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Bhadada and Goyal: Tephrosia purpurea Effect in Diabetic Complications

Tephrosia purpurea has been reported to possess antidiabetic activity, however, its effects on cardiovascular
complications and cataract associated with diabetes have not been studied. The objective of the present study was
to investigate the effects of aqueous extract of Tephrosia purpurea on cardiovascular complications and cataract
associated with streptozotocin-induced diabetes in rats. Sprague Dawley rats of either sex were made diabetic with
streptozotocin (45 mg/kg, i.v.). Treatment of aqueous extract of Tephrosia purpurea was given in the dose of 300 and
500 mg/kg/day, p.o for 8 weeks. Various hemodynamic (blood pressure, heart rate, +dp/dt, -dp/dt) and biochemical
(serum glucose, cholesterol, triglycerides, creatinine, urea, lactate dehydrogenase and creatinine kinase) parameters
were recorded after 8 weeks of the treatment. To evaluate cataract, various biochemical estimations were done in
eye lens. Streptozotocin produced hyperglycemia; hypoinsulinemia; hyperlipidemia; increased blood pressure;
increased creatinine, cardiac enzymes, reduction in heart rate and cardiac hypertrophy in rats and all these changes
were prevented by the treatment with aqueous extract of Tephrosia purpurea in both the doses. Streptozotocin
also produced decrease in soluble protein and reduced glutathione in lens of rats that was prevented by aqueous
extract of Tephrosia purpurea. Our data suggest that aqueous extract of Tephrosia purpurea prevents not only the
streptozotocin-induced metabolic abnormalities but also cardiovascular complications as well as reduce the risk of

development of cataract.
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Diabetes mellitus is a disease of metabolic
dysregulation, most notably being abnormal
glucose metabolism, accompanied by characteristic
long-term complications such as cardiovascular and
microvascular disorders. Moreover, it is one of the
diseases for which a satisfactory treatment is not
available in modern allopathic system of medicine.
Thus, there is need to search for a drug which not
only produces effective glycemic control but also
prevent long-term complications of diabetes. Recently,
the search for appropriate hypoglycemic agents has
been focused on plants used in traditional medicine
partly because of leads provided by traditional
medicine which may prove to be better therapy
than the currently used drugs!!. There is tremendous
interest worldwide for the use of herbs as an
alternative system of medicine.

*Address for correspondence
E-mail: goyalrk@gmail.com

Tephrosia purpurea (Linn.) Pers. (Leguminosae)
(T. purpurea), commonly known in Sanskrit as
Sharapunkha is a highly branched, sub-erect,
herbaceous perennial. According to Ayurveda,
T. purpurea is used as digestible, anthelmintic,
alexiteric, antipyretic, astringent, thermogenic, acrid
and also used to cure diseases of liver, spleen, heart,
blood, tumors, ulcers, leprosy and asthma!?. Various
parts of T. purpurea have been reported to produce
antihyperglycemic activity in various animal models.
The aqueous extract of seeds has shown a significant
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in vivo hypoglycemic activity in diabetic rabbitsP.
The aqueous and ethanol seed extracts have shown to
produce antihyperglycemic activity in streptozotocin
(STZ) diabetic rats*s!. T. purpurea leaf extract also
produces antihyperglycemic activity!®. Hypoglycemic
activity of the root extracts has been reported in
normal and alloxan diabetic rats!”). However, effect
of the plant on the long term diabetic complications
has not been studied. The aim of this study was to
investigate the effect of the aqueous extract of the
whole plant on STZ-induced diabetes and associated
cardiovascular complications and cataract.

MATERIALS AND METHODS

Preparation and standardization of plant extract:
The whole plant of T. purpurea was collected
from the medicinal plant garden of Institute of
Pharmacy, Nirma University, Ahmedabad, Gujarat,
India and botanically authenticated. Voucher
specimen (No. PLOSSVBRKGtp001) was deposited
in herbarium of the Institute of Pharmacy, Nirma
University. It was shade-dried and powdered. The
50 g of coarse powder was suspended in 250 ml of
water for 2 h and then heated at 60-65° for 30 min.
The extract was collected and preserved. The process
was repeated with the residual powder three times
and the extracts thus collected were pooled and
passed through fine cotton cloth. The total filtrate
upon evaporation yielded 14% w/w extract. This was
stored at 0-4° until used and was designated as AQTP
(aqueous extract of Tephrosia purpurea). Each time
fresh extract was prepared by dissolving the dried
powdered extract in known volume of water.

