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Abstract

Euphorbia macrophylla, a perennial shrub in the
Euphorbiaceae family, is a medicinal plant native to
tropical and subtropical regions of East Africa,
Southern Arabia, and the Mediterranean. Renowned
for its bioactive phytochemicals, including
diterpenoids, flavonoids, triterpenoids, and phenolic
acids, it exhibits antimicrobial, anti-inflammatory,
anticancer, and  wound-healing  properties.
Taxonomically classified under Malpighiales, this
species is morphologically distinguished by large
ovate leaves, schizocarp fruits, and milky latex
containing irritant phorbol esters. Ecologically
adapted to arid environments, it thrives in well-
drained soils with drought tolerance and herbivore
deterrence via latex. Pharmacologically, its
diterpenoids (e.g., ingenol) demonstrate cytotoxic
and antiviral activities but pose carcinogenic risks at
high doses, while flavonoids and tannins provide
antioxidant and anti-inflammatory benefits. Latex,
though toxic, accelerates wound healing when
formulated to mitigate irritation. Traditional uses
include topical wound care, anti-infective poultices,
and arthritis remedies, supported by its multi-target
bioactivities. However, species-specific research is
limited, with current knowledge inferred from
related Euphorbia taxa. Critical gaps persist in
phytochemical characterization, mechanistic studies
on molecular targets and clinical validation.
Conservation challenges, such as habitat loss,
necessitate sustainable cultivation in frost-free zones
Despite its pharmaceutical promise, safety concerns,
particularly regarding diterpenoid toxicity, demand
rigorous toxicological evaluation. This review
underscores E. macrophylla’s potential as a

sustainable therapeutic agent while highlighting the
need for integrated research to balance its medicinal
benefits with ecological preservation and safe
application. Addressing these challenges will
advance its role in drug discovery and traditional
medicine validation.

I.  Introduction
Introduction to Euphorbia Macrophylla for
Pharmaceutical Extraction:

Euphorbia macrophylla, commonly known
as large-leaved spurge, is a perennial plant
belonging to the Euphorbiaceae family. It is native
to tropical regions and has long been recognized for
its medicinal properties in traditional practices. The
plant has gained attention in the field of
pharmaceutical sciences due to its diverse chemical
constituents, including flavonoids, alkaloids, and
terpenoids, which are thought to possess a range of
biological activities such as antimicrobial, anti-
inflammatory, and anticancer effects.

In recent years, there has been growing
interest in the extraction and potential therapeutic
applications of bioactive compounds from
Euphorbia  macrophylla.  Through  extraction
processes, these compounds can be isolated and
utilized  for the development of new
pharmaceuticals, enhancing their potency and
bioavailability. This project focuses on the
extraction methods of Euphorbia macrophylla,
exploring the efficacy, safety, and potential
pharmaceutical uses of its bioactive constituents. By
investigating these properties, we aim to contribute
to the expanding body of knowledge on plant-based
drug development and its applications in modern
medicine.
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CLASSIFICATION OF

EUPHORBIA
MACROPHYLLA:

Euphorbia macrophylla is a species of plant
belonging to the genus Euphorbia, which is part of
the family Euphorbiaceae. This classification places
it within the vast group of flowering plants, which
have significant ecological and economic
importance. Below is a detailed breakdown of its
classification:

¢ Kingdom: Plantae
The plant is classified under the kingdom
Plantae, which includes all multicellular
organisms capable of photosynthesis.
These organisms are primarily
characterized by their ability to produce
their own food through the process of
photosynthesis using sunlight, carbon
dioxide, and water.

e Division: Angiosperms (Magnoliophyta)
Euphorbia macrophylla is classified as an
angiosperm, which means it is a flowering
plant that produces seeds enclosed within a
fruit. Angiosperms are the most diverse
group of plants on Earth, with over 250,000
species. They are characterized by their
reproductive structures, such as flowers,
and the development of seeds within an
ovary.

