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Abstract Oleanolic acid is a kind of pentacyclic
triterpene that is present in a variety of plants, namely fruits
and vegetables. Natural plant foods that contain oleanolic
acid include apples, ginger, pears, tomatoes, grapes,
strawberries, olives, mango, and olive oil, along with
culinary and therapeutic herbs, including rosemary, sage,
oregano, ginseng, basil, olive leaf, fennel and garlic.
Through several in-vitro preclinical investigations,
researchers have discovered that oleanolic acid has a wide

spectrum  of  biological  properties, including
hepatoprotective, anti-inflammatory, anti-diabetes,
antimicrobial, antihypertensive, gastroprotective, and

antihyperlipidemic effects, as well as cancer treatment.
There are several techniques available for the extraction of
oleanolic acid from a wide range of species. Extraction
from plant species uses various techniques, including
soxhlet extraction, sonication, ultrasonic extraction,
percolation, cold maceration, and maceration. The major
solvents used in extraction are diethyl ether, petroleum
ether, n-hexane, ethanol, methanol, ethyl alcohol, and ethyl
acetate. Various analytical methods, including HPTLC,
HPLC, GC-MS, UHPLC-ESI-MS/MS, UHPLC-PDA, LC-
APCI-IT-MS, LC-MS, HPLC-MS/MS, RP-UFLC-DAD,
HPLC-PAD-ESI/MS, and others, were employed to
identify as well as quantify oleanolic acid in different plant
species and formulations. Hence, this review compiles
information on the pharmacological actions, extraction
methodologies, and analytical methods for investigating
and developing methods to assess oleanolic acid from
various plant species, herbal remedies, and ayurvedic

formulations.

Keywords Oleanolic Acid, Pharmacology, Extraction
Techniques, Analytical Methods

1. Introduction

Oleanolic acid is a type of pentacyclic triterpenoid
compound of the oleanane type. It is frequently present in
various plants and therapeutic herbs, either as a free acid or
as an aglycone of triterpenoid saponins. Oleanolic acid is
found in 146 families, 698 genera, and more than 1620
plant species including grape, elderberry, garlic, bilberries,
lemon, persimmon, mandarin, Jujube, olive oil,
pomegranate, and pears. Initially, it was isolated and
studied from several kinds of plants, such as Rosa woodsii
(leaves), Olea europaea (leaves and fruit), Prosopis
glandulosa (leaves and twigs), Syzygium claviflorum
(leaves), Phoradendron juniperinum (whole plant),
Ternstroemia gymnanthera (aerial part), Mirabilis jalapa
and Hyptis capitata (whole plant). It is also presented in
more Syzygium species, such as rose apples and java applet
(Syzygium samarangense) [1-4].

Oleanolic acid exhibits several pharmacological
characteristics, including anti-inflammatory, anti-diabetic,
antibacterial, antihypertensive, gastroprotective, and
antihyperlipidemic actions, as well as its use in cancer
treatment [1,2,5,6].
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1.1. Phytoconstituent Profile [3,7]

The profile of oleanolic acid is described in Table 1.

1.2. Plants Containing Oleanolic Acid [1,8]

Oleanolic acid from different species has been described in Table 2.

Table 1. Oleanolic acid profile
Structure
COH
HO é
A
Appearance White
IUPAC Name 4aS,6aR,6aS,6bR,8aR,10S,12aR,14bS)-10-hydroxy-2,2,6a,6b,9,9,12a-heptamethyl
1,3,4,5,6,6a,7,8,8a,10,11,12,13,14b-tetradecahydropicene-4a-carboxylic acid
Mol. Formula CaoH103
Mol. Weight 456.7 g/mol
Melting Point 310C
Solubility Soluble in ethyl acetate and 1-butanol and less soluble in 2-propanol, ethanol, water, methanol,
and acetone

Table 2. Source of oleanolic acid

2. Extraction

Scientific name

Scientific name

There are several methods discovered to extract

Phytolacca americana

Monotheca Buxifolia

oleanolic acid from different plant species which include

Syzygium spp

Ocimum sanctum

soxhlet extraction, sonication, ultrasonic extraction,

Achyranthes aspera

Borreria stachydea

percolation, cold maceration, and maceration using

Olea europaea

Mirabilis jalapa

different solvents such as ethanol, methanol, n-butanol,

Rosa woodsii

Vitis vinifera

diethyl ether, ethyl alcohol, ethyl acetate, petroleum ether,
and n-hexane.

Prosopis glandulosa

Viscum album

Oleanolic extraction from different techniques is

Phoradendron juniperinum

Flaveria Trinervia

described in Table 3.

Syzygium claviflorum

Ternstroemia gymnanthera

Jaafar, et al. [15] extracted the oleanolic acid from Olea
europaea (leaves) utilizing methanol solvent by soxhlet

Hyptis capitata

Syzygium aromaticum

extraction, resulting in a yield of 8.22 gm.

Mirabilis jalapa

Gentiana lutea

According to Gohari et al. [16], oleanolic acid extracted

Miconia albicans

Phyllanthus amarus

from the aerial portion of Satureja mutica using diethyl

Mirabilis jalapa

Gentiana lutea

ether through percolation technique resulted in a yield of
18 gm.

Aspilia Africana

Rosmarinus officinalis L.

Mshelia et al. [17] extracted the oleanolic acid from the

Siphonodon celastrineus

Siphonodon celastrineus

stem bark of Parinari curatellifolia using methanol, ethyl

Fabiana imbricata R. et P.

Punica granatum L

acetate, and n-hexane by cold maceration method resulting
in the extract of 8.2 % w/w.

Ligustrum lucidum Ait

Rosmarinus officinalis L.