Total phenolic content of the AQTP was determined
through the method previously described by Singleton
and Rossi®. Total phenolic content was calculated
from the calibration curve of gallic acid standard
solution. Results were expressed as % w/w of gallic
acid equivalent in dry extract. Total flavonoid content
was measured using a previously described method®.
Quercetin (M.P. Biomedicals LLC, France.) was used
as the standard for the calibration curve. Results were
expressed as % w/w of quercetin equivalent in dry
extract.

The aqueous extract was analyzed by thin layer

chromatography for the presence of rutin using ethyl
acetate:n-butanol:formic acid:water (5:3:1:1 v/v) as
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solvent system. The resulting chromatogram was
scanned and quantified using CAMAG TLC scanner
IIT at 254 nm.

Animals and treatment:

The protocol of the experiment was approved by
institutional animal ethics committee as per the
guidance of the Committee for the Purpose of Control
and Supervision of Experiments on Animals, Ministry
of Social Justice and Empowerment, Government of
India (Protocol no. IPS/PCOL/PHDO08/001 dated
4th March, 2008).

Healthy Sprague Dawley rats of either sex weighing
200-250 g were made diabetic by single tail vein
injection of STZ (45 mg/kg) dissolved in 0.1 M
citrate buffer. Control rats were injected with 0.1 M
citrate buffer alone. The induction of diabetes was
checked 48 h after the STZ injection by measuring
the extent of glycosuria with Diastix (Bayer
Diagnostics, Ltd). The further confirmation for the
status of diabetes was done by estimation of blood
glucose and animals showing serum glucose above
300 mg/dl were considered as diabetic. The rats
were then randomly divided into 6 groups having
6 rats each: CON-control, COT3-control rats treated
with AQTP (300 mg/kg/day, p.o); COTS5—control rats
treated with AQTP (500 mg/kg/day, p.o); DIA-diabetic
control rats; DIT3-diabetic rats treated with AQTP
(300 mg/kg/day, p.o); DITS5-diabetic rats treated
with AQTP (500 mg/kg/day, p.o). The animals were
provided with the standard lab chow diet (Pranav
Agro Industries Ltd, Vadodara, Gujarat, India) and
purified water ad libitum.

Blood sample collection and serum analysis:

At the end of 8 weeks of treatment, body weight,
food intake and water intake were estimated.
Thereafter, animals were fasted for 12 h and blood
samples were collected from the retro-orbital
plexuses of each rat under light ether anesthesia.
The serum was separated and analyzed for glucose,
cholesterol, triglycerides, creatinine, urea, lactate
dehydrogenase (LDH), and creatinine kinase (CK)
spectrophotometrically (Shimadzu, Japan) using
biochemical diagnostic kits (Accucare Diagnostics,
Ltd, India). Serum insulin was estimated by
radioimmunoassay using kits obtained from Board
of Radiation and Isotope Technology, Mumbeai, India,
and gamma counter (Packard, Minnesota, USA).
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Measurement of cardiovascular parameters:

At the end of 8 weeks, blood pressure, heart rate,
rate of pressure development (dp/dt_ ) and decay
(dp/dt_. ) were recorded by carotid artery cannulation.
Briefly, the animals were anaesthetized by ketamine
(100 mg/kg, i.p.)+xylazine (7 mg/kg, i.m.). The body
temperature was maintained at 37+1° during the
experiment. The carotid artery behind the trachea
was exposed and cannulated for the measurement
of hemodynamic parameters using a transducer
(BP 100) and Labscribe Systems (I-worx, USA).
The hemodynamic parameters observed were mean
arterial blood pressure (MAP), dp/dt_ and dp/dt__ .
All the data were analyzed using Labscribe software
(Version 2.0). After withdrawal of blood samples from
retro-orbital plexus and recording of hemodynamic
parameters, animals were sacrificed, hearts were
excised, extraneous tissues were separated and wet
weight of the entire heart and left ventricle (LV)
was noted down to calculate the index of cardiac
hypertrophy (wet heart weight to femur length ratio)
and LV hypertrophy index (LV weight to heart weight
ratio).