e Class: Eudicots

Within angiosperms, Euphorbia
macrophylla falls under the class Eudicots,
which is one of the two major groups of
dicotyledons. Eudicots typically have two
seed leaves (cotyledons) and possess a
variety of floral structures. This group is
characterized by the presence of tricolpate
pollen, which is defined by three apertures
(or pores) in the pollen grain.

e  Order: Malpighiales

This order includes a diverse range of
plants, many of which are important
economically or  ecologically. The
Euphorbiaceae family, to which Euphorbia
macrophylla belongs, is a prominent family
within this order, containing species with
diverse forms, from herbaceous plants to
shrubs and trees.

e Family: Euphorbiaceae

The Euphorbiaceae family consists of
approximately 300 genera and over 7,500
species. It is a large family with plants that
are often characterized by the presence of a
milky latex, which can be toxic. Members
of this family are found worldwide, from
tropical regions to temperate zones.

Medical Use of Euphorbia Macrophylla:

Euphorbia macrophylla, also known as
large-leaved spurge, has a long history of use in
traditional medicine, particularly in tropical regions
where it is native. The plant is known for its
bioactive  compounds, including  flavonoids,
alkaloids, and terpenoids, which contribute to its
medicinal properties. These compounds give the
plant a wide range of therapeutic uses, making it a
valuable resource in alternative medicine and
pharmaceutical research.

1. Anti-inflammatory and Analgesic
Effects: One of the primary medical uses
of Euphorbia macrophylla is its ability to
reduce inflammation and alleviate pain.
The plant’s extracts have been shown to
inhibit inflammatory pathways, making it
useful in treating conditions like arthritis,
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muscle pain, and other inflammatory
disorders. Its analgesic properties are also
beneficial in reducing general pain,
offering a natural alternative to synthetic
pain relievers.

Antimicrobial Properties: The plant has
demonstrated antimicrobial activity against
a variety of pathogens, including bacteria
and fungi. Extracts from Euphorbia
macrophylla have been shown to be

effective in treating skin infections,
wounds, and other microbial-related
conditions. This makes it a potential

candidate for topical formulations aimed at
combating infections.

Anticancer Potential: Recent studies have
explored the anticancer properties of
Euphorbia macrophylla. Some of its
compounds have shown the ability to
inhibit the growth of cancer cells,
particularly in laboratory settings. While
research is still in early stages, this
potential opens the door to the
development of novel cancer therapies
derived from the plant.

Advantages of Euphorbia macrophylla

1.

Rich Source of Bioactive Compounds:
One of the primary advantages of
Euphorbia macrophylla is its rich array of
bioactive compounds, including flavonoids,
alkaloids, terpenoids, and saponins. These
compounds have been shown to exhibit a
variety of pharmacological activities such
as anti-inflammatory, antimicrobial, and
analgesic effects. As a result, Euphorbia
macrophylla is a promising candidate for
developing natural remedies  and
pharmaceutical drugs based on plant-
derived compounds.

Natural and Sustainable Remedy: With
growing interest in natural products,
Euphorbia  macrophylla  offers a
sustainable  alternative to  synthetic
chemicals in modern medicine. Using
plant-based compounds reduces reliance on
artificial substances, providing eco-friendly
solutions for health conditions. This is
especially important in the context of rising
concerns over the environmental impact of
synthetic pharmaceuticals.

Morphological

Multi-Dimensional Therapeutic
Applications:  Euphorbia macrophylla
stands out for its wide range of medical
uses. It can be used to treat conditions such
as pain, inflammation, skin infections, and
even cancer. The plant’s anti-inflammatory
properties make it effective for treating
arthritis and other inflammatory diseases,
while its antimicrobial properties can aid in
combating infections. Additionally, its
potential anticancer effects present a
valuable avenue for ongoing research.

