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ABSTRACT

The present work includes extraction of Betula alnoides bark using ethyl acetate as a solvent,
preliminary phytochemical test, quantification of phytochemicals and quantification of lupeol in Betula
alnoides by High Performance Thin Layer Chromatography (HPTLC) instrument along with the
assessment of the antimicrobial potential of Ethyl Acetate Extract (EAE). The marc obtained after
defatting of the coarsely powdered crude drug in Petroleum ether (60-80) was extracted using ethyl
acetate. Afterward, preliminary phytochemical tests were done. For High Performance Thin Layer
Chromatography (HPTLC), the solvent used was n-hexane: ethyl acetate (8:2 v/v) and scanning
was performed at wavelength 254 nm. EAE was screened for antimicrobial potential. The extraction
yield was 3.45% w/w. The result of the phytochemical analysis confirmed the presence of some
important phytochemicals in EAE. A clear and resolved peak of lupeol was observed at R, 0.61.
The developed method was validated as per ICH guidelines. The concentration (%) of the marker
compound (lupeol) was found to be 0.0168. Disk diffusion method using Staphylococcus aureus,
Pseudomonas aeruginosa and Bacillus subtilis as bacterial strains and Candida albicans, Aspergillus
flavus and Epidermophyton floccosum as fungal strains against ciprofloxacin (for antibacterial activity)
and fluconazole (for antifungal activity) as standard drugs was employed. The finding suggested
that EAE possess significant antibacterial and antifungal activity when comparison was made with
standard drugs. The proposed elucidated mechanism behind this action may be due to the presence
of triterpenoids in Ethyl Acetate Extract.
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INTRODUCTION About 70 to 90% of humans still rely on traditional

remedies to treat the common and uncommon

The herbs containing active ingredientsare  diseases®. In the presentera, herbal medicines

used for the treatment of various ailments’. Herbs  are more preferred over synthetic medicine due to
are used traditionally in numerous medicinal system  increased side effects of synthetic medicine. The
due to their proven beneficial effects on humans?.  literature available on herbal medicine suggest

This is an Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC- BY). @
Published by Oriental Scientific Publishing Company © 2018




KHAN et al., Orient. J. Chem., Vol. 37(2), 426-432 (2021)

that there are number of herbs which have enough
potential to inhibit bacterial growth.

Among various commonly used medicinal
trees, Betula alnoides is commonly used and a
choice of preference to treat various ailments.
Betula alnoides (family Betulaceae) is an indigenous
medicinal plant known as Indian birch. The genus
Betula comprises more than 35 scientifically
recognized species out of which Betula alnoides
is geographically indigenous to the Himalayan
region of India and is also found in Myanmar,
Thailand and Southern China“. In the traditional
system of medicine, the bark of this plant is used as
anthelmintic, epileptic, anti-inflammatory, antioxidant,
antimicrobial, heart stimulant, carminativum and
antipyretic (Fig. 1). The paste of the bark of the Betula
alnoides is also used traditionally to heal numerous
skin problems. It is a decorative tree with attractive
cluster of small flowers. Inflorescences are having
two/three flowering cymes. In India, Betula alnoides
is used traditionally to treat microfractures, after birth
pain, pain in joints and ligament tearing. Various
phytochemical constituents which has been reported
in Betula alnoides includes quercetin, taraxeryl
acetate, oleanolic acid, betulin, betulinic acid and
taraxerone etc. Betula alnoides can be cultivated
easily on the land with little agricultural value®®7#9,
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Fig. 1. Different pharmacological activities of
Betula alnoides bark
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In order to identify the phytochemicals
qualitatively and quantitatively, analytical techniques
including HPTLC is employed commonly®. HPTLC is
one of the accurate techniques for the development of
fingerprint and marker-based drug standardization™.
HPTLC technique is generally used for identification,
purity testing, stability and content uniformity of herbs
and their formulations™. Lupeol is one of important
phytoconstituent which is of great importance to
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inhibit the bacterial and fungal growth. Therefore,
keeping in view this fact that lupeol as important
phytoconstituents of Betula alnoides, HPTLC method
was developed, validated and then quantified. The
literature review concludes that till date antimicrobial
activity has not been explore till date scientifically.
Therefore, emphasis was laid to screen their
unimportant activity of Betula alnoides.

