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Abstract: This study documents the Euphorbiaceae family of plants in Southern Africa,
with a focus on their traditional medicinal applications, pharmacological properties,
toxicity, and active secondary metabolites. A review of the literature from scientific
journals, books, dissertations, and conference papers spanning from 1962 to 2023 was
conducted for 15 Euphorbia species. Recent findings indicate that specific compounds found
in Euphorbia plants exhibit significant biological and pharmacological properties. However,
the white sticky latex sap they contain is highly toxic, although it may also have
medicinal applications. Phytochemical analyses have demonstrated that these plants
exhibit beneficial effects, including antibacterial, antioxidant, antiproliferative, anticancer,
anti-inflammatory, antiviral, antifungal, and anti-HIV activities. Key phytochemicals
such as euphol, cycloartenol, tirucallol, and triterpenoids contribute to their therapeutic
efficacy, along with various proteins like lectin and lysozyme. Despite some Euphorbiaceae
species undergoing screening for medicinal compounds, many remain insufficiently
examined, highlighting a critical gap in the research literature. Given their historical usage,
further investigations are essential to evaluate the medicinal significance of Euphorbia
species through detailed studies of isolated compounds and their pharmacokinetics and
pharmacodynamics. This research will serve as a valuable resource for future inquiries into
the benefits of lesser-studied Euphorbia species.

Keywords: Euphorbia species; toxicity; secondary metabolites; pharmacological properties;
medicinal plants; cancer

1. Introduction
The Euphorbiaceae is a highly varied group of flowering plants, having over

300 genera and 8000 species [1]. Within this family, the Euphorbia genus stands out as one of
the largest, with more than 2000 species [2]. These species can take the form of herbs, shrubs,
and trees, sometimes resembling succulents or cacti. They are mainly found in tropical
and subtropical regions of Africa and America, as noted by Adedapo et al. [3]. Many
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species in this family produce a toxic white sap, but this sap can also have medicinal
properties [4]. The genus contains economically significant species, making it a vital genus
with high research potential.

South Africa has a rich collection of Euphorbia species, with at least 188 indigenous to
the country (SANBI). The Euphorbia genus has attracted the attention of many researchers
due to its diverse chemical compositions, which include euphol, triterpenoids, diterpene
ester, and tirucallol. These compositions have been found to have remarkable therapeutic
properties such as antimicrobial, antidiabetic, antiviral, and anticancer properties, as
noted by Betancur-Galvis et al. [5] and also Mwine and Damme [6]. However, there
is a lack of scientific documentation on the anticancer properties of many Euphorbia
species in Southern Africa. This is due to a lack of research on isolated compounds,
as well as a lack of testing and discovery of new compounds. Furthermore, there is
limited research on unexplored Euphorbia species that may have potential anticancer
properties. Additionally, the majority of published articles on Euphorbia focus on already
explored species, with little to no information on the unexplored ones [7,8]. It is
worth noting that there is currently only one comprehensive review available on the
Euphorbia species found in Southern Africa. This review highlights the limited scientific
documentation available on these plants and emphasizes the need for further research
to unlock their full potential. This review, however, does not focus on the compounds
found in the selected plants or their anticancer properties [9]. Therefore, the current
study focuses on gathering more data on the use of isolated compounds as anticancer
lead agents in traditional medicine to advance the research in the field of discovery and
development of anticancer agents.

For this reason, the purpose of this review is to provide a comprehensive overview
of the pharmacological activities of the isolated compounds from various Euphorbia
species found in Southern Africa. This review also aims to highlight the diversity of
the Euphorbiaceae family and its potential for further research. This study focuses on
several plants, including Euphorbia trigona (E. trigona), Euphorbia tirucalli (E. tirucalli),
Euphorbia ammak (E. ammak), Euphorbia bupleurifolia (E. bupleurifolia), Euphorbia enopla
(E. enopla), Euphorbia polygona (E. polygona), Euphorbia cooperi (E. cooperi), Euphorbia stellata
(E. stellata), Euphorbia ferox (E. ferox), Euphorbia clavariodes (E. clavarioides), Euphorbia gorgonis
(E. gorgonis), Euphorbia coerulescens (E. coerulescens), Euphorbia horrida (E. horrida), Euphorbia
arabica (E. arabica), and Euphorbia ledienii (E. ledienii). These plants were selected for their
pharmacological activities and toxicological evaluation on breast cancer cells as part
of the authors’ recent research project. This review serves as a valuable resource for
other researchers to explore the remaining Euphorbia species for their potentially active
compounds and anticancer therapeutic properties.

2. Data Collection
To conduct this review, original articles from journals indexed in PubMed Central,

Springer Link, Scopus, Science Direct, Hindawi, and Google scholars on Euphorbia species,
their medicinal uses, toxicities, and pharmacological properties, were analyzed. For this
review, only texts published in English between 1962 and 2023 were considered. The years of
publication were selected due to the limited data available on Euphorbia plants. Throughout
the search process, 881 reports were found across various databases. After reviewing the
titles and abstracts, the search was refined and narrowed down to 323 articles, which were
fully examined and discussed in this study.
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The research criteria for inclusion were based on the guidelines set by Lu et al. [10]
with a few modifications. The criteria included (1) studies on the isolated compounds
of Euphorbia species conducted in vitro and in vivo; (2) evaluation of their biological
activities; (3) studies published in peer-reviewed journals written in English; and (4) studies
that provided full-text papers. There were no limitations on the study location. This
study excluded (1) human studies, (2) a combination of isolated compounds, and
(3) non-original articles.

The retrieved data were carefully examined to identify possible medical applications,
biological activities, isolated compounds, toxicities, and pharmacological properties.
Additional confirmation of the correct plant names was verified from the plantlist.org
website. After analyzing all the data collected, conclusive results were obtained.

The cytotoxic tendency of selected compounds on various cancer cell lines and
human tumor types was computed using the Cell Line Cytotoxicity Predictor (CLCPred)
webserver (https://www.way2drug.com/Cell-line/) (accessed on 15 November 2024),
a free online service for in silico evaluation of human cell line cytotoxicity tendency of
bioactive compounds [11]. This prediction was based on Prediction of Activity Spectra
for Substances (PASS) technology (https://www.way2drug.com/PASSonline) (accessed
on 15 November 2024), where the training set was generated based on cytotoxicity data
derived from ChEMBLdb (version 23) (https://www.ebi.ac.uk/chembldb/) (accessed on 15
November 2024). Compounds with robust anticancer potential were selected and subjected
to further analyses to extract physicochemical and pharmacokinetics parameters using the
SwissADME (http://www.swissadme.ch/) (accessed on 18 January 2025) [12] and pKCSM
(http://biosig.unimelb.edu.au/pkcsm/) (accessed on 15 November 2024) [13] webservers,
as demonstrated earlier [14,15].

3. Results
The current study reports on 15 Euphorbia species, their traditional and pharmacological

properties, and also isolated compounds. Euphorbia species have been used in folk medicine
for various ailments, which is why scientists have taken an interest in investigating this
genus and fully documenting the secondary metabolites responsible for these properties;
see Table 1.

https://www.way2drug.com/Cell-line/
https://www.way2drug.com/PASSonline
https://www.ebi.ac.uk/chembldb/
http://www.swissadme.ch/
http://biosig.unimelb.edu.au/pkcsm/
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Table 1. Euphorbia spp of Southern Africa and its neighboring countries, their toxicities, and traditional uses.

Botanical
Name Synonym Vernacular Name Location Growing

Condition Traditional Use Bioactive
Property Toxicity Reference

Euphorbia
trigona

Euphorbia
hermentiana Lem African Milk Tree (E)

West Africa,
tropical Asia,
India

Dry tropical
forests; semiarid;
direct sunlight

Respiratory infections,
urinary tract
infections, gonorrhea,
tumors, warts,
intestinal parasites,
etc.

Anticancer Skin irritation [16–21]

Euphorbia
cooperi

E. cooperi
var. cooperi,
E. cooperi
var. calidicola

Candelabra Euphorbia (E),
Umhlonhlo (N),
Tshikondengala (V),
Mokhoto (T), Mohlohlo (S)

South Africa,
Mozambique,
Zimbabwe,
Botswana

Well-drained soil;
direct sunlight

Sore stomach,
bloatedness, paralysis,
wound healing

Breast cancer
inhibitor

Skin irritation,
blindness,
throat burning

[22–28]

Euphorbia
ammak - African Candelabra/Desert

Candelabra (E)
Saudi Arabia,
Yemen Peninsula No data reported No data reported

Anticancer,
antileishmanial
activity, anti-H1N1
influenza virus

Skin and eye
irritation [29–33]

Euphorbia
tirucalli

Euphorbia laro
Drake

Rubber-Hedge Euphorbia (E),
umSululu (Z), umHlonthlo (X),
motsetse/setlharesetola (Ts),
mahumbana (T), etc.

Eastern tropical
Africa, South
Africa, Indian
Ocean

Rock garden;
well-drained soil;
mild to warm
climate

Snakebites, sexual
impotence, warts,
wounds, swollen
glands, edema,
tumors, etc.

Antibacterial,
molluscicidal,
antiherpetic,
antitumor effect
on various cell
lines

Skin irritation,
blindness, fish
poisoning,
fatality

[5,6,34–52]

Euphorbia
clavarioides Euphorbia basutica

Lion’s Spoor (E), Melkpol (A),
iSantilele/isihlekehleke (Z),
sehlehle/sehloko (S)

South Africa,
Lesotho

Direct sunlight;
mineral soil;
grassland gardens

Skin rash, acne, sores,
burns, cracked heels,
swollen feet, herpes,
etc.

No data reported Skin irritation,
bird lime [53–57]

Euphorbia
gorgonis Nkalimasane (Z), Melkbol (A) South Africa

(Eastern Cape)
Well-drained soil;
direct sunlight

Wounds, swelling,
skin problems

Antibacterial,
antimicrobial
activity, effect on
cancer cell lines

Skin irritation [58–60]

Euphorbia
bupleurifolia

Tithymalus
bupleurifolius

Pine Cone Plant (E),
Melkbol (A), Intsele (X),
Insema (Z)

South Africa
(Eastern Cape,
Transkei, Natal)

Warm, moist
conditions;
moderate sunlight

Cancerous sores,
cracked feet, eczema,
rashes, wounds, teeth
cleaning, swellings

No data reported Skin irritation [61–64]
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Table 1. Cont.

Botanical
Name Synonym Vernacular Name Location Growing

Condition Traditional Use Bioactive
Property Toxicity Reference

Euphorbia
enopla

Euphorbia enopla
var. enopla

Milk-Barrel/Pincushion
Euphorbia (E)

South Africa
(Eastern Cape,
arid/semiarid
Karoo)

Well-drained soil;
direct sunlight No data reported No data reported

Skin irritation,
toxic to Vero
cell lines

[65]

Euphorbia
coerulescens Euphorbia virosa Sweetnoors (A) South Africa

(Cape Province)

Sunny to
half-shady; rocky,
gritty–sandy soils

No data reported No data reported

Skin irritation,
blindness,
throat
irritation

[66]

Euphorbia
polygona African Milk Barrel (E) South Africa

(Eastern Cape)
Well-drained soil;
high temperature No data reported No data reported

Eye irritation,
skin irritation,
paralysis

[65]

Euphorbia
horrida var.

Euphorbia horrida
Boiss. African Milk Barrel (E) South Africa

(Wittepoort/Karoo)

Well-drained soil;
dry, sunny
conditions

No data reported No data reported Inhibition of
Vero cell line [65]

Euphorbia
arabica

Euphorbia
neopolycnemoides

Klein Bont Euphorbia (E),
Umhlonhlo (Z)

Botswana,
Mozambique,
Zimbabwe,
Limpopo,
Mpumalanga,
KwaZulu-Natal

Stony grassland Warts, stomachache,
skin infections Antibacterial Inhibition of

Vero cell line [67,68]

Euphorbia
ledienii

Euphorbia ledienii
A. Berger
var. ledienii

Crested Euphorbia (E) South Africa
(Western Cape)

Well-drained soil;
sunny conditions No data reported No data reported Skin irritation [69]

Euphorbia
ferox Euphorbia capitosa Milkweed (E) South Africa

(Western Cape)
Drained sandy soil;
rocky outcrops No data reported No data reported Poisonous

latex

Euphorbia
stellata

Euphorbia squarrosa,
E. radiata,
E. scolopendrea,
E. uncinata

Spurge (E) South Africa
(Eastern Cape)

Well-drained soil;
sunny
environment

No data reported No data reported Skin and eye
irritation

English (E), Sotho (S), Zulu (Z); Xhosa (X); Afrikaans (A), Ndebele (N), Tsonga (T), Tswana (Ts), Venda (V).
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Out of the 15 plant species examined, 8 have been traditionally used as medicine for
treating seven distinct diseases. The most commonly used plants are for treating cancer
(seven), followed by warts and wounds (five) and other ailments; see Table 1.

An investigation into the chemical composition of various Euphorbia species
unveiled distinctive profiles of isolated compounds. E. tirucalli exhibited the highest
diversity with a total of 30 isolated compounds, spanning triterpenoids (Lupane,
Oleanane, Tirucallane, Phorbol-type), phenolic compounds (Gallic Acid Derivatives,
Ellagic Acid Derivatives, flavonoids), phytosterols (sterols), glycosides (triterpene
glycosides, Other Glycosides), and diterpene esters [9,37]. Following closely, E. cooperi
presented 18 compounds, including triterpenoids (Lupane, Oleanane, Phorbol-type),
phytosterols (sterols), and glycosides (triterpene glycosides) [24]. E. trigona showcased
16 compounds, including triterpenoids (Lupane, Oleanane, Phorbol-type), phenolic
compounds (Gallic Acid Derivatives, Ellagic Acid Derivatives, flavonoids), phytosterols
(sterols), and glycosides (Other Glycosides) [17,70]. E. coerulescens and E. ledienii
exhibited nine and eight compounds, respectively, encompassing triterpenoids, phenolic
compounds, and phytosterols [66,71], see Tables 2 and 3. Notably, certain plants
demonstrated fewer or no isolated compounds.

Table 2. Comprehensive overview of isolated compounds from individual plants.

