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Therapeutic Potential of Alstonia scholaris Latex in
the Management of Inflammatory Diseases: An in vitro

Approach
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ABSTRACT

Background: The different parts of Alstonia scholaris (AS) viz. leaf, bark root, and latex are used
traditionally to treat pain, swelling, stiffness, immune deficiency, malaria, ulcer, and arthritis. The
traditional healers in Dhemaiji district of Assam prescribe raw AS latex for topical treatment of
inflammatory diseases. The unique feature of this study is that the AS latex has been evaluated
scientifically for the first time for its anti-inflammatory properties. Objectives: The present
investigation evaluates the anti-inflammatory potential of the AS latex in arthritis using in vitro
assays. Materials and Methods: Anti-arthritic potential of AS latex was evaluated using in vitro
assays of bovine serum albumin (BSA) denaturation, egg albumin denaturation, and human
red blood cell (HRBC) membrane stabilization. Results: It was observed that the standard
diclofenac sodium and the AS latex showed good anti-arthritic potential. In BSA denaturation
method, the latex, and diclofenac sodium showed 71.59% and 85.23% inhibition of proteinase
enzyme at 250 pg/mL, respectively. In the egg albumin denaturation method, the latex, and
standard showed the maximum percentage of inhibition of protein denaturation of 70.42%
and 81.32%, respectively, at 250 pg/mL. In the HRBC membrane stabilization model, the latex
produced considerable anti-arthritic potential in a concentration—-dependent manner. At 250 pg/
mL in hypotonic solution, latex, and diclofenac sodium showed 68.77% and 72.12% membrane
stabilization, respectively. Conclusion: The present investigation proved the antiarthritic activity
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of AS latex. It may also be used in the management of other inflammatory diseases.
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INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune and inflammatory
disease. It involves the joints and can damage the joints, cartilage,
and nearby bone.! Approximately 1% of the World’s population
gets affected by arthritis, especially elderly people. The most
important symptoms are pain, swelling, stiffness of joints, and
loss of bodily movements. The prime cause of this destructive
disease is unknown. However, some genetic, and external factors
trigger autoimmune reactions in the body, which directly develop
arthritic conditions in the patients. The disease-modifying
anti-rheumatic drugs (DMRDs) are the most prescribed
treatment once a patient is diagnosed with rheumatoid arthritis.
The pain and stiffness in joints of patients with rheumatoid
arthritis are generally controlled and modified using a drug
regimen of steroidal or non-steroidal anti-inflammatory drugs
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that persistently persuades harmful consequences. The treatments
of rheumatoid arthritis are also quite expensive, which creates a
financial burden upon patients.*! Thus, traditionally used herbs
by folklore practitioners have strained the attention of researchers
around the globe to find an effective, and safe alternative
treatment of inflammatory diseases. Herbal medicines reduce the
instance of diseases and also uplift the quality of life.

Alstonia scholaris (AS) (Family: Apocynaceae) is commonly
known as the Devil's tree or Dita Bark tree. The different
parts of AS viz. leaf, stem, root, and flowers are widely used in
folklore practices by traditional healers. Since long time, some
communities people of Assam like Missing, Tiwa, Rabha use AS in
the management of inflammatory diseases.™! This is an evergreen
plant and is very popular among the tribal populations for its
various medicinal values. It grows in the plain area and mountain
rainforests of India.”! Alstonia scholaris is rich in different types
of bioactive constituents like alkaloids, flavonoids, and phenolic
acids.”! So far, various in vitro and in vivo pharmacological
screenings have been reported on this species. The parts of AS
have various medicinal properties like antimicrobial, antiamoebic,
antidiarrheal,  antihypertensive,  antimalarial,  febrifuge,
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stimulant, hepatoprotective, immunomodulatory, anti-cancer,
antiasthmatic,
anti-fertility, anti-diabetic.**) Amongst them, antimicrobial,
anticancer, anti-arthritic, anti-inflammatory, and antiulcer
activities were found to be promising."” S. Arulmozhi et al, 2014
reported that Alstonia scholaris is a promising medicinal plant,
and is used in the treatment of various diseases including arthritis
in folklore medicine."" It has been observed from different studies
on AS that the anti-inflammatory and anti-arthritic bioactivity
of this plant is because of the presence of various alkaloids and
flavonoids.[1>14

antioxidant, analgesic, anti-inflammatory,

Latex is a milky fluid found in 10% of angiosperms. It is mainly a
complex emulsion consisting of proteins, alkaloids, starch, sugar,
oils, tannins, and resins. Latex is generally sticky, milky substance
that colloids after drew oft by making an incision in the bark of
the plant.