Oleanolic acid extraction from Clematis armandii (stems)

Lantana camara

Rosa levigata

using methanol by maceration technique was reported by

Viburnum chingii

Fructus Ligustri Lucidi

Ha Minh [18]. The yield obtained from various extracts
was described in Table 4.
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Table 3. Oleanolic acid extraction by different extraction techniques from different species

Sr.no Species Solvent Method Reference

1. Cissampelos pareira Linn (roots) Methanol, n-butanol Soxhlet’s extraction Patel et al., 2015 [9]

2. Achyranthes aspera L.(roots) and Methanol Soxhlet extraction Y etal., 2009 [10]
leaves

3. Dragea volubilis (leaves) Petroleum ether, methanol | Soxhlet extraction Sharma et al., 2020 [11]

4. Achyranthes aspera Linn (roots) Methanol Sonication Saraf et al., 2015 [12]

5. Gentiana olivieri Griseb (flower and Ethanol Ultrasonic extraction Noolvi et al., 2012 [13]
aerial parts)

6. Eugenia caryophyllus (flower buds) Ethyl alcohol Refluxed Banarase, et al., 2021 [14]

Table 4. % Yield of different solvent extract

Solvent extracts % yield

Methanolic extract 827 gm

n-Butanol extract 218 gm

Petroleum ether 9.4gm

3. Analytical Methods for
Determination of Oleanolic Acid and
their Combinations

The present review is focused on the crucial role of
analytical techniques in determining medication and
biomarker quality. This review covers numerous analytical
methods, including HPLC, HPTLC, RP-UFLC-DAD,
HPLC-MS/MS, UHPLC-ESI-MS/MS, UHPLC-PDA, LC-
MS, LC-APCI-IT-MS, GC-MS and HPLC-PAD-ESI/MS
for quantification and analysis of oleanolic acid in plants
and herbal and ayurvedic formulation. A summary of
analytical methods for the estimation of oleanolic acid and
its combination is described in Table 7.

3.1. HPTLC Methods

High-performance thin-layer chromatography has
become an essential tool in drug evaluation. HPTLC is a
fast separation method that is flexible enough to evaluate a
broad range of materials. This technique has several
advantages because it is simple to apply and takes little
time to analyze both complicated and crude sample
cleanups. HPTLC can be used for qualitative, quantitative,
or micro-preparative chromatography. HPTLC is widely
utilized by pharmaceutical companies for process
development, impurity detection and identification in
herbal treatments, and pesticide analysis [19,20].

Y et al. [10] established an HPTLC technique to identify
oleanolic acid in roots and leaves part of Achyranthes
aspera L. The method used an aluminium plate coated with
silica gel 60 Fzs4 and a solvent composed of toluene, ethyl
acetate, and formic acid in a 4.5:0.5:0.1 v/v ratio. When
oleanolic acid was detected at 529 nm, its Rs value was
discovered to be 0.20. According to the study, the roots and

leaves contain 0.37% and 0.13% oleanolic acid,
respectively.

In a work conducted by Saraf et al. [12], an HPTLC
approach was utilized to detect and quantify oleanolic acid
in Achyranthes aspera Linn roots. The procedure involved
utilizing an aluminium-backed silica gel 60 Fzss (250 pum
thickness) and a solvents system composed of toluene,
ethyl acetate, methanol, and acetone in a 14:4:1:1 viviviv
ratio. At 540 nm wavelength, the Rt value was discovered
to be 0.55-0.57. The investigation discovered that oleanolic
acid content in the root part was 1.277ng/|g.

The validated HPTLC technique for identifying and
measuring oleanolic acid in Cissampelos pareira Linn
roots has been described by Patel et al [9]. The
investigation was conducted on silica gel 60 Fzss HPTLC
plates, employing a mobile phase containing toluene, ethyl
acetate, and formic acid in a 7:3:0.3 % v/v ratio. The
investigation found that the amount of oleanolic acid was
0.1316 % mg/mg and its R¢ value was 0.56 at 530 nm
wavelength.

Gupta et al. [21] reported the HPTLC technique for
simultaneously estimating the ursolic acid and oleanolic
acid from various Eucalyptus globulus (L) Extracts. The
estimation was performed on a silica gel 60 Fas4 (20 %10
cmand 10 <10 cm) along with a solvent’s petroleum ether,
ethyl acetate, and acetone in 7.8:2.2:0.1, v/v/v proportions.
Oleanolic acid and ursolic acid have Rt values of 0.40 and
0.24, respectively, at 345 nm wavelength.

The HPTLC approach for simultaneously determining
ursolic and oleanolic acid from Plumeria obtuse (leaves)
was reported by Gambhava et al. [22]. Aluminium-backed
silica gel G 60 F2s4 was subjected to an analysis using a
solvent solution consisting of hexane, ethyl acetate, and
methanol in an 8.2:1.8: 0.5 v/v ratio. The Rt values of
oleanolic acid and ursolic acid were discovered to be 0.41
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#0.03 and 0.28 +0.03 at 540 nm wavelength, respectively.
According to the investigation, the quantities of oleanolic
acid and ursolic acid have been determined to be 0.0253 %
and 0.197 % respectively.

Sharma et al. [11] invented and validated an HPTLC
approach to identify and quantify oleanolic acid and ursolic
acid in Dragea volubilis leaves. The research study was
done on silica gel plates (10cm > 20cm) and solvents of
toluene and ethyl acetate in 4:1 v/v proportion for ursolic
acid and 3:2 v/v for oleanolic acid. With 580 nm, the R¢
values for ursolic and oleanolic acid were determined to be
0.3 and 0.25, respectively. Oleanolic and ursolic acid
concentrations in methanolic leaves were 0.0306 £0.0000
ng and 0.0512 +0.0001 ng, respectively.

Modi et al. [23] developed an HPTLC technique for
detecting lupeol and oleanolic acid in Mollugo
oppositifolia Linn. They employed 10 cm > 10 cm silica
gel 60 Fzss plates with a mobile phase of toluene and
methanol in a 9.4:0.6 v/v ratio in analysis. At 545 nm, the
R¢ values for oleanolic acid and lupeol were 0.16 and 0.51,
respectively. It was determined that the contents of lupeol
and oleanolic acid were 0.015-0.016% w/w and 0.027—
0.029% wiw, respectively.

