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Abstract

The ever-increasing use of plant-based pharmaceuticals as alternatives to conventional drugs for disease management
demands identification, isolation, and characterization of novel compounds. Despite the potential of plant extracts to
mitigate the morbidity of diseases, several active principles are preferred to avoid the interference of other compounds.
The promising health benefits of the extracts and isolated compounds of Pterocarpus santalinus in the treatment of
diabetes, cardiovascular disease, cancer, and infections have been described. However, such studies on the active principle,
namely, santalins, are not reported. In this study, we standardized the isolation of a mixture of santalins A and B from
the heartwood of P, santalinus by column chromatography followed by preparative TLC and HPLC. The partially purified
santalins were characterized by LC-MS, HR-MS, and 'H NMR analyses. The isolated combination of santalins displayed higher
total antioxidant and DPPH free radical scavenging activity in vitro than the crude heartwood extracts. Administration
of the mixture of santalins A and B did not exhibit any antihyperglycemic activity in the liver, kidney, and pancreas of
alloxan-induced diabetic rats. However, pretreatment of rats with a mixture of santalins at a dose of 1.0 mg/kg body
weight prevented alloxan-induced diabetes as indicated by the normal blood glucose levels. Hyperglycemia-associated
lipid peroxidation was abrogated in santalin-pretreated rats that did not develop alloxan-induced diabetes. Furthermore,
the alterations in catalase, glutathione peroxidase, and glutathione-S-transferase activities in the pancreas of santalin-
pretreated rats could be responsible for preventing damage to the pancreas and thus non-induction of diabetes following
alloxan treatment. Therefore, for the first time, we report the simplified procedure for isolating a mixture of santalins,
including their ability to prevent the induction of diabetes in Wistar rats. The outcome of our study has significant clinical
importance to the fact that supplementation of santalins may potentially avoid or delay the onset of diabetes in high-risk
individuals.
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1. Introduction

Medicinal plants used in Indian ayurvedic traditional
systems to treat various diseases are of immense
value. They constitute a vital element of the Indian
health care system since ancient times'. Recent trends
indicate that studies to identify the health benefits
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of medicinal plants are on the rise because of the
constant demand to identify newer molecules for
health benefits>. Concomitantly, the international
trade in materials derived from medicinal plants is also
increasing®. The phytocompounds have become more
popular than conventional pharmaceuticals due to their
fewer side effects. The compounds isolated from the
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medicinal plants possess functional properties such as
antibacterial, antiviral, antihypertensive, anticancer, and
antidiabetic activities™®. Among many plants that are
anticipated to have health benefits, some are also known
to have cosmetic value®'2. Research on identifying newer
phytocompounds from such plants and deciphering
their functional role in health benefits is an active area of
investigation in the current times.

Pterocarpus santalinus L.f., commonly known as red
sandalwood or red sanders, is an economically important
tree species belonging to Fabaceae. In India, the heartwood
of red sanders is used for making dolls, food colorants,
and cosmetic preparations. P. santalinus is a precious
indigenous tree that is widely used to treat various
ailments due to its extensive medicinal properties (Bulle
et al., 2016)%. Different plant parts of this species have
been used in powder, paste, and decotion to treat fever,
headaches, diabetes, and treat inflammatory diseases such
as chronic bronchitis'®. Narayan et al. (2005)"* reported its
use as an herbal drug for the treatment of NSAID-induced
gastric ulcers. Thus, the researchers have an upsurge of
interest in exploring the phytochemistry, pharmacology,
and ethnomedicinal values of this tree species™*-¢. Several
research groups have studied the antidiabetic, antioxidant,
antibacterial,  anti-inflammatory,  hepatoprotective,
angiogenic, and analgesic activities of plant extracts with
promising results'”. The different effects exhibited by the
extracts of this plant are believed to be due to the presence
of various bioactive compounds that belong to phenols,
alkaloids, saponins, flavonoids, terpenoids, tannins, and
complex carbohydrates™**. Compounds that are mainly
present in the heartwood extract of this plant are santalins
A, B, C, and Y (biflavonoids), pterostilbene (methyl
ester of resveratrol), beta-eudesmol, isopterocarpalone,
cryptomeridiol, and pterocarpodiolones”. Among
the many health benefits exhibited by the extracts of
P santalinus, their potential use as antidiabetic agents
assumes significance in the Indian context because of the
high incidence of the disease and morbidity.

Diabetes mellitus is characterized by compromised
antioxidant status, increased free radical generation,
lipid peroxidation, and susceptibility to infections. The
manifestation of diabetes is primarily due to high glucose
in the blood, and, therefore, bioactive compounds that can
exhibit antihyperglycemic activity are being identified for
better treatment strategies'**. Besides the management
of glycemia in diabetes, preventing or delaying the
onset in high risk individuals is a crucial aspect to avoid
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diabetic complications. Thus, experimental models
that can demonstrate the beneficial actions of bioactive
compounds in preventing or delaying the onset of diabetes
assume as much significance as the management of
diabetic individuals. Although the antidiabetic activity of
the extracts of P. santalinus was demonstrated, no studies
have reported such beneficial effects from the purified
santalins. Hence, in this study, we have partially purified
santalin A and analyzed its hypoglycemic potential in
an alloxan-induced diabetes rat model by adopting two
treatment strategies that reflect the management and
prevention of diabetes. Although post-diabetes treatment
of santalins did not display antihyperglycemic activity in
alloxan-induced diabetic rats, pretreatment was efficient
in preventing the onset of diabetes. Thus, this study
provides evidence that santalins can be used as protective
agents for individuals at high risk of developing diabetes
mellitus.

2. Materials and Methods

2.1 Samples

The heartwood samples of Pterocarpus santalinus L.f.
were collected from Seshachalam forest, Chittoor district,
Tirupati, Andhra Pradesh, India, and authenticated by
Dr. Sateesh Suthari, Young Scientist-SERB. The voucher
specimen was deposited in the herbarium (Specimen
number 2615) at the Department of Plant Sciences,
School of Life Sciences, University of Hyderabad (UH).
The collected samples were stored at room temperature
until use.

2.2 Preparation of Extract

The heartwood samples were mechanically cut into small
pieces and pulverized using sterile mortar and pestle
and then blended in a motorized grinder to obtain a fine
powder.

2.3 Extraction, Isolation and Partial
Purification of Santalins

Santalin A was extracted from the heartwood of red
sanders by the sequential methods described earlier®.
However, we incorporated a few modifications to
the isolation procedure to enhance yield. The dried
heartwood powder of red sanders of 5 grams was refluxed
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with hexane to extract non-polar compounds, followed
by petroleum ether and chloroform for 12 hr each
to remove lipids. Further extraction was carried out
with dichloromethane for 6 hr to remove slightly polar
compounds, and the resulting residue was refluxed with
methanol for 12 hr, and the filtrate was collected. Color
changes in every step were noted, which is an indication
of the extraction of different compounds. The filtrate was
concentrated by rotary evaporation resulting in a dark red
powder.