Plant Compounds Reference

Euphorbia trigona
Euphol, Cycloartenol, Cycloartanol, Lupeol, α-amyrin, β-amyrin, Betulinic acid,
Taraxerol, β-sitosterol, Taraxerol acetate, Friedelin, Friedelan 3 α- and 3 βα-ols,
24-ethylene cycloartanol, Epi-friedelinyl acetate, 3β, Friedelinol, Rhoiptlenone

[70,71]

Euphorbia ledienii
Isobutyric, 2-Methylbutyric acid, 12-Deoxyphorbol-13-isobutyrate-20-acetate,
12-Deoxyphorbol-13-(2-methylbutyrate)-20-acetate, Phorbol, 12-Deoxy phorbol,
12-Deoxy-16-hydroxy phorbol, Ingol-7,8,12-acetate, ditiglate

[72–74]

Euphorbia
tirucalli

Triterpenes, Euphol, Diterpene esters, Euphorbiane, 12-Deoxyphorbol esters, Ingenol,
β-Sitosterol, Euphorbol, Hexacosonate,
12-Deoxy-4β-hydroxyphorbol-13-phenylacetate-20-acetate, 12,
20-Dideoxyphorbol-13-isobutyrate, Glut-5-en-3-β-ol, Tirucalicine, Tri-methyl ellagic acid,
Terpenic alcohol, Isoeuphorol, Taraxasterol, Tirucallol, Ketone euphorone, Resin, Ellagic
acid, Taraxerol, 3,3′-Di-O-methylellagic acid, Euphorbin A, Euphorbin B, Tirucallin A,
Tirucallin B, Euphorbol, Cycloartenol, 24-Methylenecycloartenol, Ingenol triacetate,
β-amyrin, Rhoiptlenone, 3β-friedelinol, Epi-friedelinyl acetate, 24-ethylene cycloartanol,
Friedelan 3 α- and 3 βα-ols, Friedelin, Taraxerol acetate, Betulinic acid, β-amyrin,
α-amyrin, Lupeol, Cycloartanol, β-amyrone, Glutinone, Taraxerone, Glut-5-en-3-β-ol and
cycloart-23-ene-3-β, 25-diol, Euphorcinol, Euphorginol, 12,13,20-tri-O-acetylphorbol,
3,5,20-tri-O-acetlingenol 20-acetate

[8,9,21,35,36,75–92]

Euphorbia enopla Euphol, Tirucallol [93]

Euphorbia
coerulescens

Angelate acetate isobutyrate, Fatty acids, Acetate laurate, α-Methyl butyrate, Heptanoate,
Laurate, Euphol, Tirucallol, Euphorbol [66,89]

Euphorbia ammak α-glutinol, Stigmasterol, Euphol, Euphorbol [93,94]

Euphorbia cooperi

16-Hydroxy-12-desoxyphorbol, Euphol, Obtusifoliol,
12-Deoxyphorbol-13-isobutyrate-16-angelate-20-acetate, Euphorbilactone,
Norsesquiterpenoid, Arachiside A, Glutinol,
16-Angeloyloxy-13α-isobutanoyloxy-4β,9α,20-trihydroxytiglia-1,5-diene-3,7-dione,
20-Acetoxy-16-angeloyloxy13α-isobutanoyloxy-4β,9α,20-tetrahydroxytiglia-1,5-diene-3-one,
Gallic acid, Bervifolin, Carboxylic acid, Kampferol-3-O-ß-D-rutinoside,
1-O-Galloyl-3,6-hexahydroxydiphenyl-β-D glucopyranoside, 3,3′ Dimethoxy ellagic acid
3,4,4′ Trimethoxyellagic acid, Ellagic acid, Kaempferol, 7-galloyl catechin, kaempferol
3-O-β-(6′′-O-galloyl)-glucopyranoside, triesters-16-hydroxy-12-desoxy-phorbol

[9,24,95–97]

Euphorbia horrida 17-Hydroxyingenol-17-benzoate-20-angelate, Diterpene esters [98]
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Table 3. Phytochemicals extracted from the selected Euphorbia spp.

Plant Phytochemical/s Reference

Euphorbia trigona Saponins, alkaloids, flavonoids, glycosides, sterols and triterpernoids, tannins [17,71,99]

Euphorbia cooperi Triterpernoid [95]

Euphorbia ammak Alkaloids, saponins, glycosides [31]

Euphorbia tirucalli Triterpernoid, phenols, flavonoids, tannins, alkaloids, saponins, glycosides,
steroids [37,100]

Euphorbia clavarioides Alkaloids, flavonoids, saponins, tannins, terpenoids, phytosterols, glycosides,
triterpenoids, anthraquinone [65,101]

Euphorbia gorgonis Phytosterols, glycosides, triterpenoids, flavonoids, alkaloids, saponins [60,65]

Euphorbia bupleurifolia Phytosterols, tannins, glycosides, triterpenoids, saponins, flavonoids and
alkaloids [62,65]

Euphorbia enopla Phytosterols, glycosides, triterpenoids, flavonoids, alkaloids, tannins,
anthraquinone [65]

Euphorbia polygona Phytosterols, tannins, glycoside, triterpenoids, flavonoids, alkaloids [65]

Euphorbia horrida Var Phytosterols, pentose, tannins, glycosides, triterpenoids, anthraquinones,
saponins, flavonoids [65]

Euphorbia arabica Phytosterols, tannins, glycosides, triterpenoids, anthraquinones, flavonoids [65]

Euphorbia ledienii No data reported

Euphorbia ferox No data reported

Euphorbia stellata No data reported

Euphorbia coerulescens No data reported

The breakdown of these compounds into subclasses revealed diverse chemical
categories, including Euphane-type Triterpenoids (euphol, euphorbol), Cycloartane-type
Triterpenoids (cycloartenol, cycloartanol, 24-ethylene cycloartanol), Lupane-type Triterpenoids
(lupeol), Oleanane-type Triterpenoids (α-amyrin, β-amyrin), Pentacyclic Triterpenes
(betulinic acid, Glut-5-en-3-β-ol), Taraxarane-type Triterpenoids (taraxerol, taraxerol
acetate), Phorbol-type Diterpenoids (12-Deoxyphorbol-13-isobutyrate-20-acetate, Phorbol,
12-Deoxy phorbol, 12-Deoxy-16-hydroxy phorbol, 12-Deoxyphorbol esters, 12, 20-Dideoxy-
phorbol-13-isobutyrate), Tirucallane-type Triterpenoids (tirucalicine, tirucallol, tirucallin
A, tirucallin B), Steroidal Triterpenoids (terpenic alcohol), Ingenane-type Triterpenoids
(Ingol-7,8,12-acetate, ditiglate, ingenol, ingenol triacetate, Angelate acetate isobutyrate),
flavonoids (tri-methyl ellagic acid, 17-Hydroxyingenol-17-benzoate-20-angelate, Kampferol-
3-O-ß-D-rutinoside), sterols (β-sitosterol, stigmasterol, taraxasterol), Ellagic Acid Derivatives
(ellagic acid, 3,3′-Di-O-methylellagic acid), Medium-chain Fatty Acids (laurate), and no
specific subclass records (rhoiptlenone, 2-Methylbutyric acid, euphorbin A, euphorbin
B, euphorbol hexacosonate, 12-Deoxy-4β-hydroxyphorbol-13-phenyl acetate-20-acetate,
20-Acetoxy-16-angeloyloxy13α-isobutanoyloxy-4β,9α,20-tetrahydroxytiglia-1,5-diene-3-one,
resin, arachiside A, 3,4,4′ Trimethoxyellagic acid, 12-Deoxyphorbol-13-(2-methylbutyrate)-
20-acetate, 2-Methylbutyric acid) (see Table 4).
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Table 4. Classification of crude and isolated compounds from 15 Euphorbia species.

Class Subclass Compounds

Terpenoids Triterpenoids Euphol, Cycloartanol, Lupeol, α-amyrin, β-amyrin, Betulinic acid,
Taraxerol, Taraxerol acetate, Friedelin, Friedelan-3-β-ol, 3β-Friedelinol

Phytosterols
Cycloartenol, β-sitosterol, 24-Methylenecycloartanol, Tirucallol,
Obtusifoliol, Glutinol, Triterpene euphol, 24-Methylene cycloartenol,
Ingenol triacetate, Terpenic alcohol, Taraxasterol, Stigmasterol

Other Terpenoids

12-Deoxyphorbol-13-isobutyrate-20-acetate, Phorbol, 12-Deoxyphorbol
ester, 12-Deoxy-16-hydroxy-phorbol, 16-Hydroxy-12-desoxyphorbol,
12-Deoxyphorbol-13-isobutyrate-16-angelate-20-acetate, Ingenol,
Glut-5-en-3-β-ol

Phenolics Phenolic Acids Gallic acid

Tannins
Bervifolin carboxylic acid, 3, 3′-Dimethoxy ellagic acid, Ellagic acid,
1-O-Galloyl-3,6-hexahydroxydiphenyl-β-D-glucopyranoside/corilagin,
Tri-methyl ellagic acid

Flavonoids Kaempferol, Kampferol-3-O-ß-D-rutinoside

Phenols 3′-Di-O-methylellagic acid

Fatty Acids - Laurate

Miscellaneous Diterpene esters Diterpene esters

Polyphenolic
Compounds Flavonoids Flavonoids

Organic Compounds Alkaloids Alkaloids

Glycosides - Saponins

Polyphenols Tannins Tannins

Acetal Derivatives Glycosides Glycosides

Phenolics Anthraquinones Anthraquinones

E. tirucalli as well as E. ammak are among the Euphorbia species that received substantial
research attention. These findings are in agreement with studies conducted by Mavundza
et al. [9], which stated that E. tirucalli was among the most studied species.

The investigation into the chemical composition of various Euphorbia species
is presented in Table 4, which revealed a diverse array of isolated compounds,
each showcasing unique pharmacological and biological activities. Euphol, classified
within the Euphane subclass, demonstrates a diverse profile, including anticancer,
cytotoxicity, anti-nociceptive, anti-inflammatory, and HIV-1 reverse transcriptase inhibitor
activities [76,102,103]. The cycloartenol and cycloartanol compounds, falling under
the Cycloartane subclass, exhibit a wide range of effects such as anti-inflammatory,
antitumor, antioxidant, antibiosis, anti-Alzheimer’s disease, apoptotic, analgesic, and
antifungal activities [104–110]. Lupeol, belonging to the Lupane subclass, displays
diverse properties like anticancer, anti-inflammatory, antimicrobial, antiprotozoal,
antiproliferative, antiangiogenic, and cholesterol-lowering effects [40,111–117]. Oleanane-
type triterpenoids, represented by α-amyrin and β-amyrin, demonstrate activities
such as cytotoxicity, antifungal, anti-inflammatory, nitric oxide inhibition, reactive
oxygen species activation, and anticancer effects [118–125]. Pentacyclic triterpenes,
including betulinic acid, exhibit antitumor, antidiabetic, anti-inflammatory, HIV-1
reverse transcriptase inhibition, antiviral, and hepatoprotective activities [126–135].
The Taraxarane subclass, represented by compounds like taraxerol and taraxerol
acetate, showcases properties like anticancer, anti-inflammatory, apoptotic, antioxidative,
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antimicrobial, antifungal, and antidiabetic effects [136–141]. Sterols, represented by
β-sitosterol, display a spectrum of activities, including anti-inflammatory, anticancer,
antiproliferative, analgesic, and antimicrobial effects [125,142–145]. Tirucallane-type
triterpenoids, such as tirucalicine and tirucallol, currently have no specific records of
biological activity [146,147]. Terpenic alcohol, a steroidal triterpenoid, demonstrates
antibacterial and irritant effects [148,149]. Ellagic Acid Derivatives, including tri-methyl
ellagic acid, exhibit anticancer properties [148,150,151]. Ingenane-type triterpenoids,
represented by ingenol and its derivatives, showcase cytotoxicity and HIV-1 reverse
transcriptase inhibition [102,152]. Various subclasses such as Taraxarane, Euphane-type,
sterol, Tirucallane, and Phorbol-type exhibit diverse pharmacological activities, including
anti-inflammatory, antifungal, antibacterial, hepatoprotective, antioxidant, antiproliferative,
and anti-HIV effects; see Table 5.

Table 5. Bioactive compounds isolated from 15 Euphorbia species alongside their biological activities
and subclasses.

Compounds Subclasses Pharmacological/Biological Activity Reference

Euphol Euphane
Anticancer, cytotoxicity, anti-nociceptive,
anti-inflammatory, HIV-1 reverse transcriptase
inhibitor

[76,102,103]

Cycloartenol Cycloartane
Anti-inflammatory, antitumor, antioxidant,
antibiosis, anti-Alzheimer’s disease, apoptotic,
analgesic, bactericidal

[106–109]

Cycloartanol Cycloartane Antifungal, vasodepressor, antitumor [104,105,110]

Lupeol Lupane
Anticancer, anti-inflammatory, antimicrobial,
antiprotozoal, antiproliferative, antiangiogenic,
anti-invasive, cholesterol lowering

[40,111–117]

α-Amyrin Oleanane Cytotoxicity, antifungal, anti-inflammatory [120,122–124]

β-Amyrin Oleanane Anti-inflammatory, nitric oxide inhibitor,
reactive oxygen species activator, anticancer [118,119,121,122,125]

Betulinic Acid Pentacyclic
Triterpenes

Antitumor, antidiabetic, anti-inflammatory,
HIV-1 reverse transcriptase inhibitor, antiviral,
hepatoprotective activity

[126–135]

Taraxerol Taraxarane
Anticancer, anti-inflammatory, apoptotic,
antioxidative, antimicrobial, antifungal,
antidiabetic

[138–141]

β-Sitosterol Sterols Anti-inflammatory, anticancer, antiproliferative,
analgesic, antimicrobial [125,142–145]

Taraxerol Acetate Taraxarane Anti-inflammatory, cyclooxygenase inhibitor [136,137]

Friedelin Friedelane Cytotoxicity, antibacterial [153,154]

Friedelan-3α- and -3β-Ols Friedelane Anticancer [154]

24-Ethylene Cycloartanol Cycloartane Anti-inflammatory, antifungal [125,155]

Epi-Friedelinyl Acetate Friedelane No data reported [156]

3β-Friedelinol Friedelane Antibacterial, cytotoxicity [156–159]

Rhoiptlenone No data reported No data reported [156]

Isobutyric Acid Carboxylic Acid Irritant [73,160]

2-Methylbutyric Acid No data reported No data reported [73]

12,20-Dideoxyphorbol-
13-Isobutyrate Phorbol No data reported [148]

12-Deoxyphorbol-13-
Isobutyrate-20-Acetate Phorbol Antifungal [161]
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Table 5. Cont.

