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Abstract

Diabetes mellitus is a severe chronic disease that extends lifelong. During the past few years, some
research has been done on medicinal plants to isolate new bioactive drugs that showed anti-diabetic
activity with more efficacy than oral hypoglycemic medicines used in clinical therapy. The present
research was carried out for these two traditional medicinal plants (Ficus benghalensis and Psidium
guajava) in their aqueous and methanolic extracts of leaves for evaluating total phenolic and flavonoid
content, DPPH assay for antioxidant and in vitro anti-diabetic and anti-lipidemic properties by alpha-
amylase inhibition assay, glucose uptake assay and lipase inhibition assay. The highest phenolic
(59.4+1.35 mg GAE g™ DE) and flavonoid content (32.6+1.20 mg RE g™ DE) was found in methanolic
extract of Psidium gugjava than other extracts. Among the solvents, methanolic extract of Ficus
benghalensis has more percent scavanged (70.2 %) therefore having more antioxidant potency than
other plant’s extracts. The amylase inhibition was more in aqueous extract of Psidium guajava showed
the minimum ICs, value (0.151) than other extracts. The relative movement of glucose out of the
membrane was maximum inhibited by aqueous extracts of both the plants whereas the methanolic
extract showed the minimum inhibition The lipase inhibition was more in methanolic extract of Psidium
guajava and has the minimum ICs, value (39.7) than other plant’s extract. The current study suggested
Psidium guajava could be a better candidate than Ficus benghalensis for the treatment of diabetes.
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Introduction

Diabetes mellitus is also be known as
Diabetes. Diabetes Mellitus (DM) is a multi-
step chronic health condition that is
triggered by several genetic and/or
environmental factors [1-2]. Indeed, this
terminology is characterized by the strong
frequency of diabetes for a specific genetic
profile like in American Indians and Natives
of Alaska, that more likely to have diabetes.
The World Health Organization (WHO)
Global survey reveals that the number of
adults living with diabetes has almost
diabetes shows that the number of adults
living with diabetes has almost increased
significantly since 1980 to 422 million adults,
[3] and is expected to rise to 693 million by
2045 [4]. The increase is more rapid in Africa
and largest in Asia [5,6]. Diabetes is a
lifelong condition that causes an increase in
blood sugar levels throughout its period.
Diabetes mellitus mainly classified as Type 1
diabetes and Type 2 diabetes. Type 1
Diabetes is insulin-dependent in which the
body fails to produce insulin, and the patient
requires the insulin injection [7]. The Type 2
diabetes is insulin-independent. In this type,
the cells are unable to use blood sugar or
glucose for energy because cells become
insensitive to insulin. The most common
type of Diabetes all around the world is Type
2 diabetes and it contributes about 90% of
the diabetic population. The prediabetes
conditions and Type 2 diabetes now can be
seen in a more ratio among the children
and younger adults [8,9]. The plants as a
source of medicine show a great diversity in
healing and curing various types of disease.
It has been estimated that almost 80 % of
the world’s total population depends
regularly on traditional medicine and
products for their healthcare needs. Many
diabetic people in developing countries
combine  conventional medicine  with
traditional medicine [10,11,12]. Medicinal
plants include various herbs, shrubs and
trees. The different parts of a plant like
leaves, stem, bark, fruit etc. can be used to
cure the various type of disease [13]. In
countries like India and China where

research is going at an excellent pace on
medicinal plants, and this research has been
increased on diabetes since 1995 in these
countries. The bioactive components are
favorably stored in plant leaves at a
percentage of 20 as compared to other
herbal plants. The treatment of diabetes has
set a baseline to cure diabetes all around the
world as there is a study which shows that
around 493 million adult people all around
the world will suffer from diabetes by 2030
[14]. Traditional medicinal plants have been
used for many years by different cultures
around the world for the management of
diabetes. In the past three decades, there is
no perfect result, despite the significant
progress that has been developed in the
treatment of diabetes.These therapies have
drawbacks such as drug resistance, side
effects and toxicity. Sulfonylureas, for
example, lose 44 % of potency in patients
after 6 years of treatment. It is also believed
that the glucose-lowering drugs are not
capable of regulating hyperlipidemia [15].
Now a day’s many therapies recommend the
use of medicinal plants [16]. Most plants
contain carotenoids, flavonoids, terpenoids,
alkaloids, glycosides and can often have anti-
diabetic effects [17].