Histological study:

For histological study, hearts were isolated and fixed
in Bouin’s fixative and dehydrated with different
grades of alcohol. The blocks were then prepared in
paraffin wax and sectioned with a microtome. The
sections were stained with hematoxylin and eosin and
the slides were examined by light microscope. Several
sections were taken and sections of uniform size and
thickness were selected for microscopic examination.

Evaluation of oxidative stress in lens:

At the end of 8 weeks, after the measurement of
cardiovascular parameters, the animals were sacrificed
and the lenses were dissected out by posterior
approach. The homogenate was prepared in 50 mM
phosphate buffer. The oxidative stress inflicted to
the lens was assessed by measurement of reduced
glutathione (GSH)!'%, superoxide dismustase!'!) and
the level of lipid peroxidation!'”. The soluble proteins
were assessed in the lens homogenate by the method
described by Lowry et alll,

Statistical analysis:

Results are presented as meantstandard error of
the mean (SEM). Statistical differences between the
means of the various groups were evaluated using
one-way analysis of variance (ANOVA) followed
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by Tukey’s test. Data were considered statistically
significant at a P-value <0.05.

RESULTS

Phytochemical studies:

The preliminary studies showed the presence of
flavonoids and phenolics. The level of total phenolic
content and flavonoids in the aqueous extract was
found to be 10.83 and 10.09 w/w, respectively. On
performing HPTLC analysis of the AQTP, rutin (3.14
w/w) was detected as major flavonoid (fig. 1).

Pharmacological studies:

Injection of STZ (45 mg/kg) into rats produced
glycosuria and blood glucose levels were found
to be more than 300 mg/dl in all the animals. No
glucose was detectable in the urine of control animals.
Diabetic rats showed a loss of body weight, polyphagia,
and polydipsia. Chronic treatment with AQTP (300 and
500 mg/kg/day) failed to prevent loss of body weight and
there was no significant effect on the food intake at the
dose of 500 mg/kg/day while a minor significant effect
was observed at a dose of 300 mg/kg/day. A significant
effect was observed on water intakes of treated rats with
AQTP (300 and 500 mg/kg/day, Table 1).

Biochemical parameters:

STZ-diabetic rats were found to exhibit significant
hyperglycemia and hypoinsulinemia as compared
to control rats. Treatment with AQTP (300 and
500 mg/kg/day) produced significant decrease in
elevated serum glucose levels and significant increase
in insulin levels (Table 2).

There was significant increase in total cholesterol,
very low-density lipoprotein (VLDL), low-density
lipoprotein (LDL)-cholesterol and triglyceride levels

Spects compaison
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Fig. 1: Spectral overlay of aqueous extract and standard rutin.
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and significant decrease in high-density lipoprotein
(HDL)-cholesterol levels in STZ-diabetic rats as
compared to control rats. Treatment with AQTP
(300 and 500 mg/kg/day) significantly reduced the
elevated total cholesterol, VLDL, LDL-cholesterol and
triglyceride levels in diabetic rats and increased the
serum HDL-cholesterol levels (Table 3).

STZ also produced significant increase in serum
creatinine and urea levels as compared to control
rats. Chronic treatment with AQTP (300 and
500 mg/kg/day) significantly reduced the elevated
creatinine and urea levels of diabetic rats (Table 2).

Cardiac parameters:

STZ produced a significant increase in serum LDH
and CK levels as compared to control rats. Chronic
treatment with AQTP (300 and 500 mg/kg/day)
significantly reduced the elevated serum LDH levels.
However, CK levels of diabetic rats were found to
be decreased by the chronic treatment with AQTP

(500 mg/kg/day) whereas the dose of 300 mg/kg/day
was not able to show any effect (Table 4).