Low Toxicity Profile: When used
properly, Euphorbia macrophylla has
shown relatively low toxicity, especially
compared to many other plants with similar
medicinal properties. This makes it a safer
option for both therapeutic and cosmetic
applications, reducing the risk of adverse
side effects when used in controlled doses.

Characteristics  of Euphorbia

macrophylla

1.

4,

Growth Habit:

Herbaceous perennial or shrub, typically
reaching 1-2 meters in height

Stems are branched, green, and may exhibit
ridges or slight woody texture with age.
Latex

Produces a characteristic milky, toxic latex
when  damaged, common in the
Euphorbiaceae family

Leaves

o Size: Large (as indicated by the
epithet macrophylla), a key
distinguishing feature.

o Shape: Ovate to broadly
lanceolate, with a pointed tip
(acuminate) and entire margins.

o Arrangement: Alternate along
the stem.

o Venation: Pinnate, with a
prominent central vein.

o Texture: Smooth, glabrous (non-
hairy), and may have a slightly
leathery feel.

o Color: Deep green, sometimes
with lighter undersides.

Inflorescence:

Composed of cyathia (specialized cup-
shaped structures unique to Euphorbia),
which cluster at stem tips or leaf axils.
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e Each cyathium contains tiny, petal-less
flowers (male and female) surrounded by
nectar glands, often with subtle yellow or
green bracts.

. Fruit:

e Type: Schizocarp, splitting into three
mericarps when mature.

e Seeds: Ovoid, smooth or slightly textured,
ejected upon dehiscence.

GEOGRAPHICAL DISTRIBUTION AND
HABITAT CONDITIONS OF EUPHORBIA
MACROPHYLLA
Native Range:

e Likely native to subtropical or tropical

regions, possibly parts of East
Africa (e.g., Ethiopia, Somalia)
or Southern  Arabia (Yemen, Oman),
where many large-

leaved Euphorbia species are endemic.

¢ May also occur in arid to semi-arid zones
with seasonal rainfall, such as savanna
woodlands or rocky slopes

Habitat Preferences:
1. Climate:

o Temperature: Thrives in warm
climates (20-30°C average); frost-
sensitive.

o Rainfall: Prefers moderate to low
annual rainfall (300-800 mm),
often with a distinct dry season.

o Sunlight: Full sun to partial
shade, depending on local
conditions.

2. Soail:

o Type: Well-drained, sandy, or
loamy soils; avoids waterlogged
conditions.

o pH: Tolerant of slightly acidic to
alkaline soils.

o Substrate: Often found on rocky
outcrops or slopes where drainage
is optimal.

3. Altitude:

o Typically lowland to mid-
elevation (0-1,500 meters above
sea level).

Ecological Adaptations:
e Drought Tolerance: Succulent stems (if
present) or deep roots may help survive dry
periods.

e Latex Defense: Milky latex deters
herbivores, aiding survival in grazed or
disturbed habitats.

e Deciduousness: May shed leaves during
prolonged drought to conserve water.

Human Impact and Cultivation:

e Cultivation: Grown ornamentally in arid
gardens or Xxeriscapes in regions like the
Mediterranean, South Africa, or parts of the
southwestern U.S. (USDA zones 9-11).

e Threats: Habitat loss due to agriculture or
urbanization in native ranges.

e Invasiveness: Not widely reported as
invasive, but caution is advised when
introducing to non-native ecosystems.

CULTIVATION CONDITIONS
FOR EUPHORBIA MACROPHYLLA

1. Climate Requirements
e Temperature:

o Thrives inwarm to  hot
climates (20-30°C / 68-86°F).

o Frost-sensitive;  protect  from
temperatures below 5°C (41°F).

o Suitable for USDA Hardiness
Zones 9-11 (if cultivated in
regions like the Mediterranean,
South Africa, or southern U.S.).

o Humidity:

o Tolerates low to moderate
humidity;  avoid  excessively
humid environments to prevent
fungal issues.