The powder was placed on a silica gel column (60-
120 mesh, 20 g, 100x5 cm) and subjected to gradient
elution with increasing polarity of solvents (100% hexane,
hexane and dichloromethane (2:0.5, 2:1 and 2:2), 100%
dichloromethane (DCM), DCM and methanol (3:0.5,
3:1 and 3:2) and finally 100% methanol. The collected
fractions were tested individually by TLC using silica (0.5
mm thickness) as the stationary phase and a solution of
DCM and methanol in the ratio 3:1 as the mobile phase.
Qut of all fractions, 5 fractions from DCM and methanol
(3:2) and one fraction from 100% methanol were further
subjected to preparative TLC, and the specific compounds
in the red color band were recovered by scraping the
corresponding sorbent layer from the plate and eluting in
100% methanol. The eluted fraction was then subjected to
further purification with preparative HPLC. The identity
of the compounds in the purified fraction was confirmed
by Liquid Chromatography-Mass Spectrometry (LC-MS)
and High-Resolution-Mass Spectrometry (HR-MS), and
'H NMR.

2.4 Total Antioxidant Activity (TAA) of
Crude Methanolic Heartwood Extract and
Santalins

Phosphomolybdenum method was used for determining
the total antioxidant activity of crude methanolic wood
extracts of P. santalinus and partially purified santalins®.
The assay is based on Mo (VI) to Mo (V) reduction by the
antioxidant compounds and the consequent formation
of a green phosphate/Mo (V) complex at acidic pH. The
stock solutions of methanolic crude extract and santalins
(20 mg/mL) were prepared separately and 10 pL from the
stock solution was added to 90 pL of distilled water. To this
solution, 1 mL of reagent (0.6 M sulphuric acid, 28 mM
sodium phosphate, and 4 mM ammonium molybdate)
was added and incubated in a thermal block at 95°C for
90 min. The solution of each reaction was measured for
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the absorbance at 695 nm against an appropriate blank
after cooling to room temperature. Ascorbic Acid (AA)
was used as an internal standard. The total antioxidant
capacity was expressed as milligrams of ascorbic acid
equivalents/gram dry weight (mg AAE/gDW).

2.5 DPPH Radical Scavenging Activity of
Crude Methanolic Heartwood Extract and
Santalins

The DPPH radical scavenging activity was assessed
based on a previously reported method with minor
modifications?®. DPPH (1, 1-diphenyl-2-picrylhydrazyl)
solution (0.004% w/v) was prepared in 95% methanol.
Various concentrations (2 to 20 pg/mL) of crude extracts,
santalins or ascorbic acid were mixed with 900 pL of
0.004% DPPH and incubated in the dark for 30 min. The
color intensity was measured at 517 nm. Appropriate
blanks, i.e., DPPH solution alone or AA only, were
included. Free radical scavenging activity was calculated
according to the following equation:

Free radical scavenging activity (%) = (O.D. of control
- O.D. of sample / O.D. of control) x 100.

2.6 Animal Treatments

The experimental procedures for animal studies were
approved by the Institutional Animal Ethics Committee
(UH/TAEC/PG/2018-1/41) of the University of Hyderabad.
Male Wistar rats aged about 75 to 90 days were purchased
from Jeeva Bio Labs, Hyderabad, India. Animals had free
access to a standard rat pellet feed and water ad libitum,
housed at ambient temperature and humidity.

Diabetes Type 1 was induced in the rat, as previously
described®. Each rat was administered intraperitoneally
with 250 mg/kg body weight alloxan [prepared freshly
in citrate buffer (50 mM, pH 3.0)] for three consecutive
days. One week after administration of the first dose,
random blood glucose levels were determined using a
portable glucometer. Rats that had become hyperglycemic
(blood sugar level > 300 mg/dL) were selected for further
experiments.

To evaluate the antihyperglycemic activity of partially
purified santalin A, diabetic rats (n=6 per group) were
treated intraperitoneally with 0.5 mg/kg (D + S 0.5) or
1 mg/kg (D + S 1.0) body weight for 10 days. Parallelly,
control untreated (U), diabetic alone (D), 0.5 mg/kg
santalin alone (S0.5) and 1.0 mg/kg santalin alone (S1)

Journal of Endocrinology and Reproduction | 67 -



Anti-diabetic Activity of Partially Purified Santalin A from the Heartwood...

groups were maintained (n=6 in each group). In order
to determine the protective effect of santalins on diabetic
induction, rats were pretreated orally with either 0.5 mg/
kg (S0.5 + D) or 1.0 mg/kg (S1.0 + D) for three days,
followed by the administration of alloxan as described
above. At the end of each treatment schedule, rats were
sacrificed by chloroform asphyxiation and cervical
dislocation. The samples of blood and organs (liver,
kidneys, and pancreas) were collected from all the rats
and stored at -80°C until further analysis.

2.6.1 Lipid Peroxidation Assay

The level of lipid peroxidation (LPO) in the liver,
kidneys, and pancreas of rats was estimated as previously
described®. To one mL of tissue homogenate (10% w/v)
of different samples, an equal volume of trichloroacetic
acid (TCA) was added and centrifuged at 15,000 rpm. The
supernatant was collected, and 0.5 mL of thiobarbituric
acid (TBA) was added and kept at 95°C for one hour. The
intensity of the color formed was measured at 532 nm, and
the levels of lipid peroxidation products were expressed
as nanomoles MDA/mg protein. 1,1,3,3-tetraethoxy-
propane (TEP) was used as the standard.

2.6.2 Antioxidant Enzyme Assays

The activities of catalase, glutathione peroxidase (GPx),
and glutathione S-transferase (GST) were determined
as described earlier”?. The tissues taken from different
organs viz., liver, kidney, and pancreas, were prepared
to 10% (w/v) in ice-cold phosphate buffered saline, pH
7.4, and centrifuged at 3000 rpm to remove the debris.
The supernatant was used for the determination of the

activities of antioxidant enzymes.

2.7 Statistical Analysis

All the experiments were conducted in triplicates, and
values were represented as means * standard deviations
of three replicates each. The means of the treatments
were statistically analyzed by ANOVA (One-way analysis
of variance), and the means were compared at a 5%
probability level by Student-Newman-Keul's multiple
comparison test using SigmaPlot for Windows (Systat
Software, Inc., Bangalore, India). The data obtained was
considered to be statistically significant if their p-values
were less than 0.05 (p<0.05).
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3. Results and Discussion

The isolation and partial purification of santalin (A) were
carried out by column chromatography, preparative TLC,
and HPLC. The purified compounds were characterized
by LC-MS, HR-MS, and 'H NMR. The santalin A was
extracted from the heartwood by sequential treatment with
hexane, petroleum ether, chloroform, dichloromethane
and methanol. The methanolic filtrate was evaporated to
dryness in a rotary evaporator for chromatography using
a silica gel column and subjected to gradient elution with
increasing polarity of solvents as described in Materials
and Methods (Section 2.3). Fractions collected from
column chromatography were analyzed in TLC and those
that showed red and yellow color bands were subjected
to preparative TLC and the compounds corresponding
to the red color band were recovered and analyzed by
preparative HPLC.

