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The present study focuses on the efficiency of high-performance thin layer chromatography and gas
chromatography-mass spectrometry analysis in qualitative and quantitative analysis of triterpenoid from
the terpene fraction of hexane extract of Simarouba glauca leaves. The total terpenoid content of the
hexane extract was assessed which shows that 73.69 % of the extract content is terpenoid. The terpene
fraction extracted in petroleum ether from the hexane extract of Simarouba glauca leaves was subjected
to gas chromatography-mass spectrometry and high-performance thin layer chromatography analysis.
Gas chromatography-mass spectrometry analysis results indicated seventeen compounds out of which
only one was triterpene (Squalene an important bioactive triterpenoid). In high-performance thin layer
chromatography the separation was achieved by using hexane:ethyl acetate in a 5:5 proportion as mobile
phase and anisaldehyde sulphuric acid reagent was used for derivatization which imparted violet color
to the triterpenoid containing bands. Detection and quantification of betulinic acid and other triterpenes
was done by densitometric scanning at 525 nm. Betulinic acid produced compact spots at Rf 0.66. Linear
range of betulinic acid was prepared using concentrations 1-7 pg/spot with a correlation coefficient R2
and standard deviation of 0.96004 %=19.68 % respectively. The results indicated the presence of 10
triterpenoids showing different Rf values including betulinic acid. This study confirmed the presence of

betulinic acid in the terpene fraction of the hexane extract of Simarouba glauca leaves.
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Simarouba glauca (S. glauca) DC. also known as
paradise tree or bitter wood, is an evergreen small
to medium sized and shade tolerant tree. It is well
known for its medicinal properties and is used as a
traditional medicine in different parts of the world.
The leaves and bark are used in the treatment of
various diseases. Lakshmi et al.' reported the in
vitro antibacterial, anti-oxidant, hemolytic and
thrombolytic activities of S. glauca. Researchers
have discovered a range of medicinally active
compound in the plant. The leaf extracts have shown
anticancer properties against different cancer
cell lines like T lymphoblast (MOLT-3), human
immortalised myelogenous leukemia (K-562),
erythroleukemia (KG-1) and human urinary bladder
(T-24) cell lines?3!. Rivero-Cruz et al.™ isolated
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acid, high-performance

thin layer chromatography,

four alkaloid derivatives from S. glauca having
cytotoxic activity against human colon cancer,
human oral epidermoid cancer, human hormone-
dependent prostate cancer and human lung cancer
cells. But the major groups of compounds which
contribute to the anticancer properties of S. glauca
were identified as triterpenes and their derivatives
known as quassinoids. Tricaproin isolated from
this plant inhibits the growth of human colorectal
carcinoma cell lines by targeting class I histone
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deacetylasel!.

The quassinoids shows strong anticancer property.
The identified phytochemicals include glaucarubol,
glaucarubinone, scopoletin, canthin-6-one,
squalene, tricaproin etc. which possess various
biological activities and many of which have been
patented®!'%, Recent works have reported and
isolated many different triterpenes from various
parts of S. glauca but the presence of betulinic acid
which is a well-known triterpene having various
biological activities is not yet reported from this
plant. Betulinic acid is a pentacyclic triterpene
acid which is found in the bark of various species
of plants. As a natural compound it shows wide
range of pharmacological activities because of its
low toxicity which includes inhibition of Human
Immunodeficiency Virus (HIV), antibacterial,
antimalarial, anti-inflammatory and antioxidant
properties. Betulinic acid shows potent anti-
maturation activity against HIV-1"'!!, Fulda et a/.1'?
identified betulinic acid as a new cytotoxic agent
against neuroectodermal tumor cells including
neuroblastoma, medulloblastoma, glioblastoma
and Ewing’s sarcoma cells, which represent the
most common solid tumors of childhood. Park
et al. reported that the anticancer effect of
betulinic acid is mediated through reactive oxygen
species dependent cell cycle arrest and apoptosis.
Betulinic acid extracted from the leaves of Vitex

negundo demonstrated antibacterial activity
against Bacillus subtilis at a concentration of 1000
ug/disc with a zone of inhibition of 18.8 mm2'4,
In vitro antiplasmodial activity (half maximal
inhibitory concentration (IC,))) of the betulinic
acid was studied and isolated from the root
bark of the Tanzanian tree against chloroquine-
resistant (KI) and sensitive (T9-96) Plasmodium
falciparam were found to be 19.6 ug/ml and 25.9
ug/ml respectively!’s. Recio et al.l'9 reported
the analgesic and anti-inflammatory activity on
betulinic acid isolated from Diospyros leucomelas.
Zuco et al.'" studied the anticancer activity
of betulinic acid for selective tumor growth
inhibition without damaging the normal cells. The
present study was aimed to find out the qualitative
and quantitative detection of various classes of
triterpenes by using Gas Chromatography-Mass
Spectrometry (GC-MS) and High-Performance
Thin Layer Chromatography (HPTLC) with special
emphasize on betulinic acid.