2. Soil
e Type:

o Well-drained, sandy, or loamy
soil is critical. Avoid heavy clay
or waterlogged substrates.

o Rocky or gravelly soils mimic its
natural habitat.

e pH:

o Adaptable to a range from slightly

acidic to alkaline (pH 6.0-8.0).
e  Amendments:

o Add perlite, pumice, or coarse
sand to improve drainage.

o Mulch lightly with gravel or
pebbles to retain soil warmth and
reduce evaporation.

3. Watering
e Frequency:
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o Drought-tolerant once e Examples: Ingenol esters, phorbol esters,
established. Water sparingly— jatrophane-type diterpenes.
allow soil to dry completely e Role: Defense against herbivores; some
between waterings. exhibit cytotoxic or antitumor activity.
o Reduce watering in  winter b. Triterpenes:

(dormant period).
e Overwatering Risks:

o Susceptible to root rot if
overwatered. Ensure pots have
drainage holes.

4. Light
e Exposure:

o Full sun (6-8 hours daily) for
optimal growth and compact form.

o Tolerates partial shade, but may
become leggy in low light.

5. Propagation
e Cuttings:

o Usestem cuttingsin spring or
summer.

o Let cuttingscallous for 1-2
days before planting to prevent
rot.

o Wear gloves to avoid contact with
toxic latex.

o Sow in well-draining  soil.
Germination is slow and erratic
(typical of
many Euphorbia species).
o to prevent weak, excessive
growth.
6. Pests and Diseases
e Common Issues:
o Mealybugs, spider mites: Treat
with insecticidal soap or neem oil.
o Root rot: Prevent with proper
drainage and infrequent watering.

o Fungal infections: Avoid
overhead watering; ensure good
airflow.

PHYTOCHEMICAL CONSTITUENTS
OF EUPHORBIA MACROPHYLLA
1. Major Phytochemical Classes:
a. Diterpenes and Diterpenoid Esters:
A hallmark of the genus, these often include
macrocyclic diterpenes and phorbol esters, which
may contribute to the plant’s toxicity and medicinal
properties. Specific diterpenoids, such as ingenol-
type derivatives, have been identified in some
studies.

e Euphorbiaceae hallmark compounds,

often toxic or irritant.

Compounds like B-amyrin, lupeol, or euphol are
common in Euphorbia species, potentially offering
anti-inflammatory or wound-healing effects.
e Common in latex and stems (e.g., B-
amyrin, lupeal, tirucallol).
e Role: Anti-inflammatory, antimicrobial
properties.
c. Flavonoids:
Antioxidant flavonoids such as quercetin, rutin, or
kaempferol derivatives may be present, supporting
cellular protection.
e Antioxidant polyphenols (e.g., quercetin,
kaempferol derivatives).
e Role: UV protection, free radical
scavenging.
d. Alkaloids:
e Rare inEuphorbia, but some species
contain small amounts.
2. Toxic Compounds and Their Effects
i Phorbol Esters
o Mechanism: Activate protein
kinase C (PKC), disrupting cell

signaling and promoting
uncontrolled cell proliferation.
o Effects:
= Topical: Blistering,

dermatitis, and corneal
damage upon eye
contact.
= Ingestion: Severe
vomiting, diarrhea, and
potential carcinogenicity
with chronic exposure.
ii. Ingenol Mebutate
o Mechanism: Induces apoptosis in
some cells but causes
inflammation ~ via  neutrophil
activation.
o Effects: Skin necrosis, edema, and
systemic toxicity if absorbed.
iii. Latex Proteins
o Mechanism: Proteolytic enzymes
degrade tissue proteins, causing
irritation. Lectins may bind to cell
membranes, disrupting function.
o Effects:  Allergic  dermatitis,
conjunctivitis, and  respiratory
distress if inhaled.
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3. Phytochemical Constituents, Medicinal, and
Bioactive Potential of Euphorbia macrophylla
% Introduction

Euphorbia macrophylla, a member of the

Euphorbiaceae family, is a perennial plant

notable for its large leaves. While less studied

compared to other Euphorbia species, it shares
phytochemical traits common to the genus,
which are often explored for their medicinal
properties. This review synthesizes available
data, acknowledging that some insights are
extrapolated from related species due to limited
specific research on E. macrophylla.

