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Abstract ‘ Original Research

Laportea aestuans has folkloric application in African herbal remedies for the treatment of inflammatory
conditions. Over the years this medicinal plant has been traditionally used in Africa ethnomedicine in the
treatment of several diseases associated with pains, fever and inflammation but without much scientific
fractionation and characterization of biomolecular constituents and therefore, the rationale behind this research.
The crude ethanol extract has demonstrated anti-inflammatory potential, the specific bioactive fractions and
their phytochemical constituents remain uncharacterized. To fractionate and characterize the phytochemical
principles of solvent fractions of ethanol leaf extract of Laportea aestuans and determine their anti-
inflammatory activity using animal models, crude ethanol extract of L. aestuans leaves was fractionated into
n-hexane, dichloromethane, ethyl acetate, and aqueous ethanol fractions. Phytochemical analysis of each
fraction was conducted and evaluated on animal models. Anti-inflammatory activity was assessed using
carrageenan-induced paw edema model in Wistar rats. Standard drug aspirin (10 mg/kg) was used and
compared with the various fractions of the solvents. The statistical analysis was conducted using one-way
ANOVA. Phytochemical screening revealed differential distribution of bioactive compounds across fractions.
Flavonoids and alkaloids were most abundant in the ethyl acetate and dichloromethane fractions. The
dichloromethane and ethyl acetate fractions exhibited significant (p<0.05) inhibition of paw edema, with the
ethyl acetate fraction showing activity comparable to standard drug; aspirin. Solvent partitioning enhanced
identification of active fractions of L. aestuans responsible for its anti-inflammatory activity. The
characterisation and structural elucidation of the ethyl acetate fraction was carried-out with Gas
Chromatography-Mass Spectrometry (GC-MS). The GC-MS analysis of the ethyl acetate fraction of Laportea
aestuans identified 9, 12- Octadecadienoic acid, 9, 12, 15- Octadecatrienoic acid, Tetradecanoic acid, Oleic
acid methyl ester, Dodecanoic acid and other methyl ester and alkanes. These bioactive principles possess anti-
inflammatory properties and thus, provided insight into the mechanisms of action.

Keywords: Laportea aestuans, solvent fractions, anti-inflammatory activity, characterisation, carrageenan
model.
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Introduction

There are several medicinal plants in Africa that are
yet to be exploited to provide remedy to different
ailments that threaten human existence. These
medicinal plants exist in the form of vegetables,
herbs, and spices, are used in a variety of ways in
alternative and complementary medicine, and they
consist of phytochemical constituents that are useful
in the development of new pharmaceuticals (Zengin,
Cakmak, Guler, and Aktumsek, 2017). Medicinal
plants have been used in managing several diseases
hence; they are less expensive and readily available
to obtain from the surroundings. However, the
beneficial effects of medicinal plant does not mean
they are free of harmful effects. Not up to 10% of the
commercialized herbal products have standardized
active principles (Ramulondi, de-Wet, and Van-
Vuuren, 2019). Laportea aestuans is one of the many
medicinal plants in African soil which possess anti-
inflammatory properties (Alagba et al., 2025).

Inflammation plays a pivotal role in the pathogenesis
of many chronic diseases. Although NSAIDs remain
the cornerstone of anti-inflammatory therapy, their
long-term use is associated with adverse effects such
as  gastric irritation,  hepatotoxicity, and
cardiovascular risk and therefore, the need for
alternative remedy with less or no adverse effects.
Traditional medicinal plants, like Laportea aestuans,
are promising sources of safer and effective anti-
inflammatory agents. Previous studies have
demonstrated the anti-inflammatory activity of its
ethanol leaf extract (Alagba et al., 2025). However,
little is known about the activity of its solvent-
partitioned fractions and molecular characterization
of its phytochemicals. Regarding the wide ethno-
pharmacological values of L. aestuans, it is essential
to fractionate and characterize the active principles
which are effective in anti-inflammatory properties
in animal cell. The modern biological techniques
used in detecting, identifying, isolating and
characterizing the novel plant extract has improved
in the management of many diseases affecting

humans. The research study aims to evaluate the
various solvent fractions and characterise the ethanol
leaf extracts of Laportea aestuans for anti-
inflammatory properties.

Gas Chromatography-Mass Spectrometry (GC-
MS)

This analytical techniques combine both gas
chromatography (GC) and mass spectrometry (MS).
Gas chromatography (GC) is a techniques used to
separate mixtures into individual components based
on boiling points, polarity and molecular weight. The
carrier gas; inert gases e.g. helium, nitrogen transport
samples through a column. The column is a narrow
coated tube where separation occurs (Akinyemi et
al., 2015). Mass Spectrometry (MS) uses ionization
where separated components are ionized, breaking
molecules into charged fragments. The fragments are
sorted by mass-to-charge ratio (m/z) using electric
and magnetic fields. The detected fragments are used
to generate mass spectrum. This techniques has high
sensitivity (used to detect trace amounts), high
specificity (used to identify complex mixture) and
can be applied in quantitative analysis where the
concentration of the measure components are
measured (Ahmadian et al., 2018). The GC-MS is a
powerful analytical techniques for analyzing
complex mixtures, identifying unknown compounds
and guantifying them (Adeneye, 2014).

Working Principle of Gas Chromatography-Mass
Spectrometry (GC-MS)

GC-MS is an analytical technique that combines the
separation power of Gas Chromatography (GC) with
the identification and structural elucidation power of
Mass Spectrometry (MS).

Principle of GC Component
Separation is based on the portioning of volatile
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compounds between a mobile phase (inert carrier gas
like helium or nitrogen) and a stationary phase (a
liquid or polymer coated on the inside of a capillary
column). The sample is vaporized in the injector and
inert gas carries the vaporized sample into the heated
GC column. The components in the mixture is
separated based on their boiling points and affinity
for the stationary phase. The components with lower
boiling point and less interactive to the stationary
phase are eluted first followed by the higher ones.

Principle of Mass Spectrometry (MS) Component

Identification is based on the mass-to-charge ratio
(m/z) of ionized fragments produced from each
compound. As each separated compound exits the
GC column, it enters the mass spectrometer. The
compound is bombarded with high energy electrons
in an ionization chamber, causing it to fragment into
ions. These ions are then sorted and detected based
on their mass-to-charge ratio (m/z). A mass spectrum
is produced for each compound, a unique
“fingerprint” showing the relative abundance of each
fragment ion. In the final output, the system
provides; chromatogram from GC showing peaks at
different retention times. The mass spectra from MS
for each peak, identifying and characterizing the
compound based on its fragmentation pattern.

