’s reagent (5,5’-dithiobis-(2-nitrobenzoic acid)
were purchased from SISCO Research Laboratories Pri-
vate Limited, Mumbai, India. All other chemicals and sol-
vents were purchased locally and were of analytical grade.

Plant Materials

The fresh leaves of Ichnocarpus frutescens (L.) R.Br.
(Apocynaceae) were collected from the Delta region of
Cauvery River, Thiruchirappalli, India, in February 2004,
and was authenticated at Botanical Survey of India (BSI),
Central National Herbarium (CNH), Howrah, India (Ref.
no.: CNH/I-I/87/2005-TECH/1326). An authentic voucher
specimen was deposited in the Herbarium of Division of
Pharmacognosy, Department of Pharmaceutical Technol-
ogy, Jadavpur University, Kolkata, India.

Preparation of Polyphenolic Extract

Dried leaves of Ichnocarpus frutescens (500 g) were
finely powdered, mixed with 70% methanol, and kept at
room temperature for five days. After five days, it was
filtered, and the solvent was evaporated. The residue was
dissolved in water, and the aqueous layer was washed with
petroleum ether several times until a clear upper layer of
petroleum ether was obtained. The lower layer was then
treated with ethyl acetate containing glacial acetic acid
(10 mL/L). The extraction of polyphenol was carried out
for 36 h at room temperature, and the combined ethyl ace-
tate layer was concentrated. The residue was lyophilized
and stored at −70°C. The total polyphenolic content and
flavonoid of the extract were assayed using the standard
methods. Total soluble phenolics in the PPE were deter-
mined with Folin-Ciocalteu reagent according to the stan-
dard method.[16] Flavones and flavonols in polyphenolic
extract (PPE) were expressed as quercetin equivalent.[17]

Flavanone in polyphenolic extract (PPE) was expressed as
naringin equivalent.[17]

Animals and Ethical Approval

Male and female Swiss albino rats, weighing about
200–250 g, were used in the present study. Animals were
collected from the breeding colony and acclimatized to the
laboratory condition for two weeks. They were housed in
macrolon cages under standard laboratory conditions
(light period 7:00 a.m. to 7:00 p.m., 21 ± 2°C, and relative
humidity 55–70%). The animals were fed a commercial
diet from Hindustan Lever Ltd. (Bangalore, India) and free
access to water during the experiments. Experiments
were performed that complied with the rulings of the
Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA), New Delhi, India
(Registration no.: 0367/01/C/CPCSEA), and the study was
permitted by the institutional ethical committee of
Jadavpur University.
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Acute Toxicity Study

Acute oral toxicity study was performed as per
OECD-423 guidelines (OECD 2002; acute toxic class
method). Albino rats (n = 6) of both sexes selected by
random sampling technique were used for acute toxicity
study.[18] The animals were kept fasting for overnight pro-
viding only water, after which the extracts were adminis-
tered orally at the dose level 5 mg/kg body weight by
gastric intubation and observed for 14 days. If mortality
was observed in two out of three animals, then the dose
administered was assigned as a toxic dose. If mortality
was observed in one animal, then the same dose was
repeated again to confirm the toxic dose. If mortality was
not observed, the procedure was repeated for further
higher doses such as 50, 300, and 2000 mg/kg body
weight.

Intraperitoneal Glucose Tolerance Test (IPGTT)

After PPE administration (150 and 300 mg/kg), 20%
D-glucose solution (2 g/kg body weight) was injected
intraperitoneally to the animals (n = 6 for each experimen-
tal group) in the fasting state. Blood samples were
obtained from the tail vein at 0, 15, 30, 60, and 120 min
after the injection. Glucose measurement was made with
Accu-check Touch Glucometer (Roche Diagnostics,
Indianapolis, Indiana, USA).

Induction of Experimental Diabetic Nephropathy

All animal experiments were performed in accordance
with the guidelines established by the Jadavpur University
Committee for Animal Experimentation and the Commit-
tee for the Purpose of Control and Supervision of Experi-
ments on Animals (CPCSEA), New Delhi, India. Diabetes
was induced in eight-week-old male Wistar albino rats by
administering an intraperitoneal injection of streptozotocin
(50 mg/kg) dissolved in a 0.1 M citrate–phosphate buffer
(pH 4.2). The rats were randomly divided into four groups
of six animal each: control rats (A group), untreated dia-
betic rats (B group), and diabetic rats treated with polyphe-
nolic extract at a daily dose of 150 and 300 mg/kg (C and D
groups, respectively). Polyphenolic extract was dissolved
in distilled water (total volume = 1 mL/kg). Two days
after the injection of streptozotocin or vehicle, the induc-
tion of diabetes was confirmed by measuring urinary glu-
cose with Diastix, reagent strips for the urinary glucose
analysis (Bayer Diagnostics, Baroda, India). In every rat,
polyphenolic extract or vehicle was received daily four
weeks after the injection of streptozotocin. All groups

were kept under identical conditions and had access to
food and drinking water ad libitum. Eight weeks after the
induction of diabetes, the rats were killed with an overdose
of pentobarbital (60 mg i.p.). Blood samples were col-
lected from the direct cardiac puncture, and the kidney
was removed from each animal.

