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ABSTRACT
Objectives: The present study was envisaged to identify the effect of anti-inflammatory and antidiabetic activity for methanolic bark extracts of
Simarouba glauca.
Methods: The present study design was to evaluate the in vitro anti-inflammatory and in vitro antidiabetic activity of S. glauca methanolic bark
extract. To examine the antidiabetic activity, the samples were studied for their effect on inhibition of alpha-amylase and glucose transport across the
dialysis membrane. In vitro anti-inflammatory activity was evaluated using albumin denaturation assay and membrane stabilization method.

Results: Our current results indicate that the various bioactive constituents detected in S. glauca may be responsible for its in vitro antidiabetic and
anti-inflammatory effects. The ability of plant extract on anti-inflammatory activity showed that it was effective in inhibiting heat-induced albumin
denaturation with an IC50 value of test and standard was found to be 46.42 µg/ml and 24.09 µg/ml. In addition to this, heat-induced hemolysis was
also performed. The IC50 values of the test and standard were found to be 43.51 µg/ml and 21.41 µg/ml, respectively. The percentage inhibition of
the test sample varied from the concentration range of 75 to 100 μg/ml. The IC50 value of the test and standard was found to be 19.08 µg/ml and
9.08 µg/ml, respectively.

Conclusion: The findings of the present study concluded that S. glauca bark has the potential to treat diabetes and a novel natural anti-inflammatory
agent as a good source. Thus, S. glauca may be a potential candidate for the development of future antidiabetic and anti-inflammatory compounds.
However, still further studies and standardization of the plant research may be required to develop them as medicine.
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INTRODUCTION
Inflammation is a complex process, which is recurrently allied with pain
and involves occurrences such as the increase of vascular permeability,
the surge of protein denaturation, and membrane alteration. Tissue
injury is followed by a cascade of events leading to the inflammatory
response. When tissue cells become injured, many vasoactive substances
like istamine, bradykinine, prospaglandins, leukotrienes and nitric oxide
are released. These work collectively to cause increased vasodilation
(widening of blood capillaries) and permeability of the capillaries. This
leads to augmented blood flow to the injured site [1]. Immune-mediated
inflammatory diseases (IMIDs) existing a group of common and highly
disabling chronic conditions that stake inflammatory pathways. Several
incidence and prevalence studies of IMID during the past decades have
conveyed a considerable variation of the disease occurrence among
different populations. Overall, the estimated prevalence of IMID in
Western society is 5%–7% [2,3]. Symptoms of inflammation comprise
redness, swollen joint that’s sometimes warm to the touch, joint pain,
and joint and muscle stiffness [4,5].
The World Health Organization (WHO) defines diabetes mellitus (DM)
as “a metabolic disorder of multiple etiologies characterized by chronic
hyperglycemia with disturbance in carbohydrate, fat, and protein
metabolism resulting from defects in insulin secretion, insulin action,
or both” [6]. Diabetes is a chronic disease that arises either when the
pancreas does not produce enough insulin or when the body cannot
effectively use the insulin that it produces [7,8]. DM is the most common
endocrine disorder that affects more than 10 million people worldwide
(6% of the population), and in the next 10 years, it may about 5 times
more people than it does now. DM occurs throughout the world but

more common in most developed countries [8,9]. Signs and symptoms
comprise with weight loss, polyuria (increased urination), polydipsia
(increased thirst), itchy skin, slow healing of cuts, fatigue, polyphagia
(increased hunger), blurring vision, etc. [9]. The scientific study
demonstrates that more than 400 plant species have hypoglycemic
activity. Furthermore, traditional antidiabetic plants anticipate proper
scientific and medical evaluation for their ability to improve blood
glucose control [10-14]. In the present study, Simarouba glauca has
been selected which is a very popular medicinal agent in the ethnic
drug. However, scientific data regarding the use of S. glauca for antiinflammatory and antidiabetic activity are not available for stem bark.
Hence, the present study has been chosen to evaluate the in vitro antiinflammatory and antidiabetic activity.
METHODOLOGY

Plant material
S. glauca, otherwise known as Paradise Tree or Bitter Wood, is an
evergreen, small- to medium-sized tree growing up to 15 m in height,
with a slender crown, well-developed root system, and straight,
cylindrical with at least 30 cm in diameter [15]. S. glauca belongs to
the family Simaroubaceae is a pinnately compound, 16 inch leaves of
paradise tree have multiple, 3 inch long, shiny, leathery, oblong leaflets
which are reddish when young [16].

