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ABSTRACT

Anti-diabetic activity of aqueous fruit extract of Solanum torvum was aimed at detecting the phytochemicals and ascertains the anti-diabetic activity
using in vitro experimental models. In this study, physiochemical parameters were carried out and the content of phyto organic constituents such as
total alkaloids, flavonoids, phenols, carbohydrates, fats, proteins and crude fiber were determined. LC-MS/MS have been used for detecting the
phytochemicals. Different concentrations of the extract have been screened for their anti-inflammatory and antidiabetic activities. Aqueous fruit extract
of S. torvum revealed the presence of (iso)pentyl dihexoside, quinic acid derivative, chlorogenic, caffeoylglucaric acid and dicaffeoylquinic acid by
LC-MS/ MS analysis. The extract exhibited maximum anti-inflammatory activity of 23.95 % at 1000 pg/ml in inhibition of albumin denaturation,
59.00% at 1000 pg/ml in inhibition of protease denaturation and 64.00% at 1000 pg/ml by HRBC membrane stabilization assay, which are comparable
to that of standard aspirin. The extract exhibited maximum anti diabetic activity of 72.00 % at 1000 pg/ml in inhibition of a-amylase activity, 63.00%
at 1000 pg/ml in inhibition of a-glucosidase activity and 78.00% at 1000 pg/ml in glucose uptake by yeast cells, which are comparable to that of
standard acarbose. From the results, the aqueous fruit extract of S. forvum might possess antidiabetic activity due to the presence of bioactive compounds.
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INTRODUCTION

Diabetes mellitus (DM) is one of the most common endocrine
metabolic disorder resulting from a defect in insulin secretion,
insulin action, or both !, Insulin deficiency in turn leads to
chronic hyperglycaemia with disturbances of carbohydrate, fat
and protein metabolism. Diabetes is a growing challenge in India
with estimated 8.7% diabetic population in the age group of 20
and 70 years. By the year 2010, it is estimated that more than 200
million people worldwide will have DM and 300 million will
subsequently have the disease by 2025, which causes the various
micro vascular complications includes retinopathy 4, neuropathy
67 nephropathy 8 and macro vascular complications includes
heart attack, stroke, peripheral vascular diseases '*!! and
ulceration '2. Population growth, inadequate supply of drugs,
prohibitive cost of treatments, side effects of several allopathic
drugs, and development of resistance to currently used drugs have
led to an increased emphasis on the use of plant materials as a
source of medicine for a wide variety of human ailments. As part
of the strategy to reduce the financial burden on the human
population in developing countries, increased use of plant drugs
will be recommended. India is sitting on a gold mine of well
recorded and traditionally well practiced knowledge of herbal
medicines such as Siddha and Ayurveda. So, the researchers are
investigating and try to find more effective and safer
hypoglycemic agent without causing any side effects. Concerning
these points on mind, we selected fruits of Solanum torvum for
this work.

S. torvum (Solanaceae family) is a cultivated relative of eggplant
S. melongena L. 13. Tt is a prickly creeping shrub native to India
14, Phytochemical screening of sun-dried S. torvum fruits gave

positive tests for alkaloids, flavonoids, saponins, tannins,
glycosides, fixed oil, vitamin B group, vitamin C and iron salts'>.
S. torvum possesses antifungal '®, immunomodulatory and
erythropoietic 7, antioxidant '8, analgesic and anti-inflammatory
19 anti-ulcerogenic?®, cardioprotective?!, nephroprotective 22,
antidiabetic 2%, angiotensin and serotonin receptor blocking
activities 2%, So, this study is to investigate the anti-diabetic
activity of aqueous extract of S. forvum fruit, a common vegetable
used by the Indians, on in vitro models.

