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Abstract

Medicinal plants are referred to as the ‘gift of nature’ due to their rich bioactive compounds that serve as
alternative treatments for various diseases. The global reliance on herbal medicine has steadily increased,
particularly in developing countries, with an estimated 60% of the global population depending on herbal
remedies for healthcare. The World Health Organization reports that 80% of people in developing regions rely
on plant-based treatments. Among these plants, Euphorbia hirta (E. hirta) is widely recognized for its broad
therapeutic potential, having been used in traditional medicine for respiratory conditions, skin disorders,
digestive issues, urinary tract infections. The plant contains various bioactive compounds, such as flavonoids,
alkaloids, tannins, saponins, and terpenoids, contributing to its anti-inflammatory, antimicrobial, antioxidant,
anti-diabetic, and anti-asthmatic properties. Recent research has elucidated the molecular mechanisms behind
these effects, including modulation of oxidative stress, inhibition of inflammatory cytokines, and interaction
with key cellular pathways like NF-kB and MAPK. Despite its therapeutic promise, concerns over its potential
toxicity, particularly in high doses, warrant caution. Adverse effects, such as skin irritation and
gastrointestinal discomfort, have been reported, emphasizing the need for further research to determine safe
dosage levels and to validate its clinical efficacy. This review highlights the multifaceted pharmacological
benefits of E. hirta, while underscoring the importance of continued investigation into its safety and

therapeutic applications, particularly for integration into modern medical practices.
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INTRODUCTION

Medicinal plants are the ‘gift of nature’ as they contain
important bioactive chemical compounds used as an
alternative approach to treating various diseases, and
their use is steadily increasing across the globe
(Miranda, 2021; De et al., 2023). The World Health
Organization (WHO) states that 60% of the global
population relies on herbal medicine, with nearly 80% of
people in developing countries depending almost
entirely on it for their primary healthcare needs (Khan
and Ahmad, 2019). Herbal medicine is estimated that
around 28 000 to 35 000 herb species including various
plant parts such as seeds, berries, roots, leaves, fruits,
bark, flowers, or even entire plants are utilized for
medicinal purposes worldwide (Pan et al., 2014). The
widespread use of herbal medicine, as highlighted by the
WHO, underscores the importance of plants like E.
hirta, which has been utilized for centuries across
various cultures for its therapeutic properties. As one of
the many medicinal plants, E. hirta exemplifies the
diverse range of species that contribute to global
healthcare, particularly in developing regions where
traditional plant-based remedies are essential for

primary healthcare.

Euphorbia hirta, commonly known as asthma weed,
garden spurge, or hairy spurge, is a highly versatile
medicinal plant with a rich history of traditional use
across various cultures. This small annual herb is
native to the tropical and subtropical regions of the
Americas and was first scientifically classified in the
18t century by Swedish botanist Carl Linnaeus (Nick,
2022). It belongs to the Kingdom Plantae and is
classified under the Division Spermatophyta, Class
Dicotyledonae, and Order Euphorbiales. It is part of
the Family Euphorbiaceae, the Genus Euphorbia, and
the species hirta (Khursheed and Jain, 2022). While
it is particularly valued for its effectiveness in treating
respiratory ailments such as asthma, it is also
recognized for its broad therapeutic potential in
managing various conditions, including skin
disorders, digestive issues, and infections. Beyond
these, E. hirta has been shown to play a role in
such as diabetes,

managing chronic diseases

hypertension, and even certain types of cancer,

demonstrating its wide-ranging pharmacological
benefits. As part of the Euphorbiaceae family and the
Euphorbia genus, E. hirta is closely related to other
medicinal species, including Euphorbia helioscopia,
Euphorbia antiquorum, and Euphorbia prostrata.
These plants share medicinal properties, with reports
indicating their use in treating ailments like asthma,
cancer, and malaria. Additionally, they are known for
their anti-inflammatory, antioxidant, and
antibacterial effects, making them highly valuable in
both traditional and alternative medicine (Khursheed
and Jain, 2022). Typically, this herb reaches a height
of up to 50 cm and features erect or ascending stems
covered in hairs (Tripathi et al., 2021). Its leaves,
arranged oppositely, are elliptical, oblong, or oblong-
lanceolate in shape, with lightly toothed margins and
a darker upper surface (Ghosh et al., 2019). The plant
produces small, densely clustered flowers in cymes
about 1 cm in diameter. Its fruits are yellow, hairy
capsules, 1-2 mm in diameter, each containing three
angular, brown, wrinkled seeds (Pounikar et al.,
2013). Ecologically, E. hirta thrives in open
grasslands, along roadsides, and on pathways,
flourishing in warm, sunny environments (Adjeroh et

al., 2020).