The purified fraction showed a single major peak with
a retention time of 17.117 min with 76% purity (Figure
1A) in preparative HPLC. The fraction corresponding
to this peak was collected and analyzed by LC-MS. We
observed two peaks that were identified as santalin A
and santalin B with a molecular weight of 583 g/mol and
597 g/mol, respectively (Figure 1B). The identity of the
mixture of compounds represented by the two peaks was
also confirmed by LC-MS and HR-MS (Figure 2A to D).
The purified santalins were further analyzed by "H NMR
and the major peak observed in '"H NMR corresponded
to santalin A (Figure 2E), indicating that this form
is more dominant in the purified fraction. Santalin
A has the molecular formula -C33H26010, with the
molecular structure -6-((3,4-dihydroxyphenyl)methyl)-
2,3-dihydroxy-7-(4-hydroxy-2-methoxyphenyl)-9,11
dimethoxy-10H-5-oxatetraphen-10-one. The structural
features of santalin A, as determined by '"H NMR, was: H
NMR (500 MHz, d6-DMSO): § 9.77 (s, 1H, OH), 9.61 (s,
1H, OH), 9.51 (s, 1H), 9.28 (s, 1H, OH), 8.62 (s, 1H, OH),
7.06 (s, 1H), 6.98 (d, ] = 8.1 Hz, 1H), 6.66 (s, 1H), 6.65 (d,
J=2.2 Hz, 1H), 6.63 (d, ] = 1.9 Hz, 1H), 6.56 (dd, ] = 8.3,
2.2 Hz, 1H), 6.56 (d, ] = 8.2 Hz, 2H), 6.51 (d, ] = 8.2, 1.9
Hz, 1H), 6.42 (d,] = 1.1 Hz, 1H), 4.05 (d, ] = 14.6 Hz, 2H),
3.89 (s, 3H), 3.89 (d, ] = 14.6 Hz, 1H), 3.64 (s, 3H), 3.63
(s, 3H), 3.59 (s, 3H) ppm. The isolation procedure used in
the study yielded 4.9 mg partially purified santalin A per
gram of heartwood powder.
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Figure 1. Partial purification of santalin A from the heartwood of Pterocarpus santalinus. The methanolic heartwood
extract of P. santalinus was fractionated by column chromatography and subjected to preparative TLC. The compounds
corresponding to red-colored bands in TLC were separated and purified by preparative HPLC. (A) Chromatogram showing
peak at 17.117 min corresponds to santalin A. (B) LC-MS spectrograph showing the presence of santalin A and santalin B
correspond to the molecular weights 583.1599 and 597.1758, respectively.
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Figure 2. Chemical characterization of santalins. The
fraction containing partially purified santalin A was
subjected to LC-MS and HR-MS. (A and B) LC-MS spectra
of santalin A and B further confirmed their molecular
weights. (C and D) HR-MS spectra for santalin A and B. (E)
"H-NMR analysis of the mixture of santalins.

In the last decade, identification of the health benefits
of the active principles of medicinally important plants
is gaining momentum because of the reason that using
the crude plant extracts do not have any control over the
concentration of the active principle being administered
and on the side effects of the other components. Further,
synergy and antagonism exhibited on the active principle
by the other components in the plant extracts have
been a serious concern to study the actual bioactive
properties®. Thus, isolation of the active principle or a
group of active principles of a similar kind from the plant
extracts and testing them for their biological activities
represents the best method in ethnopharmacology. In
line with this convention, we have partially purified the
santalin A from the heartwood of Pterocarpus santalinus
and assessed its pharmacological properties. Although
several researchers have reported the beneficial effects
of the extracts of different parts of P. santalinus, there
have been limited studies describing the pharmacological
effects of isolated compounds. The flavonoids, taxifolin,
dihydrokaempferol, and naringenin were isolated
from the ethyl acetate fraction by centrifugal partition
chromatography®.. 6-Hydroxy-7-methoxycoumarin was
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isolated from the bark wood of red sanders along with
a variety of bioactive molecules®?. Though the presence
of santalins in the heartwood was reported long back,
isolation of santalins has not received much attention.
Tennakone et al. reported a method for santalin isolation
from the heartwood of red sanders by the repetition of
chromatographic separation®. In the present study, this
isolation procedure we adopted with slight modifications
yielded a partially purified santalin A at a concentration
of 4.9 mg per gram of heartwood powder. Preparative
HPLC, LC-MS, HR-MS and 'H NMR studies revealed
the chemical properties of the santalin A, which agree
with the predicted features. The notable point in this
study is the isolation of partially purified santalin A using
chromatographic separation combined with preparative
TLC and HPLC followed by their characterization by
LC-MS, HR-MS and 'H NMR analysis. To the best of our
knowledge, the aforesaid studies on partial purification
of santalin A from the heartwood of red sanders using
preparative TLC and HPLC have not been reported so far.
Thus, our study contributes to the way to development of
the modified isolation protocols for santalin A, although
further studies are required to purify santalin A.

The total antioxidant property of partially purified
santalin A and the crude heartwood extract was assessed
by their ability to reduce Mo (VI) to Mo (V) in vitro. The
antioxidant capacity of the partially purified santalin A
and the crude methanolic extract were found to be 285.55
+ 6.89 and 231.15 + 11.32 mg AEE/gDW, respectively.
The partially purified santalin A demonstrated dose-
dependent free radical scavenging ability, as indicated by
its ability to inhibit the DPPH radicals (Figure 3A). An
inhibition of 80.3% DPPH radicals was observed with an
IC,, value of 5.49806 pug AAE/mL. The crude methanolic
heartwood extract produced free radical scavenging
inhibition of 77.41% with an IC_| value of 7.78 pg AAE/
mL. On the other hand, ascorbic acid brought about the
highest inhibition of DPPH by 96.33% with an IC,  value of
4.36 ug AAE/mL. The results revealed that the mixture of
purified santalin showed higher antioxidant activity than
methanolic crude heartwood extract. The use of herbal
extracts for medicinal purposes is well known because
of the abundant number of bioactive compounds such
as flavones, flavonols, flavanones, flavonols, isoflavones,
and anthocyanidins therein. The genus Pterocarpus
is known to be a rich source of flavonoids and related
phenolic compounds and hence has been identified as a
medicinally important plant with antioxidant properties.
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DPPH and TAA methods have been widely used to assess
the free radical scavenging activity of phytocompounds
due to their sensitivity and rapidity. The water extract
of the leaves of Pterocarpus marsupium was reported
to be exhibiting radical scavenging activity by DPPH
reduction®. Similarly, the alcoholic extract of the
heartwood of P. marsupium was shown to scavenge free
radicals®.