MATERIALS AND METHODS
Collection of plant material

The friuts of S. torvum was collected from Herbal Garden of
STET College on the month of April 2017. Taxonomical
identification was done by Prof. P.Brindha, Associate Dean and
Co-ordinator, CARISM, SASTRA Deemed University,
Tirumalaisamudram and authentication was done by Dr.S.John
Britto, RAPINAT Herbarium and Centre for Molecular
Systematics, StJoseph's College, Tiruchirappalli (Voucher
number of the specimen,001). Plant materials were washed under
tap water and dried in shaded condition for two weeks and milled
to a fine powder using domestic mixer grinder.

Preparation of aqueous extract
Powdered sample (10g) was taken with 100ml of distilled water
and kept for 24 hrs. at room temperature. The extract was then

separated using Whatman No. 1 filter paper and used for
physicochemical, qualitative and quantitative chemical
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examination, in vitro anti-inflammatory and in vitro anti-diabetic
assays.

LC-MS/MS

For qualitative purpose crude extract was weighed and dissolved
in ethanol to get final concentration of 1 mg/ml was then filtered
using 0.45 um syringe filter. 500 pL of this solution was analyzed
by LC/ESIU/MS/MS using UHPLC+ focused (Ultra high-
performance liquid chromatography) RP liquid chromatography
coupled to mass spectrometer (micro TOF-Q II, Bruker,
Germany). Liquid chromatography separations were carried out
on a C18 reverse phase column (120 A, 2.1 x 150 mm Acclaim
120, UHPLC+ Ultimate 3000 series, Dionex). UV detector was
set arbitrarily at 260 nm. A discontinuous gradient elution at a
flow rate of 0.2 ml/min was performed using mobile phase A
represented by acetonitrile and mobile phase B represented by
water (MilliQ) acidified with acetic acid (1%). The gradient
started from 95% of B for 10 min, followed by achieving 90% B
in 1 min, to 60% B in the next 9 min, next 10 min B reaches 80%,
next 10 min to reach 40% B, 5 min to reach 0% B and was
maintained for another 10 min until the run ends. Mass
spectrometer with ESI ionization at negative mode equipped with
HyStar 3.2 software was optimized to detect the exact mass and
mass fragmentation pattern of each eluted compound. TIC spectra
were acquired and elaborated using the HyStar software Data
Analysis module. MS/MS experiments were carried out by means
of Auto scanning mode, where the mass spectrometer software
made a choice in real time about the selection of ion to fragment
based on the intensity of each peaks with a threshold set above
1500 absolute counts. Optimized parameters consisted in
collision energy 10 eV, focusing potential of 350 Vpp (Voltage
per peak), transfer time of 800 uS, prepulse storage of 5 uS the
instrument was operated in the negative ion mode with a capillary
voltage of 3.5KV, capillary temperature was 280°C, sheath gas
(N2) flow rate was 6 L/min and the data were acquired in the Auto
MSn scanning modes. Scan range was m/z 50— 1500; number of
micro scans was set at 3.

In vitro anti-inflammatory assay

In vitro anti-inflammatory activity assessed by Inhibition of
albumin denaturation, Inhibition of protease denaturation and
Membrane stabilization activity 5.

In vitro anti-diabetic assay

In vitro antidiabetic activity evaluated by a-Amylase inhibition
activity, a-Glucosidase inhibition activity and determination of

glucose uptake by Yeast 2°.

Table 1: Physicochemical constants

Physicochemical Constants Value % (W/W)
Moisture content 20.00
Total ash 2.25
Water extractive value 16.60
Alcohol extractive value 25.00

RESULTS
Physicochemical Constants

Physicochemical constants such as moisture content, total ash,
water extractive value and alcohol extractive value were
evaluated, and the results showed in table 1.

Phytochemical screening

Preliminary phytochemical analysis on aqueous extract of
S.torvum exhibits the presence of proteins, sterols, glycosides,
tannins and terpenoids (Table 2).

Major organic constituents

Data obtained on the quantitative estimation of major organic
constituents present in the selected plant drug was tabulated in the
table 3.

LC-MS/MS

The LC-MS/MS result obtained in the aqueous extract of S.
torvum fruit such as (Iso)pentyl dihexoside, quinic acid
derivative, chlorogenic acid, caffeoylglucaric acid and
dicaffeoylquinic acid were identified and tabulated in the table 4.