Compounds Subclasses Pharmacological/Biological Activity Reference

12-Deoxyphorbol-13-(2-
Methylbutyrate)-20-Acetate Phorbol No data reported [72]

Phorbol Phorbol Tumor promoter, apoptosis [7,162]

12-Deoxyphorbol Phorbol Antitumor, apoptotic [163–166]

12-Deoxy-16-Hydroxyphorbol Phorbol Irritant, tumor promoter [167]

Ingol-7,8,12-Acetate,
Ditiglate Ingenane No data reported [160]

Triterpenes Euphol Glycosides Anticancer, anti-inflammatory [52,88,168]

Diterpene Esters Terpenoids Anticancer, cytotoxicity, tumor promoter, irritant,
pro-inflammatory [7,80,169–171]

12-Deoxyphorbol Esters Phorbol Irritant, pro-inflammatory, tumor promoter [172–175]

Ingenol Ingenane Cytotoxicity, HIV reverse transcriptase inhibitor [102,152]

Euphorbol Hexacosonate No data reported No data reported [148]

12-Deoxy-4β-Hydroxyphorbol-
13-Phenyl Acetate-20-Acetate No data reported No data reported [148]

12,20-Dideoxyphorbol-13-
isobutyrate Phorbol No data reported [148]

Glut-5-en-3-β-ol Pentacyclic
Triterpene Antibacterial [176]

Tirucalicine Tirucallane No data reported [81,148,177]

Tri-methyl Ellagic Acid Ellagic Acid
Derivatives Anticancer [148,150,151]

Terpenic Alcohol Steroidal
Triterpenoids Antibacterial, irritant [148,149]

Isoeuphorol Ingenane-type
Triterpenoids No data reported [148]

Taraxasterol Sterol Tumor inhibition, antiproliferation [178]

Tirucallol Tirucallane Anti-inflammatory, HIV inhibition reverse
transcriptase [146,147]

Ketone Euphorone Euphane-type
Triterpenoids No data reported [179]

Resin No data reported
Digestive enzyme, antioxidant, antispasmodic,
hypotensive, hepatoprotective, antiviral,
antifungal, anticancer, anxiolytics, anthelmintic

[180]

Ellagic Acid Ellagic Acid
Derivatives

Hepatoprotective activity, antiproliferative
activity, antioxidant [181]

3,3′-Di-O-Methylellagic Acid Ellagic Acid
Derivatives

Antioxidant, moderate antibacterial activity,
antimicrobial activity, anticancer [182–185]

Euphorbin A No data reported No data reported [79]

Euphorbin B No data reported No data reported [79]

24-Methylenecycloartenol Cycloartane Antioxidant, anti-inflammatory [125,186]

Tirucallin A Tirucallane No data reported [79]

Tirucallin B Tirucallane No data reported [79]

Euphorbol Euphane-type
Triterpenoids Antibacterial, anti-inflammatory [94,187]

Fatty Acids No data reported No data reported [66]
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Table 5. Cont.

Compounds Subclasses Pharmacological/Biological Activity Reference

Ingenol Triacetate Ingenane-type
Triterpenoids Antimicrobial, antitumor [188,189]

Angelate Acetate Isobutyrate Ingenane-type
Triterpenoids No data reported [66]

Acetate Laurate No data reported No data reported [66]

α-Methyl Butyrate No data reported No data reported [66]

Heptanoate No data reported No data reported [66]

Laurate Medium-chain
Fatty Acids Antibacterial [66,190]

α-Glutinol Pentacyclic
triterpenes Anti-proliferation, cytotoxicity [94,191,192]

Stigmasterol Phytosterol Cytotoxicity, antioxidant, hypoglycemic, thyroid
inhibitor [94,193]

16-Hydroxy-12-Deoxyphorbol Phorbol Antitumor, tumor promoter [97,194]

12-Deoxyphorbol-13-
Isobutyrate-16-Angelate-
20-Acetate

Phorbol-type
Diterpenoid Cytotoxicity [24,28,95]

Obtusifoliol Lanostane Cytotoxicity [24,28,95,195]

Euphorbilactone Ingenane-type
Triterpenoids No data reported [95]

Norsesquiterpenoid No data reported No data reported [95]

Arachiside A Ingenane-type
Triterpenoids No data reported [95]

Glutinol Pentacyclic
Triterpenes Antiproliferation [191]

16-Angeloyloxy-13α-
Isobutanoyloxy-4β,9α,20-
Trihydroxytiglia-1,5-
Diene-3,7-Dione

No data reported No data reported [95]

20-Acetoxy-16-Angeloyloxy-
13α-Isobutanoyloxy-4β,9α,20-
Tetrahydroxytiglia-1,5-Diene-
3-One

No data reported No data reported [95]

Gallic Acid Gallic Acid
Derivatives Hepatoprotective activity, antioxidant [181]

Bervifolin Carboxylic Acid Gallic Acid
Derivatives Hepatoprotective activity, antioxidant [181]

Kampferol-3-O-β-D-Rutinoside Flavonoids Hepatoprotective activity, antioxidant [181]

1-O-Galloyl-3,6-
Hexahydroxydiphenyl-β-D-
Glucopyranoside

Gallic Acid
Derivatives

Antitumor, anti-inflammatory, antioxidant,
hepatoprotective, antimicrobial,
antihypertensive, antidiabetic, anti-HIV,
antifungal

[28,196–202]

3,3′ Dimethoxy ellagic acid Ellagic Acid
Derivatives Hepatoprotective activity, antioxidant [181]

3,4,4′-Trimethoxyellagic Acid Ellagic Acid
Derivatives Hepatoprotective activity, antioxidant [181]

Kampferol Flavonoids Hepatoprotective activity, antiproliferative
activity, antioxidant [28]

17-Hydroxyingenol-17-
Benzoate-20-Angelate Flavonoids No data reported [98]
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E. trigona has the most isolated anticancer compounds (14), followed by E. tirucalli
(13) and E. cooperi (8), and the others have fewer or none. The Euphorbia species
found in Southern Africa are rich sources of various types of bioactive compounds,
including triterpenoids, phorbol esters, alkaloids, flavonoids, phytosterols, glycosides, and
saponins [9,60,65]. Furthermore, minor classes that were isolated from Euphorbia species
from Southern Africa include anthraquinone, polyphenols, and tannins [9,60,65].

It has further been reported that most spurges contain an acidic and burning vesicant
juice, as well as cyanoglycosides, which can be toxic [203]. Reports have shown that the
ingestion of a large quantity of the latex may cause gastro-intestinal hemorrhage and even
result in death [41]. Although incidents of poisoning in children and animals are rare, it is
important to handle these plants with great caution [69]. The latex from these plants can
also cause blisters on the skin and temporary blindness [34]. Furthermore, they have been
used as fish poison and bird-lime; see Table 6.

Table 6. Type of toxicity caused by some Euphorbia species.

Type of Toxicity Euphorbia Species References

Fish poisoning Euphorbia scheffleri Pax, Euphorbia tirucalli L., and Euphorbia
inaequilatera Sond [69]

Human poisoning

Euphorbia ledienii A. Berger, Euphorbia heterophylla L.,
Euphorbia cooperi N.E.Br. ex A. Berger, Euphorbia candelabrum
Kotschy, Euphorbia virosa Willd., Euphorbia poissonii Pax,
Euphorbia unispina N.E.Br., and Euphorbia venenifica Tremaux
ex Kotschy

[69]

Domestic animals poisoning

Euphorbia caput-medusae L., Euphorbia silenifolia (Haworth)
Sweet, Euphorbia ingens E. Mey. Ex Boiss; as well as irritating
ones: E. tirucalli, Euphorbia poissonii, Euphorbia unispina, and
E. venenifica. I

[69]

Carcinogen/promotor of cell division E. tirucalli, Euphorbia leuconeura, and J. Curcas [167,204,205]
Conjunctivitis E. tirucalli and Euphorbia royleana [39,206]

The following taxonomic classification of all Euphorbia plants is discussed in this
review:

Domain: Eukaryote, Kingdom: Plantae, Order: Malpighiales, family: Euphorbiaceae,
and genus: Euphorbia (https://www.mindat.org/taxon-4691.html) (accessed on 3 March 2024).

4. Discussion
4.1. Ethnopharmacological Use, Phytochemistry, and Toxicity
4.1.1. Euphorbia trigona

E. trigona, a plant native to Central Africa, tropical Africa, and India, has been
traditionally utilized in Ayurvedic medicine to treat respiratory and urinary tract infections,
as well as gonorrhea (see Figure S1A) [18]. Research conducted by Nashikkar et al. [17]
demonstrated that E. trigona is effective in addressing various ailments, including tumors,
warts, intestinal parasites, rheumatoid arthritis, hepatitis, and inflammation. A combination
of its roots and ginger is recommended for consumption in the morning to alleviate
piles [19]. Additionally, some individuals utilize latex drops in palm wine for the relief of
severe constipation or during epileptic seizures [20].

Phytochemistry

The plant E. trigona was analyzed for its phytochemical composition and was found
to contain saponins, alkaloids, flavonoids, glycosides, sterols, and triterpenoids [99].
Additional studies conducted by Nashikkar et al. [17] also identified the presence of

https://www.mindat.org/taxon-4691.html
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sterols, alkaloids, flavonoids, and saponins, as well as tannins, which were not detected
by [99]. The absence of tannins in the earlier study may be attributed to environmental
factors. Nielsen et al. [71] reported that the latex of E. trigona contains a high level of sterols,
with the primary components being euphol and cycloartenol. Anjaneyulu and Rao [70]
isolated several triterpenoids from the latex, including euphol, cycloartanol, cycloartenol,
lupeol, α-amyrin, and β-amyrin. They also identified five diterpene esters known to be
skin irritants. Furthermore, E. trigona is recognized as a good source of lectin, which has
demonstrated potency in human erythrocyte agglutination [21].

Toxicity

A study conducted by EL-Hawary et al. [98] evaluated the cytotoxic effects of a
methanolic extract of E. trigona against the HEPG2, MCF-7, and CACO2 cell lines. The
findings revealed a pronounced cytotoxic effect on MCF-7 and CACO2 cell lines, with IC50
values of 16.1 and 15.6 µg/mL, respectively. In 2022, Anju and Rameshkumar assessed
the cytotoxic effects of a methanol extract on the HeLa and H9C2 cell lines but found no
significant cytotoxic effect on either cell line [156]. Another study examined the cytotoxicity
of Hex, DCM, MeOH, and EtoAc extracts against Vero cell lines [65]. The results indicated
that none of the four extracts from E. trigona exhibited cytotoxicity, as they did not inhibit
50% of the cell growth at concentrations of 10 µg/mL and below.

4.1.2. Euphorbia ledienii

E. ledienii is a plant species indigenous to the Western Cape of South Africa (see
Figure S1B). Currently, there is no available traditional or pharmacological data regarding
this plant.

Phytochemistry

Despite the absence of traditional or pharmacological studies, several compounds have
been identified in E. ledienii. These include 12-Deoxyphorbol-13-isobutyrate-20-acetate and
12-Deoxyphorbol-13-(2-methylbutyrate)-20-acetate [72]. Evans and Kinghorn [74] reported
three variants: phorbol, 12-Deoxyphorbol, and 12-Deoxy-16-hydroxy phorbol. Additionally,
E. ledienii has been found to contain Ingol-7,8,12-acetate and ditiglate [160]. Redei
et al. [73] identified isobutyric and 2-methylbutyric acids in the plant. Other studies have
revealed several hydrolytic proteins in E. ledienii, including N-acetyl-β-glucosamidase,
chitobiosidase, endochitinase, and lysozyme activity [207]. According to Domsalla
et al. [208], E. ledienii exhibits high proteolytic activity.

Toxicity

It is essential to note that E. ledienii is highly toxic to humans, with the potential
to cause skin irritation [69]. Moreover, none of the isolated compounds have undergone
toxicity assessments to date.

4.1.3. Euphorbia horrida

E. horrida is a plant species native to Wittepoort/Karoo, South Africa (see Figure S1C).
Currently, there is no known traditional or pharmacological information available regarding
this plant.

Phytochemistry

In a study by El-Hawary et al. [98], 17-Hydroxyingenol-17-benzoate-20-angelate was
isolated from the plant. E. horrida also contains diterpene esters, which are known to
cause skin irritation. Additionally, Mampa et al. [65] identified various other classes of
compounds in the plant, including phytosterols, pentoses, tannins, glycosides, triterpenoids,
anthraquinones, saponins, flavonoids, and alkaloids.
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Toxicity

The cytotoxic effects of a dichloromethane (DCM) extract derived from E. horrida
var. were evaluated using a Vero cell line. The results demonstrated significant cytotoxicity,
with an IC50 value of 10 µg/mL, indicating its potential cytotoxic effects [65]. Conversely,
a study conducted by El-Hawary et al. [98] assessed the cytotoxicity of a methanol extract
of E. horrida against the HeLa and H9C2 cell lines, revealing no significant effects.

4.1.4. Euphorbia enopla

E. enopla, a plant native to the Eastern Cape and the semiarid Karoo regions of South
Africa, has no documented traditional or pharmacological data available (see Figure S1D).

Phytochemistry

The plant contains euphol and tirucallol, which were isolated by Ponsinet and
Ourisson [93]. Moreover, Mampa et al. [65] extracted phytosterols, glycosides, triterpenoids,
flavonoids, alkaloids, tannins, and anthraquinones. Sytwala et al. [207] isolated hydrolytic
proteins, including N-acetyl-β-glucosamidase, chitobiosidase, endochitinase, and lysozyme.

Toxicity

A study conducted by Mampa et al. [65] assessed the toxicity of the hexane extract
of E. enopla using the Vero cell line. The results indicated that the extract had a significant
inhibitory effect on cell growth, particularly at a concentration of 10 µg/mL. Notably, the
highly non-polar hexane fraction exhibited the most potent effects [65].

4.1.5. Euphorbia coerulescens

E. coerulescens, native to the Cape Province of South Africa, lacks documented
traditional or pharmacological data (see Figure S1E). However, several compounds have
been isolated from this species.

Phytochemistry

Studies conducted by Evans [66] led to the isolation of various compounds, including
angelate acetate isobutyrate, acetate α-methyl butyrate, acetate laurate, α-methyl
butyrate, heptanoate, and laurate. Additional research has resulted in the isolation of
euphol, tirucallol, and euphorbol [89]. Furthermore, Sytwala et al. [207] isolated several
hydrolytic proteins, such as N-acetyl-β-glucosamidase, chitobiosidase, endochitinase,
and proteins exhibiting lysozyme activity. Lynn and Clevette-Radford [209] also identified
homogeneous lectins.

Toxicity

In an irritancy test performed by Evans [66], it was observed that the latex of
E. coerulescens induced ear inflammation in mice. Moreover, this latex may cause skin
irritation, and ingestion can lead to a burning sensation in the throat. Direct contact with
the eyes poses severe risks, including the potential for blindness. It is important to note
that none of the isolated compounds have undergone toxicity evaluations to date.

4.1.6. Euphorbia cooperi

E. cooperi is a plant species native to KwaZulu-Natal and Limpopo Province, South
Africa (see Figure S1F). Research indicates its potential for treating various health
conditions. The liquid extracted from the soaked roots and stems has been utilized as
an enema for alleviating stomach pain and bloating [25]. In South Africa, the Venda
tribe employs this plant for the treatment of paralysis and for application to infected
wounds [25]. Historically, farmers have utilized E. cooperi to treat various bacterial infections
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in livestock [22,210]. Moreover, the latex of this plant is used for poisoning fish in Limpopo
Province, South Africa [34,38].

Phytochemistry

Phytochemical analysis of E. cooperi has revealed that its latex contains numerous
diesters and triesters [97]. The chloroform fraction of the plant’s latex was found to contain
three previously unisolated compounds, i.e., euphol, obtusifoliol, and 12-deoxyphorbol-13-
isobutyrate-16-angelate-20-acetate, which belong to the triterpene, steroid, and diterpenoid
families, respectively [24]. Additionally, a study conducted by El-Toumy et al. [96]
isolated 7-galloyl catechin, kaempferol 3-O-β-(6′′-O-galloyl)-glucopyranoside, and triester
16-hydroxy-12-desoxy-phorbol from the flower of E. cooperi.

