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Abstract: The cytotoxic effects of the crude extract of Loranthus acaciae Zucc. and its n-hexane,
chloroform, and n-butanol fractions were assessed against three cancer cell lines using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide assay. Cell apoptosis was determined
using an annexin V-phycoerythrin/7-aminoactinomycin kit. We observed that the L. acaciae n-hexane
extract (LAHE) could inhibit cancer cell growth, particularly of MCF7 and A549 cells. Chromatographic
purification of LAHE and nuclear magnetic resonance analysis led to the identification of two
compounds from this plant species, namely, betulinic acid and β-sitosterol, for the first time.
Flow cytometry study suggested that betulinic acid induced cell death via apoptosis, as a distinguished
marked enhancement in the early and late apoptosis of human lung (A549) and breast (MCF-7) cancer
cell lines. The isolated compounds were further estimated concurrently in LAHE using a validated
high-performance thin-layer chromatographic (HPTLC) method on a 10 × 10 cm2 HPTLC plate with
chloroform, methanol, and glacial acetic acid (97:2:1, v/v/v) as the mobile phase and a λmax of 540 nm.
The amounts of betulinic acid and β-sitosterol in LAHE were 69.46 and 135.53 µg/mg of dried weight
of extract, respectively. The excellent cytotoxic effect of LAHE could be attributed to the presence of
ample amounts of betulinic acid.

Keywords: Loranthus acaciae Zucc.; isolation; betulinic acid; cancer; high-performance thin-layer
chromatography; apoptosis

1. Introduction

Cancer is the second reason of death around the world. Approximately, 17 million individuals
were diagnosed with cancer, and 9.6 million cases of deaths were reported worldwide in 2018; the
most common types include lung cancer, breast cancer, prostate cancer, colorectal, and skin cancer,
they account for around 40% mortality [1]. Current conventional cancer treatments put the patients
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under a lot of stress and further damage to their health. Therefore, there is a focus on using alternative
treatments and therapies against cancer [2,3].

Diversity in the chemical structures of phytoconstituents from medicinal plants has always been
a driving force in drug discovery [4]. Saudi Arabia encompasses 80% of the Arabian Peninsula
and is home to more than 1200 plant species with great diversity and medicinal use [5]. The harsh
environmental conditions of the country, including water scarcity, low-nutrient soils, and extreme
temperatures, are considered positive features that confer additional chemical defenses to medicinal
plants as compared with those grown under favorable conditions [6].

There are thousands of plant species that have been reported till now with significant anticancer
potential [2]. Novel anticancer drugs from terrestrial plants are being continuously searched for, and
several anticancer drugs have been isolated. Recently, there has been an exponential increase in the
number of newly explored natural compounds that are under clinical trials [7], motivating us to explore
the Saudi flora for their potential anticancer effects along with the isolation and characterization of
active compounds.

Loranthus acaciae Zucc. and other species of Loranthaceae have a wide distribution in Saudi
Arabia, as well as extensive histories of their application in Saudi folk medicine for the treatment of
various diseases [8]. Various pharmacological activities have been identified for L. acaciae, including
antihyperglycemic and antimicrobial activities [9,10]. Moreover, phytochemical investigations have
led to the isolation and identification of phenolic compounds exhibiting free radical scavenging
activity [11,12]. We recently reported about the antidiabetic, anti-inflammatory, and antioxidant
activities, as well as isolation and identification of four flavonoid derivatives, namely, quercetin
3-O-β-d-glucopyranoside, quercetin 3-O-β-(6-O-galloyl)-glucopyranoside, (−)-catechin, and catechin
7-O-gallate, from the chloroform fraction of L. acaciae [13]. Furthermore, several other studies have
demonstrated the anticancer properties of various members of the Loranthaceae family, such as
Loranthus micranthus, Loranthus parasiticus, and Loranthus ferrugineus [14–16]. However, there have
been no studies evaluating the cytotoxic effects of L. acaciae. Therefore, we aimed to evaluate the
cytotoxic potential of the crude extract and different fractions of L. acaciae against various cancer cell
lines and to isolate the active compounds from the most potent fraction. Furthermore, the isolated
pure compounds of L. acaciae extract were quantitatively estimated via high-performance thin-layer
chromatography (HPTLC). Several research works have revealed the HPTLC estimation of β-sitosterol
in plant extracts as well as marketed herbal preparations [17–20]. Betulinic acid has been also estimated
in different parts of plants, like in rhizome of Nelumbo nucifera [21], in aquatic plant Nymphoides
macrospermum [22], and in the stem of Ancistrocladus heyneanus [23], by using validated HPTLC method.
After exhaustive literature work, it was found that the quantitative analysis of betulinic acid and
β-sitosterol has been only carried out by Anupam and Srivastav [24], in Alstonia scholaris root bark
using chloroform-methanol (99:1 v/v) as mobile phase, but there is no report found on the simultaneous
quantitative HPTLC analysis of betulinic acid and β-sitosterol in L. acacia. Therefore, we planned
to analyze the isolated compounds (betulinic acid and β-sitosterol) in L. acacia extract by validated
HPTLC method. In addition, there is no available literature on the anticancer activity of L. acaciae.
Therefore, this study may be the first report to investigate and quantify the anticancer compounds of
L. acaciae hexane extract (LAHE).