There are a few reports concerning the free radical
scavenging activity of P santalinus. In vitro studies
demonstrated the free radical scavenging activity of the
methanolic extract of the leaves and heartwood of this
plant’®*+2? In a rat model, the antioxidant properties of the
methanolic extract of bark wood were reported””. However,
such activity specifically for santalins is not reported yet.
Our results based on phosphomolybdenum, and DPPH
radical scavenging assays revealed total antioxidant
activity and dose-dependent free radical scavenging
activity of crude heartwood extract and a partially purified
santalin A. Interestingly, the total antioxidant and free
radical scavenging activities were more pronounced for
partially purified santalin A than the crude extract. To the
best of our knowledge, for the first time, we demonstrate
the total antioxidant and free radical scavenging activities
of partially purified santalin A.

The ability of a partially purified santalin A to control
blood glucose levels was assessed in a rat model of alloxan-

120 4 (®) Santalin mixturc
(m) Mcthanolic extract
100 4 (A) Ascorbic acid

% of Inhibitlon

0 2 4 6 8 10 2 M4 16 18 2

Concentration pg/ml

induced diabetes mellitus (Figure 3B). Administration of
alloxan alone resulted in the development of diabetes,
which is evident by the elevated levels of blood glucose
(270.0£137.0) that are significantly higher than the
control group (104.0+8.5 mg/dL) after 10 days. The
diabetic rats were then treated with 0.5 (D + S0.5) or 1.0
(D + S1.0) mg/kg body weight of a mixture of santalins.
The administration of the partially purified santalin A did
not affect hyperglycemia (Figure 3B). The blood glucose
levels in D + S0.5 and D + S1.0 groups were found to
be 289.0+149.0 and 390.0+185.0 mg/dL, respectively.
These results suggest that santalin A might not have
hypoglycemic activity. To determine if pretreatment with
partially purified santalin A has a protective effect on the
onset of diabetes, rats were first treated with 0.5 (S0.5 + D)
or 1.0 (S1.0 + D) mg/kg body weight of a partially purified
santalin A for three days, following which alloxan was
administered to induce diabetes. The development of
alloxan-induced diabetes was evident in rats pretreated
with 0.5 mg/kg dose, as indicated by higher levels of blood
glucose (252.0 +126.0 mg/dL). However, the blood glucose
levels appeared to be lower than the diabetic control
though not significant. Interestingly, blood glucose levels
were found to be 120.0 + 11.0 mg/dL in rats pretreated
with 1.0 mg /kg dose of partially purified santalin A
(Figure 3B). Treatment with partially purified santalin A
alone did not affect blood glucose levels (data not shown).
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Figure 3. Functional analysis of santalin A. (A) Free radical scavenging activity. The inhibition of DPPH by a mixture of
partially purified santalin A, methanolic crude heartwood extract and ascorbic acid was determined by measuring the color
intensity of reduced DPPH. (B) Antidiabetic activity of partially purified santalin A in Wistar rats. Alloxan-induced diabetic
rats (D) were treated with 0.5 or 1.0 mg/kg body weight (D + S0.5 or D + S1.0)) santalin A. S0.5 + D and S1.0 + D groups
indicate that rats were first pre-treated with 0.5 or 1.0 mg/kg body weight of partially purified santalin A for ten days and then
administered alloxan. C — untreated control. Values shown are Mean + S.D. * indicates p < 0.05 compared to the control (C)

group.
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It appears that the partially purified santalin A at a dose
of 1.0 mg/kg body weight can prevent alloxan-induced
diabetes mellitus. The hypoglycemic activity of extracts of
medicinally important plants, including the Pterocarpus
genus, has been explored extensively to mitigate the
side effects of conventionally used drugs. The aqueous
extract of Pterocarpus marsupium helped in controlled
fasting and postprandial blood glucose in rabbits with
alloxan-induced diabetes®. The anti-hyperglycemic effect
of bark wood of Pterocarpus marsupium methanolic
extract in alloxan-induced diabetes was demonstrated
in a rat model®*. Prevention of hyperinsulinemia and
hyperglycemia”, stimulation of insulin secretion®,
modulation of metabolic alterations®, and hypoglycemic
effects’®™* of Pterocarpus marsupium were demonstrated
using different animal models. Because of the
hypoglycemic activity, extracts of Pterocarpus marsupium
were used as an add-on therapy in type 2 diabetic
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patients®. The antidiabetic activity of P. santalinus was also
demonstrated. The ethanolic, ethylacetate-methanol, and
aqueous extracts produced potent hypoglycemic activity
in animal models of chemically induced diabetes***%,
Although hypoglycemic activity potential of the extracts
of P. santalinus has been shown previously, such an activity
with the isolated active principles is not reported so far.
In this study, we observed that santalin A did not show
any hypoglycemic effect when administered to diabetic
rats. However, pretreatment with the partially purified
santalin A (S1.0 + D group) prevented the induction of
diabetes and the associated hyperglycemia. These results
indicate that using santalins as supplement may prevent or
delay the onset of diabetes in high-risk individuals. Such a
beneficial action hitherto has not been demonstrated and
thus assumes enormous clinical significance. Studies in
high-risk individuals to evaluate the prevention or delay
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in onset of diabetes by administration of santalin A are
necessary to tap the pharmacological potential.
Alterations in the oxidant and antioxidant status
are a hallmark of diabetes. To evaluate the possible
intervention of santalin A to mitigate the altered
antioxidant activity status, we analyzed the levels of
lipid peroxidation and activities of catalase, glutathione
peroxidase, and glutathione-S-transferase in the liver,
kidney, and pancreas. The levels of lipid peroxides were
notably increased in the liver of diabetic rats, and the
same was restored to control levels in the S1.0 + D group
(Figure 4A). Though a slight reduction was observed in
the S0.5 + D group, it was not significantly lower than
the diabetic (D) alone group. In the D + S0.5 group, lipid
peroxidation remained significantly higher, whereas
the same was restored to below control levels in the D
+ S1.0 group. Catalase and glutathione-S-transferase
activities were significantly reduced whereas glutathione
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peroxidase activity was markedly increased in diabetic
rats (Figure 4B-D). Pretreatment with 0.5 or 1.0 mg/kg
of a partially purified santalin A resulted in restoration of
catalase activity to that of control in the S1.0 + D group
and, to a certain extent in the S0.5 + D group (Figure
4B). Restoration of glutathione-S-transferase activity to
control levels was observed in the S1.0 +D group, whereas
the levels were above control levels in the S0.5+ D and D +
S$1.0 groups. However, the activity remained significantly
lower than control in the D + S0.5 group (Figure 4D).
Glutathione peroxidase activity that was significantly
increased in the diabetic rats was restored to control levels
in diabetic rats that were either administered santalin A
either pre- or post-diabetes induction (Figure 4C).