Ficus benghalensis is an evergreen plant of
the family Moraceae. Ficus benghalensis
(Banyan tree), is a large tree having aerial
roots shredded to the ground and this tree is
found all over India and grows wild in the
lower Himalayas. It is also known for its
Ayurvedic medicinal uses and its bark used in
Ayurveda for the treatment of diabetes.
Different parts of the tree are widely utilized
due to medicinal properties [18]. It is used in
traditional medicine and is considered as
effective, economical and safe ethno
medicines  which are effective and
economical [19]. The extracts of this plant in
different solvents show a hypoglycemic
effect. Various plant parts like bark, leaves,
fruits, aerial roots show antidiabetic activity
[20]. Glibenclamide is an antidiabetic agent
well known for its hypoglycaemic activity
and shows lesser insulin secretion than the
water-soluble insulin-secreting constituent
present in Ficus sp [21].
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Psidium guajava (Guava), a member of the
Myrtaceae family that originates in Mexico
and now grown in South America, Europe,
Africa, and Asia). It has been extensively
utilized and recognized in Peru since pre-
Columbian times, according to
archaeological evidences Psidium gudjava
occurs in all of the world's tropical and
subtropical regions, adapting to a variety of
climatic environments but preferring dry
climates [22]. Genus Psidium has nearly 150
species, most of trees are fruit-bearing.
Psidium guajava is used for the treatment of
a number of diseases in different parts of
the world, e.g. as an anti-inflammatory, used
in the treatment of gastroenteritis, diarrhea,
diabetes, high blood pressure, caries,
wounds, pain relief and fever reduction.
Several researchers have researched into
the anti-diabetic effects of Psidium guajava
bark, leaves, and fruits, and assessed some
medicinal plants amongst which Psidium
guajava is one with excellent anti-diabetic
activity. The main habitual use known is anti-
diarrhea. Other reported uses include
gastroenteritis, dysentery, antibacterial colic
pathogenic germs of the intestine [23]. The
present study set an objective to evaluate
the antioxidant properties and in vitro
amylase inhibition by the plant extracts.
Consequently, this providing a scientific
basis for the use of this plant in traditional
medicine.
Methods

Plant Material Collection

The leaves of the plant Psidium guajava and
Ficus benghalensis were collected from the
district Solan region of Himachal Pradesh
(fig. 1).

Extract Preparation

Methanol and water were taken as polar and
non-polar solvents for extraction purposes.
For this 10g of plant powder dissolved in 100
ml of the respective solvents and then kept
for 48 hrs in a rotatory shaker. The extracts
were filtered and kept for drying at 30°C. The
dried extract was scrapped and refrigerated
for further use at 4°C [24,25].

Phytochemical Analysis

Phytochemical analysis is done by both
qualitative and quantitative methods.
Qualitative Phytochemical Analysis

The leaves were analyzed for various
qualitative methods of phytochemicals. The
presence of alkaloids was determined by the
Mayer test. Borntrager’s test was performed
to determine the presence of glycosides
[26]. Sodium hydroxide and lead acetate
tests were performed to show. The
presence of flavonoids showed by [27].
Molish test was used to determine the
presence of carbohydrates. The analysis of
terpenoids was done by the Salkowski test.
Froth test determines the presence of
Saponin. Phenols presence showed by ferric
chloride test.

Quantitative method

The quantitative phytochemical analysis was
done for the total phenolic count and
flavonoids content.

Total phenolic determination

Total phenolic content of each plant extract
was determined by [28] with some
modifications and taking gallic acid as
standard and the assay performed in a
microtitre plate. Test sample was taken in
2.5pl, 5pl, 7.5ul and 1ol concentrations and
was diluted with distilled water to make a
final volume. Subsequently, the solution was
mixed with 1oul of fresh Folin Ciocalteu
reagent and after 5 min 1oopl of Na,CO;
(7.5%) solution was added with 130pul of
distilled water. The plates were incubated
for 90 minutes at 30°C. The absorbance was
measured at 750nm. The results were
expressed as Gallic acid equivalents (mg
gallic acid/g dried extract).