Materials and Methods
Plant Material Collection and Authentication

The fresh leaves of Laportea aestuans were collected
at Nkaliki in Ebonyi State and identified by an ethno-
botanist; of the Department of Medicinal Plant and
Traditional Medicine, National Institute of
Pharmaceutical Research and  Development
(NIPRD), Abuja, and authenticated by Taxonomist;
of the same institution. The ethical approval was
obtained from Nnamdi Azikiwe University, Animal
Research Ethics Committee (NAU-AREC), Awka
where the research was carried out.

Preparation of Leaf Extracts of Laportea aestuans

The leaves of Laportea aestuans (Urticaceae:

English; white nettle or tropical nettle weed) were
washed and sun-dried for 7 days at ambient
temperature. The dried leaves were blended to fine
powder using electric blender and sieved. The
powdered leaves were macerated in 90 % ethanol for
48 hours at random shaking. The substance were
filtered and the filtrate, concentrated to dryness by
gentle heating over a water bath set at a temperature
(40°C) to obtain a yield. The extracts were preserved
in a refrigerator at 4°C.for the experiment.

Fractionation of the Crude Extract

2000 g of the ethanol extracts was mixed with silica
gel (60-200 mesh; 200 g) and allowed to air dry for
24 hours, after which it was packed in a column. The
gradient elution was performed using n-hexane,
dichloromethane, ethyl acetate and ethanol
respectively. Each fraction was collected and
concentrated using a rotary evaporator set at lower
40°C to vyield n-hexane fraction; 560.5 g,
dichloromethane fraction; 500.25 g, ethyl acetate
fraction; 440 g, and ethanol fraction; 320.9 g. Ethyl
acetate fraction was mixed with silica gel (60 — 200
mesh, 340 g) and allowed to air dry for 24 hours,
after which it was packed in a column using silica gel
as stationary phase and ethyl acetate /n-hexane as
mobile phase. Ethyl acetate fraction was used
because it has intermittent polarity. Fractions of 100
ml was collected and concentrated to dryness. At the
end of the process using gradient elution, all the
fractions with the same bands on the TLC profiles
were pooled together to yield fractions FA (1-10), FB
(11-22), FC (23-36) and FD (37-end). Fractions FD
(37-end) (580 mg) was further fractionated on silica
gel with a gradient of ethyl acetate in n-hexane as
eluent. FD (37-end) was used because it was the most
concentrated among other fractions. Forty fractions
of 100 ml were collected. Each fraction was
concentrated to dryness and recovered with n-
hexane: ethyl acetate (9:1). The fractions were
pooled together on the TLC profiles, after repeated
chromatography with the same mobile and stationary
phases to yield the column chromatographic fraction
(CCF) 105.4 mg.
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Selection and Preparation of the Experimental
Animals

Adult Wistar rats (180-200g), numbering 13 and 90
Swiss mice (16-18g) of both sexes were selected
from Animal house; Nnamdi Azikiwe University,
Awka and were used for the experiment. Animals
were housed in clean cages according to sexes in a
well-ventilated room with free access to food and
water. They were given access to familiarize with the
new environment, fed with pelletized animal mash
(Premier Feed Mills, Nigeria), and fasted overnight
before the experiment began. Organization for
Economic Cooperation and Development (OECD),
(2011), 425 guidelines for experimental animal and
Animal Research Ethics Committee (NAU-AREC),
Nnamdi Azikiwe University was followed.

Acute Toxicity Study

The investigation of the lethality effect (LDso) was
performed following Lorke’s method (1983). The
study was classified into two phases with 13 Wistar
rats of both male and female. In the first phase, the
animals were grouped into 3 (Group 1 - 3), n=3 and
administered with leaf extracts orally at the doses
(10, 100 and 1000mg/kg) respectively. The rats were
physically observed for toxicity effects for up to 24
hours. In the absence of lethality effects, phase 2 was
introduced. The second phase involved 4 groups (n
=1) and were intra-gastrically administered leaf
extracts in exponentially increased doses (1600,
2900, and 5000mg/kg) respectively. The animals
were caged in similar conditions and observed for
toxicity and mortality up to 24 hours and then 72
hours for late toxicity effects.

Evaluation of Anti-inflammatory Property of
Ethyl Acetate Sub-fractions of the Extract

Following the result obtained from the assay of the
fractions, the ethyl acetate fraction was further
separated using column chromatography. At the end
of the process using gradient elution, all the fractions
with the same bands on the TLC profiles were pooled
together to yield fraction Fa (1-10), Fg (11-22), Fc
(23-36) and Fp (37-end). The ethyl acetate sub-

fractions were assayed for anti-inflammatory
property using the carrageenan-induced pedal edema
model in mice. Adult mice (16-18 g) of both sexes
were divided into six groups with each group
containing 5 mice. The control group was given
distilled water (10ml/kg), Group 2, 3, 4 and 5
received sub-fractions; Fa (1-10), Fg (11-22), Fc (23-
36) and Fp (37-end) at doses of 10 mg/kg p.o
respectively. Group 6 received aspirin (5mg/kg)
administered orally. After 30 minutes, acute
inflammation was induced in the right hind paw of
mice by sub-plantar injection of 0.1ml carrageenan.

The paw volume was measured by water
displacement before and at 0.5, 1, 2, 3, 4 and 5 h after
carrageenan injection. Edema formation was
evaluated in terms of the difference in the zero time
paw volume of the injected paw and its volume at the
different times after carrageenan injection. For each
dose of extract, percentage inhibition of edema was
calculated the relation (Semis et al., 2021)

The percentage inhibition of the inflammation was
determined by the formula:

Inhibition of edema percent (%l) = Vc — Vt/Vc) X
100

Where,
Vt = paw volume of the test group
V¢ = paw volume of control group.

Characterization of Compounds

Characterization of phytochemicals refers to
identifying and analyzing the bioactive chemical
constituents in the ethanol leaf extracts that
contribute to its therapeutic properties (Khan, et al.,
2013; Kunanusorn, et al, 2019). Gas
Chromatography — Mass Spectrometry (GC-MS) on
column chromatographic fraction (CCF) of the
extracts was used to characterize the compound. The
characterization of the active principle of L. aestuans
was analysed using an Agilent HP-7890A Gas
Chromatograph (Agilent Technologies, Palo Alto,
CA, USA) was carried out on an Agilent HP 7890A
gas chromatograph (Technology model MSD =
5975C detector) (Agilent Technologies Injector:

ISA Journal of Medical Sciences (ISAJMS) | Published by ISA Publisher




ISA Journal of Medical Sciences (ISAJMS) | ISSN: 3049-1746 | Volume 3 | Issue 5 | 2026

7683B Series, lonization energy: 70eV, Palo Alto,
CA, USA). Initial temperature = 100°C held for 2
min, final temperature = 270°C at the rate of
10°C/min. 1ul of the various fractions of the ethanol
extracts of L. aestuans was injected. Temperature of
heater was set at 250°C, pressure of 3.2652 psi, mode
type slit less, column type (HP 5MS: 30m x 320um
x 0.25um) and carrier gas (Helium, 99.9999% purity,
flow rate = 1.4963ml/min; average velocity =
45.618cm/s). The constituent compounds were
determined by comparing their retention times and
mass weights with those of authentic samples
obtained by GC (Adama, 2021). The mass spectra of
GC-MS interpretation on mass spectrum was
conducted using the database at Institute of
Pharmaceutical Biology Universitat Dusseclduf.
Then the phytochemicals were identified based on
the hits returned after comparing the unknown peak
value and chromatograph from GC-MS against the

Results

known chromatograph peak value from the
Universitat Dusselduf Library database.
Subsequently, the details about their molecular
formula, molecular weight, structure were also
obtained.