In vitro anti-inflammatory assays

In the present study, 8 different concentrations of the aqueous
extract of S.torvum were evaluated for anti-inflammatory activity
employing in vitro assays and the data of the results obtained were
presented in table 5. The aqueous extract of S.forvum fruit
revealed high anti-inflammatory activity (23.95%) by the method
of inhibition of protein denaturation (albumin), 59.00% by the
method of protease inhibition and 64.00% by the method of
membrane stabilization at 1000pg /ml concentration, which was
comparable to that of standard aspirin.

In vitro antidiabetic assays

In the present study, aqueous extract of S.torvum was screened
for anti-diabetic activity using inhibiting the a-amylase, a-
glucosidases activity and glucose uptake by yeast cells and the
data of the results obtained were shown in table 6. These results
clearly suggest that the extract is capable of effectively inhibiting
the a-amylase activity (72.00%) and a- Glucosidases activity
(63.00%). The plant extract shows maximum potential 78.00% on
glucose uptake by yeast cells at 1000 pg compared with that of
acarbose.

Table 2: Preliminary phytochemical screening

Tests for Aqueous extract
Carbohydrates -
Proteins +
Tannins +
Saponins -
Flavonoids -
Terpenoids +
Glycosides +
Sterols +
Phenols -
Alkaloids -
+ Presence; - Absence
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Table 3: Major organic constituents

Organic constituents Quantity (mg/g)

Total alkaloids 1.525

Total flavonoids 0.503
Total phenols 0.17
Total proteins 1.6
Total carbohydrates 0.53
Total fats 0.27

Total crude fibres 3.93

Table 4: Compounds identified by LC-MS/MS in the aqueous extract of S.torvum

S. R.T (min) Compound [M _H] Structure MS/MS (product
No. ion)
249.1,
1. 2.2-2.3 (Iso)pentyl dihexoside 411.2 261.2
191.1,
2. 2.5-2.7 Quinic acid derivative 449.4
533.2
191.1,
114.7
3. 2.7-2.9 Chlorogenic acid 353.1
191
L HQ CO.H
4. 2.8-3.0 Caffeoylglucaric acid 371.1 o
HO™ 7 o -
OH
OH
OH
191.1,
5. 32-34 Dicaffeoylquinic acid 515.2 341.1,
323.1
OH
OH
Table 5: Anti-inflammatory activity of fruit aqueous extract of S. forvum
S.No. Concentration of Inhibition of albumin Inhibition of Protease HRBC Membrane
sample(pg/ml) denaturation (%) denaturation(%) stabilization (%)
1. 1000 23.95+0.04 59+0.02 64+0.02
2. 500 21.87+0.02 46+0.04 57+0.05
3. 250 19.70+0.03 4040.05 5540.03
4. 125 16.60+0.08 34+0.01 44+0.06
5. 62.5 14.50+0.05 26+0.03 37+0.04
6. 31.2 12.50+0.09 2240.07 30+0.05
7. 15.5 07.2940.10 1540.10 21+0.01
8. 7.5 03.12+0.12 1040.11 11+0.07
9. Aspirin(100) 68.33+0.07 55+0.08 89+0.08
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Table 6: Antidiabetic activity of aqueous extract of fruit of S. torvum

S.No. Concentration of Inhibition of o—amylase activity Inhibition of o —glucosidases Glucose uptake by yeast cells
sample(pg/ml) (%) activity (%) (%)

l. 1000 72 +£0.02 63+0.01 78+0.03
2. 500 68 +0.04 59+0.04 68+0.07
3. 250 59 £0.03 55+0.06 57£0.05
4. 125 45 +0.05 4540.08 47+0.06
S. 62.5 18 +0.07 4140.02 31£0.10
6. 31.2 22 +0.09 36+0.09 20+0.13
7. 15.5 14+0.11 2340.05 26+0.15
8. 7.5 31£0.13 1140.01 1540.17
9. Acarbose (100) 89£0.16 76+0.03 89+0.19
wens
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Figure 1: Total Ion Chromatogram (Negative mode) obtained from
LC- MS/MS