Phytochemically, E. hirta is a rich source of bioactive
compounds such as flavonoids, alkaloids, tannins,
saponins, terpenoids, and polyphenols (Tripathi et al.,
2021). These compounds are largely responsible for the
plants various medicinal properties, including its anti-
inflammatory, antioxidant, antibacterial, and antiviral
effects (Pounikar et al, 2013). For example, its
flavonoids exhibit potent antioxidant activities that
protect cells from oxidative damage, while saponins and
alkaloids contribute to the plant's antimicrobial effects,
making it useful in treating infections caused by bacteria
and viruses (Adjeroh et al., 2020). The use of E. hirta, a
well-known medicinal plant, has been extensively
documented in traditional medicine practices across
various cultures, particularly in Africa, Asia, and South
America (Lako et al., 2020; Mbwale et al., 2024).
Several methods are used to extract secondary
metabolites from E. hirta, with solvent extraction using
solvents like ethanol,

organic n-cyclohexane,
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chloroform, and methanol (Ahmad et al., 2017). The
pharmacological properties of E. hirta have been
extensively studied due to its broad range of biological
activities, including anti-asthmatic, anticancer, anti-
These
properties highlight its potential to significantly

inflammatory, and antimicrobial effects.
contribute to global healthcare (Khursheed, 2022;
Nyeem et al., 2017). Despite its widespread use, there
are gaps in understanding the plant’s ethnobotanical
composition, and

study

phytochemical
effects.  This

applications,

pharmacological aimed at
consolidating the existing knowledge on its therapeutic
value and chemical profile, bridging the gap between
traditional uses and scientific research. By examining its
ethnobotanical, phytochemical, and pharmacological
aspects, the research can uncover the plant’s full
therapeutic potential, guide the development of new

medicines, and highlight areas for further investigation.

MATERIALS AND METHODS

Search strategies and data extraction

This systematic review of literature was conducted
according to the systematic review and meta-analysis
(PRISMA) checklist (Chassagne et al, 2021). We
conducted a thorough literature search to evaluate
relevant scientific literature. We systematically reviewed
articles obtained from the Scopus scientific database,
focusing on publications from 2000 to November 30,
2024 at 11: 30 AM. The search employed the keywords
“Euphorbia hirta L.” OR “lion ear” OR “TAWA-TAWA”
OR “asthma plant” AND “ethnobotanical” OR
“traditional use” AND
“phytochemicals” OR “secondary metabolites” OR

“medicinal use” OR

“constituencies” OR “chemical composition” OR
“bioactive compounds” OR “phytochemical profile”
AND “pharmacological” OR “biological  activity” OR
“therapeutic potential” OR “medicinal properties”. In
addition to these keywords, we considered related
variables such as the ethnobotanical applications,
and pharmacological

phytochemical composition,

properties of E. hirta plant.

Inclusion and exclusion criteria
This review includes only peer-reviewed research

articles published in academic journals between the

years 2000 and 2024, written in English. To ensure
the quality and relevance of the selected literature,
the review excludes non-English publications, articles
published before 2000, and any material that is not a
full peer-reviewed research article. Specifically,
excluded sources comprise review articles, books,
book chapters, book series, conference proceedings,
reports, and abstracts. This strict inclusion and
exclusion framework was applied to maintain a focus
on original, high-quality research within the specified

timeframe.

Data collection

A total of 541 articles were initially identified from the
Scopus database over a period of 15 years. The
protocol and workflow for the selection of papers is
shown in the PRISMA diagram (Fig. 1).
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Fig. 1. Illustrating the selection process of literature

included in the analysis

After excluding five studies based on publication year,
536 studies remained. Further filtering by subject
area reduced this number to 495, and after
considering the type of document, 327 studies were
included. In the publication stage, five articles were
excluded, leaving 322 studies. After removing non-
English language articles, 318 studies remained. A
manual review of titles and abstracts was then
conducted, and 71 studies were selected for further
eligibility testing. Upon careful review of the full texts,

two studies were found to be out of scope and one
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lacked sufficient details, resulting in a final selection
of 39 studies. These 39 studies were used to explore
the ethnobotanical applications, phytochemical
composition, and pharmacological properties of E.

hirta plant.

RESULTS AND DISCUSSION

Characteristics of the included articles

The review analyzed 39 articles, revealing distinct
trends in publication numbers over the years. From
2009 to 2015, the number of publications started at 1
in 2009 and gradually increased, reaching a peak of 2
in 2015 (Fig. 2). However, it is important to note that
there were no publications in 2014, which may
indicate a temporary stagnation or reduced research
activity in that year. Between 2016 and 2019, there
was a noticeable surge in publications, with a
significant increase in 2016, followed by a peak of 4
publications in 2018. This increase may reflect
heightened research interest or funding in the subject
area during this period. However, in 2019, the
number of publications dropped back to 1, suggesting
a potential shift in focus or a decrease in available

resources for research.

Number of Publications
~ w IS “w o

2 2 2

101 1 1 1 1 1
2008 2010 2012 2014 2016 2018 2020 2022 2024
Year

Fig. 2. Number of articles on E. hirta reviewed

during the study

In 2020 and 2021, the number of publications
increased, with a jump to 6 in 2020 (Fig. 2),
potentially due to the effects of the COVID-19
pandemic, which might have driven greater research
efforts in response to global challenges. While the
number of publications slightly decreased to 5 in
2021, the overall trend remained positive, reflecting

sustained interest in the topic. From 2022 to 2024,

the trend continued to fluctuate: publications
dropped to 2 in 2022, possibly reflecting changes in
research priorities or external factors influencing
scholarly output. However, there was a resurgence in
2023, with publications increasing to 6, indicating a
renewed interest or breakthrough in the field. The
projected peak of 7 publications in 2024 suggests
ongoing growth and suggests that the research area is
likely to continue attracting attention, with increasing
momentum as new developments unfold. This
fluctuation over time highlights the dynamic nature of
research trends, which are often influenced by a
variety of factors such as funding availability, global

events, and shifts in academic priorities.