Statistical Analyses

The values obtained from the experiment was
expressed as mean + standard deviation (SD). The
data was analyzed using one-way ANOVA to
determine whether results in a particular group are
significantly different from those in other
corresponding groups. The numerical data was
statistically analyzed using statistical product and
service solutions (SPSS), Version; 20 for Windows.
The results obtained was compared to controls with
p <0.05 considered to be significant.

Table 1: Quantitative Phytochemical Constituents of L. aestuans of various Solvent Fractions

Fraction Mean (mg/g)  Standard Deviation (mg/g)
Ethanol crude extract 5350.87 4131.90
n-Hexane fraction 2216.03 2493.43
Dichloromethane fraction 2863.01 2588.03
Ethyl acetate fraction 3080.24 3151.86
Ethanol fraction 5521.14 3682.98

P-value = 0.2223

From table 1 above, since the p-value > 0.05, there is
no statistical significant difference in the
phytochemical concentrations across the five solvent
fractions at the 95% confidence level. On the other

hand, the observed differences in concentrations was
due to random variations rather than a true effect of
the solvent.
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Table 2: Effect of the Fractions of Extracts of L. aestuans on Carrageenan-induced Inflammation.

Sample for Hexane Fraction; 100mg/kg

n==6

Time Mean (%) SD P-value

OH 0.509 0.042 0.461616

05H 1.338 0.014 0.014711

1H 1.120 0.042 0.000019

2H 0.956 0.032 < 0.000001
3H 0.866 0.036 < 0.000001
4 H 0.763 0.039 < 0.000001
S5H 0.675 0.039 < 0.000001

The results in Table 2 above are similar across other fraction — of ethanol leaf extracts using the

sample groups like Hexane Fraction; 200/400
mg/kg, Dichloromethane, Ethyl acetate, Ethanol,
and Aspirin, with most showing statistically
significant reduction in inflammation (compared to
negative control) from 1 H onward, and increasing
significance with time and dose. The table showed
anti-inflammatory potential of various solvent
fractions—n-hexane fraction, dichloromethane
fraction, ethyl acetate fraction, and ethanol

carrageenan-induced paw edema model in mice.
These were compared with a standard non-steroidal
anti-inflammatory drug (aspirin, 10 mg/kg) and a
negative control (distilled water, 5 ml/kg). The
assessment was performed across multiple time
points from 0 to 5 hours following inflammation
induction, a time-course approach designed to
capture both the early and late phases of
inflammation.

Table 3: The Anti-inflammatory Property of various Fractions of the Ethyl Acetate.

Formulation Group (Fa (1-10)

n==6
Time Mean (%) SD P-value
OH 0.435 0.013 0.000035
05H 0438 0.094 0.002018
1H 1.185 0.093 0.000001
2H 1.258 0.063 0.000008
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3H 1.238 0.092 0.000005

4H 0.928 0.072 0.000076

5H 0.454 0.028 0.000001
The results in Table 3 above are similar across other and increasing significance with time and dose. The
sample groups like Fg (11-22), Fc (23-36) and Fp sub-fractions on further analysis showed that the FD
(37-end)., and Aspirin, with most showing (37-end) were more effective compared to other sub-
statistically significant reduction in inflammation fractions. The result produced the FD (37-end) gave
(compared to negative control) from 1 H onward, similar results with the standard drug; aspirin.

GC-MS Analysis

Table 4: GC-MS Analysis of Bioactive Compounds present in Ethanol Leaf Extract of Laportea aestuans.

S/IN  Mwt Compound Name Chemical Peak Bioactive Medical
(g/mol) Formula  Area Compound  Importance
(%)
1. 280.45 9,12-Octadecadienoic CigH320>  19.06 Unsaturated  Anti-inflammatory,
acid (linoleic acid) fatty acid Antioxidant (Chen
etal., 2021)
2. 278.43 9,12,15- CigH3002 18.66 Omega-3 Cardioprotective
Octadecatrienoic acid fatty acid anti-inflammatory
(ALA) (Okolie et al., 2019)
3. 22837 Tetradecanoic  acid CuisH202  16.28 Saturated Lipid lowering
(myristic acid) fatty acid (Rusli et al., 2022)
4. 296.49 Oleic acid methyl CigH3s0>, 8.24 Fatty  acid Anti-inflammatory
ester este (Rusli et al., 2022)
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5. 200.32 Dodecanoic acid

6. - Other methyl ester -
and alkanes

C12H240-

-6.8 Saturated Skin penetration
fatty acid agent  (Olukanmi,
2020)
minor \olatile Anti-microbial
organics (Yakubu et al.,
2023)

The GC-MS chromatogram of the column
crystalized sample gave different peaks of intensity
for different analytes as indicated in Table 4 above.

Discussion

The study revealed that solvent fractionation of
Laportea aestuans ethanol extract led to differential
distribution  of  phytochemicals and anti-
inflammatory activity. The ethyl acetate and
dichloromethane fractions showed the most
promising activity, comparable to the standard drug;
aspririn. The ethyl acetate fraction was rich in
flavonoids and alkaloids (Adama, 2021), which are
known to inhibit pro-inflammatory cytokines and
prostaglandin synthesis (Adedapo, et al., 2021). The
observed inhibition of paw edema, particularly
during the second phase of the carrageenan response,
suggested a mechanism involving suppression of
prostaglandin E2 and nitric oxide production
(Alagba, et al., 2025). The lesser activity of the n-
hexane and aqueous ethanol fractions may be due to
lower concentrations of bioactive compounds
(Adeneye, 2014). These findings reinforce the
traditional use of L. aestuans for inflammatory
conditions and highlight the relevance of bio-guided
fractionation for identifying active constituents
(Alka, et al., 2023).