S. glauca obtained from the Thattekkad Forest Area, identified, and
certified by Sr. Tessi, HOD of Botany Department, Nirmala College,
Muvattupuzha, material was collected in the form of dried parts, which
were then powdered and preserved.
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Preparation of extract
The fresh bark of S. glauca of about 3 kg was collected and washed
free of debris. Then, they were dried under shade for 3 weeks and
weighed. The plant material was dried under shade and powdered
mechanically. About 50 g of dried and powdered sample was defatted
with petroleum ether (60–80°C) and then extracted with ethanol using
Soxhlet apparatus. The extraction was continued till a few drops of
the last portion of the extract left no residue on drying. The solvent
was removed by concentrated in a rotary evaporator and dried under
reduced pressure. The dried extract was stored in the refrigerator until
further studies [17]. The percentage yield of S. glauca bark extract was
calculated using the formula; Percentage yield=W2/W1×100 where,
W1=Weight of the powdered S. glauca bark extract before extraction and
W2=Weight of the semisolid root extract of S. glauca after extraction.

Preliminary phytochemical analysis
The preliminary phytochemical screening was conducted for the bark
extract of S. glauca using suitable methodologies to identify the presence
of plant secondary metabolites such as alkaloids, flavonoids [18], tannins,
saponins, terpenoids [19], sterols, phenolic compounds, carbohydrates,
glycosides, as well as proteins and amino acids [20].
Evaluation of anti-inflammatory activity
Inhibition of albumin denaturation activity
The anti-inflammatory activity of S. glauca was premeditated using
inhibition of albumin denaturation technique which was studied. The
reaction mixture consists of test extracts and 1% aqueous solution of
bovine albumin fraction, pH of the reaction mixture was accustomed
using a small amount of 1 N HCl. The sample extracts were incubated at
37°C for 20 min and then heated to 51°C for 20 min, subsequently cooling
the samples the turbidity was measured at 660 nm. The experiment
was achieved in triplicate [21]. The percentage inhibition of protein
denaturation was calculated as follows: Percentage inhibition=(Abs
Control−Abs Sample)100/Abs control.

Heat-induced hemolysis
The blood was collected from a healthy human volunteer who has not
taken any nonsteroidal anti-inflammatory drugs for 2 weeks before the
experiment and transferred to the centrifuge. The reaction mixture (2 ml)
consisted of 1 ml test sample of different concentrations (100–500 µg/ml)
and 1 ml of 10% red blood cells (RBCs) suspension, instead of the test
sample, the only saline was added to the control test tube. Aspirin was
used as a standard drug. All the centrifuge tubes containing reaction
mixture were incubated in a water bath at 56°C for 30 min [22]. At the
end of the incubation, the tubes were cooled under running tap water.
The reaction mixture was centrifuged at 2500 rpm for 5 min and the
absorbance of the supernatants was taken at 560 nm. The experiment
was performed in triplicates for all the test samples [23]. The percentage
inhibition of hemolysis was calculated as follows: Percentage inhibition
= (Abs Control−Abs sample)100/Abs control.
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1 ml of 0.15 M sodium chloride containing 22 mM glucose and 1 ml of
distilled water, the beakers were then placed on orbital shaker and kept
at room temperature. The movement of glucose into the external solution
was monitored by measuring the glucose concentration in the external
solution every ½ h. Three replications of this were done for 3 h [28].
RESULTS