Plasma Analyses for Glycemia and Dyslipidemia

Glycemia was monitored by measurement of blood
glucose. Blood glucose and body weights were assessed at
two, four, six, and eight weeks after the induction of dia-
betes. Capillary blood samples were collected from the
caudal vein after a daytime physiological fast to measure
glycemia using commercial glucose strips kits as
described earlier based on an enzymatic method (glucose
oxidase). At the end of treatment period, animals were
weighed and anesthetized with ether. Blood was obtained
from cardiac puncture in the heparinized microhematocrit
tubes, and the plasma was recovered by centrifugation at
4°C. Total plasma cholesterol and triglycerides, creatinine,
total protein, and urea were measured using a commer-
cially available reagent kit (Span Diagnostic Kit, Mumbai,
India).

Biochemical Measurements in Urine

At the end of the study, each rat was weighed and
placed in a metabolic cage for a 24 h urine collection.
Albumin and protein concentrations were determined sim-
ilarly in urine with Span Diagnostic kits (Mumbai, India).
For urinary albumin and protein concentrations, rats were
housed in metabolic cages for 24 h, and urine was col-
lected in a collection beaker with several drops of toluene
to inhibit microbial growth.

Assay of Renal Oxidative Stress

Preparation of Renal Homogenates

After blood sampling, the animals were sacrificed by
cervical dislocation. Kidneys were excised, and then
immediately frozen at −20°C until used for the estimation
of GSH, MDA, CAT, and SOD levels. Immediately after
rats were killed, the right/left kidney was dissected, rinsed
with isotonic saline solution, dried, and weighed. After
weighing, the kidney tissue was minced, and a homoge-
nate was prepared with 10% (W/V) phosphate buffered
saline (0.1 m/L, pH 7.4) using a homogenizer. The renal
homogenate was used to estimate the malondialdehyde
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(MDA) and reduced glutathione (GSH). Post-mitochon-
drial supernatant was obtained by centrifugation at
10000 × g for 20 min at 4°C. This preparation was used
further to estimate superoxide dismutase (SOD) and
catalase (CAT).

Assay of Renal Lipid Peroxidation

Kidney cortex homogenates (10%, w/v) were mixed
with an equal volume of ice cold 10% trichloroacetic acid
(TCA). After centrifugation, a volume of the supernatant
was added to an equal volume of 0.67% thiobarbituric acid
(TBA), and the mixture was kept in a boiling water bath
for 15 min. Samples were cooled to room temperature, and
absorbance at 532 nm were recorded. The results were
expressed as MDA equivalents using a molar extinction
coefficient of 1.56 × 105M−1 cm−1.[19]

Assay of Renal Glutathione

Reduced GSH in kidney was assayed by the method
of Jollow et al.[20] An aliquot of 1.0 ml of renal homoge-
nate (10% w/v) was precipitated with 1.0 ml of sulphosal-
icylic acid (4% w/v). The samples were kept at 4°C for at
least 1 h and then subjected to centrifugation at 1200 g for
15 min at 4°C. The assay mixture contained 0.1 ml fil-
tered aliquot, 2.7 ml phosphate buffer (0.1 M, pH 7.4),
and 0.2 ml DTNB (40 mg/10 ml of phosphate buffer 0.1
M, pH 7.4) in a total volume of 3.0 ml. The yellow color
that developed was read immediately at 412 nm on a
spectrophotometer.

Assay of Renal Superoxide Dismutase

Superoxide dismutase activity was assayed according
to the method of Kono.[21] The reduction of nitroblue tet-
razolium (NBT), which was initiated by the superoxide
dismutase, is measured at 560 nm. Briefly, the reaction
was initiated by the addition of hydroxylamine hydro-
chloride to the reaction mixture containing NBT and kid-
ney homogenate. The results were calculated as units/mg
protein, where one unit of enzyme is defined as the
amount of enzyme inhibiting the rate of reaction by
100%.

Assay of Renal Catalase

Catalase was assayed following Aebi[22] by the rate of
decomposition for H2O2 at 240 nm. H2O2 (10 mM) was

used as reagent, with the rate of dismutation of H2O2 to
water and molecular oxygen being proportional to the con-
centration of catalase and with maximum absorbance at
240 nm.

Renal Histopathology

The right rat kidney was immediately fixed with 10%
formalin. After fixation, the tissues were embedded in par-
affin, and five micron-thick tissue sections were cut from
the paraffin blocks. All of the kidney specimens were
stained using hematoxylin and eosin, and each section was
viewed under a light microscope at a magnification of
×10, 40–400.