GC-MS Analysis: In this study, the presence of
some of the important components resolved by GC-
MS analysis was reported. This type of analysis is the
first step towards understanding the nature of active

principles in this medicinal plant. During this study,
a significant number of active compounds were
observed in the ethanol leave extracts fraction. The
GC-MS analysis of ethanol leaf extracts of L.
aestuans revealed the presence of 9, 12-
Octadecanoic acid, 9, 12, 15- Octadecatrienoic acid,
Tetradecanoic acid, Oleic acid methyl ester, and
Dodecanoic acid as prominent compounds.

Most of these constituents have been found to show
interesting biological activities against diseases
and/or pathogens. 9,12- Octadecanoic acid, 9,12,15-
Octadecatrienoic acid and Dodecanoic acid have
been reported to act as anti-inflammatory,
antioxidant,  hypocholesterolemic,  nematicide,
pesticide lubricant, antiandrogenic, hemolytic
agents, and 5-alpha reductase inhibitor (Onwukaeme
et al., 2017). Dodecanoic acid as an agent of anti-
inflammation has shown significant inhibitory
activity against phospholipase A2 as reported by
Mun et al., (2018). Linoleic acid (9, 12 -
Octadecanoic acid) is reported to have anti-
inflammatory and cancer preventive activities.
Tetradecanoic acid isolated from ethanol leaf
extracts has been studied extensively to conclude that
its anti-inflammatory actions are related to the
inhibition of TNF-alpha and inflammatory enzymes
(Mickymaray, 2019). Dodecanoic acid has been
shown to possess anti-inflammatory and antioxidant
properties (Marrelli, 2021) while 9, 12-Octadecanoic
acid possesses food additives properties (Marrelli, et
al., 2020), antiviral and antimicrobial (Marrelli et al.,
2018). Dodecanoic is a known antioxidant
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(Kunanusorn et al, 2019), 9, 12, 15-
Octadecatrienoic acid has been shown to possess
antidiabetic properties (Kothari et al., 2020),
antimicrobial (Kamal, 2023), anticancer (Fredotovi
et al., 2020) and antifungal properties (Ighodaro and
Akinloye, 2017).

Conclusion

Solvent fractionation of ethanol extract of Laportea
aestuans revealed that the ethyl acetate and
dichloromethane fractions possess significant anti-
inflammatory activity. These fractions are rich in
flavonoids and alkaloids, suggesting that these
phytochemicals contribute to the pharmacological
effect. This provides a scientific basis for the
development of novel anti-inflammatory agents from
L. aestuans.

The solvent fractionation showed that ethanol
fraction has more activity compared to other solvent
fractions such as hexane, dichloromethane, and
acetyl acetate. Secondly, alcohol is consumable and
therefore the choice of alcohol solvent fraction in the
assessment of the pharmacological properties. GC-
MS analysis showed a long chain of 9, 12-
Octadecadienoic acid; 9, 12, 15- Octadecatrienoic
acid; Tetradecanoic acid, Oleic acid methyl ester,
Dodecanoic acid and other methyl ester and alkanes
in the ethanol leaf extracts of Laportea aestuans.

Acknowledgements

The authors appreciate the Department of
Pharmacology and Therapeutics of Nnamdi Azikiwe
University, Awka, Nigeria and all the staff of the
department especially the laboratory officers for
providing the technical assistance throughout the
period of this research.

REFERENCES

Adama, W. C. (2021). |Identification of
phytochemical constituents in botanical
extracts by combined high-performance

liquid chromatographic-diode array
detection, mass spectrometric techniques.
Journal of Chromatography A, 560, 103—
122.

Adedapo, A. A., Sofidiya, M. O., Oladunmoye, M.
K, & Aliyu, M. (2021). Membrane-
stabilizing and anti-inflammatory activity of
African medicinal plants. BMC
Complementary Medicine and Therapies, 21,
Article 215.

Adeneye, A. A. (2014). Subchronic and chronic
toxicities of African medicinal plants. In
Toxicological survey of African medicinal
plants (\Vol. 41, pp. 99-133). Elsevier.

Ahmadiani, A. N., Hosseiny, J. A., Semnanian, S.
M., Javan, M. A., Saeedi, F. M,
Kamalinejad, M. E., & Serami, S. M. (2018).
Anti-nociceptive and  anti-inflammatory
effects of Elaeagnus angustifolia fruit
extract. Journal of Ethnopharmacology,
72(1-2), 287-292.

Akinyemi, K. O., Oladapo, O., Okwara, C. E., Ibe,
C. C., & Fasure, K. A. (2015). Screening of
crude extracts of six medicinal plants used in
South-West Nigerian unorthodox medicine
for anti-methicillin resistant Staphylococcus
aureus activity. BMC Complementary and
Alternative Medicine, 5, Article 6.

Akomas, S. C., & ljioma, S. N. (2015). Beta-
adrenergic activity of Laportea aestuans
leaves extract on the smooth muscles of the
rabbit jejunum. Journal of Veterinary and
Applied Sciences, 5, 30-35.

Akuodor, G. C., Essien, A. D., David-Oku, E.,
Chilaka, K. C., Akpan, J. L., Ezeokpo, B., &
Ezeonwumelu, J. O. (2013). Gastroprotective
effect of the aqueous leaf extract of Guiera
senegalensis in albino rats. Asian Pacific
Journal of Tropical Medicine, 6(10), 771-
775. https://doi.org/10.1016/S1995-
7645(13)60136-4

Alagba, E. E., Chilaka, K. C., lloegbunam, R. O., &
Imakwu, 1. I. (2025). Evaluation of active
principles of ethanol leaf extracts of Laportea

ISA Journal of Medical Sciences (ISAJMS) | Published by ISA Publisher




ISA Journal of Medical Sciences (ISAJMS) | ISSN: 3049-1746 | Volume 3 | Issue 5 | 2026

aestuans for anti-inflammatory property in
animal models. International Journal of
Modern Science and Research Technology,
3(7), 143-155.

Albuquerque, U. P. (2016). Re-examining
hypotheses concerning the wuse and
knowledge of medicinal plants: A study in
the Caatinga vegetation of NE Brazil.
Journal of Ethnobiology and Ethnomedicine,
2, Article 30.

Alencar, N. L., Santoro, F. R., & Albuquerque, U. P.
(2014). What is the role of exotic medicinal
plants in local medical systems? A study
from the perspective of utilitarian
redundancy. Brazilian Journal of
Pharmacognosy, 24(5), 506-515.

Alka, R., Shukla, K., Jitender, S. L., & Geeta, D.
(2023). Qualitative phytochemical screening
of medicinal plants using different solvent
extracts. Oriental Journal of Chemistry,
39(3), 621-626.

Amodeo, V., Marrelli, M., Pontieri, V., Cassano, R.,
Trombino, S., Conforti, F., & Statti, G.
(2019). Chenopodium album L. and
Sisymbrium officinale (L)) Scop.:
Phytochemical content and in vitro
antioxidant and anti-inflammatory potential.
Plants, 8(11), 505-508.