MATERIALS AND METHODS

Plant Collection and Authentication

Betula alnoides bark was collected from the
mountains of the village, Chitkul (a village in Kinnaur
district of Himachal Pradesh), India. The authentication
of the plant part was performed by Scientist in charge,
NISCAIR, Delhi vide reference number NISCAR/
RHMD/Consult/2019/3529-30. The authentication
specimen is preserved for further reference.

Chemical and Solvents

Analytical-grade chemicals and solvents
were used. Chemicals and standard drugs
(Ciprofloxacin and Fluconazole) were procured from
CDH (P) Ltd., Delhi, India. Lupeol as the reference
standard (Purity: 99.91%) was availed from Sigma-
Co., USA. Ciprofloxacin and Fluconazole, were
purchased from CDH (P) Ltd., Delhi, India.

Plant Extraction

After the collection of bark, it was first
dried in shade for two days and then cut into smaller
pieces, crushed to coarse powder. After defatting in
petroleum ether (60-80), it was further subjected to
extraction in ethyl acetate. Extraction was done in
Soxhlet apparatus'®. The extract was dried using the
vacuum-dryer. Extraction yield and other physical
parameters are presented in Table 1.

Screening of Phyto-chemicals

Experimental autoimmune encepha-
lomyelitis was subjected to phyto-chemical tests with
an aim to identify the secondary metabolites present
in EAE using standard procedures™.

Quantitative Estimation of Phytochemicals
Quantitative estimation of phytochemicals

was done to estimate the amount of various

phytoconstituents using standard procedures'.

HPTLC Analysis
Standard stock solution of lupeol was
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prepared by dissolving lupeol (3 mg) in 25 mL ethyl
acetate in a volumetric flask. In order to obtain the
line equation and standard curve, the lupeol (1-10
pl) concentrated sample was marked on already
prepared TLC plates. Dried EAE was added in 10 mL
ethyl acetate and 20 pl solution of EAE was placed
on TLC plate. Silica gel plates were employed in the
present study. The solvent n-hexane and ethyl acetate
in the ratio of 8:2 were used as mobile phase. The
plates were treated with 10 mL stannous chloride in
chloroform (40 mL) and glacial acetic acid (40 mL).
UV-light was used for the observation of TLC plates.
Reddish-brown fluorescence was observed.

HPTLC plate (20 cm x 10 cm consists
glass supported) precoated by Silica gel G (60F254)
plates was employed in the present investigation.
The Linomat V autosampler (Camag) was used for
spotting purpose. A Microsyringe of 100 pl capacity
(Hamilton) and WIinCAT software was used in the
present analytical study. Two-hour time was used for
saturation of the mobile phase tank. EAE was applied
on the TLC plate and the plate was developed in
n-hexane: ethyl acetate (8:2 v/v). Drying of plates
was performed in the air. The plates were scanned
at 254 nm. The R, values were recorded.

Method Validation

In order to validate the developed method,
ICH guidelines were followed (ICH 2005). A graph
was plotted between peak area versus amount
applied. The calibration curve for lupeol was obtained.
ICH guidelines were followed to determine LOD and
LOQ. By repeated analysis of lupeol, interday and
intraday precision study was also performed.

Microorganisms

Bacterial strains including Staphylococcus
aureus[ATCC 25923 (Gram-positive)], Pseudomonas
aeruginosa [ATCC 27 (Gram-negative)] and
Bacillus subtilis [MTCC 441 (Gram-positive)] were
employed for antibacterial activity. Fungal strains like
Aspergillus flavus [MTCC 1344], Candida albicans
[MTCC 227] and Epidermophyton floccosum 73/01
were employed for antifungal activity.