Effect on Diabetic Neuropathy

Induction and Assessment of Diabetes

A single dose of 200 mg/kg STZ prepared in citrate
buffer (pH 4.4, 0.1 M) was injected intraperitoneally to
induce diabetes. The age-matched control mice received an
equal volume of citrate buffer and used along with diabetic
animals. Diabetes was confirmed after 48 h of STZ injec-
tion, the blood samples were collected through tail vein, and
blood glucose levels were estimated by as described earlier.
The mice having blood glucose levels more than 250 mg/dL
were selected and used for the present study.[11] Body
weight and plasma glucose levels were also measured
before and at the end of the experiment to see the effect of
polyphenolic extract on these parameters.

Experimental Protocol

In the hot plate and tail immersion tests, pretreatment
latencies were determined three times with an interval of
24 h starting three days before the injection of streptozoto-
cin or saline, and the mean was calculated in order to
obtain stable pre-drug response latency. On day 7 follow-
ing the injection of streptozotocin, the polyphenolic
extract given orally and the effect of their acute adminis-
tration on nociception were determined at different time
intervals (0, 30, 60 and 180 min). The mice were divided
into the following groups:

1. control group, treated with saline;
2. group treated with streptozotocin (200 mg/kg, i.p., once);
3. group treated with streptozotocin + PPE (50 mg/kg,

p.o.); and
4. group treated with streptozotocin + PPE (100 mg/kg, p.o).
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Each group comprised six mice. A cutoff time of 10 s was
used to prevent injury.

Assessment of Nociception

While nociception is defined as the normal electro-
physiological response of peripheral sensory organs to
noxious (tissue-damaging) stimuli, mediated by C and
Ay nocireceptors, hyperalgesia is an exaggerated
response to the same stimuli evoked by a hypersensiti-
zation of peripheral nociceptors and a central facilita-
tion of pain transmission at the level of the dorsal horn
neurones and thalamus. Pain was measured in the
response of both healthy and diabetic mice to two differ-
ent thermal stimuli.

Tail Immersion Test

The tails of mice were immersed in a warm water bath
(52.5 ± 0.5°C) until tail withdrawal (flicking response) or
signs of struggle were observed (cut-off 12 s). Shortening
of the tail withdrawal time indicates hyperalgesia and is
attributed to central mechanisms.[23]

Hot Plate Test

The hyperalgesic response on the hot plate is consid-
ered to result from a combination of central and peripheral
mechanisms.[24] In this test, animals were individually
placed on a hot plate (Eddy’s hot plate) with the tempera-
ture adjusted to 55 ± 1°C. The latency to the first sign of
paw licking or jump response to avoid the heat was taken
as an index of the pain threshold; the cut-off time was 10 s
in order to avoid damage to the paw.

Aldose Reductase Inhibitory Assay

Isolation Aldose Reductase Enzyme

Crude aldose reductase enzyme was prepared from rat
lenses. The lenses were removed from the eyes of Wistar
albino rats (150–200 g) and kept frozen at −20°C until the
day of the experiment. The lenses were removed by lateral
incision of the eye, washed with cold distilled water and
kept cold. They were then deposited in a cold glass tube
and then homogenized using a Teflon pestle in three
volumes of cold 135 mM phosphate buffer (pH 7.0),
containing 10 mM β- mercaptoethanol. The homogenate
was centrifuged at 13,369 rpm (10 000 ×  g) for 15 min.
The supernatant fluid was placed in a plastic 50 mL

conical centrifuge tube, and the protein in this fluid was
then precipitated by the addition, drop by drop, of a
solution 75% (NH4)2SO4. The pellet obtained by cen-
trifugation was dissolved in the same buffer and used as
enzyme preparation. All of the procedures were carried
out at 4°C. This solution containing enzyme was ana-
lyzed using the Biuret reaction. Its protein concentra-
tion was 4 mg/mL.

Enzyme Inhibitory Activity

The bioassay procedure with some modifications was
followed according to Haraguchi et al.[25] Bioassay solu-
tions of plant extracts were prepared by dissolving 2 mg
of the extract in 50 μL DMSO. After 30 min or more, a
1 mL volume was completed by adding phosphate buffer
pH 6.2. The reaction mixture was prepared at 25°C, with
a total volume of 1.8 mL, containing 50 mM Na-phos-
phate buffer (pH 6.2), 0.125 mM NADPH, 400 mM
LiSO4, and enzyme preparation equivalent to 4 mg pro-
tein and 3 mM dl-glyceraldehyde as a substrate with or
without plant extract. The reaction was initiated by the
addition of NADPH and continued by 30 min. Absor-
bance readings were conducted at 340 nm absorption at
the beginning and end of the reaction during this incuba-
tion time. NaHCO3 1M was added at the end of the 30
minute incubation period. Quercetin (3.3  ×  10−1 to
33.3 mM), a known aldose reductase inhibitor, was used
as positive control to compare the plant extracts inhibi-
tory activity. A negative control was prepared using 5%
DMSO in phosphate buffer (pH 6.2). The bioassays were
run in triplicate, and the average inhibitory activities are
shown on Table 1 as percentages. At the end, the inhibitory