Preliminary phytochemical screening
Based on preliminary phytochemical screening conducted, both
antidiabetic and anti-inflammatory activity with bark extract of
S. glauca DC showed the presence of alkaloids, flavonoids, tannins,
saponins, terpenoids, sterols, phenolic compounds, carbohydrates,
glycosides, as well as proteins and amino acids.
In vitro anti-inflammatory activity
Albumin denaturation inhibition assay
As part of the investigation on the mechanism of the anti-inflammatory
activity, the ability to extract protein denaturation was studied. It was
effective in inhibiting heat-induced albumin denaturation in Fig. 1.
Maximum inhibition of 65.42% at 500 µg/ml was observed from the
methanolic extract. Aspirin, a standard anti-inflammation drug, showed
the maximum inhibition of 74.66% at the concentration of 500 µg/ml.
The IC50 value of extract found to be 46.42 µg/ml which is higher than
standard (aspirin) value 24.099 µg/ml.

Heat-induced hemolysis
The test extract inhibited the heat-induced hemolysis of RBCs to varying
degrees as per Fig. 2. The maximum inhibition of 74.88% at 500 µg/ml
was observed from the methanolic extract of S. glauca and aspirin standard
showed higher inhibition of 80.33% at the same concentration. The IC50
value of test extract found to be 43.51 µg/ml and 21.41 µg/ml for standard.

Fig. 1: Determination of percentage inhibition of albumin
denaturation. The IC50 value of extract found to be 46.42 µg/ml
which is higher than standard (aspirin) value 24.099 µg/ml

Antidiabetic activity

Alpha-amylase inhibition
In this assay, added 390 μl of 0.02 M phosphate buffer (pH 7), positive
control (acarbose), different concentrations of test samples and 10 μl of
α-amylase enzyme were mixed and incubated at 37°C for 10 min. Added
10 μl of starch to this mixture and reincubated 37°C for 1 h [24]. After
incubation, added 0.1 ml 1% iodine solution and 5 ml of distilled water
and optical density was measured at 565 nm [25]. Inhibition of enzyme
activity was calculated as follows: Percentage inhibition=(A−C)×100/
(B−C) where, A=Absorbance of the sample, B=Absorbance of blank
(without α-amylase), and C=Absorbance of control (without starch) [26].
Glucose diffusion inhibition
A 1 ml of the extract was placed in a dialysis membrane along with a glucose
solution (0.22 mM in 0.15 M sodium chloride). It was then tied at both ends
using thread and it was immersed in a beaker containing 40 ml of 0.15 M
sodium chloride and 10 ml of distilled water [27]. The control contained

Fig. 2: Determination of percentage inhibition of heat-induced
hemolysis. The IC50 value of test extract found to be 43.51 µg/ml
and 21.41 µg/ml for standard
75
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In vitro antidiabetic activity
Alpha-amylase inhibition
The in vitro α-amylase inhibitory studies demonstrated that the
methanolic extract of S. glauca at concentrations of 25, 75, 50, and
100 µg/ml produced a significant percentage inhibition (Fig. 3). The
highest concentration of 100 µg/ml produced maximum inhibition of
64.84% as compared to standard acarbose which showed significantly
higher inhibition of 66.74% at the concentration of 100 µg/ml.
Glucose diffusion inhibition
The level of inhibition of glucose movement by the plant extract at
various time intervals 30, 60, 90, 120, and 150 min was evaluated
and compared with the standard acarbose at the same concentration.
From the study, it was observed that at 150 min, the extract produced
significant inhibition of 70.03% at 400 µg/ml when compared with
standard acarbose having higher inhibition of 77.26% at 400 µg/ml
(Fig. 4).
DISCUSSION

In the current years, the exploration for phytochemicals possessing
anti-inflammatory and antidiabetic properties has been on the
upsurge due to their potential use in the therapy of various chronic
and infectious diseases. Results of our findings confirmed the use of
S. glauca as traditional medicine.