Figure 3: MSMS obtained from LC-MS/MS — Quinic acid Derivative

Figure S: MSMS obtained from LC-MS/MS - Caffeoylglucaric acid
DISCUSSION

The data obtained on the moisture content of S. torvum is
(20.00%), which implies that the shelf life is longer. Ash content
(2.25%) reveals that the sample is rich in mineral contents.
Solubility in water (16.0%) is lesser than that of alcohol (25.0%).
The extractive value suggests that the sample satisfies purity
standard and is also rich in high polar compounds. Successful
predication of natural compounds from plant material depends on
the type of solvents used in the extraction process. Traditional
healers use mostly water as the solvent 5.

Major organic constituents (secondary metabolites) were
estimated. Today food industries are very much interested in
using the plant extracts having good number of secondary
metabolites such as flavonoids, phenolic acids and tannins as they
are known anti-oxidants. Diverse biological activities, such as
anti-inflammatory, anti-atherosclerotic and anti-carcinogenic

Figure 2: MSMS obtained from LC-MS/MS - (Iso)Pentyl Dihexoside

)

Figure 4: MSMS obtained from LC-MS/MS - Chlorogenic acid

Figure 6: MSMS obtained from LC-MS/MS - Dicaffeoylquinic acid

activities are also possessed by these anti-oxidant compounds?®.
Alkaloid recorded higher percentage of yield (1.525mg), when
compared to flavonoids (0.503mg), and phenols (0.17mg) in the
fruits of S.torvum. Alkaloids are also known for decreasing blood
pressure, balancing the nervous system in case of mental illness
and also possess anti-malarial properties 2. The flavonoids are a
prominent group of secondary metabolites in citrus fruits that may
possess biological activity and have beneficial effects on human
health as antimicrobial, anti-inflammatory, antidiabetic,
anticholesterolemic, antioxidant and anti-cancer agents. This
indicated that higher flavonoid content was associated with a
higher total phenolic content. Phenolic compounds are one of the
largest and most ubiquitous groups of plant metabolic. It
possesses the ideal chemistry for free radical scavenging activity
due to the presence of high reactivity as hydrogen or electron
donors and metal chelating activity. So, the regular consumption
of phenolic rich vegetables along with foods will inhibit
carcinogenesis and mutagenesis in humans 2. According to our
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results, the sample contained significant amount of total phenolic
that may increase antioxidant intake in human diet. Some major
organic constituents total protein (1.6mg), fats (0.27mg), crude
fiber (3.93mg) and total carbohydrates (0.53mg) of S.torvum is
clearly depicted in the (Table 3).

LC-MS/MS Analysis

Herbal products can be considered only when it is scientifically
validated. Ingredients in the final products must be characterized
and authenticated in order to ensure reproducibility and quality of
the product. Lack of this leads to many side effects like direct
poisonous effects, allergic reactions, effect from contaminants
upon interaction with herbal medicines have been reported in
recent times. Remedial measure for those side effects depends on
its phytochemical constituents. The progress of valid analytical
methods which can reliably profile the phytochemical
composition is a main tool for scientists 2®. The chemical
constituent along with their chemical name, molecular weight,
retention time (RT) and structure were tabulated. The
chromatogram and the double mass spectrum of the extract were
shown. The result obtained in the aqueous extract of S. torvum
fruit such as (Iso)pentyl dihexoside, quinic acid derivative,
chlorogenic acid, caffeoylglucaric acid and dicaffeoylquinic acid
were identified.