Table 1  
Aldose reductase inhibitory activity of polyphenolic extract of I. 

frutescens on rat isolated lens enzyme

Drug treatment
AR activity (Δ OD at 340 
nm (nm/min/mg protein) % Inhibition

Control 0.105 ± 0.0030 —
PPE

75 (μg/mL) 0.098 ± 0.0017NS 43.50%
150 (μg/mL) 0.042 ± 0.0029* 63.43%
300 (μg/mL) 0.072 ± 0.0023* 52.10%

Values are expressed as mean ± SEM of three experiments.
*p < 0.01 compared with control; NS = non-significant when

compared with control.
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activity of the extracts was calculated using the following
formula:

Inhibition of in Vitro Albumin Glycation

The Albumin Glycation Reaction

One ml of 3000 mg/100mL glucose solution was added
to 1 ml of 5 g/dL albumin solution. For the prevention of
any environmental contamination, gentamicin with a con-
centration of 20 mg/100 ml was added to 0.01 mol/L
phosphate buffer (pH 7.4) and incubated 72 hours in room
temperature in constant position. Then, after the incubation
period, it was dialyzed in phosphate buffer (the dialyzed bag
was prepared in 10 mM/L EDTA before this process).[26]

Measuring the Level of Albumin Glycation

For approving the albumin glycation, the TBA test
was used, as follows. One ml 20% trichloro acetic acid
(TCA) was added to above solution and then centrifuged
for 10 minutes at 3000 rpm. The supernatant was dis-
charged. This function was done twice. One ml phosphate
buffer with above specification and 0.5 ml 0.3N oxalic
acid were added to the sediment and put in boiling condi-
tions in water bath. After the compound got cold in lab
temperature, 0.5 ml 40% TCA was added to each sample.
After centrifugation for 10 min at 3000 rpm, the superna-
tant was separated, 0.5 ml 5% M TBA was added to 1 ml
of supernatant solution, and the whole solution was set in
40° water bath for half an hour. At the end, the absorbance
of the sample was measured in 443 nm.[27]

Preparing the Stock Solution of PPE

0.1 g PPE was dissolved in 10 ml double distilled
water and used as PPE stock solution.

Determining the Effect of PPE on Albumin Glycation

Three different concentrations—1g/dL, 0.2 g/dL, and
0.1 g/dL—from PPE stock solution were prepared, and 0.1
ml from different concentrations of PPE was added to a
solution having 5% albumin and 3000 mg/100ml glucose
(in gentamicin phosphate buffer solution) and incubated in
lab temperature for 72 hours. To determine the effect level

of each concentration of PPE, TBA reaction was done as
described previously. All of the experiment stages and
each concentrations of PPE were done in triplicate, and for
achieving acceptable results, the tests were repeated.

Statistical Analysis

The experimental data were expressed as mean ± S.E.M.
The significance of difference among the various treated
groups and control group were analyzed by means of one-
way ANOVA followed by Dunnett’s multiple comparison
test using Graphad Instat Software (San Diego, California,
USA). p < 0.05 and p < 0.01 were considered statistically
significant. IC50 (inhibitor concentration that produces 50%
inhibition) was estimated using linear regression method of
plots of the percent inhibitory activity against the concentra-
tion of the tested compounds using Microsoft Excel.

RESULTS

Preliminary phytochemical screening of PPP was
carried out for the detection of phytoconstituents, using
standard chemical tests. Flavonoids, simple phenolic
acids, anthocyanins, and tannins were detected in PPE.
Total phenolic contents of PPE were expressed as mg of
pyrocatechol equivalent per gram of dry weight of PPE
extract. 1000 mg of PPE was used to determine the amount
of total polyphenolic contents. The level of total polyphe-
nolic compounds was 184.52 mg of pyrocatechol equiva-
lent per gram of PPE. The present study showed the
flavonoid content determined by two independent colori-
metric methods, one for the determination of flavones and
flavonols and other for the determination of flavanone, as
reported previously. The contents of total flavonoids in the
PPE of I. frutescens were expressed as the sum of two
complementary methods for the determination of flavones,
flavonols, and flavanone, and the results were found to be
36.42 mg of quercetin and naringin equivalent per gram of
PPE. Major types of phenolic constituents identified in the
leaves of I. frutescens are simple phenolic acids, flavonol,
flavones, flavanone, and flavonoid glycosides.