MATERIALS AND METHODS

Plant collection:

The leaves of S. glauca were collected from College
junction, Kollam district (8°52°43** N latitude and
76°36°10”" E longitude) in the month of September
2018 as shown in fig. 1.

PMS
Latitude 8.878719 | 8°52'43"N

Decimal

Longitude 76.602984 | 76°36'10"E

Fig. 1: Photograph of S. glauca plant from which the leaves were collected
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Extraction in n-hexane:

All chemicals and solvents used were of analytical
grade and obtained from Nice® Chemicals Ltd. 30 g of
dried leaf powder was subjected to Soxhlet extraction
with 250 ml of hexane. Extraction was carried out for
9 cycles and temperature was maintained at 65°. The
color of the extract was dark green. The extract was
collected and cooled at room temperature filtered
through filter paper and poured in glass petri dishes
and then evaporated at 40° using hot air oven. Dried
extract was kept in desiccator for 2 d and stored at 5°
in airtight containers until further use.

Preparation of standard solution:

Betulinic acid was used as a standard both for
qualitative detection of triterpenes and for the
quantitative detection of the betulinic acid in the plant
extract using in HPTLC. For this purpose, Betulinic
acid >98 % high-performance liquid chromatography
grade was purchased from sigma and a 100 ug/ml
solution was prepared by transferring 0.1 mg of
accurately weighed betulinic acid into 1 ml ethyl
acetate and mixing it thoroughly.

Extraction and quantification of terpenes:

The total terpenoid was extracted using standard
protocol™. 100 mg of dried hexane extract was
taken and soaked in 9 ml of ethanol for 24 h. The
extract after filtration, was extracted with 10 ml of
petroleum ether using separating funnel. The ether
extract was separated in pre-weighed glass vials and
waited for its complete drying. Ether was evaporated
and the yield (%) of total terpenoids contents was
measured by the formula

Percentage yield=(wt.-wt /wt)x100
Where,

wt, represents initial weight of the dried plant extract
(100 mg) and wt_ weight of the terpene fraction left
after complete drying of ether. The dried terpenoid
fraction (0.24 g) was dissolved in 10 ml hexane and
used for GC-MS and HPTLC analysis.

Anisaldehyde-sulphuric acid reagent:

Place 170 ml of methanol in 200 ml glass bottle and
cooled it down in ice cube water bath. To the ice-cold
methanol, 20 ml of acetic acid and 10 ml of sulphuric
acid were added slowly and carefully and mixed
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well. Allow the mixture to cool to room temperature,
then added 1 ml of anisaldehyde.

GC-MS analysis of terpene extract:

The GC-MS analysis was carried out using a 7890A
Gas chromatograph equipped and coupled to a triple
axis mass detector, DB-5MS 30 mx0.250 mmx0.25
mm thickness capillary column. The instrument
was set to an initial temperature (oven temperature)
of 40° for 5 m. At the end of this period, the rate
of increase of temperature was 5°/min. Final
temperature maintained was 280° for 10 m, 3 ul of
sample was injected and the injector temperature
was maintained at 280°. For GC-MS detection an
electron ionization system with ionization energy 80
eV was used and helium was used as a carrier gas at a
constant flow rate of 1 ml/m and pressure 7.0699 psi.
The quantification of the components was based on
the total number of fragments of the metabolites as
detected by the mass spectrometer. The identification
of the chemical components was carried out based on
the Retention time (Rt) of each component compared
with those of the National Institute of Standards and
Technology 08 mass spectral libraries.