2. Materials and Methods

2.1. Plant Collection and Authentication

The leaves and stems of L. acaciae were collected in 2012 during the autumn season from the southern
region of Saudi Arabia. The plant material was certified by Dr. Mohammed Yusuf, Field Botanist, King
Saud University (KSU, Riyadh, Saudi Arabia), Riyadh, Saudi Arabia. The voucher specimen (15,809)
was deposited in the herbarium of Pharmacognosy Department, College of Pharmacy, KSU.
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2.2. Preparation of the Extracts and Fractions

The aerial parts were dried in artificial heat at 45 ◦C and coarsely powdered (500 g) before
extraction with ethanol (3000 mL) using a Soxhlet apparatus. The liquid extract was concentrated under
vacuum using a rotavap to obtain 61 g of the crude semi-solid ethanol extract. This crude extract was
further suspended in distilled water and successively partitioned with solvents of different polarities,
i.e., n-hexane, chloroform, and n-butanol, to produce 6.5, 11, and 20 g of dried fractions, respectively.

2.3. Compound Isolation and Identification

LAHE (5 g) was separated via silica gel column chromatography (72 g, 80 × 3 cm). Elution began
with 3% hexane:ethyl acetate, and the polarity was increased with ethyl acetate. After checking the
thin-layer chromatography (TLC) behavior, homogenous fractions were pooled to generate seven
fractions (A–G). Since the anticancer activity remained in fraction B, fraction B (50 mg) was further eluted
with 5% hexane:ethyl acetate and rechromatographed on a normal-phase column (7.2 g, 60 × 1 cm) to
obtain compounds 1 and 2.

2.4. Anticancer Activity

2.4.1. Determination of Cell Viability

Cell viability was determined via the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium
bromide assay (MTT) assay against the breast (MCF-7), lung (A549), and HepG2 (liver) cancer cell
lines, which were obtained from the German Collection of Microorganisms and Cell Cultures (DSMZ,
Braunschweig, Germany), and against human umbilical vein endothelial cells (HUVEC cells) 16549,
which were purchased (Cat no. PCS-100-010; ATTCC, MD, USA). The assay was performed as described
previously [25]. Briefly, culture plates (24-well) were seeded with 5 × 104 HepG2 (liver), MCF-7 (breast),
or A549 (lung) cancer cells or normal human umbilical vein endothelial cells (HUVECs) in 1 mL of
DMEM medium and allowed to attach overnight at 37 ◦C in a 5% CO2 incubator. After 24 h, the cells
were treated with different concentrations of LAHE for 48 h. Then, 100 µL of MTT (5 mg/mL) was
added to each well, and the plate was incubated at 37 ◦C in 5% CO2 for 4 h. A solubilization solution
(0.01 N HCl/isopropanol) was added to the wells to solubilize the formazan, and the plate was placed
on a shaker for 10 min. The absorbance at λ = 570 nm was measured on a microplate reader (BioTek,
Winooski, VT, USA). The percentage viability of treated cells normalized to that of negative-control
was assessed, and the IC50 (tested sample concentration required to inhibit cell growth by 50 percent)
values of each tested extract or compound were calculated from the dose-response curves using the
following formula:

Cell viability (%) = [optical density (OD) of the treated sample)/(OD of the untreated sample] × 100%

2.4.2. Flow Cytometric Analysis of Cell Apoptosis

A PE Annexin V Apoptosis Detection Kit with 7-Aminoactinomycin D (BioLegend, San Diego,
CA, USA). was used to detect the induction of apoptosis after treatment with the isolated betulinic
acid following the manufacturer’s instructions. Briefly, both MCF-7 and A549 cells were seeded into
12-well tissue culture plates at a density of 5 × 104 cells/well for 24 h at 37 ◦C for adherence, followed
by treatment with betulinic acid at its IC50 value (17 µg/mL) for 24 h. Cells were collected, washed
twice in cold PBS, and resuspended in kit-specific binding buffer. They were then incubated in the
dark with 5 µL of annexin V-phycoerythrin (PE) and 5 µL of 7-aminoactinomycin (7-AAD) for 15 min
at room temperature. After the incubation period, 400 µL of annexin-binding buffer was added, and
the samples were immediately analyzed using a flow cytometer (Beckman Coulter, Brea, CA, USA)
with three replicates.
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2.5. Development of the HPTLC Procedure to Determine Betulinic Acid and β-Sitosterol in LAHE

Betulinic acid and β-sitosterol procured from Sigma Aldrich (St Louis, MO, USA) were used for
the quantitative analysis in LAHE using validated HPTLC method and carried out on a 10 × 10 cm2

NP-HPTLC plate (Merck, Darmstadt, Germany). Stock solutions of betulinic acid and β-sitosterol
standards (1 mg/mL) were prepared in chloroform and diluted further with chloroform to obtain seven
different dilutions (20–140 µg/mL). The prepared dilutions of betulinic acid and β-sitosterol, as well as
LAHE (5 µL), were applied to the HPTLC plate using a microliter syringe attached to an Automatic
TLC Sampler-4 (CAMAG, Switzerland) with 6-mm band size at a speed of 160 nL/s to obtain a linearity
range of 200–1400 ng/band. The loaded TLC plate was then developed in a 20 × 10 cm2 pre-saturated
glass chamber under controlled temperature (25 ◦C ± 2 ◦C) and humidity (60% ± 5%). The developed
TLC plate was visualized using a spray reagent (vanillin/HCl, Noida, India) to visualize the spots of
the standards and phytoconstituents present in the samples (extract fractions). Quantitative analysis
was conducted at an optimized UV wavelength of 540 nm in the absorbance mode. The proposed
chromatographic method was validated by considering the following parameters suggested in the
ICH guidelines [26]: limit of detection (LOD), limit of quantification (LOQ), precision, recovery (as
accuracy), and robustness.

2.6. Statistical Analysis

The data collected were expressed as mean ± SD. Each sample was analyzed in triplicate, and
differences versus the control were considered statistically significant at p < 0.05. All statistical charts
were managed using Origin Lab software (version 8, Northampton, MA, USA).

3. Results and Discussion

3.1. Isolated Compounds from LAHE

Compound 1
Compound 1 (Figure 1) was isolated as white crystals. Its mass spectral data suggested a molecular

formula of C30H48O3. The 1H NMR spectrum revealed signals for five tertiary methyl (δH: 0.64, 0.76,
0.86, 0.87, and 0.93), one vinyl methyl (δH: 1.80 (d, J = 0.5 Hz)), one secondary carbinol (δH: 3.34
(dd, J = 9.5 and 6.0 Hz)) and (δH: 2.95 (ddd, J = 9.0, 6.0, and 0.5 Hz)), and one exomethylene group
(δH: 4.55 (1H, d, J = 0.4 Hz)) and (δH: 4.68 (1H, d, J = 0.4 Hz)). The 13C NMR spectrum revealed six
methyl groups (δC: 28.5 (C-23), 16.09 (C-24), 15.96 (C-25), 15.8 (C-26), 14.5 (C-27), and 19.4 (C-30)), one
exomethylene group (δC: 150.0 (C-30), 108.8 (C-29)), one secondary hydroxyl-bearing carbon (δC: 79.0
(C-3)), and one carboxyl group (δC: 177.4 (C-28)) in addition to ten methylene, five methine, and five
quaternary carbons. After the complete interpretation of the NMR data based on COSY, HSQC, and
HMBC experiments, compound 1 was determined to be betulinic acid (Table 1).
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Table 1. 1H and 13C-NMR data for compounds 1 and 2 (CD3OD).