Total flavonoids determination

The total flavonoid content was determined
by [29.30] with some modifications and
taking quercetin acid as standard, the assay
performed in a microtitre plate. The plant
extracts samples were taken in different
2.5pl, 5pl, 7.5u1 and 1opl concentrations and
the final volume were prepared adding more
distilled water. To each sample 1oul of
NaNO, solution (5%) was added. After 5
minutes, 1oul of an AlCl; solution (10%) was
added and allowed to stand for 6 minutes at
room temperature. After that 1oopul of NaOH
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solution (1M) was added to the mixture and
absorbance was measured at 510nm. Rutin
was used as a standard for the calibration
curve. Total flavonoids content of the
extracts was expressed as mg quercetin acid
equivalents per gram of sample (mg/g).
In-vitro Antioxidant Assays

DPPH Radical Scavenging Activity

The ability to scavenge DPPH radical was
determined by using DPPH method by
[31,32] with some modifications. 200pl of
plant extract (1mg/ml) is reacted with DPPH
(sopl) and then placed in a dark place for 30
min. Ascorbic acid (1mg/ml) was taken as
standard and the readings of the samples
were taken at 517nm. The percentage
inhibition for the scavenging of the DPPH
was evaluated using following equation:
Percentage scavenged (1%) = [(control A -
sample A)/ control A] x100

Where sample A is the absorbance of the
test compound and control A is the
absorbance of the control reaction (which
contains all of the reagents except the test
compound).

In-vitro Antidiabetic Assay

Amylase Inhibition Assay

The amylase inhibition activity was
estimated according to the protocol with
some minor modifications [33]. A starch
solution (500omg/25ml) was made by
dissolving it on 0.4 M NaOH and kept for
5min at heating (100°C). The volume raised
to 100ml by the addition of distilled water
while maintaining its pH at 7. Plant extract
was dissolved in acetate buffer and different
concentrations were made. The pH of
acetate buffer adjusted to 6.5. 20pl of the
substrate added to 1opl of a sample in
microwell plate which is followed by the
addition of 1opl a-amylase solution(sopg/ml)
and left for 15min incubation at room
temperature.0.tM HCl (4opl) was used to
stop the reaction which is followed by the
addition of 10opl of 1Mm iodine solution. The
optical density was measured at 650 nm.
Following equation has used to check
amylase inhibitory activity:

Amylase inhibitory activity (%) = {1 - (OD2-
OD1) / (OD4-OD3) X100}

Lipase Inhibition Assay

The lipase inhibition activity was estimated
according to the protocotol with some
modifications [34]. The substrate solution
was prepared in 9 ml of 0.1 M TES buffer (pH
7.0) by dissolving the lecithin (10 mg),
sodium cholate (5 mg) and glycerol trioleate
(80 mg). Different plant  extract
concentrations were prepared in 0.1 M TES
buffer. To the sample (20 ul) and substrate
solutions (20 ul) in microplate wells, 10 pl of
lipase solution (20 pg/ml) was added and
incubated for 30 min at37 °C.

The optical density was recorded at 550 nm
using a microplate reader

Lipase inhibitory activity (percent) was
calculated as follows:

Lipase Inhibition (%) = {1 - (OD2-OD1)/(OD4-
OD3)X100}

Glucose uptake assay

The glucose uptake assay was performed as
described with some modifications [34]. For
this methanolic and aqueous extract
(1oomg/ml) of the plant was prepared. The
present experiment comprised of a one-
sided sealed dialysis tube(12000MW,
Himedia) into which 1 ml of 22 Mm D-glucose
in 0.15 M Nacl and 1 mL extract (100 mg/ml)
or control (water) was taken. The opposite
end was then sealed and the membrane was
placed into a beaker containing 45 ml, 0.15 M
NacCl. The beaker was then kept into an
orbital shaking incubator at 37°C and a speed
of 100 rotations per minute. The movement
of glucose into the solution was recorded
every half an hour. The current experiment
was done in three replications and the
movement was monitored for three hours.
Statistical Analysis

All the experiments were done in triplicates
for each sample and the results expressed as
mean * SD. ICs, values were calculated by
linear regression.