Kaur et al. [24] used the HPTLC approach to detect four
biomarker compounds, lupeol, ursolic, oleanolic, and
betulinic acid, in five different Swertia species. The
experiment used a pre-coated silica gel 60 Fzs4 plate and
solvents consisting of n-hexane, ethyl acetate, and toluene
in a 14.2: 4:1.8 v/v proportion. At 530 nm wavelength, the
R values of lupeol, ursolic, betulinic, and oleanolic acid,
were 0.74, 0.50, 0.58, and 0.25 respectively.

Preet et al. [25] described the HPTLC technique to
simultaneously determine the lupeol, oleanolic acid, and B-
sitosterol from Leptadenia pyrotechnica (Forsk.) Decne.
The determination was carried out on silica gel 60 Foss
plates (200 pum thickness < 5 pum particle size) with a
solvent composition containing toluene and ethyl acetate in
9:4 vlv proportion, and toluene, ethyl acetate, and formic
acid in 7:3:0.3 v/v proportion. At 530 nm and 540 nm
wavelengths, the Rr values of lupeol, B-sitosterol, and
oleanolic acid were determined to be 0.84, 0.64, and 0.47
respectively.

Modi et al. [26] reported the HPTLC technique to
simultaneously determine the ursolic acid, stigmasterol,
oleanolic acid, and lupeol from Oldenlandia corymbosa
Linn. They used the silica gel 60 F,., plates along with a
solvent consisting of hexane, ethyl acetate, and methanol in
8.2:1.8:0.5, v/v proportion for ursolic acid and oleanolic
acid, and, mobile phase toluene and methanol in 9.4:0.6,
v/v proportion for stigmasterol and lupeol. At 540 nm the
R values of ursolic acid, stigmasterol, oleanolic acid, and
lupeol were found to be 0.28, 0.39, 0.41, and 0.51
respectively. In the study, the contents of ursolic acid,
stigmasterol, lupeol, and oleanolic acid, were determined
to be 0.053 £0.009, 1.19 £+0.04, 0.012 £0.006, and 0.026
+0.008 respectively.

3.2. HPLC Method

HPLC is a type of liquid chromatography that is
employed to identify complex mixtures of components
found in chemical and biological systems to better
understand the roles of individual components. The HPLC
process separates substances based on their capacity to
interact between the solid particles of a densely packed
column and the solvent of the mobile phase. In a single
process, HPLC performs qualitative as well as quantitative
analysis [19,20].

Jayaprakasam et al. [27] reported the reverse phase
HPLC and HPTLC technique to estimate the oleanolic acid
in Leucas aspera and Tridax procumbens leaf extracts.
Aluminium-backed silica gel G 60 Fs4 was subjected to an
analysis using a solvent solution consisting of toluene,
ethyl acetate, and formic acid in a 7:3:0.2% v/v proportion.
At 530 nm, the Rt of oleanolic acid has been identified as
0.54 + 0.03. In the RP-HPLC method estimation was
performed on the 250 4.6 mm Shim-pack Solar C (5 um
particle size) and solvents containing methanol and 25 mM
phosphate buffer (pH-3) in the 90:10 %v/v ratio at 1 ml/min
flow rate. At 202 nm the retention time of oleanolic acid
was found to be 15.7 min.

In Gentiana olivieri Griseb flowers, oleanolic acid
content was measured using the HPLC method in the study
conducted by Noolvi et al. Utilizing an RP-C18 column,
the analysis was conducted using solvents comprising 0.03
mol/L phosphate buffer with a pH of 2.9 and methanol in
an 85:15 v/v ratio at 1 ml/min flow rate. The wavelength at
which oleanolic acid was discovered was 210 nm, and its
retention time was 15.43 min. The study's findings revealed
that the flower component had a higher concentration of
oleanolic acid (1.82 mg/g DW) than the entire aerial
portion (0.75 mg/g DW) [13].

Geana et al. [28] invented an RP-HPLC technique to
identify oleanolic and ursolic acid from apples and apple
pomace employing a BDS Hpersil C18 column (250 <4.0
mm) along with solvents of methanol, phosphoric acid, and
water in 88:0.05:11.95 v/v proportion with 0.7 ml/min flow
rate. At 210 nm, the retention times of oleanolic acid and
ursolic acid were 14.84 and 15.77, respectively. The
analysis discovered that amounts of oleanolic and ursolic
acid are 398.50-541.91 mg/g and 145.72-186.71mg/g,
respectively.

A rapid HPLC technique for the quantification of
oleanolic acid and ursolic acid from leaves of Plantago
Major crude methanolic extract was developed by
Zacchigna, et al. [29], using LiChrosorb octadecyl silyl
silica (ODS) column along with a solvent system consisting
of methanol: water: tetrahydrofuran in 94:5:1 v/v
proportion with pH 5. Retention time (R;) of oleanolic acid
and ursolic acid was determined to be 9.645 and 10.307
min respectively at 220 nm.

The RP-HPLC method was invented by Xu et al. [30] to
simultaneously determine oleanolic acid and ursolic acid in
Eriobotrya japonica Lindl leaves. The system used
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consisted of an AlltechApolloC18(250mm >4.6 mm, 5 mm)
column with a solvent containing methanol and ultra-pure
water in 95:5 v/v proportion with a 0.4 ml/min flow rate.
An R; of oleanolic acid and ursolic acid were 20.58 and
21.57 nm, respectively, at 215 nm. According to the
research, leaves typically contained 5.6 and 1.4 mg/g of
ursolic and oleanolic acid, respectively.

Parikh et al. [31] constructed an RP-HPLC technique to
simultaneously quantify oleanolic acid as well as gallic
acid in antihyperlipidemic Polyherbal tablets. They used a
Hyperchrom 5 C18 column (250 mm %< 4.6 mm, 5 um)
with solvents of 0.1% orthophosphoric acid and methanol
in a 5:95 v/v proportion at a 1 ml/min flow rate. The
scanning wavelength was adjusted to 222 nm. It was
discovered that retention times (R;) of gallic acid and
oleanolic acid were 2.8 and 9.9 minutes, respectively.