Examination of the aerial parts of E. cooperi has yielded interesting findings.
Hlengwa [95] identified a unique norsesquiterpenoid called euphorbilactone, along with
its glycoside, arachiside A. The researcher also identified a triterpenoid, glutinol; a known
phorbol ester, 16-angeloyloxy-13α-isobutanoyloxy-4β,9α,20-trihydroxytiglia-1,5-diene-
3,7-dione; and a new phorbol ester, 20-acetoxy-16-angeloyloxy-13α-isobutanoyloxy-4β,9α,
20-tetrahydroxytiglia-1,5-diene-3-one. A comprehensive review of the existing literature
has unveiled that several compounds such as euphol, obtusifoliol, 12-deoxyphorbol-13-
isobutyrate-16-angelate-20-acetate, euphorbilactone, norsesquiterpenoid, arachiside A,
glutinol, 16-angeloyloxy-13α-isobutanoyloxy-4β,9α,20-trihydroxytiglia-1,5-diene-3,7-dione,
20-acetoxy-16-angeloyloxy-13α-isobutanoyloxy-4β,9α,20-tetrahydroxytiglia-1,5-diene-3-one,
bervifolin, carboxylic acid, kaempferol-3-O-β-D-rutinoside, 1-O-galloyl-3,6-hexahydroxy-
diphenyl-β-D-glucopyranoside, 3,3′-dimethoxy ellagic acid, and 3,4,4′-trimethoxyellagic
acid have not been previously discussed.

Toxicity

A study conducted by El-Sherei et al. [24] evaluated the cytotoxic effects of the
chloroform extract of E. cooperi. Their findings revealed that the chloroform extract exhibited
significant cytotoxic effects against the MCF-7, HepG2, and HeLa cell lines. The IC50 values
for these cell lines were 4.23, 10.80, and 26.6, respectively. These results align with those of
Mavundza et al. [9], as no further research has been conducted to date.

4.1.7. Euphorbia tirucalli

E. tirucalli, commonly referred to as milkbush, is a plant native to Eastern tropical
Africa, South Africa, and the Indian Ocean Islands (see Figure S1G). It has demonstrated
efficacy in treating a variety of medical conditions. Hargreaves [38] noted that E. tirucalli
is employed to induce emesis in the context of snakebite treatment. Additional studies
indicate that its latex has therapeutic applications for conditions such as sexual impotence,
skin disorders, swollen glands, edema, hemorrhoids, rheumatoid arthritis, epilepsy, and
both dental and otic pain, as well as for tumor management [39,40,211]. Moreover, the
latex exhibits significant pharmacological properties, including antibacterial, molluscicidal,
antiherpetic, and antimutagenic effects [5,40,44–49,177]. Research has demonstrated
that extracts from E. tirucalli possess myelomodulatory activity and inhibit colony
formation [50]. Its latex is also known to contain compounds that exhibit antitumor
effects across various cell lines [51,52]. Notably, E. tirucalli has been patented as a potential
therapeutic agent for prostate cancer [6].

Phytochemistry

Extensive studies have analyzed the chemical compounds of E. tirucalli, and
diterpenes have been identified as the primary isolated compound in all parts of the
plant [9]. The latex of E. tirucalli contains several phytoconstituents, including triterpenes
euphol, diterpene esters of phorbol, 12-Deoxyphorbol esters and ingenol, β-sitosterol,
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euphorbol hexacosonate, 12-Deoxy-4β-hydroxyphorbol-13-phenylacetate-20-acetate, 12,
20-Dideoxyphorbol-13-isobutyrate, glut-5-en-3-β- and euphol, 12-O-2Z-4E-octadienoy1-4-
deoxyphorbo1-13-acetate, cycloart-23-ene-3-β-, 25-diol, Euphorcinol, 4-Deoxyphorbol
di-ester, cycloeuphordenol, cyclotirucanenol, diterpene ester, serine proteases, euphol,
steroids, tirucalicine, tri-methyl ellagic acid, terpenic alcohol, isoeuphorol, taraxasterol,
tirucallol (fresh latex), ketone euphorone, and resin [8,21,75,76,78,80–84,86–91]. Researchers
have identified several compounds in the stem of E. tirucalli, including ellagic acid, taraxerol,
3,3′-Di-O-methylellagic acid, β-sitosterol, euphorbin A (a type of polyphenol), euphorbin F
(dimers), tirucallin A (a type of tannin), and tirucallin B. [79,80,92]. Euphorbiane which is a
triterpenoid was isolated from the stem [77]. Rasool et al. [85] isolated euphorginol from
the stem bark of E. tirucalli. The bark, on the other hand, was found to contain phorbol,
β-sitosterol, cycloartenol, 24-Methylene cycloartenol, and ingenol triacetate [35]. Other
studies have revealed that β-amyrin is present in the leaves of this plant, as reported by
Kajikawa et al. [36]. In addition, Shivkumar [37] found various compounds such as phenols,
flavonoids, tannins, alkaloids, saponins, glycosides, triterpenes, and steroids. However,
Kgosiemang et al. [100] isolated only tannins, glycosides, triterpenoids, and saponins from
the same plant. Upon review, it was noted that several compounds, such as diterpene
esters, 12-Deoxyphorbol esters, ingenol, hexacosonate, 12-Deoxy-4β hydroxyphorbol-13-
phenyl acetate -20- acetate, 12, 20 Dideoxyphorbol-13 isobutyrate, tirucalicine, tri-methyl
ellagic acid, terpenic alcohol, isoeuphorol, taraxasterol, tirucallol, ketone euphorone, resin,
ellagic acid, 3,3′-Di-O-methylellagic acid, euphorbin A, euphorbin B, tirucallin A, tirucallin
B, cycloartenol, 24-Methylenecycloartenol, ingenol triacetate, rhoiptlenone, 3β-friedelinol,
epi-friedelinyl acetate, 24-ethylene cycloartanol, friedelan 3 α- and 3 βα-ols, taraxerol
acetate, betulinic acid, α-amyrin, lupeol, cycloartanol, and β-amyrone were not discussed
in other reviews compared to the current review [9].

Toxicity

Silva et al. [212] assessed the antitumor effects of euphol derived from E. tirucalli
against a diverse range of human cancer cell lines. The study demonstrated that euphol
exhibits cytotoxic properties, with IC50 values ranging from 1.41 to 38.89 µM. The highest
efficacy was observed in esophageal squamous cell lines (11.08 µM) and pancreatic
carcinoma cells (6.84 µM), with notable effects also recorded in prostate, melanoma, and
colon cancer cells. Letícia et al. [213] evaluated the antiproliferative efficacy of E. tirucalli
extracts against leukemia (HL-60), lymphoma (Daudi), and melanoma (B16F10) cell lines
using the MTT assay at concentrations of 62, 125, 250, and 500 µg/mL. The results indicated
a significant regional variation in extract cytotoxicity, demonstrating a dose-dependent
pattern. The extracts exhibited comparable effectiveness against the leukemia cell line
HL-60, reducing cell viability to approximately 60–70%. In a separate study, researchers
investigated the antiproliferative effects of highly diluted latex and E. tirucalli homeopathic
remedies on melanoma cells in vitro. Solutions of 0.5% and 5% concentrations in 70◦GL
ethanol were prepared for use. The findings revealed that the 0.5% latex solution at 30cH
reduced melanoma cell growth by 19.7%, while the 0.5% E. tirucalli solution at 30cH
exhibited a 32.1% reduction [214]. Additionally, Waczuk et al. [211] evaluated the cytotoxic
effects of an aqueous extract derived from E. tirucalli on human leukocytes, with results
indicating that exposure to high concentrations of the extract significantly reduced cell
viability. A study by Abdel-Aty et al. [215] assessed the cytotoxicity of phenolic compounds
from E. tirucalli against various cancer cell lines (HepG2, MCF-7, A549, HL-60, HCT116)
and the normal human melanocyte HFB4. The results indicated that low concentrations of
the phenolic content exhibited significant cytotoxicity against HL-60, with an IC50 value of
22.76 ± 2.85 µg/mL. Furthermore, the extract showed moderate cytotoxicity against MCF-7
and A549 cells, with IC50 values of 31.65 ± 3.67 and 35.36 ± 3.82 µg/mL, respectively.
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A thorough evaluation of the antiproliferative potential of the methanolic extract on the
MiaPaCa-2 cancer cell line demonstrated a remarkable ability to significantly inhibit the
growth of MiaPaCa-2 cancer cells [216]. The presented toxicity findings align with those
reported by Mavundza et al. [9].

4.1.8. Euphorbia ammak

E. ammak is a plant native to Saudi Arabia and the Yemen Peninsula (see Figure S1H) [29].

Phytochemistry

Abdel-Sattar et al. [94] conducted a screening of the leaves of E. ammak and identified
three primary compounds: euphol, α-glutinous, and stigmasterol. Additionally, Ponsinet
and Ourisson [93] isolated euphol and euphorbol from the plant. Al-Hajj et al. [31] detected
the presence of alkaloids, saponins, and glycosides. These studies suggest that E. ammak
possesses significant antileishmanial activity against cutaneous leishmaniasis.

Toxicity

Research has demonstrated that the methanolic extract of E. ammak may inhibit
the H1N1 influenza virus and exhibit considerable cytotoxic activity against MDCK
cells [32]. Abdel-Sattar et al. [33] reported that the methanolic extract displays antiparasitic
properties, with the euphol compound showing substantial cytotoxic effects against various
human cancer cell lines in vitro. Mampa et al. [65] assessed the effects of four distinct
extracts of E. ammak on cell proliferation. These extracts were obtained using several
solvents, including hexane, dichloromethane (DCM), methanol (MeOH), and ethyl acetate
(EtOAc). The findings indicated that the DCM extract exhibited the most significant
inhibition of cell growth at concentrations as low as 1 µg/mL. Almehdar et al. [30] assessed
the cytotoxic effects of E. ammak latex on MCF-7 breast cancer cells and found that the latex
exhibited significant toxicity, with an IC50 value of 14.3.

4.1.9. Euphorbia clavarioides

E. clavarioides is a plant species native to South Africa and Lesotho (see Figure S1I).
Traditionally, it has been employed to treat various dermatological conditions, including
rashes in children, acne, sores, bruises, burns, eczema, ulcers, cracked heels, and
wounds [53,54,217]. A study conducted by Mbhele [218] validated its efficacy in wound
healing, thereby supporting its traditional applications. In Lesotho, E. clavarioides is also
used for bathing swollen feet and, when combined with Berkheya onopordifolia, it serves as
a treatment for leprosy [218]. Additional studies suggest potential applications in managing
herpes, HIV-related infections, hypertension, and diabetes [55–57].

Phytochemistry

Moteetee et al. (2019) performed a phytochemical analysis of E. clavarioides and
identified the presence of alkaloids, flavonoids, saponins, terpenoids, and tannins [53]. In
a subsequent study conducted in 2020, Mampa et al. isolated phytosterols, glycosides,
triterpenoids, anthraquinones, flavonoids, and alkaloids from the same species. Despite
these findings, there remains a notable gap in comprehensive research on this species [65].

Toxicity

In the study conducted by Mampa et al. [65], the effects of hexane (Hex), dichloromethane
(DCM), methanol (MeOH), and ethyl acetate (EtOAc) extracts of E. clavarioides on
cell proliferation were evaluated using the Vero cell line. The Hex and DCM extracts
demonstrated the highest inhibition of cell growth in Vero cells.
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4.1.10. Euphorbia gorgonis

E. gorgonis is a plant species that is native to the Eastern Cape of South Africa (see
Figure S1J). Studies have shown that it has medicinal properties and is effective in treating
cancer, wounds, swelling, and various skin conditions [58,59]. Furthermore, it has been
reported to exhibit significant antibacterial and antimicrobial activity [60].

Phytochemistry

Studies identified its phytochemical constituents to include phytosterols, glycosides,
triterpenoids, flavonoids, and alkaloids [65]. In addition, Tiwani [60] highlighted the
presence of tannins, saponins, alkaloids, and flavonoids.

Toxicity

An evaluation of E. gorgonis extracts on human intestinal cancer cells indicated that
aqueous extracts caused a reduction in cell numbers, whereas acetone and ethanol extracts
showed cytotoxic effects and led to a decrease in cell viability. In another study, the acetone
extract was shown to lower cell viability in rat hepatoma cells, while the aqueous extract
maintained a high percentage of cell viability [60]. Mampa et al. [65] assessed the cytotoxic
effects of hexane, DCM, MeOH, and EtOAc extracts on a Vero cell line and reported that
none of the extracts were toxic to the cell line.

4.1.11. Euphorbia bupleurifolia

E. bupleurifolia is a plant indigenous to South Africa, primarily located in the Eastern
Cape Province and Natal (see Figure S1K). The milky latex produced by this plant has
been historically utilized in the treatment of various ailments, including cancerous sores,
painful cracked feet, eczema, pimples, rashes, and wounds [61]. Moreover, the twigs of
E. bupleurifolia have been employed as a teeth-cleansing agent [61]. Furthermore, the plant
has been reported to alleviate swelling in the lower limbs and to serve as a treatment for
cancer [62,63]. Some anecdotal evidence suggests its use in managing retained placenta [64].

Phytochemistry

Previous research has identified a range of secondary metabolites present in
E. bupleurifolia, including phytosterols, tannins, glycosides, triterpenoids, saponins,
flavonoids, and alkaloids [65]. Van Wyk et al. [62] specifically documented the presence of
triterpenes within this species.

Toxicity

A study conducted by Mampa et al. [65] assessed the potential cytotoxic effects of
E. bupleurifolia extracts on the Vero cell line. The results indicated that both hexane and
dichloromethane extracts exhibited antiproliferative effects on the Vero cell line, showing
significant efficacy at concentrations of 1 and 10 µg/mL, respectively.

4.1.12. Euphorbia polygona

E. polygona is a plant species native to the Eastern Cape region of South Africa (see
Figure S1L). Currently, there is a lack of documented information regarding its traditional
uses and pharmacological properties.

Phytochemistry

A study conducted by Mampa et al. [65] identified several phytochemical constituents
in the plant, including phytosterols, tannins, glycosides, triterpenoids, flavonoids, and
alkaloids.
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Toxicity

Mampa et al. [65] also investigated the antiproliferative effects of hexane (Hex),
dichloromethane (DCM), methanol (MeOH), and ethyl acetate (EtOAc) extracts of
E. polygona on the Vero cell line. The results demonstrated that the Hex and DCM extracts
exhibited the most significant antiproliferative effects compared to the MeOH and EtOAc
extracts.

4.1.13. Euphorbia arabica

E. arabica is distributed across several regions, including Botswana, southern
Mozambique, Zimbabwe, and South Africa (refer to Figure S1M). Historically, this plant has
been employed as an antibacterial agent, as documented by El-Shanwani [68]. Moreover,
it has been utilized in the treatment of various ailments, such as warts and stomachaches.
Furthermore, the juice derived from E. arabica has been applied for the management of skin
infections [67,68].

Phytochemistry

A recent study conducted by Mampa et al. [65] identified the presence of phytosterols,
tannins, glycosides, triterpenoids, anthraquinones, and flavonoids within E. arabica.

Toxicity

The cytotoxic effect of Hex, DCM, MeOH, and EtOAc extracts of E. arabica were
evaluated against a Vero cell line. The findings of the study indicated that the hexane extract
of E. arabica inhibited cell growth of the Vero cell line, achieving IC50 at all concentrations
tested. It is worth noting that the DCM extract showed IC50 at a concentration of 10 µg/mL.