Position
Compound 1 Compound 2

δH (J in Hz) δc ppm δH (J in Hz) δc ppm

1 39.4 37.5
2 28.1 31.9

3 3.34 (dd, J = 9.5, 6.0) 76.90 3.53 (dd, J = 4.5, 4.2,
3.8) 72.0

4 39.6 42.5
5 0.70 * 55.55 5.36 (t, J = 6.4) 140.9
6 18.6 121.9
7 34.7 32.1
8 40.38 32.1
9 50.6 50.3
10 37.6 36.7
11 20.58 21.3
12 25.9 39.9
13 38.6 42.6
14 42.13 56.9
15 30.22 26.3
16 31.8 28.5
17 55.02 56.3
18 46.75 36.3
19 2.95 (t, J = 7) 48.6 0.93 (d, J = 6.5) 19.2
20 150.46 34.2
21 30.22 26.3
22 38.3 46.1
23 0.87 * 28.5 23.3
24 0.64 * 16.09 0.84 (t, J = 7.2) 12.2
25 0.76 * 15.96 29.4
26 0.87 * 15.8 0.83 (d, J = 6.4) 20.1
27 0.93 * 14.5 0.81 (d, J = 6.4) 19.6
28 177.4 0.68 s 19.0
29a 4.55 (d, J = 0.4) 109.8 1.01 s 12.0
29b 4.68 (d, J = 0.4)
30 1.80 (d, J = 0.5) 19.4 - -

*: Overlapping.

Compound 2
Compound 2 (Figure 1) was also isolated as a white powder. Its mass spectral data suggested a

molecular formula of C29H50O. The 1H NMR spectrum of 2 revealed the presence of six methyl signals
that appeared as two methyl singlets at δ 0.69 and 1.01; three methyl doublets at δ 0.81, 0.83, and 0.93;
and a methyl triplet at δ 0.85. The 1H NMR spectrum of 2 also displayed one olefinic proton at δ 5.36
and a proton corresponding to the proton connected to the C-3 hydroxyl group, which appeared as a
triplet of doublets at δ 3.53. The 13C NMR together with COSY, HMQC, and HMBC revealed 29 carbon
signals, including 6 methyl, 11 methylene, 10 methane, and 3 quaternary carbons. A comparison
of the 1H-NMR and 13C-NMR results of 2 with published data indicated that the compound was
β-sitosterol. This represents the isolation of this compound from L. acaciae for the first time. However,
it was previously isolated from other plant species, including Plicosepalus curviflorus [27].

3.2. Cytotoxic Activity

The potential anticancer effect of L. acaciae was tested against selected human malignant cell lines,
namely, A549 (lung), HepG2 (liver), and MCF-7 cells (breast), as well as against HUVECs. Both the
crude extract and its fractions exerted selective dose-dependent cytotoxic effects on both tumor cells
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and HUVECs. According to the IC50 values, these extracts exhibited considerable cytotoxic activity
against MCF-7 and A549 cells (Table 2).

Table 2. IC50 values for the L. acacia crude extract and fractions.

Cell Lines
IC50 (µg/mL)

Crude ex. Hex ex. CHCl3 ex. ButOH ex. Betulinic Acid (µM) Cisplatin (µM)

A549 180 ± 4.1 62 ± 2.1 63.5 ± 1.5 99.5 ± 1.2 37.22 ± 1.4 6.9 ± 0.5
HepG2 284 ± 3.2 94.5 ± 2.5 154 ± 2.6 166 ± 1.9 43.8 ± 1.6 8.3 ± 0.3
MCF-7 280 ± 2.1 58.9 ± 2 88 ± 3.4 94 ± 2.7 37.8 ± 1.2 5.9 ± 0.4

HUVEC 289 ± 3.1 99.3 ± 2.5 105 ± 1.1 118 ± 1.5 80.79 ± 2.2 20.2 ± 0.5

IC50: tested sample concentration required to inhibit cell growth by 50 percent, Hex ex.: hexane extract, CHCl3 ex.:
chloroform extract, ButOH ex.: butanol extract.