Mirjalili et al. [32] discovered an HPLC technique for
quantifying betulinic, ursolic, and oleanolic acid in many
thymus species from Iran, including T. pubescens, T.
caramanicus, T. daenensis, and T. persicus. The
investigation was done on a 25 cm x4.6 mm pre-column,
Eurospher 100-5 C18 analytical column using solvents of
methanol, phosphoric acid, and water in 87:0.05:12.95 v/v
proportions. The retention times (R; of ursolic acid,
betulinic acid, and oleanolic acid at 210 nm were 22.9, 20.1,
and 21.9, respectively. The maximal amount of ursolic acid,
betulinic acid, and oleanolic acid in the aerial portion of T.
persicus was determined to be 941.7 mg, 856.9 mg, and
480.6 mg/100 g DW plant, respectively.

In a study by Yang et al. [33], the markers compounds
namely erythodiol, pomolic acid, betulin, ursolic acid,
acetyl oleanolic acid, ursolic acid, and betulinic acid were
determined by HPLC-ELSD technique from Chinese
medicinal herb (Chaenomele). The analysis was carried out
on Zorbax Stable Bound C18 column (4.6 mm <100 mm
i.d., 1.8um) with gradient elution of solvents acetonitrile
and water at 1 mL/min flow rate. In the study nitrogen flow
was kept at 2.64 SLPM, nebulizer gas was 5 bar and
wavelength was set at 205 nm. The R; erythodiol, of betulin,
acetyl ursolic acid, oleanolic acid, pomolic acid, ursolic
acid, and betulinic acid was determined to be 29.6, 26.6,
18.4,11.12, 6.24, 18.4 and 8.02 min respectively.

A validated HPLC-UV technique was developed by
Hwang et al. [34] to simultaneously determine stigmasterol,
oleanolic acid, p-sitosterol, and oleanolic acid acetate, in
Phaseolus angularis seeds. The method used a Luna-C8
column with gradient elution of solvents methanol and
water (85:15:- 0-10 min) and (90:10:- 20-30 min) at a flow
rate of 1 ml/min. The obtained R;values for stigmasterol,
oleanolic acid, p-sitosterol, and oleanolic acid acetate were
26.09, 6.53, 27.82, and 10.92 nm, respectively, at 210 nm
wavelength.

3.3. RP-UFLC-DAD Method

Without compromising on good quality, ultra-fast liquid
chromatography (UFLC) is a quick analytical separation

method. The UFLC column's small particle size (2.2pm)
allows for very selective and chemically stable columns
with fast analysis. This leads to shorter retention periods
with repeatable results as well as extremely reliable, user-
friendly, and adjustable sensitivity and selectivity. Based
on excellent analysis precision and reliability, the ultra-
high-speed LC of the Prominence UFLC series
accomplishes both ultra-high separation and ultra-high-
speed analysis [35].

The RP-UFLC technique with diode array detector
(DAD) was published by Pai et al. [36] to measure the
betulinic acid, ursolic acid, and oleanolic acid in
Achyranthes aspera L. Lichrospher 100, Hiber 250-4.6 mm,
5p C18 column with an isocratic solvent system of
methanol: water in a 90:10 v/v ratio and pH 5 adjusted with
glacial acetic acid was employed in the study. The
investigation was carried out at a 210 nm wavelength, with
a flow rate maintained at 1 mL/min. Betulinic acid,
oleanolic acid, and ursolic acid had retention times of
11.7155, 12.9706, 13.4671, and minutes, respectively.

Using the HPTLC approach, Pai et al. [37] established
the RP-UFLC technique to determine the oleanolic acid
and betulinic acid in Achyranthes aspera. In UFLC, an
investigation was carried out on a Lichrospher 100, Hibar
250-4.6 mm, 5 i C18e column with methanol and water
solvent in 90:10 v/v proportion at a flow rate of 1 mL/min.
In HPTLC investigation was conducted on silica gel G60
F2s4 (50 <100 mm) using a solvent mixture consisting of
benzene, ethyl acetate, and formic acid in a 67.9:22.7:9.4
v/v proportion. The analysis's detection wavelength was
210 nm, and the relative retention times of oleanolic acid
and betulinic acid were 12.828 +0.05 and 11.639 +0.06
min respectively.

3.4. UHPLC-PDA Method

UHPLC, or ultra-high-pressure liquid chromatography,
is the current HPLC standard technology. Because the
UHPLC technique can function at high pressures of up to
1000 bar or more, compared to HPLC, it is superior to
HPLC. Liquid chromatographic separations using UHPLC
columns that contain particles smaller than the 2.5-5 um
sizes often utilized in HPLC are covered. The use of
smaller particle sizes results in sharper and higher peaks,
faster analysis and column equilibration, and improved
peak resolution which is very suitable for quick method
development. This is employed in stability investigations
and holds particular significance for analyzing drugs within
the pharmaceutical matrix [38].

The optimized UHPLC technique employing a
photodiode array detector (DAD) was developed by
Owczarek et al. [39] using response surface methodology
in Ericaceae plant components (leaves of Vaccinium
myrtillus, Arctostaphylos uva ursi, Gaultheria procumbens,
and Vaccinium vitis idaea) for the simultaneously
determining ursolic acid and oleanolic acid. The Zorbax
Eclipse XDB-C18 column (1.8 m, 100 mm =<3 mm [.D)
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and a combination of solvents, consisting of 1% (w/v)
aqueous orthophosphoric acid and methanol in a 90:10 v/v
proportion, were utilized for the separation at a 0.44 ml/min
flow rate and a 215 nm wavelength. It was discovered that
the content of oleanolic acid and ursolic acid was
determined to be 0.74-4.47 mg/g dw and 1.30-18.61 mg/g
dw dry weight respectively.

3.5. LC-MS Method

The analytical techniqgue known as liquid
chromatography with mass spectroscopy (LC-MS)
combines the mass spectrometry's analytical ability with
the physical separation powers of liquid chromatography.
The LC-MS approach separates components in a liquid
mobile phase utilizing a solid stationary phase and a mass
spectrometer (MS) equipment creates ions and separates
them relying on their mass-to-charge ratio (m/z). An LC-
MS primarily consists of a liquid chromatography
assembly, an ionization source, a mass analyzer, and mass
spectrometric data acquisition. It is a strong technology
with great sensitivity and selectivity that is most regularly
utilized for both quantitative and qualitative evaluation of
drug compounds, drug products, and biological materials
[40-44].