In the present study, the qualitative investigation assessment of
phytochemical constituents of S. glauca extract revealed the presence
of tannins, flavonoids, alkaloids, proteins, saponins, phenolics, steroids,
terpenoids, and glycosides. Phytochemical screening mentions to
the extraction, screening, and identification of the medicinally active
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substances found in plants. Some of the bioactive substances that can
be derived from plants are flavonoids, alkaloids, carotenoids, tannin,
antioxidants, and phenolic compounds.

The results designate that the methanolic extracts of S. glauca possess
anti-inflammatory activity due to the strong existence of polyphenolic
compounds. Among them, flavonoids have been shown to exhibit their
actions through effects on membrane permeability and by inhibition of
membrane-bound enzymes such as the ATPase and phospholipase A2
and this property may explain the mechanisms of antioxidative action
of S. glauca. Flavonoids are testified to possess anti-inflammatory,
antioxidant, antiproliferative, antitumor, and pro-apoptotic activities;
molecular targets have been identified [29]. The health promoting
paraphernalia of flavonoids may relate to interactions with key
enzymes, signaling cascades involving cytokines and transcription
factors, or antioxidant systems. It was conveyed that compounds such
as flavonoids are responsible for the anti-inflammatory property. In
addition to these, the extract exhibited the presence of alkaloids and is
known to possess potent anti-inflammatory activities [30].
Denaturation protein is a well-documented cause of inflammation. The
inflammatory drugs (salicylic acid, phenylbutazone, etc.) have exposed
dose-dependent ability to thermally induced protein denaturation. In
this study, protein denaturation inhibition study was performed [31].
As part of the inquiry on the mechanism of the anti-inflammation
activity, the ability of plant extract at the concentration of 100, 200, 300,
400, and 500 µg/ml to inhibit protein denaturation was studied. It was
effective in inhibiting heat-induced albumin denaturation. Maximum
inhibition of 65.42% was observed at 500 μg/ml concentration
of the test sample. Aspirin, a standard anti-inflammation drug,

Fig. 3: Determination of percentage inhibition of alpha-amylase. The IC50 value of test extract and standard was found to be 19.08 µg/ml
and 9.08 µg/ml, respectively

Fig. 4: Determination of percentage inhibition of glucose diffusion. At 150 min, the extract produced significant inhibition of 70.03% at
400 µg/ml when compared with standard acarbose having higher inhibition of 77.26% at 400 µg/ml
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showed the maximum inhibition of 74.66% at the concentration of
500 μg/ml compared with control. As a result, the IC50 value of the test
and standard is found to be 46.42 µg/ml and 24.09 µg/ml which shows
that the anti-inflammatory property of the test is less potent compared
to the standard drug aspirin.

The extracts perhaps hinder the release of lysosomal contents of
neutrophils at the site of inflammation. These neutrophils lysosomal
constituents comprise bactericidal enzymes and proteinases which on
extracellular release cause added tissue inflammation and damage [32].
The precise mechanism of this membrane stabilization is yet to be
elucidated; it is possible that S. glauca produced these effects surface
area-volume ratio of the cells, which could be fetched about by an
expansion of membrane or the shrinkage of the cells and interaction
with the membrane proteins.
Proteinaceous have been implicated in arthritic reactions. Neutrophils
are known to be a source of proteinase which conveys in their lysosomal
granules many serine proteinases [33]. It was formerly reported that
leukocytes proteinase plays an important role in the progression of
tissue damage during inflammatory reactions, and a significant level
of protection was provided by proteinase inhibitors. Recent studies
have shown that many flavonoids and related polyphenols contributed
significantly to the anti-inflammatory activity [34].

In addition to this, heat-induced hemolysis was also performed. The
% inhibition of albumin denaturation and heat-induced hemolysis are
summarized in fig. 1 and fig. 2. The extract was effective in inhibiting
the heat-induced hemolysis at different concentrations. The results
showed that tests at concentration 400 and 500 μg/ml show percentage
inhibition of 68.98% and 74.88%, respectively, which protect
suggestively the erythrocyte membrane against lysis induced by heat.
Aspirin 500 μg/ml shows the % inhibition of 80.33% offered significant
protection against the damaging effect of heat solution. IC50 values of
test and standard were found to be 43.51 µg/ml and 21.41 µg/ml;
hence, it is less potent compared to standard drug aspirin.