In a field survey in the District of Dhemaji, Assam (India), it
was found that the tribal people use the raw latex of Alstonia
scholaris as a topical lotion in the management of arthritis,
and inflammations. This traditional practice was taken into
consideration for scientific exploration and the present study
was designed to screen the latex for its anti-arthritic and
anti-inflammatory potential using in vitro assays. To date, various
parts of AS have been studied scientifically for anti-inflammatory,
and anti-arthritic activities except for its latex.

MATERIALS AND METHODS

Collection of Plant Latex

The fresh latex of A. scholaris plant was collected in the month
of November 2020 from Dhemaji district in Assam, India
(94° 12" 18" E and 27° 05' 27" N) at an altitude of 104 meters.
The botanical identification of the plant was confirmed by the
Department of Herbal Science and Technology, Annadaram
Dhekial Phookan College (affiliated to Gauhati University,
Guwabhati), Nagaon, Assam, where a herbarium was deposited
(herbarium number AS/HST/1031). A stainless—steel knife was
used to make a longitudinal incision of 4-6 cm length on the bark
of the plant and the droplets of latex were allowed to run down
and drip into the sterilized container (Figure 1). Upon incision,
the resultant latex was collected in sterilized test tubes for further
studies of durability, solubility, and pH. Latex was stored at 4°C
in the refrigerator until used. The pH of the latex was determined
immediately using narrow-range indicator paper and confirmed
by a pH meter in the laboratory.

Drugs and Chemicals

Diclofenac sodium, Bovine Serum Albumin (BSA), Di-potassium
hydrogen phosphate (K,HPO,), and Potassium di-hydrogen
phosphate (KH,PO,) were procured from Sigma Aldrich Co., St.
Louis, USA. All other compounds used for the investigation were
freshly prepared and of analytical grade.
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Solubility test of Latex

A solubility test for the latex was conducted with hexane,
chloroform, methanol, petroleum ether, ethanol, and water. For
the solubility test, 1 mL of latex was dissolved in 2 mL of solvents.

In vitro Anti-arthritic Screening

The in vitro antiarthritic screening of crude latex was performed
using three methods viz. BSA denaturation method, Egg albumin
denaturation method, and Human Red Blood cell (HRBC)
membrane stabilizing assay.

BSA Denaturation Method

Effect of AS latex on heat-induced BSA denaturation was
investigated using a method described by S. Chandra et al 2012.1"%)
The reaction mixtures were composed of varying concentrations
(50, 100, 150, 200, and 250 pg/mL) of AS latex or reference drug
diclofenac sodium (2-[(2,6 dichlorophenyl)amino] benzene
acetic acid sodium salt), 1% w/v BSA and phosphate buffered
saline (PBS, pH 6.4). The PBS was used as control. The reaction
mixtures were incubated at 37°C for 20 min. Subsequently, the
temperature was increased to maintain the samples at 70°C for 5
min. After cooling, turbidity was measured at 660 nm usinga UV-
Visible spectrophotometer (Schimadzu Double Beam UV-2600,
Japan). The control embodies 100% protein denaturation. Each
test was repeated thrice and the mean absorbance was recorded.
The percentage inhibition of BSA denaturation was calculated as
stated below:

% inhibition of BSA denaturation = 100 x [VtV;CVC]
Where, Vt = absorbance of the test sample, Vc = absorbance of
control

Egg Albumin Denaturation Assay'®

In this method, fresh eggs of hen were collected from the
local market in Dibrugarh Assam. The reaction mixtures were
composed of 0.2 mL of egg albumin, 2.8 mL of phosphate
buffer solution (pH 6.4) and 2 mL of varying concentrations
(50, 100, 150, 200, and 250 pg/mL) of AS latex. Here, 5 mL of
double distilled water was taken as control. The mixtures were
then incubated at 37 + 2°C for 15 min and subsequently kept
at 65°C for ten minutes. After cooling, their absorbances were
measured at 660 nm using a UV-Visible spectrophotometer
(Schimadzu Double Beam UV-2600, Japan). Diclofenac sodium
at 50, 100, 150, 200, and 250 pg/mL was used as the reference
drug and treated similarly for the determination of absorbances.
The percentage inhibition of protein denaturation was calculated
using the following formula:

Vi_

% inhibition of egg albumin denaturation = 100 X [VC

Where, Vt = Absorbance of the test sample, Vc = Absorbance
of control.
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Table 1: Nature of collected latex of A. scholaris.