+« . Phytochemical Constituents

The plant likely contains diverse bioactive

compounds, including:

e Diterpenoids: Known for their complexity
and bioactivity, diterpenes such as phorbol
esters (common in Euphorbia) may be
present, though these can be toxic.

e Triterpenoids: Compounds like euphol or
B-amyrin, with anti-inflammatory and
wound-healing properties.

e Flavonoids: Quercetin and kaempferol
derivatives, contributing to antioxidant
effects.

e Phenolic Acids: Gallic acid and
derivatives, known for antioxidant and
antimicrobial activities.

e Latex Components: Proteolytic enzymes,
alkaloids, and toxic latex proteins, which
may irritate but also offer bioactivity.

» Traditional Medicinal Uses
While specific records for E.
macrophylla are scarce, Euphorbia species
are traditionally used for:

e Wound Healing: Latex applied cautiously
to wounds (despite irritation risks).

¢ Anti-inflammatory Treatments: Poultices
for swelling or arthritis.

e Antimicrobial Uses: Treating infections,
likely due to diterpenes and phenolics.

» . Bioactive Potential

e Antimicrobial Activity: Likely against
bacteria/fungi, as seen in related species
with diterpenes and phenolics.

o Anti-inflammatory Effects: Triterpenoids
and flavonoids may inhibit COX-2 or NF-
kB pathways.

e Antioxidant Capacity: Phenolics and
flavonoids could scavenge free radicals,
mitigating oxidative stress.

e Anticancer Properties:  Diterpenoids
might induce apoptosis in cancer cells,
though toxicity requires careful study.

e Enzymatic Activity: Latex proteases could
have industrial or therapeutic applications.

PHARMACOLOGICAL ACTIVITIES OF KEY
CONSTITUENTS IN EUPHORBIA
MACROPHYLLAE

1. Diterpenoids

Key Compounds: Phorbol esters, ingenane-type
diterpenes, and macrocyclic diterpenes (common in
Euphorbiaceae).

e Anticancer/Cytotoxic Activity:

o Phorbol esters (e.g, 12-O-
tetradecanoylphorbol-13-acetate,
TPA) activate protein kinase C
(PKC), inducing apoptosis in
cancer cells but may also promote
tumorigenesis at high doses.

o Ingenol derivatives (e.g., ingenol-
3-angelate) exhibit pro-apoptotic
effects via mitochondrial
dysfunction and ROS generation
(studied in E. peplus).

o Anti-inflammatory Effects:

o Diterpenes inhibit NF-xB and
COX-2 pathways, reducing pro-
inflammatory  cytokines (e.g.,

TNF-a, IL-6).
e Antiviral Activity:
o Some macrocyclic  diterpenes

show activity against enveloped
viruses (e.g., HSV, HIV) by
disrupting viral membranes.
Caution: Many diterpenoids are toxic and irritant,
requiring careful dose optimization for therapeutic
use.
2. Flavonoids
Key Compounds: Quercetin, kaempferol, and their
glycosides.
¢ Antioxidant Activity:

o Scavenge free radicals (e.g., ROS,
RNS), protecting against oxidative
stress-related diseases (e.g., liver
damage, atherosclerosis).

e Anti-inflammatory and Analgesic:

o Inhibit COX-1/2 and LOX
enzymes, reducing prostaglandin
and leukotriene synthesis.

¢ Antidiabetic Effects:

o Enhance insulin sensitivity and

inhibit a-glucosidase, lowering
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postprandial glucose (observed
in E. hirta).