Compared with other fractions, LAHE exhibited highly selective anticancer activity against all
tested cancer cells (Figure 2A); therefore, it was selected for further studies. Betulinic acid, which was
isolated from LAHE, displayed strong cytotoxic activity (Figure 2B), whereas β-sitosterol exhibited
weak activity (data not shown).
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Figure 2. Tumor and normal cells dose-response curves for hexane fraction (LAHE) and betulinic acid.
(A) Dose-dependent curves of n-hexane fraction, (B) Betulinic acid, and (C) Cisplatin (positive control).
Cells were cultured in 24-well plates and treated with different concentrations (10–300 µg/mL) for 48 h.
Cell viability was determined by MTT assay. Data were analyzed using Origin Pro 8 software. LAHE,
L. acaciae n-hexane extract.
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In chemoprevention studies, bioactive compounds that can induce apoptosis rather than necrosis
in cancer cells are more desirable. Therefore, the induction of apoptosis was investigated after
treatment with betulinic acid. Phosphatidylserine exposure in the cell surface is a classic feature of
cells undergoing apoptosis [28]. Using flow cytometry, this method can identify apoptosis at an earlier
stage as compared with assays based on nuclear changes, such as DNA fragmentation [29].

In this study, a PE annexin V apoptosis detection kit with 7-AAD was used. In the kit, annexin
V, which is conjugated to the fluorochrome PE, has a high affinity for phosphatidylserine, which is
redistributed from the inner to the outer leaflet of the plasma membrane during early apoptotic events.
Conversely, 7-AAD detects dead cells by binding to cellular DNA inside the cell. As shown in Figure 3,
following the treatment of A549 and MCF-7 with isolated betulinic acid at its IC50 value (17 µg/mL), a
noticeable increase in the percentage of apoptotic cells was reported. The percentages of surviving,
early apoptotic, late apoptotic, and necrotic cells in A549 cells were 58.87% ± 0.6%, 9. 31% ± 0.4%,
15.21% ± 0.3%, and 15.16% ± 0.6% and those in MCF-7 cells were 48.29% ± 0.4%, 11.87% ± 0.3%,
23.4% ± 0.56%, and 15.3% ± 0.4%, respectively, compared to in the untreated cells (Figure 3B).
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Figure 3. Apoptosis induction in MCF-7 and A549 cells treated with isolated betulinic acid. Cells were
treated at IC50 for 24 h and stained with V-Phycoerythrin Annexin V and 7-Aminoactinomycin D dye,
thereafter analyzed by flow cytometry. (A) The upper right and left quadrants (B1 and B2) contain
necrotic and late apoptotic cells, while the lower left quadrants (B3 and B4) represent the live and
the early apoptotic cells, respectively. (B) Bar graph of live, apoptosis, and necrosis cells using flow
cytometry. * p < 0.05, ** p < 0.01 vs. control.

Betulinic acid is a pentacyclic triterpenoid that is widely distributed in the plant kingdom.
It possesses various biological activities, including anticancer activity against different cancer cell
lines [30]. After exploring its role as an anticancer compound, the focus has shifted toward elucidating
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its mechanism of action. Various studies have shown that it induces apoptosis in several cell lines,
including human neuroblastoma [31], leukemia [32], and different adenocarcinoma cell lines (i.e., breast,
lung, and colon cancer cells) [33]. We reported the isolation of betulinic acid from L. acaciae for the first
time and demonstrated its excellent anticancer activity via the inhibition of cell viability and induction
of apoptosis.