Results

Qualitative analysis of Phytochemical
Screening Test

Phytochemical screening test showed that
Phenols, Flavonoid, Alkaloids, Terpenoids
and glycosides are present in all plants.
Amino acid is present in Ficus benghalensis
except Psidium guajava. Saponins are
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present in only Psidium guajava extract
(Table 1).

Total Phenolic and Flavonoids estimation
Phenols and flavonoids are important
Phytochemical which give many health
benefits and help on may disease treatment.
Total phenolic content was calculated from
the standard curve of gallic acid using the
equation: y= 0.741x+0.1326, while total
flavonoid content was calculated using the
standard curve of quercetin using the
equation: y=0.965x+0.0362 contents. Total
phenolic content obtained was in the range
of 15.12 to 59.4 mg GAE g™'. The highest
phenolic content was achieved by methanol
extract (59.4%1.35 mg GAE g™ DE) of Psidium
guajava than other extracts (fig. 2a and
Table 2). Total flavonoid content was in the
range of 8.10 to 32.6 mg QE g™'. The highest
flavonoid content was found in methanol
extract (32.6+1.20 mg RE g™' DE) of Psidium
guajava than other extracts (fig. 2b and
Table 2).

Antioxidant activity

The antioxidants in the DPPH assay inhibit
the oxidation reaction by converting free
radicals to stable states, and this assay has
been extensively utilized to investigate the
antioxidant properties of natural products
from microbial sources and plants. All the
extracts exhibited good antioxidant
properties, which varied with the type of
solvents. Methanolic extract of Ficus
benghalensis has more %inhibition (70.2 %)
than other extracts. Therefore, the
methanolic extract has more free radical
scavenging activity (fig. 3 and Table 3).
Ascorbic acid was used as a standard, which
exhibited % inhibition (87 %) for both plant
samples respectively.

Invitro Antidiabetic Analysis

Amylase inhibition assay

From many years In Ayurveda, several plant
extracts with known anti-diabetic effects
have been discovered and
extensively utilized. In the present study,
two medicinal plant’s antidiabetic properties
were checked and analyzed by using in vitro
antidiabetic  assay.  Alpha-amylase s
responsible for postprandial glucose levels
various plant extracts with alpha-amylase

inhibitory activity are being studied which
can decrease postprandial blood glucose
levels, making it an important and innovative
therapeutic target for the treatment of
diabetes mellitus. In the present study, it is
observed that the aqueous extract of
Psidium guajava has the minimum ICs, value
(0.151) than other plants extract as
mentioned in Table 4. Therefore, Psidium
guajava can be a more potent plant than
Ficus benghalensis for the treatment of
Diabetes.
Lipase Inhibition Assay
Obesity is a major factor for increasing rates
of cardiovascular disease, non-alcoholic fatty
liver metabolic syndrome, and non-insulin-
dependent diabetes. Hydrolysis of dietary
lipid into fatty acid and 2-monoacylglycerol
by pancreatic lipase is essential before it
gets absorbed by the intestines. thus,
inhibiting digestive enzymes, a-amylase and
pancreatic lipase might prove effective in
diabetes treatment. In the present study, it
is observed that the methanolic extract of
guava has the minimum ICs, value (39.7)
than other plants extract as shown in Table
4. Therefore, Psidium guajava can be a more
potent plant than Ficus benghalensis for the
treatment of Diabetes.
Glucose uptake assay
Fig. 4a and 4b is given with the results of the
glucose diffusion assay which showed that
both the extracts of the plant significantly
inhibit the glucose activity. So according to
the table, the aqueous extracts of both the
plants showed the maximum inhibition
whereas the methanolic extract showed the
minimum inhibition as shown in Table 5 and
Table 6.

Discussion

Diabetes is now the third human “killer”
after cancer and cardiovascular diseases,
due to its high prevalence, morbidity and
mortality [35].The chronic hyperglycemia of
diabetes is the long-term damage that is
associated with inflammation and loss of
multiple organs [36]. Herbal medicines and
plant components with none or less toxicity
with no side effects and are notable
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therapeutic options for the treatment of this
disease around the world [37].