Global trends in annual publication output

The research on medicinal plants, particularly E.
hirta, has gained considerable attention in recent
years, driven by an increasing interest in its
ethnobotanical, phytochemical, and pharmacological

properties.
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Annual publications on E. hirta

Fig. 3.
ethnobotanical uses, phytochemical profile, and

pharmacological properties by country

By examining these aspects, the studies aim to
uncover the plant's full therapeutic potential,
facilitate the development of new medicines, and
identify areas for future exploration. Publications on
E. hirta span multiple countries, reflecting its
widespread global significance. Notable contributions
include studies from India (12 publications), Pakistan
(4 publications), Malaysia (4 publications), and China
(2 publications), along with research from other
regions, such as Egypt (2), Indonesia (2), and Nigeria

(2) (Fig. 3). Additional studies have been conducted
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in countries such as Cameroon, Iran, Morocco, Nepal,
Saudi Arabia, Taiwan, Tanzania, Uganda, Thailand,
and Vietnam, with one publication each from these

regions. These global trends indicate a growing

interest in E. hirta and its potential in modern and
traditional medicine, paving the way for further
interdisciplinary research and collaboration across

borders.

Table 1. Medicinal uses of E. hirta in different parts of the world

Part of E. hirta Types of solvents for Mode of Medicinal uses Country  Reference

used extraction preparation

Leaves Methanol extracts Decoction Males infertility Nigeria  Oguejiofor et al.,

2021

Leaves and flowers Water, ethanol, petroleum Infusion Antimicrobial India Gupta et al., 2018
ether, and chloroform activity

Leaves Petroleum ether Decoction Wound healing India Abubakar, 2009

Whole plant Ethanol, methanol, Decoction Antimicrobial and Nigeria  Lajoie et al., 2022
chloroform and petroleum anticholinesterase Mahomoodally et
ether approach al.,, 2020

Flower Ethanolic and petroleum Decoction Diabetes mellitus  India Tripathi et al.,
ether extracts 2021

Whole plant Methanol, hexane and Not mentioned Antibacterial Nigeria  Abubakar, 2009
distilled water effectiveness

Whole plant Ethanolic extract Decoction Wound healing Begum  Tuhin et al, 2017

Whole plant Methanolic Ethanolic and Infusion/ UTI healing Tanzania Mbwale et al.,
water decoction 2024

Fresh leaves Ethanolic extract Infusion Anticancer India Selvam et al.,

2019

Whole plant N-hexane, chloroform, Infusion Inflammatory joint Malaysia Chen et al., 2015

material methanol, and water diseases

Whole plant Methanol, aqueous or Infusion/ Human pathogenic India Kumari et al.,

(Fresh leaf, bud ethanol decoction bacteria 2017; Mbwale et

and stem) al., 2025

Whole plants Hexane, ethyl acetate, and Decoction Antioxidant activity Morocco Quakil et al.,
methanol 2022

Whole plant Aqueous extracts Decoction Antibacterial India Bennet Rohan et

activity al., 2020

Whole plant with  Ethyl acetate, methanolic Infusion Oxidative stress-  Ivory Mahomoodally et

flowers, stems and and water extracts related diseases Coast al., 2020

foliar tissue

Whole plant Ethyl acetate, n- butanol, Decoction Antidiarrheal China Wu et al., 2024
methanol and ethanol.

The leaves Ethyl acetate, ethanol, n- Decoction Antibacterial Egypt Abdelkhalek et
hexane, and n- butanol, al., 2018
chloroform
Methanol extracts Infusion Antioxidant activity Mexico  Larqué et al.,

2024
Leaves Petroleum ether Not Wound healing India Upadhyay et al.,
2014

Stems, leaves, Methanolic extracts Infusion Antibacterial and Malaysia Rajeh et al., 2010

roots and flowers Antifungal Activity

Whole plant Methanolic, n-hexane, Decoction Ant- pressure India Sheliya et al.,
ethyl acetate 2010

Whole plan Methanol extraction Infusion Radiotoxicity in India Chakka et al.,

lymphocytes 2023

Leaves Methanol extracts Decoction Acute toxicity Malaysia Rajeh et al., 2012

impacts

Medicinal significance of E. hirta and its most
commonly used parts

The reviews found that parts of E. hirta are used for
different medicinal purposes in different parts of the

world, mainly in Asia and Africa. The parts used for

treating several diseases, including male infertility,

diabetes, Urinary tract infections, cancer,

inflammation, diarrhea and wound healing due to the
antimicrobial activity of the plant (Table 1). The

whole plant has medicinal properties and the most
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commonly used parts of E. hirta, the utilized parts

include leaves, flowers, stem and foliar tissue.