Anti- inflammatory assays

Inflammation is complex process, very often associated with
pain. Anti-inflammatory compounds can act on various level of
pathophysiological process by blocking the biosynthesis of pro-
inflammatory mediators, by decreasing the enzymes expression
or by reducing substrate levels or by inhibiting the releases of
performed stored mediators, by blocking-receptor interaction on
target cells, mediator and immune stimulation, which result in
less aggressive response to allergen challenge %°. Inflammation is
described as the succession of change in a living tissue, when it is
injured provided that the injury is not such a degree as to at once
destroy its structure and vitality, as well injure living
microcirculation and related tissue. Inflammatory response to
tissue injury involves a complex array of enzyme activation,
mediator release, fluids extravasations, cell in migration, tissue
breakdown and repair 2. Inflammation can be classified as either
acute or chronic. Acute inflammation is the initial response of the
body to harmful stimuli and is achieved by the increased
movement of plasma and leukocytes (especially granlocytes)
from the blood in to the injured tissues. A cascade of biochemical
events propagates and matures the inflammatory response,
involving the local vascular system, the immune system and
various cells within the injured tissues. Prolonged inflammation,
known as chronic inflammation leads to a progressive shift in the
type of cells present at the site of inflammation and is
characterized by simultaneous destruction .

Denaturation of protein is a well-documented cause of
inflammation. Since during inflammation condition, protein of
the cell gets denatured, albumin protein is used as a model, whose
protection by the plant extract during heat-induced denaturation
was evaluated ?°. Inhibition of protein denaturation (albumin)
activity of aqueous extract S.torvum fruit (Table 5) revealed high
anti-inflammatory activity (23.95%) at 1000pg/ml concentration,
which is lower than that of standard aspirin. Thus, the aqueous
extract of S.torvum fruit may possibly inhibit the protein
denaturation caused by the release of lysosomal content of
neutrophils at the site of inflammation.

Proteases have been implicated in arthritic reaction. Neutrophiles
contain natural serine protease in their liposomal granules.

Leukocyte protease plays an important role in the development of
tissue damage during inflammatory reactions and significant level
of protection is provided by proteases inhibitors. Protease
inhibition study revealed that the aqueous extract of fruits of
S.torvum shower moderate activity of (59.00%) inhibition at
1000pg/ ml concentration (Table 5). However, this value is higher
than that of standard aspirin (55.00%).

Stabilization of liposomal membrane is important in limiting the
inflammatory response by inhibiting the release of liposomal
constituents of activated neutrophil such as bactericidal enzymes
and protease, which cause further tissue inflammation and
damage upon extracellular release 3!. Human Red Blood Cell
Membrane and its stabilization implies that the extract may
stabilize liposomal membrane. Hypo-tonicity induced HRBC
membrane damage can be taken as an in vitro measure of anti-
inflammatory activity of the extract 3°. Membrance stabilization
method revealed significant membrane stabilizing activity of
aqueous extract of S.torvum fruits (64.00%) inhibition at 1000
pg/ml concentration (Table 5), which was comparable to that of
standard aspirin (89.00%). The aqueous extract of S.forvum fruits
was effectively inhibiting the hypo-tonicity induced hemolysis of
erythrocyte membrane. This property provides evidence for
membrane stabilization as an additional mechanism of anti-
inflammatory effect of S.torvum fruit extract.

Anti-diabetic assays

Diabetes is characterized by high concentrations of blood sugar
which can cause serious complications in the kidneys, eyes and
cardiovascular system. Insulin is a key player in the control of
glucose homeostasis. Lack of insulin affects carbohydrate, fat and
protein metabolism32. The treatment of diabetes therefore mainly
focuses on reducing fluctuations in blood sugar and subsequent
complications. Among the different antidiabetic therapeutic
approaches one major strategy is dropping gastro intestine
absorption of glucose by inhibition of carbohydrate metabolizing
enzymes a-amylase and o glucosidase. The recent advances in
understanding the activity of intestinal enzymes (a-amylase and
o glucosidase) have led to the development of newer
pharmacological agents. A high postprandial blood glucose
response is associated with micro and macro vascular
complications in diabetes and more strongly associated with the
risk for cardiovascular diseases. Pancreatic and intestinal
glucosidases are the key enzymes of dietary carbohydrate
digestion and inhibitors of these enzymes may be effective in
retarding glucose absorption. This is because only
monosaccharide is readily taken up from the intestine and all
other carbohydrate has to be broken down enzymatically before
they can be absorbed 3.