4.1.14. Euphorbia ferox

E. ferox is a plant species native to the Western Cape region of South Africa (see
Figure S1N). At present, there is a lack of available information regarding its traditional
uses, pharmacological activities, and the isolated compounds associated with E. ferox.

4.1.15. Euphorbia stellata

E. stellata is a plant species found in the Eastern Cape region of South Africa (see
Figure S1O). Currently, there is no documented information on the traditional uses,
pharmacological applications, or isolated compounds derived from E. stellata.

4.2. Pharmacological Activities

The utilization of medicinal plants has garnered significant attention due to their
efficacy in treating a variety of ailments, many of which are supported by scientific
evidence. Natural products hold substantial importance owing to their diverse biological
activities and drug-like properties, facilitating the development of new lead compounds,
natural drugs, pharmacological tools, and herbal remedies [219]. The therapeutic attributes
of these plants are largely ascribed to their unique bioactive compounds.

Numerous species of the genus Euphorbia are recognized for their medicinal properties,
with over 5% employed in the treatment of ailments such as warts, wounds, skin disorders,
tumors, respiratory issues, sexually transmitted infections, urinary tract infections, and
intestinal parasites worldwide [17,24,25,28]. This prevalence may be attributed to the
presence of distinctive secondary metabolites and isolated compounds [220]. However, it is
critical to note that the latex produced by most Euphorbia species is toxic and can induce
severe skin irritation and potentially lead to blindness. Despite its toxicity, this latex contains
biologically active compounds, including terpenes, diterpenoids, and triterpenes [221].
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Several Euphorbia species have demonstrated notable medicinal properties, with
their extracts patented as prescription drugs. For instance, the extract of E. lathyrism (US
5707631) is utilized in the treatment of arthritis, hyperlipidemia, Alzheimer’s disease,
and hypertension. Extracts from E. peplus, E. hirta, and E. drummondii (US 6844013) have
exhibited selective cytotoxicity against various cancer cell lines, and their compounds are
employed in the treatment of malignant melanomas and squamous cell carcinomas. Further,
E. aaron-rossii, E. tirucalli, E. tomentella, and E. tomentose (US 2003/0171334 A1) are indicated
in the management of prostate cancer. Additionally, the latex of E. tirucalli (US 2009/0142421
A1) has demonstrated potency in treating conditions related to cell proliferation or
angiogenesis [222]. The extract from E. obesa (US 6923993) has been shown to stimulate
apoptosis and inhibit cancer cell proliferation. E. hirta (US 2007/0248694 A1) is utilized
for its anti-inflammatory properties, while E. antiquorum (US 2003/0165579 A1) has been
identified to inhibit tumor growth.

This study analyzed 15 different species of Euphorbia, revealing a diverse array
of secondary metabolites that hold significance in biomedical sciences. The analysis
identified several phytochemicals, including diterpenoids, triterpenes, sesquiterpenoids,
phloracetophenones, cerebrosides, glycerols, flavonoids, and steroids, alongside various
isolated compounds (detailed in Table 5).

4.2.1. Flavonoids

Flavonoids, a class of polyphenolic compounds, have been identified in nine species of
Euphorbia, including E. horrida, E. trigona, E. clavarioides, E. enopla, E. gorgonis, E. bupleurifolia,
E. polygona, E. arabica, and E. tirucalli. Moreover, flavonoids have also been observed
in other members of the Euphorbiaceae family, such as E. microsciadia, E. heterophylla,
E. hirta, E. neriifolia, E. paralysis, E. lunulata, and E. larica, indicating their widespread
occurrence within this family. The extensive presence of flavonoids underscores their
critical role in the therapeutic potential of Euphorbia species, significantly contributing to
their pharmacological relevance.

Research has demonstrated that flavonoids possess medicinal properties beneficial
for addressing various health conditions. These properties include anti-inflammatory
effects, enzyme inhibition, antimicrobial activity, estrogenic effects, antiallergic responses,
and antioxidant activity [223–225]. Moreover, E. helioscopia has been found to contain a
substantial amount of flavonoids, exhibiting cytotoxic effects on triple-negative breast
cancer cells [226]. Further studies indicate a reduction in the differentiation of 3T3-L1
preadipocytes, a decrease in triglyceride accumulation in mature adipocytes, and a
reduction in nitric oxide production in RAW 264.7 cells [227]. It has been reported that
flavonoids prevent the degradation of cAMP by phosphodiesterases, thereby prolonging
cAMP signaling, which contributes to their anti-inflammatory properties [228]. Moreover,
methanol extracts from E. trigona have been shown to induce cell death in MCF-7
and Caco-2 cells with IC50 values of 16.1 and 15.6 µg/mL, respectively [98]. Previous
research has shown that the butanol extract derived from E. tirucalli demonstrated
effective cytotoxicity against MCF-7 cells and MDA-MB231, with IC50 values of 15 and
30 µg/mL [229]. Consequently, there is a growing interest among researchers in utilizing
these secondary metabolites for pharmaceutical applications.

4.2.2. Alkaloids

Alkaloids are naturally occurring organic compounds characterized by the presence
of at least one nitrogen atom [230]. They have been detected in nine plant species,
including E. horrida, E. trigona, E. clavarioides, E. gorgonis, E. enopla, E. bupleurifolia, E. ammak,
E. polygona, and E. tirucalli. The widespread identification of alkaloids in these selected
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species is unsurprising, given previous studies that have documented their presence in
various species of the Euphorbiaceae family [231–233]. Prescription medicines derived
from alkaloid-containing plants have been employed for many years, with their potent
effects attributed to the presence of these compounds. Notable examples of alkaloids
include morphine, utilized as an analgesic, and various other alkaloids such as vinblastine,
quinine, atropine, nicotine, caffeine, ephedrine, and strychnine, all of which have medicinal
applications [234]. Alkaloids exhibit several physiological effects in humans, including
antibacterial, antimitotic, anti-inflammatory, local anesthetic, hypnotic, and antitumor
activities [235]. The prevalence of alkaloids across these species highlights their shared
pharmacological significance and their crucial role in medicinal applications.

4.2.3. Saponins

Saponins, which are a class of glycosides, have been identified in seven plant
species: E. horrida, E. trigona, E. clavarioides, E. gorgonis, E. bupleurifolia, E. polygona, and
E. ammak. According to a report by Bigoniya and Rana [236], additional occurrences of
saponins were noted in E. neriifolia, E. paralias, and E. terracina [237]. These compounds
exhibit a range of pharmacological and medicinal properties, including modulation of cell
membrane permeability, hemolytic activity, and antiviral, antifungal, anti-inflammatory,
and antiallergic effects [238–240]. Moreover, saponins have shown promise in cancer
therapeutics by diminishing cell invasiveness, inducing cell cycle arrest and apoptosis, and
suppressing angiogenesis [241]. In conjunction with other antitumor agents, saponins have
been utilized to enhance cytotoxicity in tumor treatment [242,243]. The consistent presence
of saponins across these species underscores the genus’s shared chemical traits and its
relevance in biomedical research.

A study by Xiao et al. [244] documented the inhibitory effects of triterpene saponins
extracted from the root bark of Aralia dasyphylla Miq. on cancer cells in two different
cell lines: KB and HeLa-S3. Another investigation identified eight steroidal saponins
from Allium porrum L. capable of inhibiting WEHI 164 and J774 cells [245]. In 2001, Tran
et al. assessed the antiproliferative activity of spirostanol- and furostanol-type saponins
extracted from the roots and rhizomes of Dracaena angustifolia Roxb. against murine colon
26-L5 carcinoma, human HT-1080 fibrosarcoma, and B-16 BL6 melanoma cells [246]. Their
study revealed that three of the tested compounds were highly effective in inhibiting
the growth of HT-1080 fibrosarcoma cells. Furthermore, research conducted by Yokosuka
et al. [247] demonstrated that two types of saponins, namely, ruscogenin glycoside and
26-glycosyloxyfurostanol saponin, exhibited cytostatic activity against HL-60 human
leukemia cells. Moreover, researchers identified two novel triterpenoid saponins, glycosides
A and B, in the aerial parts of Glinus oppositifolius L., which displayed efficacy against
Plasmodium falciparum, a protozoan pathogen [248]. In another study by Iorizzi et al. [249],
three new furostanol saponins and seven previously known saponins were extracted
from the seeds of Capsicum annuum L. var. acuminatum Fingerh. However, the analysis
indicated that these saponins had minimal to no effect on the growth of Gram-positive and
Gram-negative bacteria.

4.2.4. Tannins

Tannins, which are a class of polyphenols, have been identified in nine plant
species: E. horrida, E. trigona, E. clavarioides, E. gorgonis, E. bupleurifolia, E. enopla,
E. polygona, E. arabica, and E. tirucalli. These findings align with observations made by
Aleksandrov et al. [2], who also reported elevated levels of tannins in E. hirta. According
to Fraga-Corral et al. [250], topical application of tannins may aid in the removal
of skin irritants, reduce inflammation, and demonstrate efficacy in the treatment of
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burns and wounds due to their anti-hemorrhagic and antiseptic properties. Furthermore,
tannins have been extensively studied for their therapeutic potential across various
diseases, attributed to their high antioxidant content, free radical scavenging ability, and
antimicrobial and antiviral properties. Research has indicated their effectiveness in cancer
chemotherapy [251–255]. Additionally, tannins have been reported to inhibit several strains
of coronaviruses [256]. Their widespread presence across Euphorbia species points to a
common defense and medicinal mechanism within the genus, illustrating how these plants
share key chemical traits despite their varied uses.

4.2.5. Glycosides

Glycosides, which are acetal derivatives of monosaccharides, were identified in
10 species of Euphorbia, including E. horrida, E. trigona, E. enopla, E. clavarioides, E. gorgonis,
E. bupleurifolia, E. polygona, E. arabica, E. tirucalli, and E. ammak. Research conducted
by Mshvildadze et al. [257] demonstrated that glycosides extracted from the bark of
Betula papyrifera exhibited significant cytotoxic effects against lung carcinoma, colorectal
adenocarcinoma, and normal skin fibroblasts. Additionally, Liu et al. [258] reported the
cytotoxic activity of glycosides derived from Antiaris toxicaria against human lung cancer
cells. The occurrence of glycosides reflects the genus’ shared capability to produce bioactive
chemicals with significant therapeutic potential.

4.2.6. Anthraquinones

Anthraquinones, which are phenolic compounds, were identified in four species of
the Euphorbia genus, namely, E. horrida, E. enopla, E. clavarioides, and E. Arabica [259]. These
anthraquinones are potent bioactive constituents found in various plant-based remedies
and are known for their diverse health benefits, which include laxative, diuretic, estrogenic,
and immunomodulatory properties. Furthermore, these compounds are utilized in
cancer therapies and exhibit antibacterial, antiparasitic, insecticidal, fungicidal, and
antiviral activities [259]. Although their presence is less widespread compared to other
phytochemicals, their occurrence across multiple species underscores the diverse yet
overlapping chemical profiles within the genus.

According to studies by Hanson [260] and Berdy [261], several Euphorbia species,
including E. bupleurifolia, E. gorgonis, E. horrida, E. polygona, and E. coerulescens, contain alkaloids,
saponins, and terpenoids. These compounds are believed to possess pharmacological
properties, such as anticancer and antibacterial effects [262]. The findings indicate that a
single species can be effective against multiple ailments, and many documented Euphorbia
plants share similar secondary metabolites. Specifically, seven Euphorbia species have been
reported to have cancer-fighting properties, including E. trigona, E. tirucalli, E. clavarioides,
E. gorgonis, E. bupleurifolia, and E. cooperi. Five species, namely, E. trigona, E. tirucalli,
E. clavarioides, E. arabica, and E. bupleurifolia, were noted for their use in wound healing
and the treatment of warts. Additionally, E. trigona, E. bupleurifolia, and E. gorgonis were
found to be effective in alleviating inflammation, while E. arabica and E. cooperi were
utilized for stomach ailments, skin infections, and cracked heels. Notably, the seven
species with anticancer properties were found to contain common secondary metabolites,
including phytosterols, tannins, glycosides, triterpenoids, saponins, upholds, flavonoids,
and alkaloids. It has been reported that the latex from Euphorbia species can exhibit high
toxicity when ingested and may cause severe skin irritation [34,41].
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4.2.7. Terpenoids

Triterpenoids

Triterpenoids, which are a subclass of triterpenes, are found in most Euphorbia
species. This study identified triterpenoids in 10 species, including E. horrida, E. enopla,
E. trigona, E. clavarioides, E. gorgonis, E. bupleurifolia, E. polygona, E. cooperi, E. arabica, and
E. tirucalli. These secondary metabolites have demonstrated various medicinal properties,
including anticarcinogenic, antimalarial, antiulcer, anti-inflammatory, cytotoxic, anti-HIV,
antiangiogenic, hepaticidal, antimicrobial, and antiviral effects [263–265]. Munro et al. [216]
reported that the tetracyclic triterpene euphol, found in the latex of E. tirucalli, exhibits
anticancer properties. Furthermore, Yasukawa et al. [103] revealed that E. kansui contains
lanostane-type triterpenes capable of inhibiting inflammation induced by TPA, with euphol
being the principal triterpene responsible for effectively preventing tumor promotion
associated with TPA.

Euphol, a tetracyclic triterpene prevalent in the Euphorbiaceae family, is commonly
found in E. trigona, E. enopla, E. tirucalli, E. coerulescens, and E. ammak. Popplewell et al. [72]
discovered moderate activity of this compound against HepG2 cells. Additionally, Ahmed
et al. [181] reported a substantial cytotoxic effect of euphol derived from E. bothae against
MCF-7 cells. Silva et al. [102] evaluated the antitumor effects of euphol across various
human cancer cell lines, finding it cytotoxic to several types, including esophageal
squamous and pancreatic carcinoma cells. Moreover, Abdel-Sattar et al. [94] noted that
euphol from E. ammak exhibited significant cytotoxicity against HeLa cells. In other
investigations, euphol from E. umbellata demonstrated notable cytotoxic effects against
HL-60, K-562, and B16F10 cells. Yasukawa et al. [103] also found that the topical
application of euphol from E. kansui reduced the cancer-promoting effects of TPA by
90% in mouse skin. Akihisa et al. [147] identified euphol as a potent inhibitor of HIV-1
reverse transcriptase. Moreover, euphol has shown potential in mitigating inflammation
and pain by inhibiting PGE2 and protein C kinase epsilon mediators [168]. However, data
regarding the euphol content in E. trigona, E. enopla, E. tirucalli, E. coerulescens, and E. ammak
remain undocumented.

Cycloartanol is a sterol lipid identified in several plant species, including E. trigona,
E. glareosa Pall. Ex M. Bieb., E. amygdaloides L., and E. palustris L. [105]. A recent study
by Salome-Abarca et al. [105] reported that cycloartenol extracted from these plants
exhibited antifungal activity against Botrytis cinerea. Additionally, Barla et al. [110]
identified cycloartanol in E. helioscopia, although they noted the absence of vasodepressor
activity. Furthermore, Heliawati et al. [104] investigated the cytotoxic effects of cycloartanol
extracted from the bark of Corypha utan Lamk on leukemia cells, revealing that cycloartanol
was capable of inhibiting the growth of these cells. However, there is currently a lack of
information regarding the effects of cycloartanol derived from E. trigona.