Acute toxicity studies revealed the non-toxic nature of
the polyphenolic extract of I. frutescens. After the admin-
istration of polyphenolic extract, rats were immediately
observed for 2 h for behavioral, neurological, and
autonomic profiles for any changes or lethality for the next
48 h. There was no lethality or any toxic reactions found at
any of the doses selected until the end of the study period.
However, at the above doses, PPE did not show any unto-
ward effects on behavioral response, normal reflexes, etc.
According to the Organization for Economic Co-operation

% Aldose reductase inhibitory activity (ARI)

Abs (control
=

Δ )) Abs (extract)

Abs (control)

− Δ
Δ
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and Development (OECD) guidelines for acute oral toxic-
ity, an LD50 dose of 2000 mg/kg and greater is characterized
as unclassified, and hence the drug is found to be safe.

To determine the effect of PPE on the function of pan-
creatic β-cells (insulin sensitivity) in Wistar albino rats, we
carried out IPGTT by the administration of 2 g D-glucose/
kg body weight. While the fasting blood levels in PPE-
supplemented rats were not significantly different from those
in control groups, the peak level of blood glucose in PPE-
treated rats were significantly lower than glucose-loaded rats.
The blood glucose levels at 120 min in PPE-treated rats were
significantly lower than control rats (see Figure 1).

The body weight of the normal healthy rats increased
during the eight-week experimental period (see Figure 2),
while that of the control rats with diabetic nephropathy
was lower than that of normal rats. The difference between
the normal and diabetic nephropathy groups became more
distinct as time progressed. There were no statistical dif-
ferences at any time point between the body weight of the

control and PPE-treated groups of rats with diabetic neph-
ropathy. There was a significant decrease in rat kidney
weight in the PPE-treated group compared to rats with dia-
betic nephropathy. Figure 3 shows blood glucose in all
study groups. Diabetic rats had significantly elevated
blood glucose compared to non diabetic rats. Blood glu-
cose levels were significantly lowered by oral administra-
tion of PPE in diabetic rats. In diabetic rats given vehicle,
serum cholesterol, triglycerides, and creatinine levels were
increased in respect to controls (see Table 2). PPE treat-
ment significantly reduced hyperlipidemia. More remark-
ably, total cholesterol and triglycerides in the group given
PPE accounted for values with in control range.

In the rats with diabetic nephropathy, mean values of
proteinuria and albuminuria exceeded 86.01 mg/dL and
254.34 mg/dL, respectively, in all groups. Urinary
microalbumin contents indicated glomerular damage. As
shown in Table 2, the urinary microalbumin contents were
reduced by increasing PPE supplementation. The adminis-
tration of PPE maintained over time protein and albumin
excretion at values comparable to vehicle group. Marked
antiproteinuric effect with respect to treatment with PPE
significantly differs from vehicle group. Renal functions,
as also evaluated by serum creatinine levels, were progres-
sively impaired in diabetic treated rats given vehicle (see
Table 2). In rats treated with PPE, mean value of serum
creatinine was lower than in rats given vehicle.

The effect of PPE treatment on lipid peroxidation and
antioxidant levels (GSH, SOD, and CAT) from normal,
diabetic control and PPE-treated rats renal cortex are
shown in Figures 4 and 5. TBARS were higher in the renal
cortex of the non-treated diabetic healthy controls (see
Figure 6). STZ diabetic rats with diabetic nephropathy had
lower levels of renal antioxidants than healthy vehicle
treated rats. PPE tended to increase renal antioxidant lev-
els in diabetic rats, a difference that was statistically sig-
nificant compared with rats of diabetic nephropathy.

Histological examinations of the sections of kidney
from normal control rat are shown in Figure 7A. The cir-
cular area observed on this photograph is renal glomeruli.
Numerous tubules (proximal and distal) lie in the area
adjacent to glomeruli. Figure 7B depicts the kidney
section of STZ diabetic control rats that shows tubular
vacuolations, glomerulosclerosis and irregular basement
membrane. The incidence of hypertrophy, tubular vacu-
olations, and other derangements were much lower in
STZ diabetic rats treated with polyphenolic extract (see
Figure 7C). Figure 8D shows the normal tubulointerstitial
structure of vehicle treated rat kidneys. Interstitial damage,
tubular hypertrophy, inflammatory cell infiltration, and
thickening of tubular basement membrane were prominent
in the STZ diabetic control rats (see Figure 8E and 8F). In
contrast, polyphenolic extract-treated rat kidney showed

Figure 1. Effect of polyphenolic extract on intrperitoneal
tolerance text (IPGTT) on glucose (2 g/kg) loaded rats. Values are
expressed mean SEM ± of six animals. *P < 0.05, **P < 0.001
compared with glucose loaded rats.
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improved structure of tubulointerstitial with minimal
injury (see Figure 8G and 8H).