HPTLC analysis of terpene extract:

Chromatography conditions: Chromatography
was performed on a 10x10 c¢m reactivated HPTLC
Silica gel 60 F254 plates (Merck, Darmstadt,
Germany). 10 pl, 30 ul, 50 pl and 70 pl of the
samples and standard were separately applied to the
plate by spotting on HPTLC plate using automatic
TLC applicator Linomat-V with N, flow (CAMAG,
Switzerland), with a band width of 8 mm and 8 mm
from the bottom. Scanning was performed with
CAMAG scanner III at 525 nm with a speed of 20
mm/s. A slit dimension of 5x0.45 was employed.
Linear ascending development was carried out in
a 10x10 cm CAMAG twin glass tank pre-saturated
with the mobile phase at room temperature. 10 ml of
hexane:ethyl acetate in a 5:5 proportion was used for
chromatographic development.

Detection and quantification: After development,
plates were dried with a hair dryer and then derivatized
in 200 ml of anisaldehyde sulphuric acid reagent in
immersion device CAMAG and heated at 105° for
5 min. The concentration of betulinic acid present
per spot of the plant extract applied was calculated
from the standard curve obtained from the HPTLC
analysis.
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RESULTS AND DISCUSSION

The results indicated that terpenes are the most
dominant class of phytochemicals present in the
leaves of S. glauca. The terpene content determined
was 73.69 mg/100 mg which accounts for about
73.69 % of the total phytochemical content. The
GC-MS analysis results indicated the presence of
seventeen compounds out of which seven were
terpenes. The chromatogram represents the peaks of
detected compounds shown in fig. 2. Out of the seven
terpenes three sesquiterpenes, two monoterpenes, one
diterpene and one triterpene were identified (Table 1).
The Rt, compound name and molecular formula are
presented in Table 2U'°23]. The triterpenoid identified
in GC-MS analysis was squalene. Squalene is a very
important bioactive triterpenoid. Many steroids like
cholesterol are squalene derivatives. An entire class
of triterpenoids is represented as squalene group
many of which have important bioactivities. Studies
have suggested that squalene has a potential to
decrease fibrosis induced as a result of atherosclerotic
diet have been reversed by hydroxytyrosol and
squalene, natural products from the minor fraction
of virgin olive 0il*. Squalene has been shown to
have anti-oxidant activity in mammary epithelial
tumor cells?*. Studies have reported the anticancer
property of squalene®!. Ganbold et al.*" reported
a new amphiphilic squalene derivative improves
metabolism of adipocytes differentiated from diabetic
adipose-derived stem cells and prevents excessive
lipogenesis.

The chromatographic analysis after derivatization
with anisaldehyde sulfuric acid reagent showed the
presence of 10 bands in violet color with different
Retention factor (R,) values indicating the presence of
ten different compounds (fig. 3). Triterpenes produce
violet and blue color when treated with anisaldehyde
sulphuric acid reagent and heated at 105°(28], The

Abundance
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standard triterpene used here for validation was
betulinic acid which also developed a violet color.
Thus, ten different triterpenes were detected.
Quantitative analysis of the betulinic acid was done
by scanning the plates at 525 nm using CAMAG
TLC scanner 11l equipped with win-CATS-V 1.2.3
software (CAMAG). The identification of betulinic
acid was confirmed by superimposing the Ultraviolet
(UV) spectra of the samples and standards within
same R, 0.66 window (Table 3). A calibration curve
for betulinic acid was plotted with four known
standard concentrations 1 pg, 3 pg, 5 ug and 7 ug by
spotting 10 pl, 30 pl, 50 pl and 70 pl of the standard
solution on HPTLC plate respectively with a band
width of 8 mm. Each concentration peak area in the
plant extract was plotted against the concentration
of betulinic acid spotted or injected. The linear
regression of standard curve was determined with
R,=0.96004 %+19.68 % as shown in fig. 4.

The standard triterpene betulinic acid produced a
violet-colored band R, (0.66). All four concentrations
of plant extract showed the presence of spot at Rf
value 0.66 corresponding to betulinic acid. The results
clearly indicate the presence of betulinic acid in the
hexane extract of S. glauca leaves. The concentration
of betulinic acid obtained in 10-70 pl of the fraction
is provided in Table 4. The concentration of betulinic
acid did not show a steady increase with the increasing
concentration of the terpene fraction applied but the
presence was confirmed by the presence of the same
R, value 0.66 band corresponding to betulinic acid in
all the sample concentrations (fig. 5). As described,
triterpenes produce violet color after derivatization
with anisaldehyde sulphuric acid reagent followed
by heating so the other nine bands which produced
violet colour and showed absorbance at 525 nm
similar to betulinic acid were identified as triterpenes
as shown in fig. 628,
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Fig. 2: GC-MS chromatogram of terpene fraction extracted in petroleum ether from hexane extract of S. glauca leaves. The peaks

with their corresponding Rt are depicted in the chromatogram
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TABLE 1: THE PHYSICAL PROPERTIES OF THE COMPOUNDS DETECTED IN THE GC-MS ANALYSIS OF THE
TERPENE FRACTION OF S. glauca LEAVES