These findings afford scientific indication to support traditional
medicine use and are a promising potential for the development of an
anti-inflammatory agent from S. glauca plant. This medicinal plant by
in vitro results seems as interesting and promising and may be effective
as potential sources of novel anti-inflammatory drug.
DM is an often life-threatening chronic disorder with increasing
incidence throughout the world. In the current years, there is a steady
rise in the rate of incidence of DM and estimated that 1 in 5 may be
diabetic by 2025 [35]. Medicinal plants are ties of most effective plants
that were in part enlightened by the ability of the phytoconstituents
to increase glucose transport and metabolism in muscle and/or to
stimulate insulin secretion [36]. The α-amylase activity of the crude
extracts of S. glauca is depicted in fig. 3. Acarbose belongs to the
α-glucosidase inhibitor class of the oral hypoglycemics and is known
to inhibit both alpha-amylase and alpha-glucosidase. For this motive,
acarbose was used as a positive control in both assays.
From the data obtained, it was found that the methanol extract of
S. glauca showed significant inhibitory activity. The percentage
inhibition of the test sample varied from 61.54% to 64.84% in the
concentration range of 75–100 μg/ml. Acarbose shows inhibition
of 66.74% at concentration 100 µg/ml. The results obtained clearly
suggest that the methanol extract of S. glauca is capable of effectively
inhibiting the α-amylase activity. The IC50 value of the test and standard
was found to be 19.08 µg/ml and 9.08 µg/ml. The test sample is found
to be less potent than standard acarbose.

The results obtained clearly suggested that methanolic extract of
S. glauca capable of effectively inhibiting the alpha-amylase activity in
a dose-dependent manner. The level of inhibition of glucose movement
by the test extract was compared with the standard Acarbose at
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various intervals of time. Glucose diffusion was studied using the
dialysis membrane method. The methanolic extract showed maximum
inhibitory activity for alpha-glucosidase (68.33% and 70.03%) at
400 µg/ml in a concentration-dependent manner. Acarbose showed
74.86% and 77.26% inhibition for alpha-glucosidase at 400 µg/ml.
The methanolic extract of S. glauca showed a significant amount of
inhibition of glucose across a dialysis membrane.

This made a proper attempt to isolate the active principles from
S. glauca bark which might help in the verdicts of new lead compounds
in the field of anti-inflammatory and antidiabetic drug research after
the widespread investigation on bioactivity, mechanism of action,
pharmacotherapeutics, toxicity, and after proper standardization and
clinical trials.
CONCLUSION

In the present study, results indicate that the methanolic extract of
S. glauca possesses both anti-inflammatory and antidiabetic properties.
These activities may be due to the occurrence of polyphenolic compounds
such as alkaloids, terpenoids, flavonoids, tannins, and phenols. The
present findings suggest that the methanolic extract of S. glauca showed
a significant inhibitory effect on alpha-amylase and glucose diffusion in
vitro, thus authenticating the antidiabetic activity and the extract fractions
repressed the heat-induced albumin denaturation and stabilized the
RBCs membrane hence possess significant anti-inflammatory. The
scientific validation of numerous plant species has proved the efficacy of
the botanicals in the management of diabetes and inflammatory activity
through various mechanisms. Bioactive compounds have much less side
effects and are thus being preferred over synthetic drugs in our modern
health-care system. Thus, there is need to analyze various medicinal
plants which can be effectively used for the control and treatment of
diabetes and inflammation. Further studies need to be done on isolating
the bio-active compound accountable for these activities. Consequently,
there is a tapping need to search and develop new herbal formulations
and nutraceuticals from natural resources for the treatment of diabetes
and inflammation. The study of this type of herbal medicines might offer a
natural key to reveal diabetic and inflammatory pharmacies in the future.
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