Diabetes was induced in mice by single high dose of
streptozotocin (200 mg/kg, i.p.), and the nociception was
assessed using hot plate and tail immersion one week fol-
lowing injection of STZ. The administration of PPE nor-
malized the reaction time (s) of various thermal stimuli in
diabetic rats (see Figures 9 and 10). Table 1 shows the

percentage inhibition values of aldose reductase by PPE.
Among three different concentrations, PPE (150 μg/mL)
was found to be best inhibitory (63.43%) activity. In
this research, the effects of various concentrations of
PPE ion albumin glycation were studied. Three differ-
ent concentration of PPE (62.75, 125, and 250 g/mL)
and aminoguanidine (25 μg/mL) were used in the test,
and by using the TBA method, the level of albumin

Figure 3.  Effect of polyphenolic extract on blood glucose levels in normal and diabetic rats for 8 weeks. Data are mean of six rats
for normal and experimental groups, respectively. **P < 0.01, *P < 0.05 compared with diabetic control of respective week.
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Table 2  
Effect of oral administration of polyphenolic extract (PPE) of I. frutescens on serum biochemical and urinary profiles of vehicle-

treated and streptozotocin (STZ)-induced diabetic nephropathic rats after the eight-week treatment

Biochemical parameters Vehicle control Diabetic control PPE (150 mg/kg) PPE (300 mg/kg)

Kidney weight (g) 2.68 ± 0.089 3.80 ± 0.098 3.49 ± .077NS 2.90 ± 0.079*
Serum profiles

Total cholesterol 45.36 ± 1.24 117.2 ± 1.46 84.82 ± 2.48* 63.40 ± 1.75*
Triglycerides 65.28 ± 1.77 145.5 ± 2.73 127.66 ± 2.33* 105.66 ± 3.03*
Urea 54.33 ± 2.16 94.84 ± 2.71 73.76 ± 1.33* 63.00 ± 1.77*
Creatinine 0.367 ± 0.022 0.773 ± 0.027 0.617 ± 0.019* 0.450 ± 0.015*
Total protein 6.73 ± 0.211 4.23 ± 0.311 5.48 ± 0.201* 5.72 ± 0.261*

Urinary profiles
Protein 18.72 ± 1.16 86.01 ± 1.93 64.88 ± 2.0* 43.01 ± 1.40*
Albumin 81.33 ± 1.43 254.34 ± 4.42 158.00± 2.63* 108.34 ± 2.70*

Values are expressed as mean ± SEM.
*p < 0.01 compared with diabetic controls; NS=non significant when compared with diabetic controls.
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glycation was determined. Percent inhibition was calcu-
lated to be 44.33%, 54.67%, and 63.33% for PPE at
62.75, 125, and 250 μg/mL, respectively; thus, PPE was
comparable to aminoguanidine (66.67%), a known glycation

inhibitor that traps reactive dicarbonyl impeding con-
version to AGE. The results showed that the PPE had
potential inhibitory effect on the albumin glycation
reaction.

Figure 4.  Effect of polyphenolic extract (PPE) on renal antioxidant enzymes from normal and strptozotocin treated diabetic rats.
Values are expressed as mean SEM of six animasl in each group. **P < 0.01 and *P < 0.05 compare with diabetic animals.
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DISCUSSION

Diabetic nephropathy will soon represent the leading
cause of end stage renal disease worldwide, with a conse-
quent unbearable cost for patient healthcare systems even
for developed countries.[28,29] The need to reduce the inci-
dence of diabetic nephropathy is urgent. Previous studies
demonstrated that treatment with antioxidants partially
reduced proteinuria and renal damage in unnephrecto-
mized rats with overt diabetic nephropathy.[30, 31] Diabetic
nephropathy is characterized by hypertrophy of glomeru-
lus and tubules, basement membrane thickening of glom-
erulus and tubule, mesangial extra cellular matrix
accumulation, and tubule interstitial fibrosis. Hypertrophy
of epithelial cells and tubular basement membrane thick-
ening have already occurred in early stage of diabetic
nephropathy, and the extent of tubulointerstitial injury is
associated closely with diabetic nephropathy.

Streptozotocin diabetic rats showed symptoms of
renal nephropathy such as kidney hypertrophy that were
attributed to an increase in blood glucose and polyuria. In
addition, STZ diabetic rats showed elevated blood glucose,
serum triglycerides, total cholesterol, urea, and creatinine, as
demonstrated in previous reports.[32,33] Treatment with
polyphenolic extract prevented renal enlargement and atten-
uated polyuria. Meanwhile, elevated blood glucose and
serum biochemical parameters in STZ diabetic rats were also
normalized to control values after eight weeks of treatment
with PPE. This was consistent with other reports using natu-
ral antioxidants of plants to normalize diabetic nephropathy
in STZ diabetic rats.[34–36] Several plant extracts and their

components per gram of extract were examined for their
nephroprotective action against STZ-induced oxidative dam-
age in diabetic rats.[37,38] These data indicate that the renal
protective effect of PPE might be due to high polyphenolic
contents and antioxidant activity. PPE has 84.52 mg of
polyphenol and 36.42 mg of total flavonoids, all of which
protect against oxidative damage in diabetic kidney.