Natural antioxidants from fruits and vegetables offer an
alternative source of dietary ingredients to promote healthy life.
For example, a-amylase, a-glucosidase inhibitors are considered
as one of the effective measures for regulating type II diabetes by
controlling glucose uptake3*. The digestion of starch by human
undergoes several stages. Partial digestion of starch by the
salivary o amylase produces shorter oligomers. On complete
digestion of starch produces maltose, maltotriose and glucose.
Inhibition of a -amylase leads to reduction in post prandial
hyperglycemia®®. The a-amylase inhibitors are currently used for
diabetic treatment as oral hypoglycemic agents. Acarbose is a
commercially available enzyme inhibitor for type II diabetes.
However, it is reported to cause various side effects such as
abdominal distention, flatulence and possibly diarrhea’.
Searching for safe and effective inhibitors from natural sources is
of emerging interest. The inhibitory effects of the Solanum
torvum and acarbose on a-amylase and are shown in Table 6.
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From the following data obtained, result suggested that aqueous
extract showed significant inhibitory activity. The percentage
inhibition varied from 31.00% to 72.00%. These results clearly
suggest that the aqueous of selected plant is capable of effectively
inhibiting the a-amylase activity. Plant extract shows maximum
a-amylase inhibition (72.00%) at 1000pg. However, the extract
showed lower inhibitory activities compared with that of acarbose
(89.00%).

Alpha-glucosidase is a membrane bound enzyme which is located
in the epithelium of the small intestine. This enzyme catalyses,
the conversion of disaccharides to glucose.Hence, inorder to
control diabetes there is a need for the inhibition of a-glucosidase
enzyme to control the conversion of glucose from disaccharides.
Some of the antiviral agents acts on a-Glucosidase which plays a
key role in glycoprotein and glycolipid for the assembly of viral
capsid 3. a-Glucosidase is also involved in a variety of metabolic
disorders and carcinogenesis %, The inhibitory effects of S.
torvum or and acarbose on a- Glucosidase and are shown in Table
6. The potential inhibition of S. forvum against a- Glucosidase
ranged from 11.00% to 63.00%. Plant extract shows high o-
Glucosidases inhibition 63.00% at 1000ng. However, the extract
showed lower inhibitory activities compared with that of acarbose
(20.25%).

The amount of glucose lining in the medium after a specific time
serves as a marker for the biochemical parameter glucose uptake
by the yeast cells. Sugar transport across the yeast cell membrane
is mediated by certain specific membrane barriers. The process of
uptake of glucose by yeast cells is facilitated diffusion process.
Facilitated carriers transport is only attained if there is removal of
intracellular glucose *. Aqueous extract of S. torvum increased
the glucose uptake in yeast cells. It increases with increasing
concentration and the results are comparable with that of the
standard acarbose which was shown in Table6. The potential of
S.torvum on glucose uptake by yeast cells ranged from 15.00% to
78.00%.The plant extract shows maximum potential 78.00% on
glucose uptake by yeast cells at 1000 pg. However, the extract
showed lower inhibitory activities compared with that of acarbose
(89.00%).

The plant revealed better in vitro enzyme inhibitory activities,
which are involved in regulation and absorption of carbohydrate,
anti-diabetic activity proved by glucose uptake by yeast cells
assay and also exhibits good anti-inflammatory activity. This
present data illustrates that the aqueous extract of S. forvum fruit
has medicinal properties and it will be useful in treating various
diseases including diabetes.

CONCLUSION

Finally, it can be concluded from the results, the plant reveals
better in vitro enzyme inhibitory activity which are involved in
regulation and absorption of carbohydrate. Antidiabetic activity
proved by inhibition of o—amylase, o —glucosidases and influence
glucose uptake by yeast cells assay and also exhibits good anti-
inflammatory activity. This present data illustrates that the
aqueous extract of S. torvum fruits has medicinal properties and
it will be useful in treating various diseases including diabetes.
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