There was significant increase in LV weight to heart
weight ratio and wet heart weight to femur length
ratio in diabetic control animals as compared to
nondiabetic control animals. Chronic treatment with
AQTP (300 and 500 mg/kg/day) significantly reduced
the elevated LV hypertrophy index as well as cardiac
hypertrophy index of diabetic rats (Table 4).

Histological examination of left ventricular tissues
from diabetic animals showed degenerative changes
in cardiac muscle fibers such as disarrayed fibers and
vacuole formation. Treatment with AQTP at both the
doses normalized the damage to the cardiac fibers
showing less vacuole formation (fig. 2).

Hemodynamic parameters:
Blood pressure was found to be significantly elevated in
the diabetic control rats, which was not affected by the

TABLE 1: EFFECT OF CHRONIC TREATMENT OF AQUEOUS EXTRACT OF T. PURPUREA ON VARIOUS GENERAL
PARAMETERS

Parameter CON COT3 COT5 DIA DIT3 DIT5

Change in body weight after treatment (g) 8.41+1.91 12.91+2.51 10.57+2.55 -18.05+6.08* -14.13+5.23 -19.98+6.96
Food intake (g/animal/day) 22.50+0.94 22.50+1.1.2 20.84+0.37 37.19+0.84* 27.50+1.42 35.63+3.20
Water intake (ml/animal/day) 32.50+0.94 27.50+2.61 35.00+0.75 158.75+3.31* 143.75+2.36 123.75+3.63

Values are expressed as mean+SEM, n=6 in each group. *Significantly different from control (P<0.05), CON: control animals, COT3: control animals treated with
aqueous extract of T. purpurea (300 mg/kg/day, p.o.), COT5: control animals treated with aqueous extract of T. purpurea (500 mg/kg/day, p.o.), DIA: diabetic
Control animals, DIT3: diabetic animals treated aqueous extract of T. purpurea (300 mg/kg/day, p.o.), DIT5: diabetic animals treated with aqueous extract of T.
purpurea (500 mg/kg/day, p.o.), SEM: standard error of the mean, T. purpurea: tephrosia purpurea

TABLE 2: EFFECT OF CHRONIC TREATMENT OF AQUEOUS EXTRACT OF T. PURPUREA ON BIOCHEMICAL
PARAMETERS

Parameter CON COT3 COT5 DIA DIT3 DIT5
Serum glucose (mg/dl) 89.54+2.54 114.54£15.41 115.19+16.15 532.07+27.95* 376.61+34.59" 362.94+33.227
Serum insulin (uU/ml) 43+2.43 38.6+1.99 38.33+3.27 19.0+0.89* 30.50+1.52*% 28.5+2.18%
Serum creatinine (mg/dl) 0.8+0.075 0.83+0.072 0.73+0.084 2.98+0.303* 1.66+0.1627 2.01+0.0547
Serum urea (mg/dl) 33.71£1.39 31.41£3.91 32.03+3.23 98.83+17.44* 77.6£10.66" 72.5£9.32%

Values are expressed as mean+SEM, n=6 in each group. *Significantly different from control (P<0.05), #Significantly different from diabetic control (P<0.05).
CON: control animals, COT3: control animals treated with aqueous extract of T. purpurea (300 mg/kg/day, p.o.), COT5: control animals treated with aqueous
extract of T. purpurea (500 mg/kg/day, p.o.), DIA: diabetic control animals, DIT3: diabetic animals treated aqueous extract of T. purpurea (300 mg/kg/day, p.o.),
DIT5: diabetic animals treated with aqueous extract of T. purpurea (500 mg/kg/day, p.o.), SEM: standard error of the mean, T. purpurea: tephrosia purpurea