3.3. Concurrent Analysis of Betulinic Acid and β-Sitosterol in LAHE by a Validated HPTLC Method

By testing various compositions of different solvents, the most suitable mobile phase for betulinic
acid and β-sitosterol analysis in LAHE was a mixture of chloroform, methanol, and glacial acetic
acid [97:2:1 (v/v/v)]. Intense and sharp peaks of betulinic acid and β-sitosterol were observed at Rfs
(retention factors) of 0.31 ± 0.001 and 0.41 ± 0.001, respectively (Figure 4A). This approach was found
to clearly separate the standards of betulinic acid and β-sitosterol and isolated compounds of LAHE
(Figure 4B). The authentication of bands was conducted by matching (overlaying) the spectra of the
extract with those of betulinic acid and β-sitosterol (Figure 4C).
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Figure 4. Chromatogram of betulinic acid and β-sitosterol estimation in L. acacia hexane extract (LAHE).
[Mobile phase: chloroform: methanol: glacial acetic acid (97:2:1, v/v/v)]. (A) Chromatogram of standards
betulinic acid (Rf (retention factor) = 0.31 ± 0.001) and β-sitosterol (Rf = 0.41 ± 0.001) at 540 nm;
(B) Pictogram of derivatized TLC plate in day light; (C) spectral comparison of all tracks at 540 nm;
(D) Chromatogram of L. acacia hexane fraction (betulinic acid, spot 5, Rf = 0.31; β-sitosterol, spot 6,
Rf = 0.41).

The developed procedure was approved by the ICH guideline of 2005 to evaluate LOD, LOQ,
precision, accuracy, and robustness. It was discovered that the created technique was completely
selective with good baseline resolution. In the linearity range of 200–1400 ng/spot, the regression
equations and correlation coefficients were Y = 5.206X + 117.77 and Y = 4.514X + 1039.7 and 0.996
and 0.9979 for betulinic acid and β-sitosterol, respectively. LOD and LOQ were 34.51 and 104.57 ng
for betulinic acid and 40.95 and 124.11 ng for β-sitosterol, respectively (Table 3). The results of the
recovery analysis of the developed procedure are presented in Table 4.
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Table 3. Rf, linear regression data for the calibration curve of betulinic acid and β-sitosterol (n = 6).

Parameters Betulinic Acid β-Sitosterol

Linearity range (ng/spot) 200–1400 200–1400
Regression equation Y = 5.206X + 117.77 Y = 4.514X + 1039.7

Correlation (r2) coefficient 0.996 0.9979
Slope ± SD 5.206 ± 0.05 4.514 ± 0.056

Intercept ± SD 117.77 ± 8.60 1039.7 ± 26.45
Standard error of slope 0.022 0.022

Standard error of intercept 3.51 10.79
Rf 0.31 ± 0.001 0.41 ± 0.001

LOD (ng) 34.51 40.95
LOQ (ng) 104.57 124.11

Rf: retention factor, LOD (Limit of detection): the smallest amount or concentration of analyte in the test sample
that can be reliably distinguished from zero, LOQ: (limit of quantitation): the lowest concentration of analyte that
can be determined with an acceptable repeatability and trueness.

Table 4. Recovery as accuracy studies of the proposed HPTLC method (n = 6).

Percent (%) of
Betulinic Acid and
β-Sitosterol Added

to Analyte

Theoretical
Concentration of

Betulinic Acid and
β-Sitosterol
(ng/Band)

Concentration Found (ng/Band) ± SD %RSD %Recovery

Betulinic Acid β-Sitosterol Betulinic Acid β-Sitosterol Betulinic Acid β-Sitosterol

0 400 395.43 ± 5.13 395.50 ± 4.17 1.29 1.05 98.85 98.87
50 600 593.64 ± 6.91 596.41 ± 6.11 1.16 1.02 98.94 99.40

100 800 797.67 ± 7.83 793.95 ± 8.42 0.98 1.06 99.71 99.24
150 1000 995.41 ± 9.31 991.90 ± 9.47 0.932 0.95 99.54 99.19

HPTLC: High-performance thin-layer chromatography, RSD: relative standard deviations.

The recoveries and relative standard deviations (RSDs, %) were 98.85–99.71% and 0.932–1.29% for
betulinic acid and 98.8–99.40% and 0.95–1.06% for β-sitosterol, respectively. The intra- and inter-day
precisions for the developed technique are displayed in Table 5.