In diabetic nephropathy, the activation of neutrophils
and monocytes causes the generation of ROS; the overpro-
duction of ROS may cause an imbalance between
oxidation and antioxidation in the body.[39] Oxidative
stress, recognized as a key component in the development
of diabetic complications and increase in proportion to the
AGEs accumulation, causes mitochondrial dysfunction.[40]

Other findings show that AGEs increase intracellular gen-
eration of ROS and decrease intracellular GSH levels in a
time-dependent manner, and also that AGEs can augment
the formation of ROS through the depletion of superoxide
dismutase and other antioxidant enzymes.[41] These sug-
gest that ROS may be an important mediator of oxidative
stress-induced renal damage in diabetic nephropathy. The
intracellular generation of ROS suggests that there is a
synergistic relationship between oxidative stress and high
glucose. Oxidative stress-induced renal injury might be
accelerated in hyperglycemia states. There may be agents
that act to inhibit the generation, propagation, or activity
of free radicals, such as preventive antioxidants, which
include CAT, SOD, GSH-Px, polyphenol, and chain ter-
minators such as vitamins E and C and glutathione.[42,43]

Therefore, the measurement of oxidative stress could be use-
ful to investigate its role in the initiation and development of

Figure 6.  Effect of polyphenolic extract (PPE) on renal lipid peroxidation (LPO) from normal and diabetic rats. Values are
expressed as mean ± SEM of six animals each. ** P < 0.01 compared with diabetic control.
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chronic diabetic complications, especially diabetic nephr-
opathy, and also to evaluate preventive actions of exoge-
nous and endogenous antioxidant therapy.

The mechanisms underlying the effects of PPE in
diabetic nephropathy correlate by acting as an antioxidant,
free radical scavenger, and inhibiter of lipid peroxidation.

In this study, we provide the first evidence that PPE
can inhibit the ROS formation in a dose-dependent manner
by increasing enzymatic and non-enzymatic antioxidants
level in renal cortex. This oxidative stress was further
assessed by the increase in renal MDA as a LPO
marker.[44] We observed an increased LPO when
expressed TBARS showed in all diabetic groups as a result
of oxidative stress. These suggest that the attenuation of

oxidative stress induced by STZ through the scavenging of
free radicals and inhibition of the oxidative stress may be
one of the mechanisms underlying PPE in the prevention
of diabetic nephropathy. Several studies reported that
polyphenol could alleviate the decreased hepatic glu-
tathione level in diabetic kidney. The overproduction of
superoxide radicals by mitochondria activates the major
pathways of hyperglycemia through the AGEs, and high
glucose expression accelerates the oxidative stress in dia-
betic kidney. In STZ-induced treated rats, the activities of
superoxide dismutase and catalase were notably elevated
after the treatment with PPE. PPE, effective polyphenolic
components of which are flavonoids (apigenin, quercetin,
luteolin, and kaempferia) and phenolic acids (vanillic acid,

Figure 7.  Light microscopes of the glomeruli. Paraffin-impeded sections of the renal cortex were stained with hematoxylin.
Representative light microscope (magnification ×200) from each of the rat groups are shown: (A) Normal glomerulus from non-
diabetic rat at eight weeks; (B) glomerulus from untreated STZ diabetic rats at eight weeks showing hypertrophy; irregular, denued
glomerular basement membrane, mesangial expansion; and global glomerulosclerosis; with the symptoms of early diabetic
nephropathy symptoms; (C) glomerulus from rats treated with eight weeks of PPE, depicting partial reversal of glomerulosclerosis.
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protocatechuic acid, sinapic acid, and syringic acid), are
known for their antioxidant and antidiabetic activity.[45,46]

Antioxidant therapy, especially polyphenolic extract of

I. frutescens treatment, shows promise in preventing
oxidative stress and renal damage in diabetic nephropathy.
Further studies are necessary to establish the relationship

Figure 8. Panel D shows the normal tubulointerstitial structure of vehicle-treated rat kidneys. Panels E and F show prominent
interstitial damage, tubular hypertrophy, inflammatory cell infiltration, and thickening of tubular basement membrane in the STZ
diabetic control rats. Panels G and H from polyphenolic extract-treated rat kidney show improved structure of tubulointerstitial with
minimal injury.

(D)

(G) (H)

(F)(E)
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between hepatic markers of oxidative stress and diabetic
complications and elucidate whether treatment with
polyphenolic extract reduces oxidative stress or reverses
the adverse effects associated with diabetic nephropathy.