TABLE 3: EFFECT OF CHRONIC TREATMENT OF AQUEOUS EXTRACT OF T. PURPUREA ON LIPID PROFILE

Parameter CON CoT3 COT5 DIA DIT3 DIT5

Total cholesterol (mg/dl) 71.16+4.12 75.2+3.356 70.64+4.311 99.84+4.021* 75.74+6.243" 72.5+5.147*
LDL-cholesterol (mg/dl) 27.88+1.98 34.39+2.96 27.72+2.49 50.40+4.41* 40.28+3.327 35.72+2.37
VLDL-cholesterol (mg/dl) 21.47£2.67 21.65+3.84 20.79+3.96 40.62+6.63* 20.60+3.61% 19.44+5.047
HDL-cholesterol (mg/dl) 21.81+2.73 19.16£1.11 22.13x280 8.82+0.59* 14.86+0.96% 17.33+1.93"
Triglyceride (mg/dl) 107.36x8.5 108.23+5.8 103.96+6.9 203.12+16.1* 102.98+10.25" 97.22+6.6"

Values are expressed as meanzSEM, n=6 in each group. *Significantly different from control (P<0.05), *Significantly different from diabetic control (P<0.05).
CON: control animals, COT3: control animals treated with aqueous extract of T. purpurea (300 mg/kg/day, p.o.), COT5: control animals treated with aqueous
extract of T. purpurea (500 mg/kg/day, p.o.), DIA: diabetic control animals, DIT3: diabetic animals treated aqueous extract of T. purpurea (300 mg/kg/day, p.o.),
DIT5: diabetic animals treated with aqueous extract of T. purpurea (500 mg/kg/day, p.o.), SEM: standard error of the mean, T. purpurea: tephrosia purpurea,
LDL: low-density lipoprotein, VLDL: very low-density lipoprotein, HDL: high-density lipoprotein
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TABLE 4: EFFECT OF CHRONIC TREATMENT OF AQUEOUS EXTRACT OF T. PURPUREA ON CARDIAC AND

HEMODYNAMIC PARAMETERS

Parameter CON COoT3 COT5 DIA DIT3 DIT5
Creatine kinase (U/L) 19.92+1.64 18.84+2.33 22.51x1.36 60.21+5.76* 57.67+6.62 37.14+9.04%
LDH (U/L) 89.54+2.54 114.54£15.41  115.19+16.15  532.07+27.95*  376.61+34.59"  362.94+33.22%
Cardiac hypertrophy (mg/cm) 288.83+20.91  304.04+27.35  312.19+23.19  382.88+26.17*  246.14+5.33%  245.48+11.85"
Left ventricular hypertrophy (mg/mg) 0.53+0.035 0.56+0.026 0.59+0.034 0.81+0.055* 0.63+0.0097 0.62+0.036"
Blood pressure (mmHg) 174.15+3.90 163.36+9.02 166.75+4.85  248.68+10.70* 257.511.61 248.45+2.74
Heart rate (bpm) 342.17+8.53 350.83+12.79 364.5+4.09 198.75+£25.00*  283.17+16.55* 275+9.407

Values are expressed as meanzSEM, n=6 in each group. *Significantly different from control (P<0.05), #Significantly different from diabetic control (P<0.05).
CON: control animals, COT3: control animals treated with aqueous extract of T. purpurea (300 mg/kg/day, p.o.), COT5: control animals treated with aqueous
extract of T. purpurea (500 mg/kg/day, p.o.), DIA: diabetic control animals, DIT3: diabetic animals treated aqueous extract of T. purpurea (300 mg/kg/day,
p.o.), DIT5: diabetic animals treated with aqueous extract of T. purpurea (500 mg/kg/day, p.o.), LDH: lactate dehydrogenase, SEM: standard error of the mean,

T. purpurea: tephrosia purpurea

Normal
cardiac fibers

Vacuole
formation

Normal
cardiac fibers

Normal
cardiac fibers

SNNINAL
Fig. 2: Representative histological views of left ventricular tissue
of rat hearts.

(a) CON-control animals (b) DIA-diabetic control animals
(c) COT3-control animals treated with aqueous extract of T. purpurea
(300 mg/kg/p.o/day) (d) DIT3-diabetic animals treated aqueous
extract of T. purpurea (300 mg/kg/p.o/day) (e) COT5-control animals
treated with aqueous extract of T. purpurea (500 mg/kg/p.o/day)
(f) DIT5-diabetic animals treated with aqueous extract of T. purpurea
(500 mg/kg/p.o/day). Sections were stained with hematoxylin and
eosin and magnification used was 10x.

treatment with the AQTP (300 and 500 mg/kg/day). Heart
rate was found to be significantly lower in diabetic
rats as compared to controls. Chronic treatment with
AQTP (300 and 500 mg/kg/day) in diabetic rats
exhibited significant increase in heart rate as compared to
diabetic control animals (Table 4). The rates of pressure
development (dp/dt__ ) as well as decay (dp/dt . ) were
severely reduced in the diabetic control rats. Chronic
treatment with AQTP (300 and 500 mg/kg/day) showed
a significant improvement in them (fig. 3).