Antimicrobial Activity of EAE

Employing the disc diffusion method,
antibacterial activity was screened. In this
method, the Petri plates were made ready for an
experimental procedure using 20 mL of sterile
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MHA (Mueller-Hilton Agar) for bacterial strains
and 20 mL of Sabouraud Dextrose Agar (SDA)
for fungal strains. For the determination of zone
of inhibition (ZOl), ciprofloxacin (antibacterial) and
fluconazole (antifungal) were used as standards.
The 100 pl of log cultures of all the bacteria
(adjusted to 1 MacFarland Unit) were spread
using inoculum on sterile MHA plates and then by
placing the discs having 10 pl of different dilutions
with concentration (50-1000 pg/mL). The disc
was loaded with 10 pl of solvent (in physiological
buffer solution) in a way that extract can diffuse
the medium. The single disc was loaded with the
only solvent which was marked as vehicle control
and a ciprofloxacin disc (30 pg) was marked as a
positive control. Incubation was done at 37°C, 24
h for bacterial strains. For fungal strains, 48 h at
27°C temp was used. Zones created around the
discs were recorded in millimeters. Antibacterial
activity was assessed by measuring the diameter
of ZOI around the discs. Assay was repeated
thrice. Antibacterial activity was expressed as
the mean ZOI diameters (mm) produced by the
Experimental autoimmune encephalomyelitis?®.

Minimum Inhibitory Concentrations (MIC) and
Minimum Bactericidal Concentrations (MBC)
of EAE"®

Minimum Inhibitory Concentrations is
expressed as the minimum concentration of active
ingredient, which prevent the growth of microbes
after 24 h of incubation. Various concentrations
of the EAE used (50, 100, 250, 500 and 1000 pg/
mL) were loaded on sterilized filter paper discs of
diameter 8 mm. MHA medium was added to sterile
petri plates, then cultured through suspensions of
bacterial strains. On the top surface of MHA plates,
EAE in different concentration on filter paper disc
was kept. MHA plates were kept in the refrigerator at
5°C for time period of 2 hours. Afterward, incubation
was done at 35°C for 24 hours. The ZOIl was noted
for EAE concentration.

Streaks were considered from the two
lowest concentrations of the EAE plates, having
nonvisible growth and subculturing was done on
sterile plates. Tryptone soya agar-based plate were
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used for subculturing. The Tryptone soya agar-based
plates were subjected to incubation at 35°C for 24
h and further observed for the growth of bacteria in
comparison with concentration of EAE. MBC for EAE
is considered as concentration of extract on which,
bacterial growth is not exhibited"”.
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RESULT AND DISCUSSION

Extraction Yield

The extraction of bark was done in ethyl
acetate after defatting in petroleum ether (60-80°C).
The extraction yield and physical parameters are
presented in Table 1.

Table 1: Extraction yield and physical parameters of Betula alnoides bark extract

S. no. Solvent

Extraction yield (% w/w)

Color Physical Appearance

1 Ethyl acetate

3.45 £ 0.21

Light cream Coarse powder

Preliminary Phytochemical Screening

Standard procedure was employed to
screen the presence of phytochemicals. The
preliminary screening of phytochemicals confirmed
the presence of triterpenoids, flavonoids, saponin,
proteins and carbohydrates in the Experimental
autoimmune encephalomyelitis.

Quantification of Secondary Metabolites

The observation of phyto-chemicals
quantification confirmed the availability of triterpenoid
in the highest concentration in EAE (Table 2). The
alkaloids were nil however next least concentration
of saponins was observed.

Table 2: Quantification of secondary
metabolites in EAE

Secondary Metabolites Quantity (mg/100g)

Alkaloids -
Saponins 5.44 + 0.42
Carbohydrates 6.37+0.22
Triterpenoid 20.65+0.04

Quantification by HPTLC Densitometry

The current work is the first report of
quantification of lupeol by HPTLC study in Betula
alnoides. The HPTLC densitometric chromatogram
of lupeol in EAE is presented in Fig. 2 and Fig. 3.
The peaks resolving at R, 0.61 in the test solution
were found to be superimposable with the bands
obtained for lupeol as standards.
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Fig. 2. HPTLC densitometric chromatogram of reference

standards Lupeol (at 254 nm)
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Fig. 3. HPTLC densitometric chromatogram of EAE of
Betula alnoides bark scanned at 254 nm

The calibration curve was draw using
different concentrations of lupeol reference standard
and a line equation was established. The calibration
curve drawn was linear in the range of 200-1000 ng.
The correlation coefficient for the line equation was
found to be 0.9981 Table 3.