Lupeol, a triterpenoid, is found in various plants including E. trigona, Tamarindus indica,
Celastrus paniculatus, Zanthoxylum riedelianum, Allanblackia monticola, Himatanthus sucuuba,
Leptadenia hastata, Crataeva nurvala, Bombax ceiba, Sebastiania adenophora, Aegle marmelos, and
Emblica officinalis [114,266–269]. You et al. [116] evaluated the effects of lupeol extracted
from Bombax ceiba on various cell types, including HUVEC and SK-MEL-2, as well as
B16-F10 melanoma cells. Their findings demonstrated that lupeol effectively inhibited
the formation of HUVEC tubes by more than 80% at a concentration of 50 µg/mL, with
no significant cytotoxic effects observed in the three cancer cell lines studied. Nguemfo
et al. [270] researched the anti-inflammatory properties of lupeol from Allanblackia monticola,
revealing that it significantly reduced paw edema by approximately 57.14% within just
30 min. Zhang et al. [111] investigated lupeol’s potential to inhibit the growth of liver cancer
cells (HCCLM3) and discovered that it effectively impeded cell proliferation by suppressing
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the secretion of Brain-Derived Neurotrophic Factor, phosphatidylinositol 3-kinase, and Wnt
signaling pathways. Borgati et al. [113] assessed the efficacy of lupeol from Parahancornia
fasciculata against chloroquine-resistant W2 clones to treat malaria, finding only limited
activity. Additional investigations have examined the antidiabetic properties of lupeol
derived from Solanum xanthocarpum [271], which demonstrated its capability to impede the
progression of diabetes by reducing glucose levels, lowering nitric oxide, increasing serum
insulin, and enhancing antioxidant levels. Sudhakar et al. [117] explored the effects of
lupeol obtained from Crataeva nurvala on cholesterol levels, concluding that this compound
can diminish oxidative stress and inflammatory cytokines, leading to decreased nitric oxide
production and ultimately resulting in lower cholesterol levels. However, data concerning
the lupeol composition of E. trigona remains undocumented.

α-amyrin, a triterpenoid, is present in several plant species, including E. trigona,
E. tirucalli, E. aphylla Brouss., E. schimperi C. Presl, and E. hirta [123,125,272]. Abdel-Monem
et al. [123] reported that α-amyrin extracted from E. schimperi C. Presl exhibited moderate
cytotoxicity, inducing a 40–50% reduction in viability of U251 and MCF-7 cell lines at a
concentration of 10 µg/mL. In contrast, other studies indicated negligible cytotoxicity
against the HCT 116 cell line [272]. Jabeen et al. [120] investigated the antifungal properties
of α-amyrin derived from Melia azedarach L. in vitro, finding it effective against Ascochyta
rabiei, with a minimum inhibitory concentration (MIC) of 0.0156 mg/mL. However, there is
currently no available data regarding the effects of α-amyrin from E. trigona and E. tirucalli.

β-amyrin, another triterpenoid, has been identified in E. trigona and E. hirta,
demonstrating anticancer properties against Hep-G2 cancer cells [118]. This compound
also exhibited a weak cytotoxic effect against the NTUB1, A549, and HL-60 cell
lines [119]. Ragasa and Cornelio [272] reported insignificant cytotoxicity against the
HCT 116 cell line. Additionally, Vazquez et al. [125] showed that β-amyrin exhibited
anti-inflammatory activity in a murine ear model. Shih et al. [121] found that β-amyrin from
E. hirta could ameliorate arthritis inflammation by inhibiting nitric oxide pathways. Lin
et al. [119] reported that the combination of β-amyrin with cisplatin resulted in the
generation of reactive oxygen species, triggering cell cycle arrest and apoptosis in NTUB1
cells. Nonetheless, there is currently no documented information on the β-amyrin present
in E. trigona.

Betulinic acid, a triterpenoid, has been identified in several plant species, including
E. trigona, Tetracarpidium conophorum seeds, Uapaca paludosa, Manniophyton fulvum
(Euphorbiaceae), and Agathosma betulina [273–276]. A study by Zhang et al. [111]
demonstrated that betulinic acid has the potential to inhibit the growth of over 20 different
cancer cell lines. Research conducted by Damle et al. [128] revealed that betulinic acid
exhibited cytotoxic effects on MCF-7 breast cancer cells, with an IC50 value of 13.5 mg/mL.
Furthermore, this compound was shown to affect the specificity of protein transcription
factors that are typically overexpressed in cancer cells relative to normal cells [130].

In another study by Mbeunkeu et al. [274], it was found that betulinic acid derived
from Manniophyton fulvum had a significant impact on HeLa cells, resulting in an extremely
low cell viability rate of just 4%. Research conducted by Foo et al. [127] discovered
that the dichloromethane (DCM) fraction of Dillenia suffruticosa induces cell cycle arrest
and apoptosis in MCF-7 cells through the p35/p21 signaling pathway. Additionally, it
was shown to inhibit the growth and colony formation capabilities of all tested human
melanoma cell lines [135]. According to Oriakhi et al. [273], betulinic acid demonstrated a
54% inhibition of HepG2 liver cancer cells and exhibited hepatoprotective activity, with a
calculated binding energy of −11.2 kcal/mol to Hepatitis B virus DNA.
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Other studies have reported the antidiabetic effects of betulinic acid through the
inhibition of pancreatic α-amylase [131,277]. Bernard et al. [134] also noted that betulinic
acid possesses anti-inflammatory properties, specifically by inhibiting phospholipase
A2. Mukherjee et al. [278] reported that betulinic acid significantly reduced rat paw edema
induced by carrageenan and serotonin. Additionally, it was found that Hypericum hircinum
L. contains betulinic acid, which can inhibit the replication of HIV-1 by interfering with
reverse transcriptase-associated DNA polymerase; this is accomplished by either hindering
HIV fusion or disrupting a specific stage of its maturation process [129,133]. However, as
of now, data on the betulinic acid content of E. trigona remains undocumented.

Taraxerol, a triterpenoid, has been previously isolated from various plant sources,
including E. trigona, E. neriifolia Linn, Artemisia roxburghiana, Taraxacum japonicum, and the
fruits of Dregea volubilis [136,139,141,279]. Taraxerol isolated from Vepris punctate showed
limited activity against A2780 cells [280]. Studies by Cao et al. [281] also showed minimal
inhibition of cell growth of A2780 cells at the highest tested concentration. Taraxerol
from Conyza canadensis was found to have a maximum antiproliferative effect against
A431. However, taraxerol displayed no activity against HeLa, MCF-7, and MRC-5 [282]. In
addition, it was found that taraxerol effectively hindered the growth of AGS cells by causing
G(2)/M arrest and stimulating cell apoptosis [138]. According to Takasaki et al. [141],
taraxerol is highly efficacious in preventing tumors in mice during two-stage carcinogenesis
tests. In addition, Singh et al. [140] reported that taraxerol has anti-inflammatory properties,
reducing paw edema by 48.61%. Furthermore, it was also observed that taraxerol
exhibited moderate antimicrobial activity against certain Gram-negative and Gram-positive
bacteria [140]. According to a study conducted by Min et al. [283], taraxerol found in
Styrax japonica showed low effectiveness in scavenging free radicals based on the DPPH
assay. Sangeetha et al. [284] investigated the use of taraxerol from Mangifera indica as
an antidiabetic agent. According to the findings, the compound has dual activity as a
glucose activator and stimulator of glycogen, making it a potential treatment for type 2
diabetes. However, there is currently no documented information available on the taraxerol
of E. trigona.

Taraxerol acetate, a triterpenoid, has been previously isolated from E. trigona,
E. pubescens, and Artemisia roxburghiana [285]. Studies indicate that taraxerol acetate from
A. roxburghiana can significantly reduce edema in mice induced by carrageenan [136].
Moreover, Rehman et al. [137] demonstrated that taraxerol acetate can inhibit cyclooxygenase
enzymes 1 and 2. However, to date, there is no documented data on the presence and
effects of taraxerol acetate derived from E. trigona.

Friedelin, another triterpenoid, has been identified in species such as E. trigona,
E. tortilis Rottler, Mangifera indica, and Lentinus edodes [153,286,287]. Previous research has
revealed that, when evaluated for antibacterial properties against various Gram-positive
and Gram-negative bacteria, friedelin displayed weak activity, with a minimum inhibitory
concentration (MIC) exceeding 250 µg/mL [153]. However, it was found that friedelin from
Mangifera indica exhibited anti-colorectal cancer activity [154]. Despite the lack of studies
on friedelin sourced from E. trigona, it remains a promising subject for future research.

Friedelan-3-β-ol, a triterpenoid, has also been isolated from E. trigona and Mangifera
indica. This compound has demonstrated significant inhibition of thymidylate synthase,
thereby indicating its potential as an anti-colorectal agent [154]. Nonetheless, documented
data on friedelan-3-β-ol derived from E. trigona is currently unavailable.

3β-Friedelinol, another triterpenoid, has been identified in E. trigona, E. vajravelui,
E. kamerunica, and Maytenus robusta [157,158]. Sousa et al. [158] found that 3β-friedelinol
from Maytenus robusta exhibited cytotoxic effects against 4T1 cells. Simultaneously,
Ogunnusi et al. [157] investigated the antibacterial activity of 3β-friedelinol from
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E. kamerunica, discovering its inhibitory capacity against certain bacteria. However, current
data concerning 3β-friedelinol from E. trigona remains lacking.

4.2.8. Phytosterols

Phytosterols, which are a class of sterols, have been identified in nine plant species,
namely, E. horrida, E. trigona, E. clavarioides, E. gorgonis, E. enopla, E. bupleurifolia, E. cooperi,
E. polygona, and E. arabica. Research indicates that phytosterols possess bioactive properties
that confer several health benefits, including reducing inflammation, preventing oxidative
stress, anti-cancer effects, and lowering cholesterol levels [288,289]. A combination of
phytosterols has been shown to inhibit tumor development in various cancers, including
cholangiocarcinoma and breast cancer, at physiological doses [290,291].

Cycloartenol is a specific phytosterol compound found in certain species, including
E. trigona, E. nicaeensis, E. broteri, E. macrosteigia, and E. boetica (NHI). It serves as a
precursor to various sterol compounds and exhibits numerous pharmacological benefits,
such as anti-inflammatory, antitumor, antioxidant, antibacterial, and anti-Alzheimer’s
activities [108,109]. A study conducted by Niu et al. [107] explored the potential
anticancer properties of cycloartenol in glioma U87 cells. The findings revealed that
cycloartenol effectively inhibited both the growth and colony-forming ability of glioma
U87 cells, likely through the induction of Sub-G1 cell cycle arrest and apoptosis, which
contributed to its antiproliferative effects. Additionally, Zare et al. [109] identified
cycloartenol as possessing anticancer, analgesic, and bactericidal properties. Furthermore,
Sawale et al. [106] demonstrated that cycloartenol extracted from E. neriifolia exhibited
antioxidant activity ranging from 34.56% to 72.87% at concentrations of 10, 20, 40, 60,
80, and 100 µg/mL. However, data regarding the cycloartenol content of E. trigona
remains undocumented.

β-sitosterol, a phytosterol, has been previously isolated from species such as E. trigona,
E. abyssinica, Pinellia ternate, and Nyctanthes arbortristis [142,143,145]. Investigations into
its effects on the proliferation of Caski and HeLa cells have assessed its potential
antiproliferative and anticancer properties. The results indicated that β-sitosterol significantly
reduced the expression of antigens responsible for cell proliferation in both cervical
carcinoma cell lines [142]. In a 2015 study, Cheng et al. reported that increased levels
of P53, alongside decreased levels of HPVE6 viral oncogenes, were associated with the
anticancer activity of β-sitosterol in Caski and HeLa cells [142,153]. Previous research has
also demonstrated that β-sitosterol derived from Nyctanthes arbortristis leaves exhibits
considerable anti-inflammatory effects, as evidenced by its impact on paw edema
in rats [143]. Moreover, β-sitosterol isolated from E. abyssinica has shown significant
antimicrobial activity against Candida albicans [145]. Additionally, β-sitosterol sourced
from E. hirta has been reported to prevent inflammation induced by TPA [125]. However,
there is currently no documented data on the β-sitosterol of E. trigona.

24-Methylenecycloartanol, another sterol, has been previously isolated from E. hirta,
E. heteradena, E. trigona, E. broteri, E. palustris, Moroccan propolis, and E. aleppica [155,292–294].
According to the findings of Krstić et al. [155], 24-Methylenecycloartanol from E. palustris
demonstrated a stronger antifungal effect against Fusarium sporotrichioides and Alternaria
alternata. Previous studies indicated that 24-Methylenecycloartanol derived from E. hirta
can mitigate inflammation triggered by TPA [125]. However, there is currently no available
data on the effects of 24-Methylenecycloartanol from E. trigona.

Tirucallol, a tetracyclic triterpene, has been identified in the latex of E. enopla and
E. lacteal. This compound exhibits anti-inflammatory properties. Research has shown that in
murine models, tirucallol led to a reduction in ear edema and inhibited nitrate production
in stimulated macrophages [146,295]. Furthermore, it has been found to inhibit HIV-1
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reverse transcriptase [147]. Nevertheless, there is currently no available data regarding the
presence or effects of tirucallol from E. enopla.

Obtusifoliol, another type of sterol, is present in several plant species, including
E. cooperi, E. bothae, E. chamaesyce, and E. sogdiana [72,296]. A study conducted by Aghaei
et al. [195] demonstrated that obtusifoliol derived from E. sogdiana exhibited reduced
cytotoxicity against MCF-7 cells, with an IC50 value of 29.33 ± 1.52 µM. Similarly,
Ahmed [28] reported weak cytotoxicity of obtusifoliol from E. cooperi against MCF-7 cells.

Glutinol, a triterpenoid, has been isolated from E. cooperi, E. ammak, E. chamaesyce, and
Scoparia dulcis [94,297]. This compound has demonstrated a notable cytotoxic effect against
HeLa cells [94]. A study conducted by Ding et al. [192] investigated the potential toxicity of
glutinol derived from Acer mandshuricum on various cell types, including leukemia, ovarian,
lung, and human colon cells. The findings revealed significant inhibition of the cell lines,
with GI50 values ranging from 11.6 to 16.0. Another research study by Chen and Li [191]
also reported the antiproliferative effects of glutinol on ovarian cells. However, to date,
there is insufficient data on the effects of glutinol from E. cooperi and E. ammak.

Triterpene euphol, a steroidal alcohol, is present in plants such as E. tirucalli,
E. umbellata, and Synadenium grantii [298,299]. Research indicates that triterpene euphol,
the primary compound found in E. umbellata and E. tirucalli, shows potential as a
complementary cancer treatment [52,298]. Lin et al. [76] reported that triterpene euphol
exhibited moderate cytotoxic activity against gastric adenocarcinoma cells. Silva et al. [102]
also noted its cytotoxic effects on glioblastoma cells. A study by de Oliveira et al. [299]
examined the antitumor effects of triterpene euphol from Synadenium grantii, finding
that the compound did not demonstrate antitumor activity against B16F10 melanoma
cells. Furthermore, a study by Dutra et al. [168] explored the potential of triterpene euphol
from E. tirucalli in preventing and treating inflammation in murine colons. Their findings
indicated that this compound was highly effective in reducing pro-inflammatory mediators
in vitro.