Ani, E., Ofodile, L. N., Nwakanma, N. M. C., Saanu,
A., Ayodeji, A. A., Emeronye, I. G,
Balogun, R. 1., & Ikutegbe, G. (2023).
Intraspecific relationships and biochemical
composition of Laportea aestuans (L.) Chew,
Sida rhombifolia L. and Commelina virginica
L. in Lagos State. Iraqgi Journal of Science,
64(4), 1601-1610.

Asad Ullah, Munir, S., Badshah, S. L., Khan, N.,
Ghani, L., Poulson, B. G., Emwas, A.-H., &
Jaremko, M. (2020). Important flavonoids
and their role as a therapeutic agent.
Molecules, 25(22), Article 5243.

Ashidi, J. S., & Lawal, O. I. (2017). Analgesic and
anti-inflammatory potential of the ethanol
extract of leaves of Laportea aestuans (L.)

Chew in albino Wistar rats. African Journal
of Science & Nature, 5, 42—49.

Ashidi, J. S., Ojetola, O. J., Aziba, P. I., & Ajaiyeoba,
E. O. (2015). Analgesic and anti-
inflammatory effects of the ethanol extract of
Elytraria marginata Vahl (whole plant) in
Wistar rats. Journal of Pharmacognosy and
Phytotherapy, 7(7), 126-131.

Azwanida, N. N. (2015). A review on the extraction
methods use in medicinal plants, principle,
strength and limitation. Medicinal &
Aromatic Plants, 4(3), Article 196.

Bei, W., Lujin, W., Jing, C., Lingli, D., Chen, C.,
Zheng, W., Jiong, H., Ingrid, F., & Dao, W.
W. (2021). Metabolism pathways of
arachidonic acids: Mechanisms and potential
therapeutic targets. Signal Transduction and
Targeted Therapy, 6(1), Article 69.

Belay, B., Belachew, B., & Habitamu, D. (2016).
Review on application and management of
medicinal plants for the livelihood of the
local community. Journal of Resources
Development and Management, 22, 33-39.

Botelho, A. F. M., Pierezan, F., Soto-Blanco, B., &
Melo, M. M. (2019). A review of cardiac
glycosides: Structure, toxicokinetics, clinical
signs, diagnosis and antineoplastic potential.
Toxicon, 158, 63-68.

Cadenas, E., & Davies, K. J. A. (2015).
Mitochondrial free radical generation,
oxidative stress, and aging. Free Radical
Biology and Medicine, 29(3-4), 222-230.

Cai, Z., Lee, F. S. C.,, Wang, X. R,, & Yu, W. J.
(2012). A capsule review of recent studies on
the application of mass spectrometry in the
analysis of Chinese medicinal herbs. Journal
of Mass Spectrometry, 37(10), 1013-1024.

Catarino, M., Silva, A., & Cardoso, S. (2017).
Fucaceae: A  source of bioactive
phlorotannins. International Journal of
Molecular Sciences, 18(6), Article 1327.

Chanda, S. V., Parekh, J., & Karathia, N. (2016).
Evaluation of antibacterial activity and

ISA Journal of Medical Sciences (ISAJMS) | Published by ISA Publisher




ISA Journal of Medical Sciences (ISAJMS) | ISSN: 3049-1746 | Volume 3 | Issue 5 | 2026

phytochemical analysis of Bauhinia
variegata L. bark. African Journal of
Biomedical Research, 9(1), 53-56.

Chandra, S., George, B. P., Bello, I., Umeokoli, B.
O., Dominik, F., Bernd, S., Matthias, H.,
Cristian, P., & Marcelo, O. O. (2020).
Inhibition of protein denaturation as a
mechanism of anti-inflammatory action of
medicinal plant extracts. Journal of
Traditional and Complementary Medicine,
10(4), 335-341.

Cohall, D., & Carrington, S. (2012). A comparison
of the chemical constituents of Barbadian
medicinal plants within their respective plant
families with established drug compounds
and  phytochemicals used to treat
communicable and  non-communicable
diseases. West Indian Medical Journal,
61(1), 17-27.

Cosa, P., Vlietinck, A. J., Berghe, D. V., & Maes, L.
(2016). Anti-infective potential of natural
products: How to develop a stronger in vitro
‘proof-of-concept'. Journal of
Ethnopharmacology, 106(3), 290-302.

Cunha, I. B. S., Sawaya, A. C. H. F., Caetano, F. M.,
Shimizu, M. T., Marcucci, M. C., Drezza, F.
T., Povia, G. S., & Carvalho, P. O. (2014).
Factors that influence the vyield and
composition of Brazilian propolis extracts.
Journal of the Brazilian Chemical Society,
15(6), 964-970.

Czapski, G. A., Szyputa, W., Kudlik, M., Wilenska,
B., Kania, M., & Danikiewicz, W. (2014).
Assessment of antioxidative activity of
alkaloids from Huperzia selago and
Diphasiastrum complanatum using in vitro
systems. Folia Neuropathologica, 52(4),
394-406.

Dahiru, D., Onubiyi, J. A., & Umaru, H. A. (2016).
Phytochemical  screening and  anti-
ulcerogenic effect of Moringa oleifera
aqueous leaf extract. African Journal of
Traditional, Complementary and Alternative
Medicines, 3(3), 70-75.

Dewanjee, S., Gangopadhyay, M., Bhattacharya, N.,
Khanra, R., & Dua, T. K. (2015).
Bioautography and its scope in the field of
natural product chemistry. Journal of
Pharmaceutical Analysis, 5(2), 75-84.

Dongmo, A. B., Kamanyi, A., Anchang, M. S.,
Wagner, H., Chungag-AnyeNkeh, B.,
Nguelefack, T. B., & Nole, T. (2011). Anti-
inflammatory and analgesic properties of the
stem bark extracts of Erythrophleum
suaveolens (Caesalpiniaceae), Guillemin &
Perrottet. Journal of Ethnopharmacology,
7(2), 137-141.

Duraipandiyan, V., Ayyanar, M., & Ignacimuthu, S.
(2016). Antimicrobial activity of some
ethnomedicinal plants used by Paliyar tribe
from  Tamil  Nadu, India. BMC
Complementary and Alternative Medicine, 6,
Article 35.

Edeoga, H. O., Okwu, D. E., & Mbaebie, B. O.
(2015). Phytochemical constituents of some
Nigerian medicinal plants. African Journal of
Biotechnology, 4(7), 685-688.