Sl. no Name of the compound Rt Molecular formula CAS No
1 Octane,2,7-dimethyl- 23.891 C,oH,, 1072-16-8
2 Decane,2,9-dimethyl- C,,Hy 1002-17-1
3 Octane, 3,5-dimethyl- 24.873 C,oH,, 15869-93-9
4 Undecane,4,7-dimethyl- C;Hy 17301-32-5
5 Dibutyl phthalate 31.415 C,H,,0, 84-74-2
6 1,2-Benzenedicarboxylic acid, butyl 2-methylpropyl ester C,H,0, 17851-53-5
7 Hexadecane,2,6,11,15-tetramethyl- 39.009 C,H, 504-44-9
8 Dodecane,2,6,11-trimethyl- C,H;, 31295-56-4
9 1,2-Benzenedicarboxylic acid, diisooctyl ester 45.362 C,H;0, 27554-26-3
10 1,2-Benzenedicarboxylic acid, mono(2-ethylhexyl) ester C,.H,,0, 4376-20-9
11 Squalene 53.214 C,oH, 7683-64-9
12 2,6,10,14,18,22-Tetracosahexane,2,6,10,15,19,23-hexameth- C,Hs, 111-02-4
yl-(all-E)-
13 1-pyrrolidinebutanoic acid,2-[(1,1-dimethylethoxy) carbon- 53.684 C,H,.N,0, 124201-
yl]-a nitro-,2,6-bis(1,1-dimethylethyl)-4-methoxyphenyl ester, 86-1
[S-(R*,R")]-
14 3-furancarboxylic acid, 2-(ethoxymethyl)-5-methyl-methyl ester C,H,.0, 35339-98-1
15 Acetamide, N-(4-methylphenyl)-N-[4-methyl-2-[[2-(phenyl 54.06 C,,H,N,0 52812-78-9
amino) phenyl] methyl] phenyl]-
16 Vitamin E 58.38 C,H,,0, 59-02-9
17 dl-a-Tocopherol C,H,,0, 10191-41-0

TABLE 2: THE NAME OF THE IUPAC NAME, STRUCTURE, MOLECULAR WEIGHT AND BIO-ACTIVITY OF THE
TERPENES DETECTED IN TERPENE FRACTION OBTAINED FROM HEXANE EXTRACT OF S. glauca LEAVES
IN GC-MS ANALYSIS

Name of the compound Structure MW Activity
Octane,2,7- 142 No biological activity
dimethyl- (monoterpene) ' reported
Hexadecane,2,6,11,15- 282 Molecular indicator for
tetramethyl-(diterpene) ' ' the anaerobic oxidation of

methanel"™
Dodecane,2,6,11- 212 No biological activity
trimethyl- (sesquiterpene) reported
Squalene 2,6,10,14,18,22- 410 Antioxidant and antitumor
Tetracosahex-

VAV \7’\\,/\:?\,'\//\/\/\/' Wl

ane,2,6,10,15,19,23-
hexamethyl- (all-E)-
(triterpene)

3-furancarboxylic acid, ~ NN 198 No biological activity
2-(ethoxymethyl)-5- reported
methyl-methyl ester \ o

(monoterpenoid) J N\

Vitamin E (sesquiterpene) 430 Dietary supplement
- important antioxidant
protection of vision and
health of blood, brain and

skint20221
dl-a-Tocopherol | & 430 Antioxidant and
(sesquiterpene) YOr \/ A A anticarcinogenict??
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Fig. 3: HPTLC chromatogram of betulinic acid and terpene fraction extracted in petroleum ether from hexane extract of S. glauca
leaves. The chromatogram after derivatization in anisaldehyde-sulphuric acid reagent under 525 nm. S1-S4 tracks represent stan-
dard Betulinic acid 1 pg, 3 pg, 5 pg and 7 pg/spot concentrations and P1-P4 represent terpene extract 10 pl, 30 pl, 50 pl and 70 pl/
spot.