Zhang et al. [45] reported the LC-MS approach with an
APCI ion source for determining the marker chemicals
oleanolic acid, pomolic acid, ursolic acid, 3-4-O-a-L-
arabinopyranosylsiaresinolic acid-28-0-4-D-
glucopyranosyl ester, maslinic acid, ziyuglycoside I and
colosic acid in Pyrola decorata H. Andres using Hypersil
C18 column (250 =<4.6 mm, 5 pm) with gradient elution of
solvent system (A) methanol and (B) water with 0.8 ml/min
of flow rate. The detector voltage was adjusted to 1.6 kv,
and a nebulizer gas flow was adjusted to 2.5 L/min. An m/z
for the colosic acid, maslinic acid, and pomolic acid is at
471, the m/z for ursolic and oleanolic acids is at 455, the
m/z for 3-$-O-a-L-arabinopyranosylsiaresinolic acid-28-
O-p-D-glucopyranosy! ester and ziyuglycoside | is at 603.

An LC-MS approach was discovered by Pang et al. [46]
for determining quercetin, oleanolic acid, kaempferol,
lysionotin, and rutin simultaneously from rosa multiflora
thumb. The method employed a 5 pm Bonchrom-C18
column (150 mm %9 4.6 mm ID) and a solvent system
comprising 5 mmol L' ammonium formate and acetonitrile
at a 1.0 mL/min flow rate. In the experiment, they
maintained a nitrogen gas flow rate (10 ml/min) and a
nebulizer pressure (50 psi). The Agilent ultra-scan mode
was applied inside the m/z 50-800 range.

Guo et al. [47] published a validated HPLC-MS
photodiode array (DAD) and evaporative light scattering

detector (ELSD) based HPLC-MS technique for both
gualitative and quantitative detection of markers
compounds quercetin-3-O-rutinoside, oleanolic acid,
ceanothenic acid, 2a-hydroxy ursolic acid 2-hydroxy
ursolic acid, ceanothic acid, maslinic acid, quercetin-3-O-
a-l-arabinosyl-(1—2)-a-I rhamnoside, zizyphus saponin I,
alphitolic acid, epiceanothic acid, quercetin-3-O-p-d-
xylosyl-(1—2)-a-I-rhamnoside, betulinic acid, zizyphus
saponin Il and zizyberanalic acid from Ziziphus jujuba
leaves. The estimation was performed on Waters Sunfire
C18 column with 0.2% acetic acid and acetonitrile solvent
combination under gradient elution at flow rate (0.5 ml/min)
and nitrogen flow rate (2.7 I/min). The Rt of quercetin-3-
O-rutinoside, oleanolic acid, ceanothenic acid, 2a-hydroxy
ursolic acid 2-hydroxy ursolic acid, ceanothic acid,
maslinic acid, quercetin-3-O-a-l-arabinosyl-(1 — 2)-a-I-
rhamnoside, zizyphus saponin I, alphitolic acid,
epiceanothic acid, quercetin-3-0-p-d-xylosyl-(1 — 2)-a-I-
rhamnoside, betulinic acid, zizyphus saponin Il and
zizyberanalic acid was determined to be 11.93, 77.01,
64.14, 59.14, 50.72, 58.15, 15.47, 36.70, 56.44, 61.97,
16.21, 74.65, 34.57 and 60.37 respectively.

Voronov et al. [48] reported the HPLC-MS/MS
technique employing triple quadrupole mass analyzer to
detect lupeol, a-amyrin, 3p-taraxerol, botulin, B-amyrin,
uvaol, erythrodiol, oleanolic, ursolic and betulinic acids in
plant biomass using column Hypercarb (30 <3.0 mm, 3.0
pm particle size) and porous graphitic carbon stationary
phase. The solvents were composed of A methanol and
acetonitrile in a 1:1 v/v ratio, and B ethyl acetate and
isopropanol in a 1:1 v/v proportion, both of which
contained 0.5% formic acid using interface temperature -
350C; heat block temperature - 250<C; desolvation line
temperature - 250<C, drying gas flow rate - 15 L min~" and
nebulizing gas flow rate - 4 L min™! respectively. The
retention times of lupeol, a-amyrin, 3B-taraxerol, botulin,
B-amyrin, uvaol, erythrodiol, oleanolic, ursolic, and
betulinic acids were determined to be 2.81, 3.38, 1.93, 4.96,
4.74,3.97, 6.38, 7.69, 4.18 and 5.36 min, respectively.

Huang et al. [49] employed the LC-APCI-IT-MS
technique to determine ursolic acid and oleanolic acid
Anoectochilus roxburghii (wall.) Lindl. With a 0.8 ml/min
flow rate, they utilized an Agilent zorbax C18 column (250
mm 4.6 mm, particle size 5 m) with solvents of acetic acid
(1% v/v), water (15% v/v), and methanol (84% v/v). They
detected the biomarkers at 210 nm. In the investigation of
oleanolic and ursolic acid fragments ion M + H - H20] +
was found at m/z 439.4 for both oleanolic acid and ursolic
acid. The optimum MS conditions for detection in the study
are given in Table 5.
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Table 5. Optimum MS conditions for detection of oleanolic acid and
ursolic acid

Nebulizer pressure 60 Psi

Flow rate (drying gas) 4 L/min

Corona current 4000 nA

Capillary voltage + 3500 V

Drying gas and vaporizer temperature 350C

Quantitative determination of seven marker compounds
maslinic acid, 2a,3a,19a-trinydroxyolean-12-en-28-oic
acid, oleanolic acid, tormentic acid, ursolic acid and
corosolic acid; 5,20,3a-dihydroxy ursolic acid from
Eriobotrya japonica Lindl using HPLC-PAD-ESI/MS
technique was invented by Li et al [50]. In the analysis, they
employed the Ultimate XB-C18 column (250 >4.6 mmi.d.;
5 m) with solvent system (A) methanol and formic acid
(0.1 % v/v) along with mobile phase (B) water and formic
acid (0.15 %v/v) in gradient elution with a 0.8 mL/min flow
rate. At 208 nm, R; for maslinic acid, 20,3a,190-
trihydroxyolean-12-en-28-oic  acid, oleanolic  acid,
tormentic acid, ursolic acid, corosolic acid, and 5,2a.,3a-
dihydroxy ursolic acid were determined to be 37.6, 15.7,
55.1, 16.6, 56.7, 39.1 and 48.2 respectively. In the analysis,
the MS conditions are described in Table 6.