Cataract parameters in lens:
No visual cataract was seen in the lens of diabetic
animals. However, there was significant decrease in
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Fig. 3: Effect of chronic treatment of aqueous extract of Tephrosia
purpurea on rate of pressure development and decay.

Effect of chronic treatment of aqueous extract of Tephrosia purpurea
(300 and 500 mg/kg/day) on rate of pressure development and decay.
Max dp/dt, [i] min dp/dt, each bar represents meantstandard error
of mean, n=6 in each group, *-significantly different from control
(P<0.05), *-significantly different from diabetic control (P<0.05).
CON-control animals, COT3-control animals treated with aqueous
extract of T. purpurea (300 mg/kg/day, p.0), COT5-control animals
treated with aqueous extract of T. purpurea (500 mg/kg/day, p.o),
DIA-diabetic Control animals, DIT3-diabetic animals treated aqueous
extract of T. purpurea (300 mg/kg/day, p.o), DIT5-diabetic animals
treated with aqueous extract of T. purpurea (500 mg/kg/day, p.o).

soluble protein and reduced glutathione in lens of
diabetic animals as compared to controls. Treatment
with AQTP (300 and 500 mg/kg/day) significantly
increased soluble protein and reduced glutathione
in lens of diabetic rats (Table 5). Lipid peroxidation
was found to be significantly elevated in the diabetic
control rats. Chronic treatment with AQTP (300 and
500 mg/kg/day) showed a significant reduction in the
lipid peroxidation levels (Table 5).

DISCUSSION

In the present study, STZ produced cardinal signs
and characteristics of diabetes, i.e., polyphagia and
polydipsia, which are consistent with those reported
earlier™. Chronic treatment with AQTP (300 and
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TABLE 5: EFFECT OF CHRONIC TREATMENT OF AQUEOUS EXTRACT OF T. PURPUREA ON CATARACT

PARAMETERS IN LENS

Parameter CON COT3 COT5 DIA DIT3 DIT5
Soluble protein (ug/mg wet tissue) 65.30+4.93 58.27+3.94 59.43+4.42 29.65+2.22* 67.25+6.62% 54.53+1.86"
Glutathione (pg/mg protein) 21.07+2.40 20.96+1.80 23.511.30 9.89+0.95* 21.78+1.33% 21.03+3.84%
Superoxide dismutase (U/mg protein) 4.11£0.05 4.03+0.04 3.98+0.05 2.53:0.01* 2.98+0.04* 2.77+0.02%
Lipid peroxidation (nmol MDA/mg protein) 1.44:0.17 1.47+0.38 1.14:0.20 4.74+0.62 2.36+0.48 2.75+0.26

Values are expressed as meanzSEM, n=6 in each group. *Significantly different from control (P<0.05), *Significantly different from diabetic control (P<0.05).
CON: control animals, COT3: control animals treated with aqueous extract of T. purpurea (300 mg/kg/day, p.o.), COT5: control animals treated with aqueous
extract of T. purpurea (500 mg/kg/day, p.o.), DIA: diabetic control animals, DIT3: dabetic animals treated aqueous extract of T. purpurea (300 mg/kg/day, p.o.),
DIT5: diabetic animals treated with aqueous extract of T. purpurea (500 mg/kg/day, p.o.), SEM: standard error of the mean, T. purpurea: tephrosia purpurea

500 mg/kg/day) did not prevent the loss of body
weight, polyphagia, or polydipsia in STZ-diabetic rats.