Part of E. hirta

The analysis of medicinal usage of E. hirta reveals a
clear preference for utilizing the whole plant, which
accounts for the highest number of studies (14),
compared to the leaves (6 studies) and flowers, which
are rarely used (1 study) (Fig. 4). The statistical data
support this disparity, with a mean of 7 and a high
standard deviation of 6.56, indicating significant
variation in how different parts are utilized. The
maximum value (14) reflects the dominance of whole-
plant use, while the minimum (1) highlights the
limited interest in the flower. The interquartile range
(3.5 to 10) further shows that most studies focus on
the more commonly used parts, primarily the whole
plant and leaves. This suggests that researchers and
traditional medicine practitioners likely favor the
holistic properties of the entire plant, possibly due to
the broader spectrum of phytochemicals present
throughout its tissues. Overall, the data demonstrates
a strong bias toward whole-plant use in medicinal
applications of E. hirta, with limited exploration of

isolated parts like flowers.

14

= —
o ~

Number of Studies
@

Whole plant Flower Leaves
Part of plant

Fig. 4. Frequency of plant parts used in medicinal

applications of E. hirta

The analysis of solvents commonly used for the
extraction of E. hirta reveals a notable preference and
variability among the seven solvents studied. With an

average usage of approximately 6.7 studies per

solvent and a standard deviation of 3.77, the data

indicate moderate disparity in solvent selection.

14

b
o

@

Number of Studies

Fig. 5. Frequency of solvent used in the extraction of
E. hirta

Methanol emerges as the most frequently employed
solvent, appearing in 14 studies (Fig. 5), nearly double
the overall mean, underscoring its dominant role in
extraction protocols. This higher usage is likely due to
methanol’s strong polarity and excellent ability to
dissolve a wide range of bioactive compounds,
making it highly effective for phytochemical
extraction. Ethanol and water also show considerable
usage with 9 and 7 studies respectively (Fig. 5),
reflecting their safety, availability, and compatibility
with polar compounds. Conversely, solvents such as
chloroform, acetate, and n-hexane are less frequently
utilized, each appearing in fewer than six studies (Fig.
5). Their lower usage may be attributed to factors
such as toxicity concerns (in the case of chloroform),
limited polarity range, or lower efficiency in
extracting the specific phytochemicals of interest in E.
hirta. The distribution, reflected by quartiles ranging
from 4.5 to 8, confirms that most solvents have
moderate to low usage, suggesting that while a few
solvents are preferred, there remains diversity in
extraction approaches. This pattern emphasizes the
importance of methanol and similar polar solvents in
maximizing bioactive compound yield from E. hirta,

while also indicating opportunities to explore the
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efficacy and safety profiles of less commonly used

solvents in future research.

10 A

Number of Mentions
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Mode of Preparation

Fig. 6. Frequency of preparation methods used in the

traditional medicine of E. hirta

The statistical analysis of the modes of preparation
for traditional medicines derived from E. hirta shows
a clear preference for certain methods over others.
The mean usage frequency is 5.25, with a standard
deviation of 3.95, indicating a moderate to high
variability in how often each preparation method is
used. Decoction is the most frequently employed
method, appearing in 10 instances (Fig. 5), likely due
to its effectiveness in extracting potent bioactive
compounds from hard plant parts like roots, bark, or
the whole plant. This method also benefits from its
simplicity, low cost, and cultural familiarity,
especially in regions with limited access to modern
extraction technologies. Infusion, reported in 7 cases,
is commonly used for more delicate plant materials
such as leaves and flowers and is typically easier and
faster to prepare than decoctions, though often
yielding milder extracts. The combined method of
decoction/infusion, along with the “None” category
each reported only twice reflects significantly lower
usage (Fig. 6). These lower frequencies may result
from either less established traditional knowledge,
lower efficacy, or underreporting in ethnobotanical
documentation. In some cases, “None” may also
indicate direct or raw application of the plant without
prior processing. The minimum and maximum values
(2 and 10) and interquartile range (2.0 to 7.75)
of decoction while

reinforce the dominance

highlighting that other preparation methods are far
less common. Overall, this pattern suggests that
traditional healers favor water-based, heat-extraction
methods, particularly decoctions, due to their proven
safety, and

alternative or mixed methods remain relatively niche

effectiveness, accessibility, while

or poorly documented.