Essien, A. D., Akuodor, G. C., Edidara, A. E., Asika,
E. C., Chilaka, K. C., & Nwadum, S. K.
(2015). Evaluation of antipyretic potentials
of the ethanolic leaf extract of Salacia
lehmbachii Loes. Asian Journal of Medical
Sciences, 7(2), 22-25.
https://doi.org/10.19026/ajms.7.5175

Essiett, U. A., Edet, N. I, & Bala, D. N. (2011).
Phytochemical and physicochemical analysis
of the leaves of Laportea aestuans (Linn.)
Chew and Laportea ovalifolia (Schumach)
Chew (male and female). Asian Journal of
Plant Science and Research, 1(2), 35-42.

Fabricant, D. S., & Farnsworth, N. R. (2011). The
value of plants used in traditional medicine
for drug discovery. Environmental Health
Perspectives, 109(Suppl 1), 69-75.

Fan, X. H,, Cheng, Y. Y., Ye, Z. L, Lin,R. C.,, &
Qian, Z. Z. (2016). Multiple chromatographic
fingerprinting and its application to the
quality control of herbal medicines.

ISA Journal of Medical Sciences (ISAJMS) | Published by ISA Publisher




ISA Journal of Medical Sciences (ISAJMS) | ISSN: 3049-1746 | Volume 3 | Issue 5 | 2026

Analytica Chimica Acta, 555(1), 217-224.

Ferrero, M. L., Nielsen, O. H., Andersen, P. S., &
Girardin, S.  E. (2017).  Chronic
inflammation: Importance of NOD2 and
NALP3 in interleukin-1-beta generation.
Clinical & Experimental Immunology,
147(2), 227-235.

Focho, D., Ndam, W., & Fonge, B. (2019).
Medicinal plants of Aguambu-Bamumbu in
the Lebialem highlands, southwest province
of Cameroon. African Journal of Pharmacy
and Pharmacology, 3(1), 1-13.

Ford, J., & Gaoue, O. G. (2017). Alkaloid-poor plant
families, Poaceae and Cyperaceae, are
overutilized for medicine in Hawaiian
pharmacopoeia. Economic Botany, 71(2),
123-132.

Frédérich, M., Jacquier, M. J., Thépenier, P., De-
Mol, P., Tits, M., & Philippe, G. (2012).
Anti-plasmodial activity of alkaloids from
various Strychnos species. Journal of Natural
Products, 65(10), 1381-1386.

Fredotovié, Z., Soldo, B., gpmng, M., Marijanovi¢,
Z., Jerkovi¢, 1., & Puizina, J. (2020).
Comparison of organosulfur and amino acid
composition between triploid onion Allium
cornutum Clementi ex Visiani, 1842, and
common onion Allium cepa L. and evidences
for antiproliferative activity of their extracts.
Plants, 9(1), Article 98.

Gard, B., Carvalho, L. M. J., Gomes, P. B., Oliveira
Godoy, R. L., Pacheco, S., Monte, P. H.,
Carvalho, J. L. V., Nutti, M. R., Neves, A. C.
L., Vieira, A. C. R. A., & Ramos, S. R. R.
(2012). Total carotenoid content, a-carotene
and [-carotene, of landrace pumpkins
(Cucurbita moschata Duch): A preliminary
study. Food Research International, 47(2),
337-340.

Ge, Y., Liu, P, Yang, R., Zhang, L., Chen, H., &
Camara, I. (2015). Insecticidal constituents
and activity of alkaloids from Cynanchum
mongolicum. Molecules, 20(10), 17483-
17492.

Ghadirkhomi, A., Safaeian, L., Zolfaghari, B.,
Ghazvini, M. R. A., & Rezaei, P. (2016).
Evaluation of acute and subacute toxicity of
Pinus eldarica bark extract in Wistar rats.
Avicenna Journal of Phytomedicine, 6(6),
558-560.

Ghate, N. B., Chaudhuri, D., & Mandal, N. (2013).
In vitro antioxidant and free radical
scavenging assessment of  Tinospora
cordifolia stem with DNA protective
potential.  International  Journal  of
Pharmaceutical and Biological Sciences,
4(2), 373-388.

Gongalves, P. H. S., Albuquerque, U. P., &
Medeiros, P. M. (2016). The most commonly
available woody plant species are the most
useful for human populations: A meta-
analysis. Ecological Applications, 26(7),
2238-2253.

Gregory, N. S., Harris, A. L., Robinson, C. R,
Dougherty, P. M., Fuchs, P. N., & Sluka, K.
A. (2013). An overview of animal models of
pain: Disease models and outcome measures.
The Journal of Pain, 14(11), 1255-1282.
https://doi.org/10.1016/j.jpain.2013.06.008

Hamburger, M. O., & Cordell, G. A. (2018). A direct
bioautographic TLC assay for compounds
possessing antibacterial activity. Journal of
Natural Products, 50(1), 19-22.

Hazra, K. M., Roy, R. N., Sen, S. K., & Laska, S.
(2017). Isolation of antibacterial
pentahydroxy flavones from the seeds of
Mimusops elengi Linn. African Journal of
Biotechnology, 6(12), 1446-1449.

He, X. G. (2011). On-line identification of
phytochemical constituents in botanical
extracts by combined high-performance
liquid chromatographic-diode array detection
mass spectrometric techniques. Journal of
Chromatography A, 880(1-2), 203-232.

Holstege, D. M., Seiber, J. N., & Galey, F. D. (2012).
Rapid multiresidue screen for alkaloids in
plant material and biological samples.
Journal of Agricultural and Food Chemistry,

ISA Journal of Medical Sciences (ISAJMS) | Published by ISA Publisher




ISA Journal of Medical Sciences (ISAJMS) | ISSN: 3049-1746 | Volume 3 | Issue 5 | 2026

43(3), 691-699.

Homans, A. L., & Fuchs, A. (2017). Direct
bioautography on thin-layer chromatograms
as a method for detecting fungitoxic
substances. Journal of Chromatography A,
51, 327-329.

Hugo, R. A., Dominik, F., Bernd, S., Matthias, H.,
Cristian, P., & Marcelo, O. O. (2018).
Drimane sesquiterpenoids noncompetitively
inhibit human 042 nicotinic acetylcholine
receptors with higher potency compared to
human o3p4 and a7 subtypes. Journal of
Natural Products, 81(4), 811-817.

Huie, C. W. (2012). A review of modern sample-
preparation techniques for the extraction and
analysis of medicinal plants. Analytical and
Bioanalytical Chemistry, 373(1-2), 23-30.

Ighodaro, O. M., & Akinloye, O. A. (2017). Anti-
diabetic potential of Sapium ellipticum
(Hochst) Pax leaf extract in streptozotocin
(STZ)-induced diabetic Wistar rats. BMC
Complementary and Alternative Medicine,
17, Article 525.

llodigwe, E. E., & Akah, P. A. (2009). Spathodea
campanulata: An experimental evaluation of
the analgesic and anti-inflammatory
properties of a traditional remedy. Asian
Journal of Medical Sciences, 1(2), 35-38.