Treatment with AQTP (300 and 500 mg/kg/day)
significantly reduced the serum glucose levels and
produced elevation in the serum insulin levels of
STZ-diabetic rats. Phytochemical investigations
of T. purpurea have revealed the presence of
glycosides, rotenoids, isoflavones, flavanones,
chalcones, flavanols, flavones and sterols. Due to
the rich flavonoid content, these components may be
suggested to be the main antidiabetic principles of
the plant. The flavonoids are group of compounds
possessing potential antioxidant properties that may
protect pancreatic islets and help in regeneration of
B-cells which in turn may lead to increase in insulin
levels. In addition, flavonoids exert their effect
either by promoting the entry of glucose into cells,
thus stimulating glycolytic enzymes and glycogenic
enzymes''® or by inhibiting the glucose-6-phosphatase
in the liver, consequently reducing the release of
glucose in the blood"”. Rutin is a flavonol type of
flavonoid present in about 3.14% in AQTP. Increased
insulin levels could be due to the stimulatory effect
of rutin thereby potentiating the existing B-cells of the
islets of langerhans in diabetic rats!'®. Moreover, the
aglycone of rutin i.e. quercetin is reported to bring
about the regeneration of the pancreatic islets and
probably increase the insulin levels in STZ-induced
diabetic rats!".

Insulin deficiency is also reported to be associated
with hypercholesterolemia and hypertriglyceridemial'.
Abnormal lipid levels lead to the development of
coronary artery disease in diabetic patients. In the
present investigation, the rise in serum triglycerides,
cholesterol and LDL and VLDL-cholesterol levels
indicate derangement of lipid metabolism and
increased incidence of cardiac dysfunction in diabetic
rats. Elevation of serum lipids indicates either the
defective removal or overproduction (or both) of
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one or more lipoproteinst?’!. Pavana et al.l have
reported that AQTP have antihyperlipidemic effect in
STZ diabetic rats which may be due to stimulation
of activities of lipid metabolizing enzymes such as
LCAT and LPL. Flavonoids are reported to be the
major constituents of T. purpurea that are shown
to decrease blood levels of triglycerides and total
cholesterol. Flavonoids may suppress LDL oxidation
and inflammatory progression in the artery wall.
Moreover, rutin is a potent inhibitor of HMG-CoA
reductase, an enzyme responsible for cholesterol
synthesis, and also beneficial for lowering serum
cholesterol levels®?!). This may suggest the mechanism
of cholesterol lowering effect of the extracts. Besides
this, the extract was also able to significantly augment
serum HDL cholesterol in rats with STZ-induced
diabetes. This finding is advantageous since HDL-
cholesterol is responsible for the transportation of
cholesterol from peripheral tissues to the liver for
metabolization. Further, rutin has been reported to
prevent HDL-C from oxidative modification in vitro??.

There was a significant elevation in serum creatinine
and urea levels indicating impaired renal function
in diabetic animals. Treatment with AQTP at both
doses produced significant decrease in elevated serum
creatinine and urea levels in diabetic animals. The
ethanol extract of T. purpurea leaves has also shown
marked nephroprotective and curative effect against
gentamicin-induced acute renal injury in albino rats,
Also, hydroalcoholic extract of T. purpurea has shown
protective effect in animals from arsenic-induced
nephrotoxicity?. They have proposed antioxidant
activity and inhibition of overproduction of NO and
Cox-2 expression as the mechanisms involved in
nephroprotection. These activities may be attributed to
phenolic and flavonoidal compounds suggesting that
T. purpurea extract may be beneficial in providing
protection against diabetic nephropathy. However,
further studies are required to prove the efficacy of
the T. purpurea extract in diabetic nephropathy.
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Within 12-24 h after a myocardial infarction, LDH
and CK levels are increased which indicate cardiac
muscular damage. In our study also, we found
significant rise in LDH and CK levels in STZ-diabetic
rats as compared to control rats. Treatment with
AQTP normalized the LDH activity in the diabetic
rats. CK levels were however reduced only with
the treatment at the dose of 500 mg/kg/day. Normal
LDH activity is indicative of improved channeling
of (pyruvate) glucose by mitochondrial oxidation.
Rutin has been reported to normalize the LDH
and CK levels in isoproterenol-induced myocardial
infarction in rats, isoproterenol-induced cardio toxic
rats and in doxorubicin-induced cardiotoxicity!
indicating its cardioprotective effect which may be
due to antioxidant property, free radical scavenging
or membrane stabilizing properties. Lowering the
CK levels with the treatment may help prevent the
progression of diabetic cardiomyopathy!?¢),