In the kidneys of diabetic rats lipid peroxidation
levels were significantly increased, which, however, were
lowered in all the treatment groups (Figure 5A), though
the decrease in the S0.5 + D group rats was not completely
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(D +S0.5 or D + S1.0). (A) Lipid peroxidation, (B) the activities of catalase, (C) glutathione peroxidase, (D) glutathione-S-

transferase were determined. Values shown are Mean + S.D.
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restored to the control levels. Compared to the control
group, the activities of catalase, glutathione-S-transferase,
and glutathione peroxidase were increased in the diabetic
rats (Figure 5B-D). Pretreatment with partially purified
santalin A, though resulted in restoring the catalase
activity to a certain extent, the activities were restored to
control levels in the post-santalin (D + S0.5) treatment
group (Figure 5B). Glutathione peroxidase activity
remained significantly high as in diabetic rats in all the
santalin treatment groups (Figure 5C). Glutathione-S-
transferase activity in the santalin pretreatment groups
remained high, like diabetic rats. In the case of post-
treatment groups, the activity was restored only to a
certain extent but significantly higher than the control
rats (Figure 5D).

In the pancreas, the extent of lipid peroxidation in all
santalin treated groups was restored to that of the control

Lipid Peroxidation

0.15 4
0.1 4
0.05

04

S0.5+D S1+D  D+S0S D451

Nanomoles / mg protein

Glutathione Peroxidase

60

50
40
30
20 A
10 1
| 1§ &

50.5+D S1+D D+50.5 D+51

nmoles NADPH oxidised/min
/mg protein

group, which was otherwise significantly increased
in the diabetic rats (Figure 6A). Catalase activity was
significantly decreased in diabetic rats when compared
to controls. Pretreatment with partially purified santalin
A (0.5 or 1.0 mg/kg) resulted in a significant increase in
catalase activity to a level close to control. However, this
restoration was not observed in post-santalin treatment
groups (Figure 6B). The activities of glutathione peroxidase
and glutathione-S-transferase were significantly increased
in the diabetic rats (Figure 6C and D). Interestingly, the
activity of glutathione peroxidase decreased to below the
control levels in all the groups treated with a partially
purified santalin A. Glutathione-S-transferase activity
was restored to levels in control group in the S0.5 + D,
S1.0 + D, and D + S1.0 treatments, except in D + S0.5
group (Figure 6D).
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Figure 6. Lipid peroxidation and antioxidant enzyme activities in the pancreas. Tissue homogenates were prepared from
control (C), diabetic (D) santalin pre-treated + alloxan treated (S0.5+ D or S1.0 + D) and diabetic + santalin post-treated rats
(D +S0.5 or D + S1.0). (A) Lipid peroxidation and the activities of (B) catalase, (C) glutathione peroxidase (D) glutathione-S-

transferase were determined. Values shown are Mean + S.D.
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Perturbations in the oxidant and antioxidant
status are associated with hyperglycemia and diabetes.
Increased lipid peroxidation and alterations in the levels
of antioxidant enzymes are known to contribute to the
pathophysiology of diabetes. Interventions to abrogate
or minimize oxidant-antioxidant balance are crucial for
the management of diabetic complications, and several
bioactive molecules derived from plant extracts have
been proposed for such beneficial effects. Antioxidant
activity, as indicated by decreased lipid peroxidation,
was observed in diabetic rats treated with the methanolic
extracts of P. marsupium*=*.

Similarly, the antioxidant potential of the extract
of P santalinus was also evaluated.
the malondialdehyde levels of the brain, liver, and
muscle was observed in diabetic rats administered the
aqueous extract of the heartwood of P santalinus*.
Streptozotocin-induced deleterious effects, including
lipid peroxidation, were abrogated by the aqueous bark
extract of P. santalinus™. In this study, we observed that
pre- or post-treatment with a partially purified santalin
A did not cause any significant alteration in lipid
peroxidation in the liver, kidney, and pancreas of diabetic
rats and were comparable to the control group, except
D + S0.5 group wherein lipid peroxidation levels were
higher than the control group. Furthermore, the activities
of catalase, glutathione peroxidase, and glutathione-S-
transferase were found to vary in the liver and kidneys
of santalin treated diabetic rats as compared to diabetic
rats. On the other hand, the activities of catalase
remained higher, whereas glutathione peroxidase and
glutathione-S-transferase remained lower in the pancreas
of santalin pretreated diabetic rats than diabetic rats.
The alterations in oxidant-antioxidant status in santalin
pretreated diabetic rats might be primarily because of the
prevention of damage to the pancreas and the resultant
non-induction of diabetes. Though most of the studies
report restoration of antioxidant status in diabetic rats
along with hypoglycemic activity by plant extracts, the
ability of these compounds to control oxidative stress
despite lack of hypoglycemic activity is not documented.
The restoration of lipid peroxidation and the activities
of antioxidant enzymes in rats that were treated with a
partially purified santalin A after diabetes was induced
indicate the ability of these compounds to mitigate the
complications. Such properties of natural compounds can
be exploited to prevent diabetic complications, thereby

Reduction in
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reducing the morbidity and, lastly to improve the quality
of life.

4. Conclusion

In conclusion, we report the isolation, partial purification,
and characterization of santalins from the heartwood of
P, santalinus. The partially purified santalin A exhibited
antioxidant and free radical scavenging activities in
vitro. Administration of partially purified santalin A
to diabetic rats failed to reverse hyperglycemia. On the
other hand, the development of alloxan-induced diabetes
was prevented when rats were pretreated with the isolated
santalin A. Our results demonstrate a potential role for
santalin A as preventive agents for diabetes in a high-risk
population.

5. Acknowledgments

Dr. Jyothi Chaitanya Pagadala (JCP) is grateful to
Dr. Lakshmi Bhavani Nelavelli, Assistant Professor,
Department of Botany, Osmania University, Hyderabad,
who has given an initiative of conceiving santalin
purification. We acknowledge the help received from
Ph.D. scholars, Mr. Anandha Rao Ravula and Mr. Suresh
Babu Munipalli, of Dr. Suresh Yenugu in performing
antidiabetic assays with Wistar rats. We are thankful to
Mr. Devender for help in preparative HPLC and LC-MS
analysis at the Metabolomics Facility of the School of
Life Sciences. We are highly grateful to Dr. Kishore Babu
Neela for his time and help in '"H NMR data analysis
which allowed us to complete the work successfully. We
thank Late Dr. V. Bhaskara Ramana Murthy, Former
Principal Chief Conservator of Forests (FR), Andhra
Pradesh Forest Department, for giving permission to
collect the heartwood samples and Mr. E. Krishnaiah,
District Forest Officer, Kapilatheertam, Tirupathi, for his
help in collecting the samples.