Most of the previous work has shown the
effects of hypoglycemic medicinal plants
containing in the diabetes treatment of
diabetes. The most important active
ingredients obtained from medicinal plants
in treating diabetes are flavonoids, tannins,
phenolics, and alkaloids [38]. Most The
efficacy of these compounds shows the
importance of the anti-diabetic properties of
these plants [37]. Results showed that
methanol extracts yield greater quantities of
active compounds as compared to aqueous
solvent extracts and also possessed good
antioxidant and antidiabetic activities. The
preliminary phytochemical screening tests
might be helpful in the identification of the
pharmacologically bioactive components.
Results obtained in this study indicated the
presence of alkaloids, carbohydrates,
flavonoids, phenols, saponins and proteins.
The presence of these secondary
metabolites in the extract of Psidium guajava
and Ficus benghalensis is in agreement with
the previous reports [39].

Many  studies have shown that
phytochemicals such as phenolics and
flavonoid compounds found in different
herbs are well known for their antioxidant
and antidiabetic activity [40]. For this cause,
there is an interest in the use of phenolics
and flavonoids rich extracts in the treatment
of diabetes and its complications. It has
been commonly recognized in the past that
phenols and flavonoids are two essential
phytochemical classes that contribute
significantly to plant antioxidant function.
Polyphenolic compounds such as flavonoids,
phenolic acids and tannins are thought to be
the main contributors to the antioxidant
activity of medicinal plants. The antioxidant
effects of polyphenolic compounds are due
to their redox properties, which makes them
act as reducing agents, singlet oxygen
quenchers and hydrogen donors [41].
Antioxidants have been reported to
minimize the risk of diabetes onset [42]
increase glucose imbalance [43] and
improve some of the related complications
[44]. Oxidative stress has been linked with

the pathogenesis and development of
multiple degenerative diseases, including
naturally occurring and chemically-caused
diabetes mellitus [45]. In addition to the
increased development of free radicals,
antioxidant  defense  mechanisms are
impaired by diabetes mellitus [46]. The
antioxidant  properties of  methanolic
extracts of Psidium guajava and Ficus
benghalensis were determined utilizing
DPPH assays in present analysis. The
methanolic extract of Psidium guajava leaves
reported substantial antioxidant activity in
all of the experiments
conducted, suggesting high antioxidant
properties of extract. The presence of a high
amount of polyphenolic compounds in the
methanolic extract of Psidium guajava may
be the reason for antioxidant activity. These
results are similar to the earliest study where
similar results were reported in the case of
Psidium guajava leaf extracts [47]. It was also
observed that most polar extraction
solvents showed more antioxidant activity
and phenolic content as compared to less
polar extraction solvents. It indicates that
the polar solvents are important in
extracting phytoconstituents with more
antioxidant activity and phenolic content
which is in agreement with an earlier study
[48]. Earlier also several studies have
reported a strong correlation between the
presence of phenolic contents and the
antioxidant potential of the plants [49,50].
Other researcher have also shown such type
of favorable positive correlation between
antioxidant activity and phenolic content
[51,52]. The effect of antioxidants on DPPH
radicals is due to their hydrogen donating
ability [53]. Further, the present antidiabetic
activity also revealed that the Psidium
guajava extracts showed the highest
amylase and lipase inhibitory activity than
Ficus benghalensis. Deguchi confirmed that
in vitro antidiabetic activity of Psidium
guajava leaves is more in methanolic extract
and is efficiently showed the inhibitory
effect of glucose utilization when compared
with different solvents using specific
standard protocols [54]. Therefore present
investigation established the

http://pharmacologyonline.silae.it
ISSN: 1827-8620


http://pharmacologyonline.silae.it/

PhOL Kumar, et al.