Relative Standard Deviation (RSD) was
found to be in the range of 0.342-0.874% for
lupeol. The interday and intraday precision study
was performed. The findings suggested that
method is précised.

The study revealed that LOD and
LOQ were 32.69 and 101.33 ng/spot for lupeol.
%Recovery of lupeol was found to be in the range
of 98.38+0.22, which exhibited the reproducibility
and acceptability of the method. The outcome of the
method validation parameter study is presented in
Table 3, 4, 5 and 6. The method validation study
was done in triplicate and it was found to be reliable,
accurate and appropriate. Therefore, the current
HPTLC method is proved as an easy, fast and
accurate method for lupeol quantification from the
bark of Betula alnoides.
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Table 3: Method validation parameter
Compound Regression equation Correlation coefficient (R?) Linear range ng/spot LOD (ng/spot) LOQ (ng/spot)
Lupeol y =2.345x +301.8 0.9981 200-1000 32.69 101.33
Table 4: Intraday and interday precisions (n = 6)
Compound Concentration(ng/band) Intra-day RSD for peak area (%) Inter-day RSD for peak area (%)
Lupeol 200 0.566 0.674
400 0.874 0.580
600 0.342 0.887

Table 5: Accuracy study (% recovery) of Lupeol
(n=3)

Compound Extract % Recovery (average of three replicates)

+ SEM

Lupeol EAE 98.38+0.22

The content of lupeol in the bark of Betula alnoides was calculated
on the basis of area of the peak. The content was found to be
0.0168% in EAE

Table 6: Concentration (%) of marker
compound in EAE

Marker Concentration (%) in EAE

Lupeol 0.0168

Antimicrobial Activity

The EAE was subjected for evaluation
of the antibacterial and antifungal activity
against Staphylococcus aureus (Gram-positive),
Pseudomonas aeruginosa (Gram-negative)
and Bacillus subtilis (Gram-positive) bacterial
microorganisms and the fungi including Candida
albicans, Aspergillus flavus and Epidermophyton

floccosum'®. For the determination of ZOlI,
ciprofloxacin (antibacterial) and fluconazole
(antifungal) were taken as standards'. The ZOI
against the bacterial and fungal strains is tabulated
in Table 7 and presented in Fig. 4. The results
are expressed as diameters of ZOIl in mm (mean
+ SD; n=3). The ZOIl was found to be 37+1.29
mm, 41+1.26 mm and 24+1.81 mm against
Staphylococcus aureus, Pseudomonas aeruginosa
and Bacillus subtilis respectively and for antifungal
activity 13+1.22 mm, 16+1.26 mm and 11+1.02 mm
against Candida albicans, Aspergillus flavus and
Epidermophyton floccosum respectively at 1000 pg/
mL concentration. On the basis of ZOI (mean), it was
noticed that Betula alnoides bark extract possess
antibacterial and antifungal activity in a concentration
dependent fashion. The findings of present study
concluded that EAE is capable to exhibit significant
antimicrobial activity, when compared with standard
drug ciprofloxacin and fluconazole.

Table 7: Antimicrobial screening test of EAE against some bacterial and fungal strains

Drug/Extract (Concentration in pg/mL) ZOl in mm (n=3)
Sa Bs Ca Af Ef
Ciprofloxacin(30) 40+1.20 45+1.84 28+1.28 - - -
Fluconazole(25) - - - 15+1.05 17+1.84 12+0.92
EAE 50 4+1.42 6+1.62 3+1.42 4+1.40 5+1.62 4+1.02
EAE 100 9+1.62 10+1.92 6+1.80 6+1.01 8+1.92 7+0.84
EAE 250 18+1.22 20+1.88 15+1.34 9+1.32 11+1.88 9+0.92
EAE 500 25+1.37 29+1.64 19+1.21 10+1.30 13+1.64 10+0.90
EAE 1000 37+1.29 41+1.26 24+1.81 13+1.22 16+1.26 11+1.02

Sa: Staphylococcus aureus, Pa: Pseudomonas aeruginosa, Bs: Bacillus subtilis, Ca: Candida albicans, Af: Aspergillus flavus,
Ef: Epidermophyton floccosum. Data are means of three replicates (n = 3) + standard error