TABLE 3: THE RF VALUE, ABSORBANCE AREA AND % AREA OF TEN PEAKS CORRESPONDING TO
TRITERPENES OBTAINED FROM THE TERPENE FRACTION OF S. glauca LEAVES AFTER DERIVATIZATION
WITH ANISALDEHYDE SULPHURIC ACID REAGENT AT 525 nm

Peaks R, value Inference
1 0.1 unknown
2 0.13 unknown
3 0.14 unknown
4 0.24 unknown
5 0.26 unknown
6 0.47 unknown
7 0.58 unknown
8 0.66 Betulinic acid
9 0.77 unknown
10 0.82 unknown

Y =810069 + 1.281* Xr=0.96153 sdv=19.50%
12000

AU

10000

8000

6000

4000

2000

1000.00 2000.00 3000.00 4000.00 5000.00 6000.00 7000.00

ng

Fig. 4: Calibration curve of standard betulinic acid prepared using concentrations 1-7 pg with a correlation coefficient R* and
Standard deviation of 0.96004+19.68 % respectively
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The present study was intended to detect different
triterpenoids present in the terpene fraction extracted
from hexane extract of S. glauca leaves using GC-
MS and HPTLC. HPTLC method was used to
qualitatively and quantitatively detect the presence
of betulinic acid from the leaves extract of S. glauca.
Although many triterpenoids and quassinoids have
been detected from different parts of S. glauca, no
study has concentrated on qualitative and quantitative
detection of betulinic acid from leaves of S. glauca.
In the present study the GC-MS analysis was not
found to be an effective tool to detect triterpenoids
as only one triterpene squalene was detected in GC-
MS. This may due to heat stable nature of most of
the triterpenoids, in contrast to monoterpenes and
diterpenes which are more heat liable. But HPTLC
results clearly indicate the presence of ten triterpenoid
including betulinic acid which was not detected in
GC-MS analysis. The betulinic acid was confirmed
by the presence of corresponding R, value similar
to the standard betulinic acid. The densitometric
chromatogram did not show an increase in betulinic
acid concentration with the increasing concentration

of the terpene fraction.

To conclude, the present study indicates that GC-MS
is not an effective tool for detection of triterpenes
when compared to HPTLC as HPTLC showed the
presence of ten triterpenes while GC-MS could detect
only one triterpene (Squalene). The identification
of these triterpenes requires further analysis using
either Mass Spectroscopy (MS) in combination
with  HPTLC or other techniques like Liquid
Chromatography Mass Spectroscopy (LCMS). The
study for the best of our knowledge newly reports
the presence of betulinic acid in the terpene fraction
extracted using petroleum ether from hexane extracts
of S. glauca leaves. Thus, leaves of S. glauca can be
used as a source for the extraction of betulinic acid
which is a potent anti-cancer agent. Future works can
focus on the extraction and identification of different
triterpenes from the hexane extracts of S. glauca
which will help to find out the other biologically
active triterpenes and similar or modified versions
of betulinic acid which can be exploited for the
therapeutic purpose.

TABLE 4: THE CONCENTRATION OF BETULINIC ACID OBTAINED FROM THE DENSITOGRAM

Plant extract (pl)
from peak height (ug)

Concentration of Betulinic acid obtained

Concentration of Betulinic acid obtained from
peak area (pg)

10 1.833
30 1.983
50 1.722
70 1.503

1.608
1.925
1.706
1.403

Note: The concentration of betulinic acid obtained upon loding 10-70 pl of the terpene fraction obtained from hexane extract of S.
glauca leaves, calculated according to the peak height and peak area

£
/

s ¢ s s BB @8

7000

Fig. 5: 3D-Densitogram of the terpenoid fraction extracted in petroleum ether from hexane extract of S. glauca leaves showing the
peaks of betulinic acid obtained in different concentrations of extract (10 pl, 30 ul, S0 pl and 70 pl) along with the standard betulinic

acid concentrations
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Fig. 6: Densitogram of the terpenoid fraction extracted in petroleum ether from hexane extract of S. glauca leaves showing ten
peaks corresponding to different bands of triterpenes including betulinic acid after derivatization with anisaldehyde sulphuric acid
reagent at 525 nm
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