Color
Milky white

SI. No. Sample
1. Latex

Solubility
Soluble in Water

HRBC Membrane Stabilizing Method

Preparation of blood samples for membrane stabilization
assays

The HRBC membrane stabilization method (M. Saleem et al 2011
and S. Parvin et al 2015) was used to investigate the anti-arthritic
and anti-inflammatory potential of A. scholaris latex.'”*! The
blood sample was collected from a healthy human volunteer
who had not taken any Non-steroidal anti-inflammatory drugs
(NSAIDs) for 2 weeks prior to the experiment. Prior consent was
taken from the blood donator. The blood sample was mixed with
equal volume of Alsever solution (2% dextrose, 0.8% sodium
citrate, 0.5% citric acid and 0.42% NaCl). The collected blood
samples were kept in a refrigerator at 4°C for 24 hours before
use. Then, it was centrifuged at 2500 rpm for 5 min, and the
supernatant was removed. The cell suspension was cleaned with
sterile saline solution (0.9 % w/v NaCl) and centrifuged at 2500
rpm for 5 min. The cleaning process was repeated three times till
the supernatant becomes clear and colorless and the packed cell
volume was measured. The cellular component was reconstituted
to a 40 % suspension (v/v) with phosphate buffered saline (10
mM, pH 7.4) and was used in the assay.

Hypotonicity-induced haemolysis

Various concentration (50, 100, 150, 200, and 250 pg/mL) of latex
were prepared using distilled water. To each concentration, 1
ml of phosphate buffer, 2 ml of hypotonic saline, and 0.5 ml of
HRBC suspension were added. The prepared reaction mixtures
were incubated at 37°C for 30 min and centrifuged at 3000 rpm
for 20 min. The hemoglobin content of the supernatant solution
was estimated spectrophotometrically at 560 nm using a UV-
Visible spectrophotometer (Schimadzu Double Beam UV-2600,
Japan). Diclofenac sodium at different concentrations (50, 100,
150, 200, and 250 pg/mL) was used as reference standard. The
percentage inhibition of haemolysis or membrane stabilization
was calculated using the following formula:

(ODt — ODc)]

% inhibition of haemolysis = 100 X [ ODc

Where, ODc= Optical density of hypotonic buffered saline
solution, ODt=Optical density of test sample in hypotonic
solution.

Statistical Analysis

The results were expressed as Mean+SEM (n=3). They were
analyzed by one-way ANOVA followed by Dunnets multiple
comparison test. The level of significance was set at p <0.05.
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Odor Consistency pH
Odorless Slightly sticky 6.8
RESULTS

Physico-chemical Analysis of Crude Latex of A.
scholaris

The nature of the latex (solubility, color, pH, and odor) is depicted
in Table 1.

In vitro Anti-arthritic Screening

The results of anti-arthritic activity of AS latex determined by the
BSA denaturation assay and egg albumin denaturation method
are shown in Figures 2 and 3, respectively. The results revealed
that the AS latex showed significant (p<0.05) amount of inhibition
of protein denturation when compared to standard diclofenac
sodium at the concentration of 250 ug/mL. The AS latex showed
71.59 £ 1.40 % of inhibition of BSA protein denaturation. On
the contrary, the standard diclofenac sodium showed 85.23+1.56
% inhibition of proteinase enzyme at 250 ug/mL (Figure 2). In
the egg albumin denaturation method, the latex, and diclofenac
sodium showed the maximum inhibition of 70.42 + 2.38 % and
81.32 * 1.92 %, respectively, at 250 pg/mL (Figure 3). In these
particular assays, it was found that the crude latex had significant
anti-inflammatory potency (p<0.05) when compared to the
standard drug in respect of inhibition of protein denaturation.
In the HRBC membrane stabilization assay, the latex showed
considerable anti-arthritic activity in a concentration-dependent
manner in the range of 50-250 ug/mL. In this in vitro study,
the absorbance of hemoglobin was noted. At the concentration
of 250 pg/mL, the latex showed 68.77+0.565% inhibition of
membrane hemolysis, where as the standard diclofenac sodium
exhibited 72.12+0.785% protection of HRBC membrane in

il

Figure 1: Crude latex collection.
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Figure 2: In vitro anti-arthritic activity of AS latex in BSA denaturation
method (n=3, Mean+ SEM).
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Figure 3: In vitro anti-arthritic activity of AS latex in egg albumin denaturation
method (n=3, Mean+ SEM).
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Figure 4: In vitro anti-arthritic activity of AS latex in the HRBC membrane
stabilizing method (n=3, Mean+ SEM).

a hypotonic solution (Figure 4). The AS lates showed almost
similar anti-inflammatory potency (p>0.05) when compared to

the standard drug in respect of HRBC membrane stabilization.