Traditional medicinal uses of E. hirta across
different countries

Euphorbia hirta has been widely utilized in
traditional medicine across various countries, each
using the plant to address specific health concerns
based on local needs and practices. In China, it is
commonly used for treating respiratory issues, such
as asthma and bronchitis, due to its anti-asthmatic
and anti-inflammatory properties (Zhang et al,
2021). In Nepal, the plant is utilized to treat
conditions like diarrhea, dysentery, and asthma, with
its juice also being consumed for digestive
disturbances, while the leaves are used topically for
wound healing (Gharti et al., 2024). Similarly, in
Pakistan, E. hirta is employed for coughs, asthma,
fever, and gastrointestinal disorders, as well as for its
anti-inflammatory effects in treating joint pain
(Mustafa et al, 2023). In Belgium, it has been
traditionally used for skin irritations and rashes,
thanks to its mild antibacterial properties (Quetin-
Leclercq and Hue, 2018). In Thailand, E. hirta is
frequently used to treat colds, coughs, bronchitis, and
ulcers, as well as to aid digestion (Ghosh et al., 2019).
In India, E. hirta is widely used in Ayurveda and
traditional medicine to treat respiratory conditions,
skin diseases, fever, and digestive disorders
(Khursheed and Jain, 2022). In Taiwan, it is used in
folk medicine to address asthma, coughs, and
wounds, as well as to provide diuretic and anti-
inflammatory effects (Akbar, 2020). In Vietnam, the
plant is employed for respiratory issues such as
asthma and bronchitis, along with its antimicrobial
properties in wound treatment (Hue and Tram,
2020). Similarly, in Indonesia, E. hirta is used for
asthma, coughs, and gastrointestinal problems, while
in Malaysia, it is valued for treating fevers, respiratory

conditions, and digestive issues (Puspitasari et al,
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2022; Soh et al., 2017). In Nigeria, the plant plays a
significant role in the treatment of malaria, asthma,
and fever, as well as digestive ailments like diarrhea
(Owolabi et al., 2017). In Morocco, E. hirta is
traditionally used to treat respiratory conditions and
alleviate inflammation and pain from conditions like
arthritis (Khamar et al., 2021). In Cameroon, it is
employed to treat wounds, ulcers, respiratory
disorders, and as an anti-inflammatory agent in local
remedies (Monga et al., 2011). Similarly, in Uganda
and Tanzania, the plant is used for treating malaria,
respiratory infections, fever, diarrhea, and skin
conditions (Mbwale et al., 2025; Okullo et al., 2010).
In Saudi Arabia, E. hirta is used in traditional
medicine to treat ailments such as asthma, cough, and
digestive issues, as well as to promote wound healing
(Al-Yahya et al., 2015). In Iran, the plant is employed
in folk medicine for treating respiratory conditions,
digestive disturbances, and inflammation (Mansouri
et al., 2013). These diverse applications across
regions highlight E. hirta's extensive medicinal
significance, showcasing its valuable role in folk
medicine and its global use as a natural remedy for

various health issue.

Ethnopharmacological significance of E. hirta
The ethnopharmacological significance of E. hirta
lies in its wide-ranging therapeutic properties, which
have been recognized in traditional medicine across
various cultures. The plant is particularly valued for
its anti-inflammatory, antiasthmatic, antimicrobial,
and antidiabetic effects, making it a critical
component in the treatment of respiratory
conditions, infections, and chronic diseases. Studies
have shown that E. hirta contains bioactive
compounds such as flavonoids, alkaloids, saponins,
and tannins, which contribute to its medicinal
properties (Khursheed and Jain, 20222; Puspitasari
et al., 2022). In addition to its respiratory benefits,
E. hirta has demonstrated significant antimicrobial
activity against various pathogens, including
bacteria and fungi, further solidifying its use in
treating infections (Gupta et al.,, 2018).
Ethnopharmacological research also highlights the

plant's role in managing gastrointestinal disorders,

with evidence supporting its antidiarrheal and

antiulcer properties (Ibrahim et al., 2024).

Moreover, the plant’s role in addressing skin
conditions, such as wounds and rashes, is widely
documented, with local communities using it topically
for its antiseptic and healing properties (Mbwale et
al., 2024; Vishwakarma et al., 2024). Thus, E. hirta
plays a significant role in ethnopharmacology,
bridging the gap between traditional medicinal
practices and modern pharmacological research,

which validates its broad therapeutic potential.

Folk medicine and regional applications of E.
hirta

Euphorbia. hirta holds a prominent place in folk
medicine across various regions, where it is utilized
for a wide range of health conditions. In many African
countries, including Nigeria and Cameroon, the plant
is commonly used to treat malaria, respiratory
infections, and digestive issues, with both the leaves
and whole plant being employed in various
preparations (Ojediran et al., 2024; Owolabi et al.,
2017; Monga et al., 2011). In India, E. hirta is a staple
in Ayurvedic practices, where it is used to treat
asthma, bronchitis, and skin diseases, often as a
decoction or topical application (Khursheed and Jain,
2022; dev Sharma et al., 2023). In Southeast Asia,
including Thailand and Indonesia, the plant is valued
for its ability to treat coughs, fever, and
gastrointestinal problems, and it is frequently used as
a poultice for skin conditions like wounds and rashes
(Chandran et al., 2006; Ghosh et al., 2019; Soejarto

etal., 1986).

In South America and West Africa, the plant is
widely recognized for its anti-inflammatory,
analgesic, and antimicrobial properties, and is also
used to treat respiratory problems (Nyeem et al.,
2017). In East African countries such as Tanzania
and Uganda, it is commonly used in traditional
medicine to treat a range of conditions, including
urinary tract infections (UTIs), malaria, colic in
children, typhoid, and to promote wound healing

(Hamill et al., 2000; (Mbwale et al., 2024). The
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regional use of E. hirta is a testament to its

versatility, with various communities relying on its

natural healing properties for both internal and

external applications. This widespread use across

cultures underscores the plant’s significant role in

local healthcare systems, particularly in areas

where access to modern pharmaceuticals may be

limited.