Jamshidi-Kia, F., Lorigooini, Z., & Amini-Khoei, H.
(2018). Medicinal plants: Past history and
future perspective. Journal of Herbmed
Pharmacology, 7(1), 1-7.

Jernigan, K. (2012). Plants with histories: The
changing ethnobotany of Iquito speakers of
the Peruvian Amazon. Economic Botany,
66(1), 46-59.

Niaz, K. (Ed.). (2023). Application of natural
products in SARS-CoV-2 (2nd ed., pp. 26—
30). Academic Press.

Karou, D., Savadogo, A., Canini, A., Yameogo, S.,
Montesano, C., & Simpore, J. (2012).
Antibacterial activity of alkaloids from Sida
acuta. African Journal of Biotechnology,

4(12), 1452-1457.

Khan, J., Alexander, A., Ajazuddin, & Saraf, S.
(2013). Recent advances in
phytophospholipid complexation technique
for improving pharmacokinetic profile of
plant active. Journal of Controlled Release,
168(1), 50-60.

Khan, M. J., Ajazuddin, Vyas, A., & Singh, D.
(2014). Acute and chronic effect of Hibiscus
rosa-sinensis flower extract on anxiety
induced exploratory and locomotor activity
in mice. Journal of Plant Sciences, 6(2), 102—
107.

Khurana, S., Anokwuru, C. P., Adeosun, A.,
Holstege, D. M., Seiber, J. N., & Galey, F. D.
(2020). Lipoxygenase inhibition as a
mechanism for anti-inflammatory herbal
agents. Biomedicine & Pharmacotherapy,
130, Article 110517.

Kothari, D., Lee, W.-D., & Kim, S.-K. (2020).
Allium flavonols: Health benefits, molecular
targets, and bioavailability. Antioxidants,
9(9), 888-889.

Kumar, G. S., Jayaveera, K. N., Kumar, C. K. A,,
Sanjay, U. P., Swamy, B. M. V., & Kumar,
D. V. K. (2010). Antimicrobial effects of
Indian medicinal plants against acne-
inducing bacteria. Tropical Journal of
Pharmaceutical Research, 6(2), 717-723.

Kunanusorn, P., Teekachunhatean, S., Sangdee, C.,
& Panthong, A. (2019). Anti-nociceptive and
anti-inflammatory activities of a Chinese
herbal recipe (DJW) in animal models.
International Journal of Applied Research in
Natural Products, 21(1), 1-8.

Laupattarakasem, P. A., Houghton, P. J., Hoult, J. R.,
& lItharat, A. O. (2013). An evaluation of the
activity related to inflammation of four plants
used in Thailand to treat arthritis. Journal of
Ethnopharmacology, 85(2-3), 207-215.

Mamun-Or-Rashid, Islam, A., Amran, M. S., &
Hossain, M. A. (2017). Evaluation of
analgesic activity by acetic acid induced
writhing method of crude extracts of Acacia

ISA Journal of Medical Sciences (ISAJMS) | Published by ISA Publisher




ISA Journal of Medical Sciences (ISAJMS) | ISSN: 3049-1746 | Volume 3 | Issue 5 | 2026

nilotica. Scholars Academic Journal of
Pharmacy, 6(4), 126-138.
https://doi.org/10.21276/sajp

Marianna, V. S., Aline, L. X., Tamires, C. L., &
Damido, P. S. (2014). Antitumor activity of
monoterpenes found in essential oils. The
Scientific  World Journal, 2014, Article
953451.

Marrelli, M. (2021). Medicinal plants. MDPI.
https://doi.org/10.3390/plants10071355

Marrelli, M., Amodeo, V., Statti, G., & Conforti, F.
(2018). Biological properties and bioactive
components of Allium cepa L.: Focus on
potential benefits in the treatment of obesity
and related comorbidities. Molecules, 24(1),
119-120.

Marrelli, M., Statti, G. A., & Conforti, F. (2020). A
review of biologically active natural products
from Mediterranean wild edible plants:
Benefits in the treatment of obesity and its
related disorders. Molecules, 25(3), Article
649.

Mickymaray, S. (2019). Efficacy and mechanism of
traditional medicinal plants and bioactive
compounds against clinically important
pathogens. Antibiotics, 8(4), Article 257.

Mun, F. Y., Yean, C. L., Chu, S. T., Siti, K. A., Nizar,
A. M., & Rusliza, B. (2018). General
pathways of pain sensation and the major
neurotransmitters  involved in  pain
regulation.  International  Journal  of
Molecular Sciences, 19(8), Article 2164.

Ojo, O. A., Anokwuru, C. P., Chen, R., Abeer, Y. I,
& Bashir, A. Y. (2023). In vitro anti-
lipoxygenase and antioxidant activities of
Nigerian medicinal plants. Scientific African,
20, 20-22.

Okereke, S. C., & Elekwa, I. (2014). Studies on the
in vitro antioxidant activity of Laportea
aestuans leaf extract. IOSR Journal of
Environmental Science, Toxicology and
Food Technology, 8(1), 33-41.

Oloyede, G. K., & Ayanbadejo, O. E. (2014).

Phytochemical, toxicity, antimicrobial and
antioxidant screening of extracts obtained
from Laportea aestuans (Gaud). Journal of
Medical Sciences, 14(2), 51-59.

Onwukaeme, D. N., Ikuegbvweha, T. B., & Asonye,
C. C. (2017). Evaluation of phytochemical
constituents, antibacterial activities and
effect of exudates of Pycnanthus angolensis
Warb (Myristicaceae) on corneal ulcers in
rabbits. Tropical Journal of Pharmaceutical
Research, 6(2), 725-730.

Organization for Economic Cooperation and
Development. (2011). OECD guidelines for
testing of chemicals: Acute oral toxicity in
animals (Guideline No. 423). OECD
Publishing.

Panthong, A., Kanjanapothi, D., Taesotikul, T.,
Wongcome, T., & Reutrakul, V. (2013).
Anti-inflammatory and antipyretic properties
of Clerodendrum petasites S. Moore. Journal
of Ethnopharmacology, 85(1), 151-156.

Parekh, J., & Chanda, S. V. (2010). In vitro
antimicrobial activity and phytochemical
analysis of some Indian medicinal plants.
Turkish Journal of Biology, 31(1), 53-58.

Patra, A. D., Jha, S. A., Murthy, N. M., Aher, V. A.,
Aibhav, D. A., Chattopadhyay, P. S.,
Panigrahi, G. A., & Roy, D. A. (2019). Anti-
inflammatory and antipyretic activities of
Hygrophila spinosa T. Anders leaves
(Acanthaceae).  Tropical  Journal  of
Pharmaceutical Research, 8(2), Article 133.