The MIC is the minimum concentration
of any antimicrobial agent which is bacteriostatic
in nature. MIC is employed to assess the growth
of bacteria prevented. The antimicrobial efficacy
of the extract was evaluated by MIC?. The lowest
concentration of an antibacterial agent that kills
99.9% of the bacterial drug inoculum over an
extended period of time, under some specific lab
conditions is known as MBC?'. Finding of MIC

and MBC of EAE is presented in Table 8. Results
showed that MIC values were 310 pg/mL, 140 pg/
mL, and 220 pg/mL, MBC values were 2000 pg/
mL, 1260 pg/mL and 1898 pg/mL and Equivalent
ratio of MBC/MIC was found to be 6.5, 9.0 and
8.6 for Staphylococcus aureus, Pseudomonas
aeruginosa and Bacillus subtilis respectively. For
fungal strains, the MIC values were 120 pg/mL,
60 pg/mL, 128 pg/mL and MBC values were 440
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pg/mL, 168 pg/mL, 467 pg/mL with equivalent
ratio of MBC/MIC of 3.6, 2.8, 3.6 for Candida
albicans, Aspergillus flavus and Epidermophyton
floccosum respectively. Previous researchers
have reported that, if the ratio of MBC/MIC is
lower than or equal to 4, the test material may be
considered bactericidal/fungicidal; in contrast, if
this ratio is higher than 4, the extract is considered
bacteriostatic/fungistatic?. In present study, the
MBC/MIC ratio was more than 4 for bacterial strains
and less than 4 for tested fungal strains. Therefore,
it can be concluded that the tested plant extract
(EAE) is bacteriostatic and fungicidal in nature.
The phytochemical study revealed the presence
of the significant amount of triterpenoids. In a
previous study, triterpenoids are proven agents
for antimicrobial action. Therefore triterpenoids
(secondary metabolite) present in the EAE may be
responsible for the antimicrobial action.

Antibacterial-A1: Ciprofloxacin against Staphylococcus
aureus, B1: Ciprofloxacin against Pseudomonas aeruginosa,
C1: Ciprofloxacin against Bacillus subtilis; EAE (1000 pg/
ml) extract A2: against Staphylococcus aureus, B2: against
Pseudomonas aeruginosa and C2: against Bacillus subtilis
Antifungal-F1: Fluconazole against Candida albicans, F2:
Fluconazole against Aspergillus flavus, F3: Fluconazole
against Epidermophyton floccosum; EAE (1000 pg/ml) extract
F11: against Candida albicans, F22: against Aspergillus
flavus and F33: against Epidermophyton floccosum

Fig. 4. Inhibition effect of EAE of Betula alnoides bark
against the micro-organisms in disk-diffusion method

Table 8: MIC and MBC of EAE of Betula alnoides
bark Bacterial Strains

MIC(pg/mL) MBC(pg/mL) MBC/MIC

S. aureus 310 2000 6.5
P aeruginosa 140 1264 9.0
B. subtilis 220 1898 8.6
Fungal Strains

C. albicans 120 440 3.6
A. flavus 60 168 2.8
E. floccosum 128 467 3.6

CONCLUSION

The developed HPTLC method provided
reproducible results, accurate and précised findings.
The chromatogram of lupeol and EAE by direct
band comparison clearly confirmed the presence
of lupeol in the solvent system used in the analysis.
An accurate HPTLC method was developed for
the first time for the purpose of lupeol isolation.
The proposed and validated method may be used
for the quantification of lupeol from other extract
also. The significant antimicrobial activity may be
due to the presence of a triterpenoid (lupeol) as
the EAE possesses antimicrobial potential. In the
present study, antimicrobial evaluation of EAE of
Betula alnoides bark was performed. As per the
traditional claim mentioned in Ayurvedic literature,
Betula alnoides bark is used to treat various ailments
including sepsis. Using the In vitro antimicrobial
scientific model, EAE of Betula alnoides bark was
found to have potential to prevent the growth of Gram
(+) and Gram (-) bacteria strains in dose-dependent
manner. It was concluded that it may be used to treat
the bacterial and fungal-related problems.
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