Table 6. Optimum MS conditions for analysis of seven marker
compounds

Temperature 325<C

HV capillary voltage 3.5kv

Nebulizer pressure 40 Psi

Nebulizer/drying gas nitrogen 9 L/min

Scan range 50-1000 amu

3.6. UHPLC-ESI-MS/MS Method

Ultra-high-performance liquid-chromatography with
tandem mass spectroscopy (UHPLC-MS/MS) is a
hyphenated technology in this chromatographic system
linked with the spectroscopic system via the right interface.
UHPLC provides the full benefits associated with
chromatography applications for separations employing
shorter columns and superior flow rates for augmented

rapidly, with higher resolution and sensitivity [51].

Ampofo et al. [52] established the UHPLC-MS/MS
technique with an ESI ionization source for measuring
oleanolic acid and ursolic acid in Moringa oleifera seeds.
The analysis was done on a Waters Acquity Bridged Ethyl
Hybrid (BEH) C18 column (1.7 m, 2.1 mm 100 mm) with
a solvent system of 10 mm ammonium acetate (in water)
and methanol in a 25:75 v/v proportion at a 0.38 mL/min
flow rate. Oleanolic acid and ursolic acid were examined at
m/z 455 (M-H ion) in the investigation. Oleanolic acid and
ursolic acid had retention times of 6.9 and 7.2 minutes,
respectively.

3.7. GC-MS Method

GC-MS is a potent separation technique for detecting
small and volatile compounds. A method of identifying
various substances within a test sample incorporates the
separation abilities of gas-liquid chromatography with the
detection abilities of mass spectrometry. It is most
commonly used for quantitative analysis. GC (gas
chromatography) separates the volatile and heat-stable
substitutes in a sample, on the other hand, the analyte to be
detected via GC-MS is fragmented according to its mass.
Gas chromatography is also wuseful for analyzing
pharmaceutical contaminants [19,20,53].

Abdelhamid et al. [54] invented the GC-MS approach
for simultaneously identifying marker chemicals
octadecatrienoic acid-2 [(trimethylsilyl)oxy]-1-
[[(trimethylsilyl)oxy] methyl]ethyl ester (Z, Z, Z), lupeol,
oleanolic acid, trimethylsilyl derivative of 2-monoolein,
2,3-dihydroxypropyl-cis-13-docosenoate, tristrimethylsily
| ether derivative of 1,25-dihydroxy vitamin D2, lupanol,
carotene-1,1',2,2'-tetrahydro-1,1'-dimethoxy, lucenin 2,
tetraneurin-a-diol, 1-oxo-forskolin, oleic acid
trimethylsilyl ester, oleic acid-3-hydroxypropyl ester,
botulin, stigmast-5-en-3-o0l-(3424S), aamyrin-
trimethylsilyl ether and avone-4'-OH,5-OH,7-di-O-
glucoside in Nelumbo nucifera seeds. The experiment was
performed on a TG 5MS column composed of 5% phenyl
methyl polysiloxane, and 99.99% pure carrier gas helium,
with a 1 ml/min flow rate. In the study ion sources were
held at 200C and mass spectra were collected at 70 eV
with fragments ranging from 40 to 650 Da.
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Table 7. Summary of HPLC and HPTLC techniques for Estimation of oleanolic acid and their combination
Method Biomarker Stationary Phase Mobile Phase Retention  Factor | Reference
(Ry)

HPTLC Oleanolic acid Aluminium plate coated with | Toluene: ethyl acetate: formic acid | 0.20 Y et al., 2009
silica gel 60 Fs4 (4.5:0.5:0.1, viv) [10]
Aluminium-backed silica gel | Toluene: ethyl acetate: methanol: | 0.55-0.57 Saraf et al.,
60 Fas4 (250pum thickness) acetone (14:4:1:1, viviviv) 2015 [12]
Silica gel 60 Fyss HPTLC | Toluene: ethyl acetate: formic acid | 0.56 Patel et al,
plates (7:3:0.3 % v/v) 2015 [9]
Silica gel 60 Fysq Toluene: ethyl acetate: formicacid | 0.54+0.03 Jayaprakasam