1323 (pag 1317-1330)

pharmacological evidence to support the
anti-diabetic potential of the plant leaves
that have antidiabetic and antioxidant
activity.
Conclusion
Diabetes is a disorder of metabolism in
which high blood sugar (hyperglycemia)
abnormally resulting from insufficient levels
of the hormone insulin. Treatment of
diabetes by natural resources seems to be a
promising approach and can be favored for
inhibition of alpha-amylase. Further study is
required on the isolation and
characterization of the principal bioactive
compounds of the medicinal plant extracts
and that can be safely used in clinical
research for long-term administration of the
natural plant extracts for type 2 diabetes.
The screening of phytochemicals shows the
presence of phenols, flavonoids, antioxidant
and antidiabetic compounds in both plants.
But the Psidium guajava extracts showed the
highest amylase and lipase inhibitory activity
than Ficus benghalensis. So results show that
guava has better results against diabetes
than Ficus benghalensis. However, both
plants can be studied further for in vivo
antidiabetic potentials of plants.
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Table 1. Phytochemicals analysis in different extracts

Phytochemical Test Psidium guajava Ficus benghalensis
tests Name
Methanol Aqueous Methanol Aqueous
Alkaloids Mayer’s test +ve -ve +ve +ve
Carbohydates Benedict’s test +ve +ve +ve +ve
Flavanoids Lead acetate test +ve +ve +ve +ve
Phenol Ferric chloride +ve +ve +ve +ve
test
Saponins Froth test +ve +ve -ve -ve
Proteins Ninhydrin test +ve +ve +ve -ve
Amino acids Millon’s test -ve -ve +ve +ve

Table 2. Total phenolic and flavonoid content of different extracts

Plant Extract type Phenolic content Flavonoid content
(mg GAE/g DE) (mg RE/g DE)
Methanol 59.4 +1.35 32.6 £1.20
Psidium guajava Aqueous 20.86 +1.48 10.66 = 1.07
Methanol 34.66 +1.69 21.7 £1.03
Ficus benghalensis Aqueous 15.12 £1.32 8.10+1.28
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Figure 2. a)Total Phenolic Content b) Total Flavonoid Content
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Table 3. Antioxidant activity of different extracts

Plant Extract type % Inhibition
Methanol 54.8
Psidium guajava Aqueous 41.0
Methanol 70.2
Ficus benghalensis Aqueous 53.7
Ascorbic acid 87.0

Figure 3. Antioxidant DPPH Assay
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Table 4. 1Cso value of Amylase and Lipase Inhibition assay

Plant Extract type Amylase assay Lipase assay

1Cs0 (g ML™) ICs0 (ug mL™)
Psidium guajava Methanol 0.172 39.7
Aqueous 0.151 98.3
Ficus benghalensis Methanol 0.221 240
Aqueous 0.253 229

ICso = half maximal inhibitory concentration.

Figure 4. Effect of methanolic and aqueous extract on diffusion of glucose out of a dialysis membrane
a) Psidium guajava b) Ficus benghalensis
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Table 5. Effect of methanolic and aqueous extract of Psidium guajava on diffusion of glucose out of a
dialysis membrane over 180 minutes.

Time Control Psidium Relative Psidium Aqueous Relative
(Minutes) MeanzSEM* Methanol movement MeanzSEM* movement
Mean+SEM* %x* %x*
30 0.004+0.0005 0.0031+0.0005 77.50 0.0029+0.00024 72.50
60 0.061+0.0023 0.035+0.0017 57.37 0.027%+0.0026 44.26
90 0.092+0.0017 0.072%0.0017 78.26 0.059+0.0043 64.13
120 0.108£0.0020 0.101+0.0014 93.51 0.081£0.0014 75.00
150 0.118+0.0017 0.114+0.0023 96.61 0.097+0.0030 82.20
180 0.133%0.0037 0.123+0.0015 92.48 0.105+0.0020 78.94

Table 6. Effect of methanolic and aqueous extract of Ficus benghalensis on diffusion of glucose out of a
dialysis membrane over 180 minutes.

Time Control Ficus Methanol Relative Ficus Aqueous Relative
(Minutes) Mean:SEM* MeantSEM* movement Mean+SEM* movement
%** 0/0**
30 0.004+0.0005 0.002+0.0002 62.5 0.002+0.0001 50
60 0.061+0.0023 0.051%0.0020 83.60 0.040%+0.0020 65.57
90 0.092+0.0017 0.084+0.0026 91.30 0.068+0.0014 73.91
120 0.108+0.0020 0.096+0.0014 88.88 0.090+0.0021 81.48
150 0.118+0.0017 0.109%+0.0020 92.37 0.102+0.0017 86.44
180 0.133+0.0037 0.121¥0.0017 90.97 0.114%0.0020 85.71
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