24-Methylene cycloartenol, a sterol, has previously been extracted from E. tirucalli and
E. neriifolia. The pharmacological activities of the entire plant were assessed, rather than
focusing specifically on the compound itself. 24-Methylene, isolated from E. hirta, has been
demonstrated to possess significant anti-inflammatory properties when used to treat ear
inflammation induced by acetate anti-inflammatory agents [125]. Currently, information
regarding the anticancer properties of 24-methylene cycloartenol from E. tirucalli is lacking.

Ingenol triacetate, a diterpene, has demonstrated antimicrobial activity against various
pathogens responsible for infectious diseases [188]. Moreover, ingenol triacetate has
been identified as a nontumor promoter [188]. However, a separate study by Tilabi and
Upadhyay [189] revealed that the topical application of ingenol triacetate to female NMRI
mice resulted in a significant occurrence of lung adenoma. Currently, there is a lack
of information regarding the anticancer properties of ingenol triacetate derived from
E. tirucalli.

Terpenic alcohol, a terpene isolated from E. tirucalli, has shown antibacterial
properties against Staphylococcus aureus, attributed to its capacity to disrupt cellular
membranes [148,300]. However, the study did not directly investigate terpenic alcohol [149].
Further research is warranted to explore this compound, particularly its isolated form from
E. tirucalli.

Taraxasterol, a phytosterol extracted from E. tirucalli, Carthamus tinctorius, Chrysanthemum
morifolium, and Helianthus annuus [178,301], has been shown to effectively reduce ear
inflammation induced by TPA in mice and prevent tumor growth in mouse skin. In
two-stage carcinogenesis tests, taraxasterol exhibited robust antitumor activity when
applied to mouse skin. Furthermore, research indicated that taraxasterol has the potential
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to suppress spontaneous mammary tumors in C3H/OuJ mice. It should be noted
that the taraxasterol tested was not derived from Euphorbia species [178]. Additional
pharmacological investigations are needed on Euphorbia species, with a specific focus
on E. tirucalli, as recommended by Ovesnâ et al. [178].

Stigmasterol, a member of the sterol class, has been extracted from E. ammak and Butea
monosperma [193]. In a separate study conducted by Abdel-Sattar et al. [94], the cytotoxic
activity of stigmasterol derived from E. ammak was investigated. The study demonstrated
that the compound effectively targets HeLa cells. In 2009, Panda and colleagues examined
the effects of stigmasterol from B. monosperma [193], revealing that stigmasterol possesses
the ability to inhibit thyroid function and reduce blood glucose levels. Additionally, their
research indicated that stigmasterol has the potential to mitigate liver damage caused
by oxidative stress by decreasing harmful lipid peroxidation levels and enhancing the
activity of protective enzymes. Further studies have confirmed that this compound exhibits
cytotoxicity against MCF-7 breast cancer cells [24,28]. Although some diterpenoids from
Euphorbia (such as phorbol esters) are known to be toxic, recent research highlights that
certain compounds isolated from this plant exhibit significant bioactivity [26,27].

4.2.9. Other Terpenoids

12-Deoxyphorbol-13-isobutyrate-20-acetate is a phorbol ester found in various plants,
including E. ledienii, E. coerulescens, E. tirucalli, E. triangularis, E. resinifera, and E. bothae.
Research conducted by Ourhzif et al. [161] demonstrated that 12-Deoxyphorbol-13-
isobutyrate-20-acetate extracted from E. resinifera latex exhibited cytotoxic properties,
inhibiting the growth of Aspergillus carbonarius. However, there is currently a lack of
data regarding the occurrence and effects of 12-Deoxyphorbol-13-isobutyrate-20-acetate
found in E. ledienii, E. coerulescens, and E. tirucalli.

Phorbol, a diterpenoid, has been extracted from E. ledienii and Croton tiglium, both
of which belong to the Euphorbiaceae family. It has also been identified in E. tirucalli, as
reported by Fürstenberger and Hecker [7]. Some studies indicate that phorbol may act
as an irritant and promote tumorigenesis; conversely, other research suggests that it can
induce apoptosis in tumor cells via the activation of protein kinase C [162]. Nonetheless,
information regarding the presence and effects of phorbol in E. ledienii and E. tirucalli
remains limited.

12-Deoxyphorbol ester, another diterpenoid, has been isolated from E. ledienii and
E. grandicornis. A study by Zayed et al. [163] reported that this compound activates
protein kinase C and does not promote tumor proliferation. Previous investigations have
shown that this activation may exhibit antiproliferative effects against certain cancer cell
types. For instance, research by Shen et al. [164] indicated that 12-Deoxyphorbol ester
inhibited the proliferation of myeloid leukemia cells. Additional studies demonstrated that
12-Deoxyphorbol ester caused increased cell death in breast cancer cells relative to normal
breast epithelial cells [165]. Further, Tsai et al. [166] reported that 12-Deoxyphorbol ester
has the ability to suppress growth and induce apoptosis in human lung cancer cells through
the activation of the PKC-δ/PKD/ERK signaling pathway. However, there is currently no
information available on the effects of this compound derived from E. ledienii.

12-Deoxy-16-hydroxy-phorbol is a constituent of DHPB that has been identified
in the latex of several plant species, including E. ledienii, E. poisonii Pax, E. cooperi,
Jatropha curcas, and Jatropha gossypiifolia [302,303]. This compound has been shown
to stimulate ornithine decarboxylase activity in mouse skin, inhibit the binding of
[3H]-12-O-tetradecanoylphorbol-13-acetate to phorbol ester receptors, and activate protein
kinase C in vitro [167]. However, experimental data regarding the effects of 12-Deoxy-16-
hydroxy-phorbol specifically from E. ledienii and E. cooperi remain unreported.
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16-Hydroxy-12-desoxyphorbol, a diterpenoid, has been isolated from E. cooperi,
E. bothae, E. triangularis, E. ingens, Croton rhanmmifolius, and E. rowlandii [194,304]. Dinala
et al. [194] documented that this compound exhibited activity against the HCC70 and
MCF-7 cell lines, with EC50 values of 0.592 µM and 1.003 µM, respectively. In contrast,
Gschwendt and Hecker [97] classified the compound as a tumor promoter. Nevertheless,
further investigation into the properties of 16-Hydroxy-12-desoxyphorbol from E. cooperi is
still warranted.

12-Deoxyphorbol-13-isobutyrate-16-angelate-20-acetate, a member of the diterpene
class, has been identified in E. cooperi and E. bothae [72]. Morsi [28] reported that
12-Deoxyphorbol-13-isobutyrate-16-angelate-20-acetate derived from E. cooperi demonstrated
significant cytotoxicity against MCF-7 cells.

12-Deoxy phorbol esters, belonging to the phorbol ester class, have been previously
isolated from E. tirucalli, E. triangular, E. resinifera, and Excoecaria bicolor [97,163,305]. These
compounds have been reported to be carcinogenic and act as tumor promoters [97,175].
Research conducted by Driedger and Blumberg [174] indicated that exposure to 12-Deoxy
phorbol esters led to inflammation in the ears of mice.

Ingenol, a diterpenoid, has been identified in both E. tirucalli and E. sikkimensis. In 2019,
Silva and colleagues investigated the effects of ingenol, derived from E. tirucalli, on various
human cancer cell lines [102]. The results demonstrated that the compound exhibited a
range of effectiveness, from weak to potent, against different cell lines. Additionally, other
studies have shown that ingenol effectively inhibited the replication of HIV-1 subtypes B
and C in both MT-4 cells and human peripheral blood mononuclear cells (PBMCs) [152].

Glut-5-en-3-β-ol, a triterpenoid, has been identified in E. tirucalli and E. pseudocactus
Berger [176]. Abdel-Monem and Abdelrahman [176] conducted a study to evaluate the
antimicrobial activity of Glut-5-en-3-β-ol against various microorganisms. However, the
results indicated that Glut-5-en-3-β-ol did not demonstrate any activity against the tested
bacterial strain.

4.2.10. Phenolic Compounds

Gallic acid, a phenolic compound derived from E. cooperi, demonstrates significant
hepatoprotective capabilities, particularly in safeguarding the liver from damage induced
by paracetamol. It also has antioxidant properties that can improve the levels of serum
alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, and bilirubin
antioxidant [181].

Bervifolin carboxylic acid, a tannin extracted from E. cooperi, exhibits a robust
hepatoprotective effect. This compound also serves as an antioxidant, effectively decreasing
serum levels of alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase,
and bilirubin in rats subjected to paracetamol-induced hepatotoxicity [181].

3, 3′-Dimethoxy ellagic acid, another tannin obtained from E. cooperi, reveals significant
hepatoprotective and antioxidant properties. Notably, it reduces serum levels of alanine
aminotransferase, aspartate aminotransferase, alkaline phosphatase, and bilirubin in rats
experiencing paracetamol-induced hepatotoxicity. Furthermore, this compound exhibits
moderate cytotoxic activity against HepG2 cells [181].

Ellagic acid, a tannin sourced from E. cooperi, has been shown to confer multiple
benefits for liver health in rodent models. In various studies, it has demonstrated
protective effects on the liver, inhibited cellular proliferation, and exhibited antioxidant
activity [28,181]. Moreover, it reduces the levels of certain enzymes and bilirubin in the
blood, which are commonly elevated in cases of paracetamol-induced liver damage [28,181].

Kaempferol and Kampferol-3-O-ß-D-rutinoside, both flavonoids derived from E. cooperi,
have been identified as effective agents in liver protection. These compounds inhibit
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excessive cell proliferation and lower the serum levels of specific enzymes and bilirubin, all
of which are associated with paracetamol-induced liver damage [28,181].

1-O-Galloyl-3,6-hexahydroxydiphenyl-β-D-glucopyranoside (commonly known as
corilagin) is a tannin extracted from several plant species, including E. cooperi, E. prostrata,
Phyllanthus amarus L., Phyllanthus niruri L., and E. longana Lam (family Euphorbiaceae) [197,
200,202,306,307]. In 2013, Ming and colleagues investigated the potential antitumor
effects of corilagin derived from Phyllanthus niruri L. on three cell types: Chang liver
cells, SMMC7721, and Bel7402 cells [198]. Their findings demonstrated that corilagin
exhibited moderate efficacy against SMMC7721 and Bel7402 cells, but it showed only
weak activity against Chang liver cells. Research conducted by Bai et al. [199] revealed
that corilagin extracted from Dimocarpus longan Lour had cytotoxic effects on A549
cells. Additionally, Tong et al. [196] reported that corilagin from Phyllanthus urinaria induced
apoptosis through the activation of reactive oxygen species and autophagy. This process
involved the suppression of the Akt/mTOR/p70S6K signaling pathway, resulting in an
increased formation of autophagic vacuoles and the conversion of LC3-I to LC3-II. A
report by Morsi [28] indicated that corilagin exhibited significant toxicity against MCF-7
cells. Kolodziej et al. [200] investigated the effects of corilagin from Phyllanthus amarus
L. on various inflammation-related genes, including iNOS. Their results indicated that
corilagin increased the mRNA expression levels of iNOS and cytokines in parasitized
cells. In a separate study in 2013, Jin and associates evaluated the impact of corilagin on
liver protection and inflammation reduction using animal models [201]. Their findings
suggested that corilagin inhibited the NF-κB signaling pathway, which led to an increase
in superoxide dismutase levels, a critical defense mechanism against superoxide radical
toxicity, and nitric oxide, a key player in liver metabolism. Previous studies have shown
that corilagin sourced from E. longana Lam can lower blood pressure by reducing plasma
noradrenaline release and inducing direct vasorelaxation [202]. Yang et al. [308] explored
the effects of corilagin from Terminalia bellerica Roxb on HepG2 cells, specifically assessing
its potential for diabetes treatment. Their findings revealed that corilagin enhanced PPARγ
signaling, resulting in increased adipogenesis. According to research conducted by Latté
and Kolodziej [309], published in Zeitschrift für Naturforschung, corilagin demonstrated a
strong antifungal effect against Candida glabrata. Notka et al. [310] reported that corilagin
from Phyllanthus amarus inhibited HIV-1 replication.

Tri-methyl ellagic acid, another tannin, has been previously isolated from E. tirucalli
and E. sorori. In 2008, Zhang et al. [151] assessed the antibacterial effect of tri-methyl ellagic
acid on various bacterial strains. The results indicated that this compound exhibited a
moderate inhibitory effect on Bacillus subtilis and Staphylococcus aureus, but it showed
no activity against Escherichia coli. Currently, there is no available data on the anticancer
properties of the tri-methyl ellagic acid derived from E. tirucalli.

3′-Di-O-methylellagic acid, a phenolic compound, has been isolated from E. tirucalli,
E. lunulata, and E. schimperiana [311]. Research has evaluated the cytotoxicity of this
compound extracted from E. schimperiana against four human cancer cell lines. The
results demonstrated that 3,3′-Di-O-methylellagic acid exhibited promising cytotoxicity
against PC3 cells [184,312], with an IC50 value of 5.5 µg/mL, indicating potential
anticancer activity [184]. Additionally, it has been found that 3′-Di-O-methylellagic
acid from E. schimperiana displayed notable antibacterial properties, as confirmed by
the same study. Aljubiri et al. [184] also validated the anti-inflammatory activity of
3′-Di-O-methylellagic acid isolated from E. lunulata. Guo et al. [185] discovered that
E. hylonoma contains 3′-Di-O-methylellagic acid, which possesses strong antioxidant
properties. Furthermore, the isolate from E. thymifolia showed significant potential as
an antimicrobial agent.
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4.2.11. Fatty Acids

Laurate, a fatty acid, has been identified in E. coerulescens. It exhibits limited
antimicrobial activity against beneficial lactic acid bacteria while demonstrating strong
antimicrobial effects against harmful Bacteroides and Clostridium species [190,313]. However,
there is currently a lack of available data regarding the effects of laurate derived from
E. coerulescens.

4.2.12. Miscellaneous

Diterpene esters, a class of terpenes, have been extracted from the latex of several
Euphorbia species, including E. horrida, E. periplus, E. tirucalli, and E. cauducifolia [7,314].
These compounds are known to be skin irritants and tumor promoters [7,314]. In contrast,
studies by Kedei et al. [315] reported that diterpene esters possess anticancer properties by
activating protein kinase C, a mechanism previously shown to induce an anticancer effect on
cells. Research conducted by Ogbourne et al. [316] indicated that the topical application of
high doses of diterpene esters successfully cured skin cancer in mice via this protein kinase
C pathway. Another study by Hampson et al. [317] found that administering a significantly
lower dose of diterpene esters resulted in cell death through a protein kinase C-dependent
mechanism in leukemia cells. Furthermore, Nothias-Scaglia et al. [318] reported that
diterpene esters can inhibit HIV replication at the nanomolar level. Nevertheless, there is
currently no available data on the effects of diterpene esters derived from E. horrida and
E. tirucalli.