(7:3:0.2% viviv) et al., 2023
[27]
Oleanolic acid, Aluminium plate coated with | Petroleum ether: ethyl acetate: | OA: 0.40, Gupta et al.,
Ursolic acid silica gel 60 Fys4 (10 <10 cm | acetone (7.8:2.2:0.1, v/viv) UA: 0.24 2018 [21]
and 20 <10 cm)
Aluminium-backed silica gel | Hexane: ethyl acetate: methanol | OA: 0.41 +0.03, Gambhava et
G 60 Fasq (8.2:1.8:0.5, v/viv) UA: 0.28 +0.03 al., 2013 [22]
Silica gel plates (10cm > | Toluene: ethyl acetate (4:1, v/v) UA: 0.3, Sharma et al.,
20cm) OA: 0.25 2020 [11]
Lupeol Silica gel 60 F2s4 plates (10 | Toluene: methanol (9.4:0.6, v/v) Lupeol: 0.51, Modi et al,
Oleanolic acid | ©M >10 cm) OA: 0.16 2015 [23]
Ursolic  acid, | Silica gel 60 Fs, plate n-Hexane: ethyl acetate: toluene | UA: 0.50, Kaur et al,
Lupeol, (14.2,4,1.8 viv) Lupeol: 0.74 2019 [24]
Betulinic acid, - 0.58
Oleanolic acid BA:0.58,
OA: 0.25
Lupeol, Precoated aluminium silica | Toluene: ethyl acetate (9:4, v/v), | Lupeol: 0.84, Preet et al,
Oleanolic acid gel 60 Fu, plates (200 pm | and OA: 0.47 2018 [25]
B-Sitosterol thickness x5 pm particle size | 1o|yene: ethyl acetate: formic acid B-Sitosterol: 0.64
(7:3:0.3 viv)
Ursolic acid | silica gel 60 F,, plate Hexane: ethyl acetate: methanol | UA: 0.28, Modi et al,
Stigmasterol (8.2:1.8:0.5, v/v) for ursolic and Stigmasterol: 0.39 2017 [26]
Oleanolic acid oleanolic acid,
OA: 0.41,
Lupeol Toluene: methanol (9.4:0.6, v/v) L 051
for stigmasterol and lupeol upeol: 0.5
Method Biomarker Stationary Phase Solvent System Retention Time (R:) | Reference
(Min)
HPLC Oleanolic acid RP Shim-pack Solar C (250 | Methanol and 25 mM phosphate | 15.7 Jayaprakasam
>4.6 mm, 5 um particle size) | buffer (pH-3) (90:10, %v/v) et al, 2023
[27]
RP-C18 column Methanol and 0.03 mol/L | 15.43 Noolvi et al.,
phosphate buffer (85:15, v/v) 2018 [13]
Ursolic acid RP BDS Hpersil C18 column | Methanol: phosphoric acid: water | UA: 15.77, Geana et al.,
Oleanolic acid (250 =<4.0 mm,3um) (88:0.05:11.95 vivivl) OA: 14.84 2014 [28]
LiChrosorb octadecyl silyl | Methanol: water: tetrahydrofuran | UA: 10.307, Zacchigna et
silica (ODS) column (94:5:1, viIv) OA: 9.645 al., 2009 [29]
RP Methanol: ultra-pure water (95:5, | UA: 21.57, Xuetal., 2012
AlltechApolloC18(250mm = | v/v) OA: 20.58 [30]
4.6 mm,5 mm) column
Oleanolic acid Hyperchrom 5 C18 column | 0.1% orthophosphoric acid and | OA: 9.9, Parikh et al.,
Gallic acid (250 mm =4.6 mm, 5 pm) methanol (5:95, v/v) GA: 2.8 2018 [31]
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Table 7 continued

Betulinic acid, Eurospher 100-5 C18 | Methanol: phosphoric acid: water | BA: 20.1, Mirjalili et al,
Ursolic acid analytical column (25 cm>4.6 | (87:0.05:12.95, v/v) UA: 22.9 2016 [32]
. pre-column)

Oleanolic acid OA:21.9
Erythodiol, Zorbax Stable Bound C18 | Gradient elution of methanol: | Erythodiol: 29.6, Yang et al,
Oleanolic acid, | column (4.6 mm > 100 mm | water OA: 11.12 2009 [33]
Acetyl - ursolic | i.d., 1.8um) (85:15: - 0-10 min), (90:10: - 20- | Acetyi ursolic acid:
aCId’ 30 m|n) 18.4
Ursolic acid, '

UA: 18.4,
Betulin, .

Betulin: 26.6,
Pomolic  acid, )
Betulinic acid PA:6.24,

BA: 8.02
Stigmasterol, Luna-C8 column Gradient elution of methanol: | Stigmasterol: 26.09, | Hwang et al.,
Oleanolic acid, water (85:15v/v): - 0-10 min) and | oA 653 2014 [34]
p-Sitosterol, (S0:10v/v: - 20-30 min) B-Sitosterol: 27.82
Oleanolic  acid OA acetate: 10.92
acetate

4. Pharmacology

4.1. Hepatoprotective Activity

Oleanolic acid contributes to liver protection. It
promotes the treatment of liver cirrhosis and fibrosis
produced by prolonged liver illnesses and acute chemical
liver damage. Modifications in gene expression, such as
those involving Nrf2 and MT, as well as the transcription
factor farnesoid x receptor (FXR), are responsible for this
effect. In China, oleanolic acid was previously utilized as
an oral non-prescription drug for relieving liver conditions
such as viral hepatitis. Inducing Nrf2-dependent genes that
contribute to liver protection, raises the nuclear production
of Nrf2, a crucial regulator of detoxifying and antioxidant
enzymes. Moreover, research has demonstrated that
oleanolic acid shields mice's livers from CCl4-induced
damage. Additionally, Yu et al. invented two types of OA
prodrugs that significantly protect the liver [2,5].

4.2. Antitumor Activity

Oleanolic acid provides anti-tumor activity against
several cancers, including liver, lung, thyroid, stomach, and
cervical cancer. Several investigations demonstrated that it
possesses anti-tumor actions in various in vitro as well as
in vivo models. OA has shown encouraging effects in the
therapy of liver cancer by lowering cell invasion and
migration, inducing mitochondrial apoptosis, producing
G2/M cell cycle arrest, and deactivating the JNK/p38
signaling pathway. Combining OA with autophagy
inhibitors (p-glycoprotein) is more effective against liver
cancer. In contrast, to liberate medicines alone or mono
systems, calcium carbonate hybrid nanoparticles coated
with cancerous cell walls were employed to administer OA
and cisplatin, resulting in increased cell apoptosis and

reversal of cancer cell multidrug resistance [1,2].

4.3. Anti-Inflammatory Activity

Inflammation has a crucial function in triggering and
progression of several illnesses, including cancer, diabetes,
and asthma and it may be utilized in treating a range of
inflammations such as enteritis, tracheitis, and vasculitis. It
inhibits rat complement and exhibits anti-inflammatory
action in rats with carrageenan-induced paw edema and
adjuvant-induced arthritis.  According to research,
oleanolic acid possessing antiasthmatic and anti-
inflammatory actions might be mediated by suppressing
the GATA-3 and retinoic acid-related orphan receptor vy t
pathways. Moreover, treatments with oleanolic acid have
also been found to reduce spinal cord injury by inhibiting
p38 and JNK-regulated apoptosis and inflammation. It has
also been shown that oleanolic acid has an anti-
inflammatory impact on mice with experimental
autoimmune myocarditis. This anti-inflammatory effect
leads to the secretion of pro-inflammatory cytokines as
well as anti-inflammatory cytokines being promoted,
which as a result reduces illness symptoms [1,2].