6. Funding

JCP gratefully acknowledges the University Grants
Commission (UGC) for providing Dr. DS Kothari
Postdoctoral ~ Fellowship  (E4-2/2006/(BSR)/BL/15-
16/0320) to carry out this work. The facilities of the
Department of Plant Sciences/School of Life Sciences
established with the support of UGC-SAP (DRS-1), DST-

Journal of Endocrinology and Reproduction | 75 -



Anti-diabetic Activity of Partially Purified Santalin A from the Heartwood...

FIST (Level-2, Phase-2), DBT-CREBB, DST-PURSE, and

UPE-Phase-2 were used in the study which is gratefully

acknowledged.

Conflict of interest

The authors declare no conflict of interest.

7. References

1.

- 76 I Vol 25 (1) | June 2021 | http://www.informaticsjournals.com/index.php/jer/index

Pandey MM, Rastogi S, Rawat AKS. Indian traditional

ayurvedic system of medicine and nutritional
supplementation. eCAM. 2013; 2013(376327):1-12.
https://doi.org/10.1155/2013/376327. PMid:23864888
PMCid:PMC3705899.

Salmeron E, Garrido-Cardenas JA, Manzano-Agugliaro
F. Worldwide research trends on medicinal plants. Int J
Environ Res Public Health. 2020; 17(10):2-20. https://doi.
0rg/10.3390/ijerph17103376.  PMid:32408690 PMCid:
PMC7277765.

Vasisht K, Sharma N, Karan M. Current perspective in the
international trade of medicinal plants material: An update.
Curr Pharm Des. 2016; 22(27):4288-336. https://doi.org/10
.2174/1381612822666160607070736. PMid:27281331.
Unuofin JO, Lebelo SL. Antioxidant effects and mechanisms
of medicinal plants and their bioactive compounds for the
prevention and treatment of type 2 diabetes: An updated
review. Oxid Med Cell Longev. 2020; 2020(1356893):1-36.
https://doi.org/10.1155/2020/4205640. PMid:32802265
PMCid:PMC7415084.

Akram M, Riaz M, Munir N, et al. Progress and
prospects in the management of bacterial infections and
developments in phytotherapeutic modalities. Clin Exp
Pharmacol Physiol. 2020; 47(7):1107-1119. https://doi.
org/10.1111/1440-1681.13282. PMid:32064656.
Ben-Shabat S, Yarmolinsky L, Porat D, Dahan A. Antiviral
effect of phytochemicals from medicinal plants: Applications
and drug delivery strategies. Drug Deliv Transl Res. 2020;
10(2):354-367. https://doi.org/10.1007/s13346-019-00691-
6. PMid:31788762 PMCid:PMC7097340.

Ahmad R, Khan MA, Srivastava AN, et al. Anticancer
potential of dietary natural products: A comprehensive
review. Anticancer Agents Med Chem. 2020; 20(2):122-
236. https://doi.org/10.2174/187152061966619101510371
2. PMid:31749433.

Chukwuma CI, Matsabisa MG, Ibrahim MA, et al
Medicinal plants with concomitant anti-diabetic and anti-
hypertensive effects as potential sources of dual-acting
therapies against diabetes and hypertension: A review.

10.

11.

13.

17.

18.

J Ethnopharmacol. 2019; 10(235):329-360. https://doi.
0rg/10.3917/telev.010.0235.

Hughes K, Ho R, Butaud JF, et al. A selection of eleven
plants used as traditional Polynesian cosmetics and
their development potential as anti-aging ingredients,
hair growth promoters, and whitening products. ]
Ethnopharmacol. ~ 2019;  245:112-159.  https://doi.
org/10.1016/j.fertnstert.2019.04.035. PMid:31200967.
Medellin-Luna MF, Castaneda-Delgado JE, Martinez-
Balderas VY, Cervantes-Villagrana AR. Medicinal plant
extracts and their use as wound closure inducing agents.
] Med Food. 2019; 22(5):435-443. https://doi.org/10.1089/
jmf.2018.0145. PMid:30942656.

Hunt KA, Fate ], Dodds B. Cultural and social influences on
the perception of beauty: A case analysis of the cosmetics
industry. Journal of Business Case Studies. 2011; 7(1):1-10.
https://doi.org/10.19030/jbcs.v7il.1577.

. Ribechini E, Modugno F, Perez-Arantegui J, Colombini

MP. Discovering the composition of ancient cosmetics and
remedies: analytical techniques and materials. Anal Bioanal
Chem. 2011; 401(6):1727-1738. https://doi.org/10.1007/
$00216-011-5112-2. PMid:21637932.

Bulle S, Reddyvari H, Nallanchakravarthula V, Vaddi DR.
Therapeutic potential of Pterocarpus santalinus L.. An
update. Pharmacogn Rev. 2016; 10(19):43-49. https://doi.
org/10.4103/0973-7847.176575. PMid:27041873 PMCid:
PMC4791987.

. Aruna Kumara KKIU, Walpola BC, Subasinghe S, Yoon MH.

Pterocarpus santalinus Linn. f. (Rathhandun): A review
of its botany, uses, phytochemistry and pharmacology. J
Korean Soc Appl Biol Chem. 2011; 54(4):495-500.

. Narayan S, Devi RS, Srinivasan P, Shyamala Devi CS.

Pterocarpus santalinus: a traditional herbal drug as a
protectant against ibuprofen induced gastric ulcers.
Phytother Res. 2005 19(11):958-962. https://doi.
org/10.1002/ptr.1764. PMid:16317653.

. Navada KK, Vittal RR. Ethanomedicinal value of

Pterocarpus santalinus (Linn.f.), a Fabaceace member.
Orient Pharm Exp Med. 2014; 14(4):313-317. https://doi.
org/10.1007/513596-014-0168-0.

Manjunatha BK. Antibacterial activity of Pterocarpus
santalinus. Indian ] Pharm Sci. 2006; 68(1):115-116. https://
doi.org/10.4103/0250-474X.22982.

Kumar D. Anti-inflammatory, analgesic, and antioxidant
activities of methanolic wood extract of Pterocarpus
santalinus L. ] Pharmacol Pharmacother. 2011; 2(3):200-
202.  https://doi.org/10.4103/0976-500X.83293.  PMid:
21897722 PMCid:PMC3157138.