Among the 15 studied Euphorbia species, several compounds remain unexplored. These
include Ingol-7,8,12-acetate and ditiglate from E. ledienii, as well as 12-Deoxyphorbol-13-
(2-methyl butyrate)-20-acetate. One compound identified from E. horrida was characterized
as 17-Hydroxyingenol-17-benzoate-20-angelate. Five compounds were identified from
E. coerulescens: Angelate acetate isobutyrate, fatty acids, acetate laurate, α-methyl
butyrate, and heptanoate. Additionally, five compounds were identified from E. cooperi:
euphorbilactone, norsesquiterpenoid, arachiside A, 16-angeloyloxy-13α-isobutanoyloxy-4β,
9α,20-trihydroxytiglia-1,5-diene-3,7-dione, and 20-acetoxy-16-angeloyloxy-13α-isobutan-
oyloxy-4β,9α,20-tetrahydroxytiglia-1,5-diene-3-one. Finally, ten compounds were identified
from E. tirucalli: euphorbol hexacosonate, 12-deoxy-4β-hydroxyphorbol-13-phenyl acetate-
20-acetate, 12,20-dideoxyphorbol-13-isobutyrate, tirucalicine, isoeuphorol, ketone euphorone,
euphorbin A, euphorbin B, tirucallin A, and tirucallin B.

4.3. In Silico Evaluation of Selected Phytochemicals

Euphorbia species have been extensively documented for their various biological
activities and pharmacological potential, highlighting their promise as anticancer agents.
Certain extracts and isolates derived from these plants have been reported to exhibit
cytotoxic effects, as outlined in this study. However, the specific phytochemical constituents
responsible for these cytotoxic effects and other biological activities remain largely
unexplored. In silico techniques, which facilitate resource maximization and search space
minimization, may provide valuable insights into the biological activities, pharmacokinetics,
pharmacodynamics, and pharmacotherapeutics of phytochemicals sourced from Euphorbia
species. This could serve as a fundamental resource for researchers aiming to design more
targeted experiments and manage future studies concerning the medicinal benefits of
underexplored and underutilized Euphorbia species.
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4.3.1. Cell Line Cytotoxicity Tendency of Selected Compounds

Promising compounds derived from Euphorbia, as detailed in Table S1, were evaluated
in silico for their cytotoxicity and anticancer potential using the Cell Line Cytotoxicity
Predictor (CLCPred) web server [11]. Among the 74 compounds subjected to evaluation,
40 were prioritized based on the availability of pertinent information and their high
cytotoxic activity. The compounds predicted to demonstrate substantial cytotoxic activity
exhibited significant anticancer potential when the probability cutoff was set such that
P(a)ctive > P(i)nactive and Pa > 0.50. These compounds displayed notable cytotoxic
tendencies against multiple human cancer cell lines and tumor types. Among these, several
Euphorbia-derived compounds (EDCs) such as euphol, cycloartenol, lupeol, α-amyrin,
betulinic acid, 24-Methylene-cycloartanol, 12-Deoxyphorbol 13-tiglate 20-acetate, Ingol
7,8,12-acetate, diterpene glycoside, tirucallol, Isobutyl angelate, and Kaempferol-3-O-
rutinoside were found to possess high cytotoxic probabilities against three or more cell lines
(refer to Table S1). Given the vast potential of plant-based natural products in drug discovery
and the role of terpenoids in the development of anticancer compounds, the terpenoids
derived from Euphorbia species can be further explored to yield reliable, economically
viable, and environmentally safe bioactive molecules. Collectively, these terpenoids exhibit
cytotoxic tendencies against a variety of cancer cell lines, including stomach carcinoma,
kidney carcinoma, skin melanoma, liver hepatoblastoma, lung carcinoma, brain glioma,
colon adenocarcinoma, and thyroid carcinoma (see Table S1).

4.3.2. Physicochemical and Drug-like Properties

The physicochemical parameters and drug-likeness of the endocrine-disrupting
chemicals (EDCs) were computed based on their chemical structures using the SwissADME
platform, as detailed in Table S2 (physicochemical properties; drug-like properties). As
shown in Tables S1 and S2, most of the compounds exhibit favorable physicochemical
characteristics. All EDCs, with the exception of C8, C9, and C12, possess molecular
weights of less than 500 Daltons. Additional desirable physicochemical attributes
observed in several compounds include lipophilicity (LogP), solubility, Polar Surface
Area (PSA), and the number of Hydrogen Bond Donors and Acceptors. Moderate
molecular weight is favorable for drug-likeness, as excessively large or small molecules
may encounter challenges related to absorption, distribution, metabolism, and excretion
(ADME) properties.

Drug-likeness refers to the set of characteristics that enhance a molecule’s potential
to become an effective and safe drug candidate. Understanding these physicochemical
properties is crucial for predicting a molecule’s behavior in biological systems and its
viability as a drug. Many of these properties are fundamental to drug development,
and any violation may lead to delays or failures in bringing a drug candidate to the
market. Notably, all compounds, except for C9 and C12, demonstrate desirable Lipinski
and Veber criteria, as well as favorable synthetic accessibility. Lipinski’s Rule of Five
(RO5) serves as a guideline for assessing drug-likeness based on physicochemical
properties. It suggests that the following criteria must be met for a compound to
exhibit good oral bioavailability: molecular weight < 500 Daltons, LogP < 5, hydrogen
bond donors < 5, and hydrogen bond acceptors < 10 [319,320]. Although adherence
to the RO5 is not a strict prerequisite for a compound to be classified as a drug, it is
a valuable guideline in early-stage drug discovery for prioritizing compounds with
favorable characteristics.
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4.3.3. ADMET Properties of Top Compounds

The fate and behavior of a drug or chemical compound within the human body are
significantly influenced by absorption, distribution, metabolism, excretion, and toxicity
(ADMET) factors. Understanding these properties is crucial in drug development to
ensure both efficacy and safety. Computational tools play a pivotal role in predicting
these properties, and in this study, we utilized the pKCSM webserver [13] to predict the
ADMET properties of the top compounds, as detailed in Table S2.

The predictions regarding the intestinal absorption of Euphorbia-derived terpenoids in
humans, based on computed molecular descriptors, indicate that all the compounds exhibit
good human intestinal absorption (%Absorbed). Additionally, most of these compounds
are predicted as P-glycoprotein inhibitors (PGIs). PGIs interfere with glycoprotein activity,
preventing the pumping of drug compounds out of cells. This inhibition can lead to the
maintenance of high intracellular drug concentration, potentially improving therapeutic
efficacy. Notably, several FDA-approved drugs and natural compounds are recognized as
PGIs [321].

The human volume of distribution (VDss) is a pivotal parameter for determining the
human dose. While some Euphorbia-derived compounds feature low VDss, the majority
exhibit a low plasma binding tendency. A drug with strong plasma protein binding may
struggle to dissociate from plasma proteins and bind to target receptors, even if present
in the bloodstream. Thus, a candidate with very high plasma levels due to very low VDss
may appear promising, but it is essential to examine the magnitude of the pharmacological
effect to avoid potential misinterpretations [322].

The computed interactions of the compounds with liver phase I drug metabolism,
using various cytochrome P450 descriptors, reveal that most of the top compounds do not
exhibit inhibitory tendencies against various cytochrome P450s. This suggests that these
compounds may not adversely affect phase I drug metabolism in the liver.

Organic cation transporter 2 (OCT2) mediates the initial step in the renal secretion of
organic cations. However, several compounds exhibit a high clearance rate tendency, and
all are predicted to be non-substrates of OCT2.

Computed molecular descriptors assessing the toxicity tendency of the compounds
indicate that the majority may not be toxic, as indicated by AMES toxicity and maximum
dose (human) predictions. hERG I, which blocks the hERG channel, may cause cardiotoxicity
and oral rat acute toxicity. However, none of the six phytocompounds in this study exhibit
the potential to be hERG channel blockers, suggesting that they may not cause hERG
channel-related cardiotoxicity [319,323].

4.3.4. Biosynthesis of Tepernoid Class

The Euphorbia species contains a diverse array of compounds, including terpenoids,
steroids, fatty acids, and phenolic compounds. Each compound has its own specific
biosynthetic pathway. However, the current study only focuses on the biosynthesis pathway
of terpenoids, as it is the main class of compounds isolated from Euphorbia species. A
schematic diagram of the biosynthesis is presented in Figure 1.
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Figure 1. Terpene biosynthesis in the cytosol through the mevalonate pathway. Starting with
acetyl-CoA, this process produces terpene precursors (isopentenyl pyrophosphate and dimethylallyl
pyrophosphate), serving as building blocks for various terpenes with diverse biological functions.

5. Conclusions and Future Perspective
This review focuses on the medicinal properties of 15 species of Euphorbia, particularly

their potential as alternative treatments for cancer. These plants contain unique compounds
such as triterpenoids, tannins, diterpene esters, and sterols. Several studies have reported
that the Euphorbiacea family contains phytochemicals that lead to the isolation of various
classes of triterpenoids. Some of these triterpenoids include euphol (found in E. trigona,
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E. tirucalli, E. enopla, E. coerulescens, E. ammak, and E. cooperi), cycloartenol, lupeol,
amyrins, taraxerols, friedelin, and tirucallol (found in E. trigona). Tannin classes include
ellagic acid, 1-O-Galloyl-3,6-hexahydroxydiphenyl-β-D-, tri methyl ellagic acid, and
unknown structures tirucallin A and tirucallin B. Sterol classes such as β-sitosterol,
stigmasterol, and obtusifoliol are also present. Diterpernoid classes such as diterpene esters,
12-Deoxy phorbol, phorbol, ingenol, ingenol triacetate, 16-Hydroxy-12-desoxyphorbol, and
12-Deoxyphorbol-13-isobutyrate-16-angelate-20-acetate are also found. These compounds
have shown cytotoxic effects through various mechanisms of action, including cell
proliferation, differentiation, and also apoptosis. Out of all the Euphorbia species studied,
E. trigona had the most anticancer isolated compounds, with a total of 14. E. tirucalli
followed closely behind with 13, E. cooperi had 8, and the others had fewer or none
at all. Other studies have reported promising results, although others have found no
significant inhibitory activity against certain cell lines. The in silico results further revealed
that several Euphorbia-derived top compounds show good cytotoxic potential against
multiple cancer cell lines, indicating anticancer tendency against stomach carcinoma,
kidney carcinoma, skin melanoma, liver hepatoblastoma, lung carcinoma, brain glioma,
colon adenocarcinoma, thyroid carcinoma, etc. Most of these compounds are drug-like,
as indicated by Lipinski screening and Veber parameters, which were derived from
good physicochemical properties. Most of the EDCs were predicted to possess good
pharmacokinetic tendencies, as indited by the ADMET properties.

Therefore, building upon the diverse compounds identified, such as triterpenoids,
tannins, diterpene esters, and sterols, requires further in-depth pharmacological studies
to unravel the precise mechanisms of action and potential synergies among these
compounds. Subsequent clinical trials would be pivotal in assessing the safety and efficacy
of these compounds in human subjects. Additionally, exploring combination therapies
with existing cancer treatments, investigating the bioavailability of isolated compounds,
and identifying new, yet-to-be-evaluated compounds like euphorbin A, euphorbin B
and tirucallin A are crucial areas of focus. Development of optimized formulations,
understanding the factors contributing to variability in study results, and fostering
collaboration between diverse research fields are imperative for advancing the potential
of Euphorbia species in cancer therapeutics. Furthermore, public awareness initiatives and
the integration of ethnobotanical knowledge can contribute to a holistic understanding of
the historical and contemporary significance of these plants in medicinal contexts. This
comprehensive and multidisciplinary approach underscores the need for ongoing research
to harness the full therapeutic potential of Euphorbia species for cancer treatment. Overall,
this report aims to provide scientific credibility to the traditional use of Euphorbia species
for medicinal purposes.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/plants14030469/s1: Figure S1: Illustrations of various medicinal
plants belonging to the Euphorbia genus. S1A: Euphorbia trigona tree and pot plant (source: https:
//tropical.theferns.info/image.php?id=Euphorbia+trigona; https://laidbackgardener.blog/2018/1
2/09/when-a-red-euphorbia-turns-green/ (accessed 6 February 2025)); S1B: Euphorbia ledienii
plant with stem and flowers; S1C: Euphorbia horrida plant with stem and flowers; S1D: Euphorbia
enopla plant with stem and flowers; S1E: Euphorbia coerulescences plant with stem and flowers
(source: https://serreslavoie.com/en/products/euphorbia-coerulescens; https://www.agaveville.
org/viewtopic.php?t=2025 (accessed 6 February 2025)). S1F: Euphorbia cooperi tree and fruits
(source: https://pza.sanbi.org/euphorbia-cooperi (accessed 6 February 2025)); S1G: Euphorbia
tirucalli plant and flower (source: https://za.pinterest.com/pin/298785756510953587/; https://
za.pinterest.com/pin/474426141998696380/ (accessed 6 February 2025)). S1H Euphorbia ammak
tree and flower (source: https://luirig.altervista.org/cpm/albums/bot-units07/euphorbia-ammak1
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6454.jpg (accessed 6 February 2025)); S1I: Euphorbia clavarioides plant with flowers and stem
(source: https://www.inaturalist.org/observations/38217609; https://www.llifle.com/Encyclopedia/
SUCCULENTS/Family/Euphorbiaceae/32951/Euphorbia_clavarioides_var._truncata (accessed 6
February 2025)). S1J: Euphorbia gorgonis plant with flowers and stem (source: https://www.bihrmann.
com/caudiciforms/SUBS/eup-gor-sub.asp (accessed 6 February 2025)). S1K: Euphorbia bupleurifolia
plant with stem and flowers (source: https://davesgarden.com/guides/pf/showimage/238493/#b;
https://planetdesert.com/products/euphorbiabupleurifolialarge (accessed 6 February 2025)). S1L:
Euphorbia polygona plant with stem and flowers (source: https://www.biodiversityexplorer.info/
plants/euphorbiaceae/euphorbia_polygona.htm (accessed 6 February 2025)). S1M: Euphorbia Arabica
plant with stem and flowers (source: https://www.zimbabweflora.co.zw/speciesdata/species.php?
species_id=136210; https://www.biodiversityexplorer.info//plants/euphorbiaceae/images/1362
10-2_658w.jpg (accessed 6 February 2025); S1N: Euphorbia ferox plant with stem and flowers (source
https://planetdesert.com/products/euphorbia-ferox-cactus-cacti-real-succulent-plant; https://www.
cactofili.org/specie.asp?gen=euphorbia&sp=ferox (accessed 6 February 2025)). S1O: Euphorbia stellate
plant with stem and flowers (source: https://worldofsucculents.com/euphorbia-stellata/#google_
vignette (accessed 4 April 2024); https://www.cactofili.org/specie.asp?gen=euphorbia&sp=stellata
(7 February 2025). Table S1. Compounds with high cytotoxic probability against 3 or more cancer cell
lines. Table S2. Physicochemical parameters and solubility tendency.
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