DISCUSSION

The AS latex was found to be odorless, whitish, and slightly sticky.
It was found to be partially soluble in methanol and chloroform.
It is soluble in water. The latex was screened for its anti-arthritic
activity using various in vitro assays viz. inhibition of protein
denaturation and HRBC membrane stabilization assays. Various
concentrations of AS latex were screened for anti-arthritic
potential using the protein denaturation method, where the latex

possessed anti-arthritic potential in a dose-dependent manner.
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During inflammatory reactions, the proteinase enzyme acts as
a very significant role in the expansion of tissue damage.'” In
the present study, the latex showed maximum inhibition of the
proteinase enzyme as equal to the inhibition caused by diclofenac
sodium (Figures 2, and 3). Due to the denaturation of protein
and membrane lysis action in certain arthritic and inflammatory
diseases, there might be an increase in the production of
autoantigens. The in vitro HRBC membrane stabilization assay
for anti-inflammatory and anti-arthritic screening becomes
very significant as the erythrocyte membrane is analogous to
the lysosomal membrane.*?!! Stabilization of the lysosomal
membrane is imperative in restraining the inflammatory
reactions by stopping the discharge of components like activated
neutrophils, bacterial enzymes, and proteases, which causes
additional tissue inflammation, and damage upon extracellular
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release. In arthritic and inflammatory conditions non-steroidal
anti-inflammatory drugs (NSAIDs) work either by inhibiting the
lysosomal enzyme or by alleviating the lysosomal membrane.!
The release of hemoglobin is due to the lysis of the erythrocyte
membrane. In this investigation of HRBC assay, the latex showed
a noteworthy anti-inflammatory response in a concentration—
dependent manner (Figure 4). The latex was found to be well
effective in stabilizing the lysosomal membrane when compared
to the standard drug.” Based on the results obtained from these
three in vitro anti-arthritic assays, it can be resolved that the
traditional claim of using AS latex in joint paints by elderly people
is true, and has scientific validation. The anti-arthritic effect of
AS latex might be due to the occurrence of phytoconstituents viz.
tannin and phenolic content, alkaloids, glycosides, flavonoids,
and steroids. When a phytoconstituent is capable of preventing
protein denaturation and lysosomal membrane stabilization, it
could be considered as an anti-arthritic, and anti-inflammatory
drug.!

CONCLUSION

Alstonia scholaris (Devil's tree) is widespread in India,
especially in Assam. This plant has significant traditional uses
for its anti-inflammatory, anti-arthritic, antiulcer, anticancer,
antioxidant activity. The present investigation confirms that the
AS latex have good potential for inhibition of protein denaturation
and significant membrane stabilizing properties. Thus, it justifies
the traditional claim of using AS latex as an anti-arthritic drug.
Further in vivo studies and molecular mechanisms involved in
the antiarthritic activity of the latex are warranted to develop it as
an alternative herbal therapy in the management of arthritis and
other inflammatory diseases.
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SUMMARY

Alstonia scholaris (AS) isa very popular and widely used medicinal
plant in the Indian subcontinent. The different parts of this plant
viz. leaf, bark root, and latex are in folklore used since Ayurvedic
times. This plant is having traditional claims of curing pain,
swelling, stiffness, immune deficiency, malaria, ulcer, cancer,
fever, and arthritis. The AS latex was screened for its antiarthritic
and anti-inflammatory properties, which is backed by traditional
claims in the Dhemaji district of Assam, India. In vitro assays viz.
BSA denaturation, egg albumin denaturation, and human red
blood cell (HRBC) membrane stabilization were carried out to
determine the anti-arthritic, and anti-inflammatory properties
of AS latex. It was observed that the standard diclofenac sodium
and the AS latex showed good anti-arthritic anti-inflammatory
potential. In the HRBC membrane stabilization model, the latex
produced good protection of the HRBC membrane stability in
a hypotonic solution. The findings of this study give a scientific
base to the traditional claim of using AS latex in the management
of arthritic and other inflammatory symptoms. Considering the
findings and results of in vitro studies, the latex could be subjected
to in vivo studies along with chemical characterization, and
molecular docking studies to validate its use as an anti-arthritic
drug.
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