Diabetic neuropathy is the most common complica-
tion of diabetes mellitus with autonomic/peripheral neural
components.[47] Peripheral neuropathy may be either pain-

ful or painless. Diabetic neuropathy is associated with a
decrease in nerve conduction velocity. Diabetes-induced
oxidative stress and the generation of superoxide may be
responsible in part for the development of vascular and
neural complications.[48] In our study, polyphenolic extract
treatment prevented the diabetes-induced impairment in
the hot plate and tail immersion reaction time. The

Figure 9. Effect of polyphenolic extract on the reaction time in diabetic mice using tail immersion in hot water (55 ± 0.5°C). Values
are expressed as mean ± SEM of six animals. **P < 0.01 and *P < 0.05 compare with diabetic animals.
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decomposition products of STZ alter the cellular mem-
brane proteins and thus initiate the autoimmune inflamma-
tory process associated with the overproduction of
cytokines, resulting in the destruction of neuronal cells. Our
results showed that treated animals developed a well-defined
hyperalgesia that was evaluated in two types of thermal nox-
ious tests, the hot plate test and tail immersion test. The dia-
betes-induced hyperalgesia was abolished by the PPE. An
alternative mechanism could be the inhibition of prostaglan-
din or other inflammatory mediators released from the neu-
ronal cells by the activation of inflammatory mediators and
oxidative stress. Although the exact mechanism of action of
PPE is unclear, the anti-hyperalgesic effect of PPE seems to
result from its inhibitory action on inflammatory mediators,
which was consistent with our earlier reports on the anti-
inflammatory activity of this plant.[15]

Cataractogenesis is the most common complication
that occurs in diabetes mellitus. Aldose reductase is a lens
enzyme probably involved in the development of this eye
problem.[49] It is the first enzyme involved in the polyol
pathway, which seems to play an important role in the
development of degenerative complications of diabetes
such as diabetic nephropathy, neuropathy, and retinopa-
thy. Compounds inhibit aldose reductase activity, and
therefore would be potential agents in the prevention of
one of these complications. A large variety of structure
diverse compounds have been identified to date as potent
aldose reductase inhibitors. There have been numerous
reports of aldose reductase inhibitors obtained from
extracts, mostly plant materials. Flavonoids and related
compounds are the most widely studied natural products
family with aldose reductase inhibitory activity.[50,51]

Polyphenolic extract of I. frutescens were assessed for
inhibitory activity against lens aldose reductase isolated
from Wistar albino rats. Polyphenolic extract significantly
inhibits the aldose reductase activity in vitro and is prima-
rily caused by the presence of phenolic compounds and
flavonoids in PPE. It has been well acknowledged that
plant-derived extracts and polyphenolic compounds, espe-
cially flavonoids, are potential alternatives to synthetic
inhibitors against aldose reductase activity.

Protein oxidative damage is directly involved in the
pathogenesis of many diseases. Free radicals can produce
protein mediators, which can cause the loss of various pro-
tein functions, such as enzyme activity, receptor affinity,
and membrane transporters—each of which may result in
biological dysfunctions.[52] Proteins in the body are also
modified by glucose through a glycation reaction. This
reaction finally produces AGEs. The carbonyl carbons of
reducing sugars non-enzymatically reacts with amino resi-
dues to form a Schiff base, a process known as glycation.
This Schiff base rearrangement can form Amadori prod-
ucts, which are converted to AGEs through various

processes. The formation of AGEs is known to cause dia-
betic complications such as nephropathy and retinopathy. In
the presence of various concentration of PPE, albumin gly-
cation was glycated and evaluated using the thiobarbituric
acid method. The results showed that PPE significantly
inhibited/and decreased the reaction of albumin glycation.
PPE containing a number of antioxidant flavonoids and
phenolic compounds may responsible for the inhibition of
AGEs formation through the radical scavenging activity.
Hence, formations of some kind of AGEs are thought to be
due to free radical generation. Phenolic compounds known
as free radical scavengers inhibit the formation of AGEs.[53]

The aim of the study was to examine the involvement
of oxidative stress in the progression of diabetic nephropa-
thy and neuropathy in STZ diabetic animals and evaluate
the potential of polyphenolic extract in the treatment of
diabetes mellitus. Recently, a relationship between dia-
betic nephropathy and neuropathy and oxidative stress was
reported, suggesting that oxidative stress enhances the
progress of diabetic complications. Therefore, antioxidant
treatment could ameliorate these complications. Based on
the present preliminary results, we can conclude that PPE
can be used as a therapeutic option in the treatment of dia-
betic complications such as kidney damage and neuro-
pathic pain associated with diabetes mellitus. Further
studies are needed to explore the possible mechanism of
action of PPE in the treatment of diabetic complications.
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