Table 2. Major bioactive compounds in E. hirta as reported in some previous studies

No Name of the Pharmacological activities The diagram of compound Reference
compound

1 1, 1-diphenyl-2-picryl- Antioxidant, antitumor, Al-Mutairi et
hydrazyl antiviral, and antiparasitic “, \/ ) al., 2019; Patel

agent. Commonly used to o and Shirsat,
measure free radical o v 2024
scavenging activity. i;\ o

0/H§D

2 Hexadecanoic acid Anti-arthritic, anti-ulcer, Deet al., 2023;
methyl ester anti-inflammatory, diuretic, -~ ~~_-~_~_~_~_~_"~_~ Guptaetal,

hepatoprotective, ﬂ 2023; Shaaban
neuroprotective activities. et al., 2021

3 Phytol, Trans-.beta.- Phytol: antioxidant, anti- 0 Mbwale et al.,

Ionone aging, enzyme inhibition. W\ﬁ\/\( 2025;
Trans-f-Ionone: e y Zhang et al.,

neuroprotective, ,.,-JL-M,, . }{_x_ 2025;
anticancer, antioxidant. ,IL_ ,_] Kadry et al.,

- 2009

4 Ethyl palmitate, Ethyl palmitate: anticancer, 0 Xia et al.,
squalene 7, 10- antibacterial, antifungal; M\/\AA/\ 2018;
octadecadienoic acid Squalene: antioxidant, o Szczepanska et
methyl ester. chemopreventive; Fatty al., 2023

acid ester: anti- \W\MV\M\AA
inflammatory.
0
\Ak/\/\/\/\//\/\/\/\

5 Quercetin 3-O- Antiviral, antibacterial, i Onyeka et al.,
rhamnose, antifungal; Quercetin- \T/\] ’ . 2020; Wu et
Kaempferol. rhamnose: antimicrobial 0 o0 P al., 2024;

target; Kaempferol: Py é J T I Menon and
antioxidant, anti- D T i Thakker,
inflammatory. T S 2020;
e Widyananda et
¢ al., 2023

6 Myricitrin, 4, 5, 7- Free raflical scavepging . DG N Kripa and
tetrahydroxyflavone  (antioxidant), antibacterial, Kanna, 2022;
(kaempferol). 2-butoxy antifungal, microbial Alsaffar et al.,
ethanol, degradation activity 2024
decane, caryophyllene,
13-heptadecyn-1-ol

7 2-hydroxy-1-1'- Cytotoxicity, Sharma et al.,

pyrrolidiyl-1-buten-3- antiproliferative

one, and 3- (anticancer), antimicrobial
cyclopentylpropionic activity.

acid, and 6-4-

cyanophenyl-2-

naphthalenyl ester.

2023;

Aljubiri et al.,
2021,
Ramond et al.,
2022
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8 3-
ethylbenzothiazoline-
6-sulfonic acid

total antioxidant capacity
(TAC); potent antioxidant
indicator.

Commonly used to measure

I Mahomoodally
N et al., 2020; Ji

% S> etal., 2021;
o Martiani et al.,

2024

Antibacterial (S. aureus, E.
coli), antifungal,

9 Tri-O-galloyl-glucose
isomers, tetra-O-

galloyl-glucose antidiabetic,
isomers, neuroprotective,
anticancer.

Mekam et al.,
20109;

Burico et al.,
2022;

"7 Ivanovetal.,
2023

10  Quinic acid, gallic acid, Antioxidant, antibacterial, Gopi et al.,
luteolin, and antifungal; Luteolin also 2015;
chlorogenic acid acts as anti-inflammatory Luet al, 2021;

and neuroprotective agent. Ercan and
Dogru, 2022;
Wang et al.,
2022

12 Benzoic acid and rutin Benzoic acid: used in 1. 0 0 Aliet al.,

antiseptics, syrups, oral T 2020;

meds; Rutin: skin health, Mao et al.,

antidiabetic, vascular 20109;

protective. Imani et al.,
2021

Phytochemical profile of E. hirta

The phytochemical profile of E. hirta is diverse and
contributes to its broad range of medicinal properties.
Various studies have identified a wide array of
bioactive compounds in the plant, including alkaloids,
flavonoids, tannins, saponins, glycosides, and
terpenoids, which play a crucial role in its therapeutic
effects (Tripathi et al., 2021; Kumar et al., 2010;
Edrees, 2019; Huang et al., 2012). These compounds
are responsible for the plant's anti-inflammatory,
antimicrobial, = antioxidant, antidiabetic, and
antiasthmatic activities, making it a valuable resource
The

presence of flavonoids such as quercetin and

in both traditional and modern medicine.

kaempferol, alkaloids like nicotine and ephedrine,
and saponins has been extensively documented in
scientific literature (Khursheed and Jain, 2022;
Mbwale et al., 2025). This phytochemical diversity
not only enhances the plant's medicinal value but also
makes it a subject of interest for pharmacological

research. Table 2 presents the structures of various

phytochemicals, offering a visual representation of

the plant's intricate chemical composition.