Diabetic cardiomyopathy is characterized by cardiac
hypertrophy and diastolic and/or systolic contractile
dysfunction. Treatment with the AQTP prevented
significantly both the cardiac hypertrophy as well as
LV hypertrophy. These results are further substantiated
by histopathological findings. Diabetic animals
show decrease in dp/dt__ , dp/dt . and bradycardia
even in the absence of atherosclerosis or frank
abnormalities of the microcirculation®”’. Our results
are consistent with these reports. Chronic treatment
with AQTP prevented STZ-induced bradycardia in the
diabetic animals and also produced an improvement
in cardiac hemodynamic parameters such as dp/dt
and dp/dt . in the diabetic rats but the hypertension
was not improved. Studies have reported that
the sorbitol pathway is significantly activated in
the hearts of the STZ-induced diabetic rats, with
marked cardiac accumulation of fructose. Increased
fructose levels cause the non-enzymatic glycation
of various intracellular components in the diabetic
myocardium, resulting in formation of advanced
glycation end-products. These advanced glycation
end-products impair the intracellular Ca?* homeostasis
which thereby affects the cardiac contractility!®].
Flavonoids are reported to be effective aldose
reductase inhibitors®). Also, T. purpurea has shown
potent antioxidant activity?®". Dodda and Ciddi®"
suggest that plants with both the AR inhibiting and
antioxidant activity may be more effective in diabetic
complications. Thus, it is possible that the flavonoids
present in T. purpurea extract may inhibit the sorbitol
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pathway which alongwith the antioxidant activity
of the plant can provide cardioprotection. Rutin, a
flavonoid in T. purpurea is proven to be effective
in providing cardioprotection by improving left
ventricular dysfunction in STZ-diabetic rats.

In cardiomyocytes, reactive oxygen species have
been found to mediate cardiac hypertrophy induced
by several stimuli, such as mechanical stretch,
angiotensin II, and tumor necrosis factor-o (TNF-a).
T. purpurea has been known to have antioxidant
activityP%. It is thus possible that the antioxidant
potential of T. purpurea may be one of the
mechanisms in the prevention of cardiac hypertrophy
in T. purpurea treated diabetic rats.

The role of increased oxidative stress is widely
accepted in the development and progression of
diabetes and its complications. Reports indicate
that diabetic complications are associated with
overproduction of free radicals and accumulation of
lipid peroxidation by-products. Many nonenzymatic
antioxidants like glutathione and enzymatic antioxidants
like superoxide dismutase are also involved in the
protection of free radical induced oxidative damage.
Oxygen free radicals are formed disproportionately in
diabetes by glucose oxidation, nonenzymatic glycation
of proteins and the subsequent oxidative degradation
of glycated proteins. Increased glycation also causes
generation of oxygen free radicals by increasing lipid
peroxidation and decrease in superoxide dismutase as
well as reduced glutathione. All these changes bring
an increased level of insoluble proteins. Treatment
with AQTP significantly increased the level of soluble
proteins. The possible mechanism of this activity may
be the prevention of deposition of sorbitol in lens by
inhibition of enzyme aldose reductase, or prevention
of formation of advanced glycosylation end products.
Treatment with AQTP was also found to decrease
oxidative stress by decreasing lipid peroxidation
and increasing the levels of reduced glutathione and
superoxide dismutase in diabetic lens. It can also
be hypothesized that the antioxidant property may
be because of the presence of quercetin or rutin in
T. purpurea extract.

Our data suggest that aqueous extract of T. purpurea
possesses potential antidiabetic activity at both
doses. Further, T. purpurea extract may be beneficial
in either preventing or delaying the cardiac
complications, nephropathy as well as cataract
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development associated with diabetes mellitus. Further
studies are required to prove its efficacy and the
mechanism of action.
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