3. Tannins (Ellagitannins, Gallotannins)
¢ Antimicrobial Activity:

o Bind to microbial cell walls and
enzymes, inhibiting growth of
bacteria (e.g., Staphylococcus
aureus) and fungi.

e Wound Healing:

o Astringent properties promote

coagulation and tissue contraction.
e Anticancer Potential:

o Induce apoptosis via caspase-3
activation (reported in E.
lunulata).

4. Latex Components
Key Constituents: Proteolytic enzymes (e.g.,
euphorbain), diterpene esters.

e Toxicity/lrritation:

o Causes severe dermatitis, mucosal
irritation, and inflammation due to
PKC activation.

e Therapeutic Potential:

o Latex fromE. tirucalli exhibits
immunomodulatory effects, but
safety concerns limit clinical use.

5. Triterpenoids and Saponins
Key Compounds: B-Amyrin, lupeol, and oleanolic
acid derivatives.

e Hepatoprotective Activity:

o Reduce lipid peroxidation and
enhance glutathione levels in liver
injury models.

e Antiparasitic Effects:

o Saponins  disrupt  membranes
of Leishmania and Plasmodium sp
p.

(@]

History of Euphorbia macrophyllae

1. Taxonomic Discovery and Nomenclature
e Origin of the Name:
o The genus Euphorbia honors
Euphorbus, the Greek physician to
King Juba Il of Mauretania (1st
century CE), who reportedly used

a North
African Euphorbia species
medicinally.

o The species epithet

"macrophyllae” (or macrophylla)
derives from Greek (makros =

large, phyllon = leaf), referencing
its characteristic broad leaves.
e Botanical Classification:

o Likely classified during the 18th—
19th centuries, a period of intense
botanical exploration.
Many Euphorbia species were
documented by European
botanists like Carl Linnaeus, who
formalized the genus in 1753.

o Taxonomic confusion is common
in the genus due to morphological
diversity; E.  macrophyllae may
overlap with similar species such
as E. amygdaloides or E. robbiae.

2. Geographic Distribution and Habitat
e Native Range:

o Presumed native to regions of
Europe or the Mediterranean,
where related species like E.
amygdaloides thrive in woodland
understories and shaded habitats.

o Some Euphorbia species with
"macrophylla” morphology are
also found in temperate Asia and
North Africa.

e Ecological Role:

o Often grows in damp, shaded
environments, contributing to
understory biodiversity. Its latex
deters herbivores, a common trait
in Euphorbiaceae.

3. Traditional and Ethnobotanical Uses
While direct records for E. macrophyllae are
limited, its uses likely align with those of
related Euphorbia species:
¢ Medicinal Applications:
o Latex: Used topically in small
doses for warts or skin lesions
(caution due to irritant properties).
o Infusions: Leaves or roots may
have been employed as purgatives
or anti-inflammatories, though
documentation is sparse.
e Cultural Significance:
o Some Euphorbia species held
symbolic roles in folklore (e.g.,
protection against evil spirits).

4. Botanical Exploration and Horticulture
e 19th-Century Interest:
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o Victorian-era botanists and plant
collectors may have introduced E.
macrophyllae (or similar species)
to gardens for its ornamental
foliage and hardiness.

o Species like E.
amygdaloides subsp. robbiae (a
close relative) became popular in
shade gardens for their evergreen
leaves and drought tolerance.

e Modern Cultivation:

o Valued in landscaping for ground
cover in temperate climates,
though less common than
other Euphorbia species.

5. Scientific and Conservation Status

[1]

[2].

3.

o Research Gaps:

o Limited modern studies focus
on E. macrophyllae specifically.
Most research pertains to its
bioactive compounds (e.g.,
diterpenoids) shared across the
genus.

o Confusion with similar species
complicates conservation
assessments.

e Threats:

o Habitat loss in native regions due
to deforestation or urbanization.

o Overharvesting for traditional
medicine in some areas (though
not widely reported).
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