Additionally, citations from relevant studies are
included to support the identification and highlight
the significance of these phytochemicals for further

reference.

Methods of extraction and identification of
compounds from E. hirta

The extraction and identification of bioactive
compounds from E. hirta are crucial steps in
understanding its medicinal potential. Several
methods have been employed to extract compounds
from the plant, with the aim of obtaining the
maximum yield of active ingredients. Common
solvents used in the extraction process include
ethanol, methanol, chloroform, and water (Anitha et
al., 2014; Oseni et al., 2019; Mbwale et al., 2025),
with ethanol and methanol proving particularly

effective for isolating a wide range of bioactive
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compounds, such as flavonoids, alkaloids, and
tannins (Khursheed and Jain, 2022). One widely used
extraction method is maceration, in which the plant
material is soaked in the solvent for a specified
period, ensuring the efficient extraction of
compounds (Alamgir, 2017; Abubakar et al., 2020;
Stéphane et al., 2021). These methods help obtain
concentrated extracts that contain the plant's
therapeutic compounds, providing a foundation for

subsequent analysis.

The studies reviewed indicate that once the extract is
obtained, the identification of compounds is
performed using advanced techniques such as Thin
Layer Chromatography (TLC), High-Performance
(HPLOQ), Gas

Chromatography-Mass Spectrometry (GC-MS), and

Liquid Chromatography
Nuclear Magnetic Resonance (NMR) spectroscopy
(Verma, 2021; Patyraet al., 2022; Aljubiri et al.,
2021). TLC is

preliminary separation of compounds, while HPLC

commonly employed for the
and GC-MS are more advanced techniques that
enable the precise identification and quantification of
individual bioactive compounds (Parys et al., 2022;
Kiani et al., 2022). NMR spectroscopy is used to
confirm the molecular structures of these compounds,
offering detailed insights into their chemical
composition (Deborde et al., 2017). These methods
provide valuable information about the chemical
constituents of E. hirta, establishing a clear
connection between its phytochemical profile and its
pharmacological activities. The identification of these
compounds through modern analytical techniques is
essential for validating the plant’s medicinal
properties and facilitating its integration into

pharmaceutical applications.

Pharmacological properties of E.hirta

Euphorbia hirta exhibits a wide range of
pharmacological properties, which have been widely
studied for their therapeutic potential. It is well
known for its anti-inflammatory, antiasthmatic,
antimicrobial, = antioxidant, antidiabetic, and
antimalarial effects (Nkemzi et al., 2022; Pradhan et

al., 2024). Studies have shown that the plant's

bioactive compounds, such as flavonoids, alkaloids,
saponins, and tannins, contribute to these properties
(Khursheed and Jain, 2022; Mbwale et al., 2025). E.
hirta has demonstrated significant antimicrobial
activity against various bacteria and fungi, making it
valuable in treating infections (Nguyen et al., 2012).
Its anti-diabetic properties have also been
highlighted, with the plant showing potential in
regulating blood glucose levels (Muema et al., 2023).
Furthermore, the plant has shown promise in
managing asthma and other respiratory disorders due
to its bronchodilatory and anti-inflammatory effects
(Akbar, 2020). These pharmacological properties
underscore the plant’s significant role in both

traditional and modern medicine.

Toxicological and safety or adverse effects of
E. hirta

Although E. hirta is widely recognized for its
therapeutic properties, its toxicological profile and
potential adverse effects must also be considered.
Studies indicate that higher doses may cause
irritation, allergic reactions, and toxicity in humans
and animals, with the compounds in latex potentially
leading to skin rashes, blistering, and gastrointestinal
discomfort if ingested in large quantities (Ghosh et
al., 2019; Panzu et al., 2020; Khursheed and Jain,
2022; Chekecha, 2023). Additionally, E. hirta has
been reported to cause liver toxicity in some animal
studies when consumed excessively, suggesting the
need for caution regarding dosage (Rajeh et al., 2012;
Idowu et al., 2019; Nyeem et al, 2017). In high
doses, the plant may also exhibit toxic effects on the
kidneys and central nervous system, highlighting the
importance of proper medicinal dosages and
preparation methods (Bhat et al, 2019). While E.
hirta has shown promise as a medicinal plant, its
safety profile requires further investigation to fully
understand its potential risks and ensure its safe use

in healthcare applications.

Potential toxicity of E. hirta or adverse effects
The potential toxicity and adverse effects of E. hirta
have been reported in several studies, raising

concerns about its safety when used improperly or in
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excessive amounts. One of the most notable toxic
effects is skin irritation caused by the latex of the
plant, which can result in dermatitis, rashes, or even
blistering upon direct contact (Das, 2020; Malik et

al., 2021; Anand et al., 2022; Bhatia et al., 2024).

Additionally, ingesting large quantities of E. hirta has
been linked to gastrointestinal disturbances such as
nausea, vomiting, and diarrhea. The latex contains
compounds like diterpenoids and esters that are
considered toxic in high concentrations (Idowu et al.,
2019). It is particularly important to note that while
the plant is widely used in traditional medicine,
unregulated usage or improper handling can lead to
these adverse effects, especially when administered in
high doses.