. Jaywant J, Ghanshyam G, Aruna K. Angiogenic effects

of Pterocarpus santalinus in the chick chorioallantoic
membrane. Drug Invention Today. 2011; 3(6):62-68.

Journal of Endocrinology and Reproduction


https://doi.org/10.1155/2013/376327
https://doi.org/10.3390/ijerph17103376
https://doi.org/10.3390/ijerph17103376
https://doi.org/10.2174/1381612822666160607070736
https://doi.org/10.2174/1381612822666160607070736
https://doi.org/10.1155/2020/4205640
https://doi.org/10.1111/1440-1681.13282
https://doi.org/10.1111/1440-1681.13282
https://doi.org/10.1007/s13346-019-00691-6
https://doi.org/10.1007/s13346-019-00691-6
https://doi.org/10.2174/1871520619666191015103712
https://doi.org/10.2174/1871520619666191015103712
https://doi.org/10.3917/telev.010.0235
https://doi.org/10.3917/telev.010.0235
https://doi.org/10.1016/j.fertnstert.2019.04.035
https://doi.org/10.1016/j.fertnstert.2019.04.035
https://doi.org/10.1089/jmf.2018.0145
https://doi.org/10.1089/jmf.2018.0145
https://doi.org/10.19030/jbcs.v7i1.1577
https://doi.org/10.1007/s00216-011-5112-2
https://doi.org/10.1007/s00216-011-5112-2
https://doi.org/10.4103/0973-7847.176575
https://doi.org/10.4103/0973-7847.176575
https://doi.org/10.1002/ptr.1764
https://doi.org/10.1002/ptr.1764
https://doi.org/10.1007/s13596-014-0168-0
https://doi.org/10.1007/s13596-014-0168-0
https://doi.org/10.4103/0250-474X.22982
https://doi.org/10.4103/0250-474X.22982
https://doi.org/10.4103/0976-500X.83293

Jyothi Chaitanya Pagadala, Suresh Yenugu and Padmaja Gudipalli

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Stella ], Krishnamoorthy P, Mohamed AJ, Anand M.
Free radical scavenging and antibacterial evaluation of
Pterocarpus santalinus leaf in vitro study. Int ] Pharma Sci
Res. 2011; 2(5):1204-1208.

Kondeti VK, Badri KR, Maddirala DR, et al. Effect of
Pterocarpus santalinus bark, on blood glucose, serum
lipids, plasma insulin, and hepatic carbohydrate metabolic
enzymes in streptozotocin-induced diabetic rats. Food
Chem Toxicol. 2010; 48(5):1281-1287. https://doi.
0rg/10.1016/j.£ct.2010.02.023. PMid:20178824.

Tennakone K, Kumara GRRA, Kottegoda IRM, et al
Sensitization of nano-porous films of TiO2 with santalin
(red sandalwood pigment) and construction of dye-
sensitized solid-state photovoltaic cells. ] Photochem
Photobiol A: Chemistry. 1998; 117(8):137-142. https://doi.
org/10.1016/S1010-6030(98)00344-X.

Prieto P, Pineda M, Aguilar M. Spectrophotometric
quantitation of antioxidant capacity through the formation
of a phosphomolybdenum complex: Specific application
to the determination of vitamin E. Anal Biochem. 1999;
269(2):337-341.  https://doi.org/10.1006/abio.1999.4019.
PMid:10222007.

Arokiyaraj S, Martin S, Kantharaj P, et al. Free radical
scavenging activity and HPTLC fingerprint of Pterocarpus
santalinus L. - An in vitro study. Ind J Sci Technol. 2008;
1(7):1-3. https://doi.org/10.17485/ijst/2008/v1i7.3, https://
doi.org/10.17485/ijst/2008/v1i6.8.

Suresh Y, Das UN. Differential effects of saturated,
monounsaturated, and polyunsaturated fatty acids on
alloxan-induced diabetes mellitus. Prostaglandins Leukot
Essent Fatty Acids. 2006; 74(3):199-213. https://doi.
0rg/10.1016/j.plefa.2005.11.006. PMid:16412622.
Bernheim E The oxidative desulfuration of thio-acids.
Biochim Biophys Acta. 1964; 19(90):426-428. https://doi.
org/10.1016/0304-4165(64)90216-8.

Paglia DE, Valentine WN. Studies on the quantitative and
qualitative characterization of erythrocyte glutathione
peroxidase. ] Lab Clin Med. 1967; 70(1):158-169.

Jakoby WB. The glutathione S-transferases: A group of
multifunctional detoxification proteins. Adv Enzymol
Relat Areas Mol Biol. 1978; 46:383-414. https://doi.
0rg/10.1002/9780470122914.ch6. PMid:345769.

Aebi H. Catalase in vitro. Methods Enzymol. 1984; 105:121-
126. https://doi.org/10.1016/S0076-6879(84)05016-3.
Caesar LK, Cech NB. Synergy and antagonism in natural
product extracts: when 1 + 1 does not equal 2. Nat Prod
Rep. 2019; 36(6):869-888.  https://doi.org/10.1039/
C9NPO0011A. PMid:31187844 PMCid:PMC6820002.
Jung K, Jeon J, Ahn M, et al.. Preparative isolation and
purification of flavonoids from Pterocarpus santalinus
using centrifugal partition chromatography. J Liq Chrom

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Vol 25 (1) | June 2021 | http://www.informaticsjournals.com/index.php/jer/index

Relat Tech. 2012; 35(17):2462-2470. https://doi.org/10.108
0/10826076.2011.633680.

Azamthulla M, Anbu J, Babu VLA, Rajkapoor B. Isolation
and characterization of Pterocarpus santalinus heartwood
extract. Der Pharmacia Lettre. 2016; 8(12):34-39.

Yeole PG, Wadher SJ, Gaikwad NJ. Free radical scavenging
activity of water extract of heartwood of Pterocarpus
marsupium. ] Nat Remedies. 2008; 8(1):89-92.

Gupta P, Jain V, Pareek A, et al. Evaluation of the
effect of alcoholic extract of heartwood of Pterocarpus
marsupium on in vitro antioxidant, anti-glycation, sorbitol
accumulation, and inhibition of aldose reductase activity. J
Tradit Complement Med. 2016; 7(3):307-314. https://doi.
org/10.1016/j.jtcme.2016.11.001. PMid:28725625 PMCid:
PMC5506622.

Pradhan S, Sahu SK, Panda S, et al. Hypoglycaemic effect
of Pterocarpus marsupium. ] Anat Soc India. 2017; 66:542.
https://doi.org/10.1016/j.jasi.2017.08.135.

Mishra A, Srivastava R, Srivastava SP, et al. Antidiabetic
activity of heartwood of Pterocarpus marsupium Roxb.
and analysis of phytoconstituents. Indian ] Exp Biol. 2013;
51(5):363-374.