Table 5. Precision of the proposed HPTLC method (n = 6).

Conc. of Standard
Added (ng/Band)

Betulinic Acid β-Sitosterol

Intra-Day Precision Inter-Pay Precision Intra-Day Precision Inter-Day Precision

Average Conc.
Found ± SD %RSD Average Conc.

Found ± SD %RSD Average Conc.
Found ± SD %RSD Average Conc.

Found ± SD %RSD

400 397.13 ± 5.17 1.30 393.28 ± 5.12 1.29 397.14 ± 4.69 1.18 392.71 ± 4.57 1.16
600 595.31 ± 6.91 1.16 593.39 ± 6.87 1.15 595.58 ± 6.17 1.03 591.15 ± 6.11 1.03
800 795.50 ± 8.72 1.09 791.66 ± 8.68 1.08 792.84 ± 8.05 1.01 790.62 ± 7.87 0.99

The RSDs for intra- and inter-day precisions (n = 6) were 1.09–1.30% and 1.08–1.29% for betulinic
acid and 1.01–1.18% and 0.99–1.16% for β-sitosterol, respectively, demonstrating the high accuracy
of the developed technique. To check the validity of the developed procedure, small but intentional
changes (in mobile phase composition, saturation time, and mobile phase volume) were applied; the
gathered data are presented in Table 6. The low values of SD and RSD illustrate that the developed
HPTLC procedure is durable.
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Table 6. Robustness of the proposed HPTLC method (n = 6).

Optimization Condition Betulinic Acid (400 ng/Band) β-Sitosterol (400 ng/Band)

SD %RSD SD %RSD

Mobile phase composition;
(Chloroform: methanol: acetic acid)

(97: 2: 1) 4.87 1.22 4.37 1.10
(96.5: 2.5: 1) 4.81 1.21 4.31 1.08
(97.5: 1.5: 1) 4.79 1.20 4.28 1.07

Mobile phase volume
(for saturation)

(18 mL) 4.59 1.16 4.41 1.11
(20 mL) 4.56 1.15 4.35 1.09
(22 mL) 4.55 1.15 4.32 1.09

Duration of saturation

(10 min) 4.77 1.20 4.13 1.03
(20 min) 4.73 1.19 4.09 1.02
(30 min) 4.71 1.18 4.03 1.01

RSD: relative standard deviations, SD: standard deviations.

The validated HPTLC method was applied to analyze betulinic acid and β-sitosterol concurrently
in LAHE (Figure 4D). The amounts of betulinic acid and β-sitosterol in LAHE were estimated to be 69.46
and 135.53 µg/mg of dried weight of extract, respectively. The presence of betulinic acid at high levels
(as evaluated by the HPTLC method) in LAHE validated its excellent anticancer activity. HPTLC has
become a valuable and effective tool for the estimation of botanical materials. It offers a better resolution
for phytoconstituents and has high efficiency and cost-effectiveness. The developed chromatographic
method has gained popularity in the pharmaceutical and cosmetic industries for evaluating the quality
of raw materials as well as finished goods. There are several genuine reasons for its increasing
adoption, such as the requirement of smaller amounts of mobile phase and standard compounds and
short analysis time. Moreover, flexibility concerning solvent systems, scanning wavelengths, and
multiple-sample analysis in a single run are peculiar features of this technique [34–38].

4. Conclusions

In conclusion, we observed that LAHE exhibited potential cytotoxic effects against various cancer
cell lines. Betulinic acid obtained from the bioactive hexane fraction proved to be a potent anticancer
compound, whereas β-sitosterol was less active. Betulinic acid, which was isolated from L. acaciae
for the first time, exerted its anticancer effects by inhibiting cell viability and inducing apoptosis.
The presence of betulinic acid in LAHE at suitable levels (as evaluated by HPTLC) also supported
the excellent anticancer activity of LAHE. This is the first report on the isolation and identification
of betulinic acid and β-sitosterol from the aerial parts of L. acaciae. The established chromatographic
method can be applied for the concurrent analysis of betulinic acid and β-sitosterol in any plant species
or marketed herbal formulations containing these two compounds.
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