In animal studies, E. hirta has been shown to cause
liver and kidney toxicity when consumed in excessive
amounts, leading to concerns about its long-term
safety (Tuhin et al., 2017). High doses of the plant
extract have also been associated with central nervous
system effects, including sedation and changes in
behavior, suggesting that caution is necessary when
using it for medicinal purposes. Despite its beneficial
therapeutic effects, these toxicological findings
underscore the need for careful dosage and proper
preparation methods to minimize potential risks. As
highlighted in various studies, further research into
the plant’s safety profile and toxicology is essential to
ensure that its medicinal applications are both

effective and safe for human use.

Dosage recommendations and safety concerns
on the use of E. hirta

When using E. hirta for medicinal purposes, it is
crucial to adhere to recommended dosages to avoid
potential toxicity and adverse effects. Traditional
usage often involves the administration of the plant in
the form of decoctions, tinctures, or topical
applications, with doses varying based on the
condition being treated. However, specific dosage
guidelines are not always standardized, and excessive
consumption of E. hirta, particularly its latex, can

lead to skin irritation, gastrointestinal discomfort,

and in extreme cases, liver and kidney toxicity (Ghosh
et al., 2019; Panzu et al., 2020; Khursheed and Jain,
2022; Chekecha, 2023; Ghosh et al., 2019). To
minimize safety concerns, it is recommended that
users begin with lower doses, particularly when
using the plant in oral form, and gradually increase
the dosage while monitoring for any adverse
reactions. Additionally, due to the plant’s potential
toxic effects when taken in large amounts, it is
advisable to consult with a healthcare professional,
particularly for individuals with preexisting medical
conditions, such as liver or kidney disorders. While
E. hirta has shown promising therapeutic effects,
more research is needed to establish specific dosage
recommendations and safety protocols to ensure its
safe and effective use in both traditional and modern

medical practices.

behind its

pharmacological effects of E. hirta

Molecular mechanisms
The pharmacological effects of E. hirta are attributed
to its diverse bioactive compounds, which exert their
therapeutic actions through various molecular
mechanisms. Flavonoids, alkaloids, saponins, and
tannins found in E. hirta are key contributors to its
biological activities. For example, flavonoids like
quercetin and kaempferol are known to possess
potent anti-inflammatory and antioxidant properties,
which help modulate the production of pro-
inflammatory cytokines and reactive oxygen species
(ROS) by inhibiting signaling pathways such as NF-
kB (nuclear factor kappa B) and MAPK (mitogen-
activated protein kinase) pathways (Tung et al., 2023;
Zahra et al, 2024; Chakraborty et al, 2024).
Additionally, alkaloids like nicotine and ephedrine
found in the plant are thought to act as
bronchodilators, aiding in the treatment of
respiratory conditions like asthma by stimulating
beta-adrenergic receptors, thereby relaxing bronchial
smooth muscles and improving airflow (Bhatia et al,,
2024). The plant’s antimicrobial activity is primarily
attributed to its tannins and saponins, which disrupt
the integrity of bacterial cell membranes and inhibit
the growth of pathogenic microorganisms (Othman et

al., 2019).
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Furthermore, E. hirta has demonstrated anti-diabetic
effects through the inhibition of alpha-glucosidase,
which slows the breakdown of carbohydrates and

reduces blood glucose levels (Oulahal et al., 2022).

These

multifaceted therapeutic potential of E. hirta and its

molecular mechanisms underscore the
ability to address a wide range of health conditions

through modulation of various biological pathways.

CONCLUSION

Euphorbia hirta has demonstrated significant
ethnobotanical, pharmacological, and therapeutic
potential, owing to its diverse array of bioactive
compounds, including flavonoids, alkaloids, tannins,
These

contribute to its broad spectrum of medicinal

saponins, and terpenoids. compounds

properties, including anti-inflammatory,

antimicrobial, anti-diabetic, anti-asthmatic, and

antimalarial activities.

Traditional uses of E. hirta across different regions of
the world underscore its importance in folk medicine
for treating a wide range of health issues, from
respiratory conditions to digestive and skin disorders.
The plant’s mechanisms,

molecular including

modulation of oxidative stress, inhibition of
inflammatory cytokines, and interaction with cellular
pathways such as the NF-kB and MAPK signaling

pathways, further support its therapeutic efficacy.

However, despite the promising therapeutic effects,
certain gaps in the current knowledge remain. The
potential toxicity of E. hirta especially from its
latex and in high doses requires more detailed
exploration to better understand its safety profile
and adverse effects. While several studies have
highlighted the plant’s broad-spectrum benefits,
standardized dosage recommendations and precise
safety guidelines are still lacking. Future research
should focus on identifying and characterizing
specific bioactive compounds responsible for its
pharmacological activities, as well as determining
optimal dosages and safety limits for human use.

Additionally, there is a need for clinical studies to

validate the efficacy and safety of E. hirta in
modern medical applications. Investigating the
plant’s interaction with conventional medicines
and its long-term use will also be crucial in
integrating it into contemporary healthcare
systems. Thus, E. hirta presents an exciting avenue
for future research, bridging the gap between
traditional knowledge and modern therapeutic

practices.
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