Philk, C., Guo-Fang, H., Ting-Hai, X., Yan, Y., Yu-
Ren, Z., Yi, J., Karsten, M., Eric, X., Zheng,
C., Zhu, S., & Shabo, Z. (2017). Amyloid
beta: Structure, biology and structure-based
therapeutic development. Chinese Journal of
Academy Sciences, 49, 201203.

Philkhana, S. T., Verma, A. K., Jachak, G. R., Hazra,
B., Basu, A, & Reddy, D. S. (2017).
Identification of new anti-inflammatory
agents based on nitroporeusine natural
products of marine origin. European Journal
of Medicinal Chemistry, 135, 89-109.

ISA Journal of Medical Sciences (ISAJMS) | Published by ISA Publisher




ISA Journal of Medical Sciences (ISAJMS) | ISSN: 3049-1746 | Volume 3 | Issue 5 | 2026

Rahalison, L., Hamburger, M., Hostettmann, K.,
Monod, M., & Frenk. (2013). A
bioautographic agar overlay method for the
detection of antifungal compounds from
higher plants. Phytochemical Analysis, 2(5),
199-203.

Ramar, M., Soosai, E. L. P., Navabshan, I.,
Subramanian, M., & Chidambaram, K.
(2022). Evaluation of analgesic, anti-
inflammatory, and antipyretic activities of
Ziziphus mauritiana Lam leaves in animal
models. Pharmacological Research —
Modern Chinese Medicine, 4, Article
100153.
https://doi.org/10.1016/j.prmcm.2022.10015
3

Ramulondi, M., de Wet, H., & van Vuuren, S.
(2019). Toxicology of medicinal plants and
combinations used in rural northern
KwaZulu-Natal (South Africa) for the
treatment of hypertension. Journal of Herbal
Medicine, 16, 100251.

Rather, M. A., Hugo, R. A., Hamburger, M. O.,
Cordell, G. A., Hazra, K. M., Roy, R. N., Sen,
S. K., & Laska, S. (2021). Mechanistic
evaluation of protein stabilization by plant
polyphenols in inflammatory pathways.
Phytomedicine, 85, Article 107.

Ricciotti, E., & FitzGerald, G. A. (2011).
Prostaglandins and inflammation.
Arteriosclerosis, Thrombosis, and Vascular
Biology, 31(5), 986-1000.

Sasidharan, S., Chen, Y., Saravanan, D., Sundram,
K. M., & Latha, L. Y. (2011). Extraction,
isolation and characterization of bioactive
compounds from plants extracts. African
Journal of Traditional, Complementary and
Alternative Medicines, 8(1), 1-10.

Saslis-Lagoudakis, C. H., Hawkins, J. A., Greenhill,
S.J., Pendry, C. A., Watson, M. F., Tuladhar-
Douglas, W., & Baral, S. R. (2014). The
evolution of traditional  knowledge:
Environment shapes medicinal plant use in
Nepal. Proceedings of the Royal Society B:

Biological Sciences, 281(1780), Article
20132768.

Schmid-Schénbein, G. W. (2016). Analysis of
inflammation. Annual Review of Biomedical
Engineering, 8, 93-131.

Shahverdi, A. R., Abdolpour, F., Monsef-Esfahani,
H. R, & Farsam, H. A. (2017). TLC
bioautographic assay for the detection of
nitrofurantoin resistance reversal compound.
Journal of Chromatography B, 850(1-2),
528-530.

Soladoye, M. O., & Chukwuma, E. C. (2012).
Quantitative phytochemical profile of the
leaves of Cissus populnea Guill. & Perr.
(Vitaceae): An important medicinal plant in
central Nigeria. Archives of Applied Science
Research, 4(1), 200-206.

Srinivasan, R., Homans, A. L., Fuchs, A., & He, X.
G. (2019). In vitro anti-inflammatory and
membrane stabilizing properties of medicinal
plant extracts. Journal of
Ethnopharmacology, 236, 310-318.

Tona, L., Kambu, K., Ngimbi, N., Cimanga, K., &
Vlietinck, A. J. (2021). Antiamoebic and
phytochemical screening of some Congolese
medicinal plants. Journal of
Ethnopharmacology, 61(1), 57-65.

Tsao, R., & Deng, Z. (2014). Separation procedures
for  naturally  occurring  antioxidant
phytochemicals. Journal of Chromatography
B, 812(1-2), 85-99.

United States Pharmacopeial Convention. (2012).
United States pharmacopeia and national
formulary (USP 25, NF 19) (Vol. 23, pp. 23—
25). United States Pharmacopeial
Convention Inc.

Wan, Q., Li, N., Du, L., Zhao, R,, Yi, M., Xu, Q., &
Zhou, Y. (2019). Allium vegetable
consumption and health: An umbrella review
of meta-analyses of multiple health
outcomes. Food Science & Nutrition, 7(8),
2451-2470.

Woisky, R. G., & Salatino, A. (2018). Analysis of

ISA Journal of Medical Sciences (ISAJMS) | Published by ISA Publisher




ISA Journal of Medical Sciences (ISAJMS) | ISSN: 3049-1746 | Volume 3 | Issue 5 | 2026

propolis: Some parameters and procedures
for chemical quality control. Journal of
Apicultural Research, 37(2), 99-105.

World Health Organization. (2018). World health
statistics 2018: Monitoring health for the
SDGs, sustainable development goals.
Geneva, Switzerland.

World Health Organization. (2013). Regulatory
situation of herbal medicines: A worldwide
review. Geneva, Switzerland.

Ye, M., Han, J., Chen, H., Zheng, J., & Guo, D.
(2017). Analysis of phenolic compounds in
rhubarbs using liquid chromatography
coupled with electrospray ionization mass
spectrometry. Journal of the American
Society for Mass Spectrometry, 18(1), 82-91.

Yessoufou, K., Daru, B. H., & Muasya, A. M.
(2015).  Phylogenetic  exploration  of
commonly used medicinal plants in South
Africa. Molecular Ecology Resources, 15(2),
405-413.

Zengin, G., Cakmak, Y. S., Guler, G. O., and
Aktumsek, A. (2017). Antioxidant properties
of methanolic extract and fatty acid
composition of Centaurea urvillei DC. subsp.
hayekiana Wagenitz. Records of Natural
Products, 5(2), 123-132.

Zygmunt, J. B., & Namies$nik, J. (2010). Preparation
of samples of plant material for
chromatographic  analysis.  Journal  of
Chromatographic Science, 41(2), 109-116.

ISA Journal of Medical Sciences (ISAJMS) | Published by ISA Publisher