Gairola S, Gupta V, Singh B, et al. Phytochemistry and
pharmacological activities of Pterocarpus marsupium- A
Review. Int Res ] Pharm. 2010; 1(1):100-104.
Mohankumar SK, Shea TO, McFarlane JR. Insulinotropic
and insulin-like effects of a high molecular weight aqueous
extract of Pterocarpus marsupium Roxb. hardwood.
] Ethnopharmacol. 2012; 141(1):72-79. https://doi.
0rg/10.1016/j.jep.2012.02.002. PMid:22343091.
Dhanabal SP, Kokate CK, Ramanathan M,
Hypoglycaemic activity of Pterocarpus marsupium Roxb.
Phytother Res. 2006; 20(1):4-8. https://doi.org/10.1002/
ptr.1819. PMid:16397913.

Mukhtar HM, Ansari SH, Ali M, et al. Effect of aqueous
extract of Pterocarpus marsupium wood on alloxan-
induced diabetic rats. Pharmazie. 2005; 60(6):478-479.
Vats V, Grover JK, Rathi SS. Evaluation of antihyperglycemic
and hypoglycemic effect of Trigonella foenum-graecum
Linn., Ocimum sanctum Linn. and Pterocarpus
marsupium Linn. in normal and alloxanized diabetic
rats. J Ethnopharmacol. 2002; 79(1):95-100. https://doi.
org/10.1016/S0378-8741(01)00374-9.

Ahmad E Khalid P, Khan MM, et al. Hypoglycemic activity
of Pterocarpus marsupium wood. ] Ethnopharmacol.
1991; 35(1):71-75. https://doi.org/10.1016/0378-
8741(91)90134-Y.

Patidar A, Tonpay SD, Agrawal N. Hypoglycemic activity
of Pterocarpus marsupium in patients with Type 2 diabetes
mellitus. Int ] Basic Clin Pharmacol. 2015; (6)4:1189-1193.
https://doi.org/10.18203/2319-2003.ijbcp20151356.

et al.

Journal of Endocrinology and Reproduction | 77 -


https://doi.org/10.1016/j.fct.2010.02.023
https://doi.org/10.1016/j.fct.2010.02.023
https://doi.org/10.1016/S1010-6030(98)00344-X
https://doi.org/10.1016/S1010-6030(98)00344-X
https://doi.org/10.1006/abio.1999.4019
https://doi.org/10.17485/ijst/2008/v1i7.3
https://doi.org/10.17485/ijst/2008/v1i6.8
https://doi.org/10.17485/ijst/2008/v1i6.8
https://doi.org/10.1016/j.plefa.2005.11.006
https://doi.org/10.1016/j.plefa.2005.11.006
https://doi.org/10.1016/0304-4165(64)90216-8
https://doi.org/10.1016/0304-4165(64)90216-8
https://doi.org/10.1002/9780470122914.ch6
https://doi.org/10.1002/9780470122914.ch6
https://doi.org/10.1016/S0076-6879(84)05016-3
https://doi.org/10.1039/C9NP00011A
https://doi.org/10.1039/C9NP00011A
https://doi.org/10.1080/10826076.2011.633680
https://doi.org/10.1080/10826076.2011.633680
https://doi.org/10.1016/j.jtcme.2016.11.001
https://doi.org/10.1016/j.jtcme.2016.11.001
https://doi.org/10.1016/j.jasi.2017.08.135
https://doi.org/10.1016/j.jep.2012.02.002
https://doi.org/10.1016/j.jep.2012.02.002
https://doi.org/10.1002/ptr.1819
https://doi.org/10.1002/ptr.1819
https://doi.org/10.1016/S0378-8741(01)00374-9
https://doi.org/10.1016/S0378-8741(01)00374-9
https://doi.org/10.1016/0378-8741(91)90134-Y
https://doi.org/10.1016/0378-8741(91)90134-Y
https://doi.org/10.18203/2319-2003.ijbcp20151356

Anti-diabetic Activity of Partially Purified Santalin A from the Heartwood...

44. Halim MA, Mishra A. The effects of the aqueous extract

of Pterocarpus santalinus heartwood and vitamin E
supplementation in streptozotocin-induced diabetic rats. ]
Med Plants Res. 2011; 5(3):398-409.

45. Kameswara Rao B, Giri R, Kesavulu MM, Apparao C.

Treatment of diabetes mellitus: plant drugs vs. oral
hypoglycaemic agents and insulin. In: Govil, JN, Khalil
Ahmad VKS (Ed). Recent Progress in Medicinal Plants.
Vol. 14. Biopharmaceuticals LLC, Studium Press, Texas,
USA; 2006. p. 279-296.

46. Kameswara Rao B, Giri R, Kesavulu MM, Apparao C.

Effect of oral administration of bark extracts of Pterocarpus
santalinus L. on blood glucose level in experimental
animals. ] Ethnopharmacol. 2001; 74(1):69-74. https://doi.
0rg/10.1016/50378-8741(00)00344-5.

47. Singh PK, Baxi D, Banerjee S, Ramachandran AV. Therapy

with methanolic extract of Pterocarpus marsupium Roxb.
and Ocimum sanctum Linn. reverses dyslipidemia and

- 78 I Vol 25 (1) | June 2021 | http://www.informaticsjournals.com/index.php/jer/index

48.

49.

50.

oxidative stress in alloxan induced type I diabetic rat
model. Exp Toxicol Pathol. 2012; 64(5):441-448. https://
doi.org/10.1016/j.etp.2010.10.011. PMid:21106356.

Gupta R, Gupta RS. Effect of Pterocarpus marsupium
on streptozotocin-induced oxidative stress in kidney
of diabetic Wistar rats. ] Herbs Spices Med Plants. 2011;
17(2):169-182. https://doi.org/10.1080/10496475.2011.584
291.

Gayathri M, Kannibaran K. Studies on the ameliorative
potential of aqueous extract of bark of Pterocarpus
marsupium Roxb. in streptozotocin-induced diabetic rats.
J Nat Remedies. 2010; 10(1):36-43.

Badawy REEIl, Ibrahim KA, Hassan NS, Sayed WMEL
Pterocarpus santalinus ameliorates streptozotocin-induced
diabetes mellitus via anti-inflammatory pathways and
enhancement of insulin function. Iran ] Basic Med Sci.
2019; 22(8):932-939.

Journal of Endocrinology and Reproduction


https://doi.org/10.1016/S0378-8741(00)00344-5
https://doi.org/10.1016/S0378-8741(00)00344-5
https://doi.org/10.1016/j.etp.2010.10.011
https://doi.org/10.1016/j.etp.2010.10.011
https://doi.org/10.1080/10496475.2011.584291
https://doi.org/10.1080/10496475.2011.584291