4.4. Anti-Diabetes Activity

Diabetes serves as a progressive and complex condition
characterized by reduced insulin secretion. It can cause
several metabolic problems that impact organs including
the eyes, nerves, kidneys, and blood vessels. Oleanolic acid
has been utilized in diabetic models as a therapeutic drug
to increase insulin action, block glucose production, and
increase glucose utilization. Treatment with 25 mol/L OA
was demonstrated to increase insulin sensitivity in insulin-
resistant HepG2 cells by enhancing the expression of
glucose transporter 4 (GLUT-4) proteins and insulin
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receptor substrate 1(IRS-1). OA has also been shown to
lower hepatic insulin  production and inhibit
gluconeogenesis, which is the key link between non-
alcoholic fatty liver disease and type 2 diabetes in obese
conditions. The glycogen phosphorylase enzyme degrades
glycogen and delivers glucose into the bloodstream, and
inhibiting it is an important strategy for controlling
hyperglycemia in type 2 diabetes. In diabetic mice,
combination therapy with oleanolic acid and metformin is
more successful than monotherapy in lowering blood
glucose and insulin levels and improving liver damage [1].

4.5. Antimicrobial Activity

Oleanolic acid has been shown to have antimicrobial
properties by disrupting the cell membranes of Listeria
monocytogenes, Enterococcus faecalis, and Enterococcus
faecium. While it demonstrated moderate action against
Staphylococcus aureus and Bacillus thuringiensis (62.5
o/mL), it had a low inhibitory concentration against
Salmonella enterica, Shigella dysenteriae and Escherichia
coli (31.2 pg/mL). Jimenez-Arellanes et al. combined
oleanolic acid and ursolic acid to test their synergistic
antimicrobial effects on Mycobacterium tuberculosis
H37Rv along with drug-resistant clinical strains of
tuberculosis in macrophage cell lines and tuberculosis-
infested BALB/C mice. The researchers investigated
pulmonary bacilli burdens and their expression level of
interferon- y (IFN- vy), tumor necrosis factor-a (TNF-a),
and inducible nitric oxide synthase expression. The
pulmonary bacilli burdens in the infected BALB/C mice
were markedly decreased by treatment with both drugs.
Several OA derivatives have been investigated as possible
therapeutic medications to manage inflammation induced
by microorganisms. To explore the antifungal
characteristics of OA, Zhao et al. synthesized 25 oxime
ester derivatives of OA. At 50 g/mL, all of the derivatives
demonstrated higher antifungal properties against
Rhizoctonia solani and Sclerotinia sclerotiorum than did
the 'parent’ OA [1].

4.6. Antihypertensive Activity

Hypertension is a chronic condition identified by a rise
in regional arterial pressure over a predetermined level.
Bachhav et al. examine the preventative impact of oleanolic
acid on glucocorticoid-induced hypertension in rats. Using
oleanolic acid dramatically reduced systolic blood pressure
and cardiac lipid peroxidation. The study predicted a
possible involvement of NO, N GO-nitro-L-arginine methyl
ester (L-NAME)-induced hypertensive rats were treated
with OA when NO was suppressed. The OA treatment
caused a non-significant rise in NOx levels. Other
characteristics including reduced urine salt, urine volume,
and potassium, and elevated serum creatinine produced by
the L-NAME administration were considerably reversed by
OA. The findings suggested that the beneficial impact of
OA in L-NAME-induced hypertension could be related to

diuresis and nephroprotection [1].

4.7. Gastroprotective Activity

Astudillo et al. studied oleanolic acid's gastroprotective
efficacy in rat models with deliberately induced stomach
ulcers. Their findings show that a single oral dose of OA
(50-200 mg/kg) decreased the visibility of stomach lesions
caused by aspirin, ethanol, and pylorus ligation. The
mechanism of OA gastroprotective activity is unknown. It
has been proposed that triterpenoids protect prostaglandin-
catabolizing enzymes and sustain high levels of
prostaglandin content in gastric mucosa [6].

4.8. Antihyperlipidemic Activity

Hyperlipidemia is a disorder caused by a high-
cholesterol diet. Oleanolic acid reduced the plasma lipids
in the male rats and also reduced lipid accumulation.
Additionally, they found that hepatic glycogen content was
increased, as well as the expression of Acyl-CoA
cholesterol acyltransferase was suppressed. They
discovered that the compound prevented the intestinal
absorption as well as storage of cholesterol [6].

5. Conclusions

Oleanolic acid, a pentacyclic triterpenoid that is present
in a variety of plants, especially vegetables, and fruit, as
well as has the potential to cure a variety of diseases due to
its diverse pharmacological properties. This review
discusses various extraction methods including soxhlet
extraction, sonication, ultrasonic extraction, percolation,
cold maceration, and maceration for oleanolic acid.
Methanol, ethyl alcohol, ethanol, n-butanol, ethyl acetate,
petroleum ether, n-hexane, and diethyl ether, are the most
frequent solvents utilized in oleanolic acid extraction. This
review primarily focuses on several analytical methods
including HPTLC, HPLC, HPLC-MS/MS, GC-MS, LC-
MS, HPLC-PAD-ESI/MS, UHPLC-ESI-MS/MS, LC-
APCI-IT-MS, along with RP-UFLC and UHPLC
employing a DAD (diode array detector) for determination
as well as identification of oleanolic acid and its
combination with other phytoconstituents in herbal and
ayurvedic formulation, and different plant species. Based
on the literature, this review discovers that HPTLC is the
most frequently used method for the identification of
oleanolic acid because of its simplicity, speed, accuracy,
precision, and cost-effectiveness. As the outcome, it can be
assumed that recent trends and existing analytical methods
show that the data is useful for developing and validating
analytical methods.
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