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1. Introduction various physiological functions (Kapoor et al.,

In recent years, there has been growing interest in
exploring the PUFAs present in medicinal plants
due to their potential health benefits (Rizzo et al.,
2023). This review aims to summarize the current
knowledge regarding the presence, distribution,
and therapeutic potential of polyunsaturated fatty
acids (PUFAs) in various medicinal plants.
PUFAs are a category of fatty acids that play
critical roles in human health and are essential for

2021). These fatty acids possess multiple double
bonds in their carbon chain, which differentiates
them from saturated and monounsaturated fatty
acids. PUFAs can further be classified into
omega-3 (n-3) and omega-6 (n-6) fatty acids
based on the location of the first double bond
counting from the methyl (omega) end of the
hydrocarbon chain (Calder & Yaqgoob, 2009).
PUFAs are not synthesized by the human body
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and must be obtained from dietary sources. While
marine sources, such as fish and algae, are well-
known for their high content of omega-3 PUFAs,
medicinal plants also serve as valuable sources of
these important fatty acids. Omega-6
polyunsaturated fatty acids (PUFAS) are a type of
essential fatty acids that play a crucial role in
maintaining overall health and well-being. While
omega-6 PUFASs such as dihomo-jlinolenic acid
(DGLA), alpha-linoleic acid (LA) and
arachidonic acid (AA), typically associated with
sources like vegetable oils and seeds, several
medicinal plants also contain significant amounts
of these beneficial fatty acids (Simopoulos,
2002). Omega-3 PUFAs, including a-linolenic
acid (ALA), eicosapentaenoic acid (EPA), and
docosahexaenoic acid (DHA), have garnered
significant attention due to their potential health-
promoting properties. These fatty acids are
known for their involvement in crucial
physiological processes, including cellular
signaling, anti-inflammatory responses, brain
function, and cardiovascular health (Mozaffarian
& Wu, 2011). In contrast, omega-6 PUFAs, such
as LA and AA are also essential for maintaining
proper bodily functions, playing key roles in
hormone synthesis, immunity, and cell membrane
integrity. Medicinal plants have been recognized
throughout various traditional medicinal systems
for their therapeutic properties, and recent
scientific studies have begun to unravel the
mechanisms behind these effects (Nyakudya et
al., 2020). It has become evident that PUFAs
derived from medicinal plants contribute
significantly to the health benefits, making them
a topic of increasing interest within the field of
medicinal plants (Freije et al., 2013). In this
review paper, we aim to explore the therapeutic
potential of PUFAs derived from medicinal
plants, focusing on their anti-inflammatory,
antioxidant, neuroprotective, cardiovascular
protective, and anticancer properties. We will
discuss specific medicinal plants that are rich in
PUFAs and have been extensively studied for

their impact on human health. Understanding the
role of PUFAs in promoting human well-being is
of great significance, as it opens avenues for the
development of natural interventions and
therapeutic approaches. By exploring the rich
composition of PUFAs in medicinal plants, we
can further harness their potential in preventive
healthcare and complement existing treatments.
Therefore, this review aims to provide valuable
insights into the health benefits of PUFASs derived
from medicinal plants.

2.Classification and Sources of PUFAs:

Polyunsaturated fatty acids (PUFAs) can be
classified into omega-3 (ALA, EPA and DHA)
and omega-6 (LA, DGLA, ARA) categories.
Omega-3 PUFAs, found abundantly in fish oil,
algae, flaxseed, and chia seeds, are known for
their anti-inflammatory properties and potential
cardiovascular benefits. Omega-6 PUFAs are
commonly found in vegetable oils, such as
soybean oil and sunflower oil, and play crucial
roles in cell signaling and immune function. For
instance, the seeds of the evening primrose plant
(Oenothera biennis) are a notable source of
omega-6 fatty acids, particularly GLA. GLA has
anti-inflammatory properties and may aid in
managing conditions like rheumatoid arthritis and
eczema (Calder, 2010; Majdinasab et al., 2018).
Also, Borage (Borago officinalis) is an herb
known for its edible leaves and beautiful blue
star-shaped flowers. It contains significant
amounts of GLA, making it beneficial for skin
health and reducing inflammation (Naghdi Badi
etal., 2007; Montaner et al., 2021). Black currant
(Ribes nigrum) seed oil is a popular supplement
due to its high content of omega-6 GLA. It has
been studied for its potential role in supporting
heart health and reducing vascular inflammation
(Bakowska-Barczak et al., 2009; Piskernik et al.,
2018). ALA can be found in Hemp (Cannabis
sativa) seeds and hemp oil. They are excellent
sources of omega-6 PUFASs, specifically ALA.
ALA can be converted by the body into other



omega-6 fatty acids as needed. Hemp also
provides a balanced ratio of omega-3 to omega-6
fatty acids (Petrovic et al., 2015)

3.Extraction and Analysis of PUFAs from
Medicinal Plants:

Various extraction methods such as solvent
extraction and super critical fluid Extraction are
used to separate the polyunsaturated fatty acids
(PUFAs) from medicinal plants (Ferdosh et al.,
2022). Also, gas chromatography (GC) (Osw et
al., 2017), high-performance  liquid
Chromatography (HPLC) and mass spectrometry
(MS) are commonly used techniques for analysis
of PUFAs (Freije et al., 2013; Daga et al., 2021).
Solvent extraction involves using a solvent to
dissolve the PUFAs from the plant material. One
popular method is soxhlet extraction, which uses
a continuous cycle of solvent evaporation and
condensation to extract the PUFAs. The
supercritical fluid extraction involves using
supercritical fluids, typically carbon dioxide, as
the solvent. Under specific conditions of
temperature and pressure, carbon dioxide
becomes a supercritical fluid with properties of
both a liquid and a gas. This technique is valued
for its ability to extract high-quality PUFAs
without leaving behind any solvent residues
(Devi et al, 2019). Once the PUFAs are
extracted, they can be quantified and identified
using various analytical techniques. GC is a
common method for analyzing fatty acid
composition. It involves vaporizing the PUFAs
and separating them based on their volatility in a
gas  chromatograph, providing  precise
guantitative data on the different fatty acids
present (Chiu et al., 2020). Also, HPLC is another
technique used to separate and quantify different
compounds, including PUFAs. It employs a
liquid mobile phase and a stationary phase to
separate the PUFAs based on their chemical and
physical properties (Carvalho et al., 2012).
Moreover, GC-MS is a powerful analytical
technique that enables the identification and
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quantification of PUFAs based on their molecular
masses. Mass spectrometers ionize the PUFAS
and separate them based on their mass-to-charge
ratios, providing detailed information about their
structures (Saini et al., 2014).

4. Therapeutic Potential of PUFAs in
Medicinal Plants:

PUFAs derived from medicinal plants exhibit a
wide range of therapeutic properties, making
them of great interest in the field of natural
medicine. Some key therapeutic activities
associated with these compounds include:

4-1. Anti-inflammatory activity:

PUFAs, particularly omega-3 fatty acids, have
shown promising anti-inflammatory effects by
modulating inflammatory pathways and reducing
the production of pro-inflammatory molecules
(Shahrajabian & Sun, 2023). Medicinal plants
rich in omega-3 fatty acids, such as flaxseed
(Linum  usitatissimum), purslane (Portulaca
oleracea), and black currant (Ribes nigrum)
(Savikin et al., 2013; Lee & Lee, 2019), have
been studied for their potential anti-inflammatory
benefits.  Inflammation is a  complex
physiological response generated by the immune
system to protect the body against infection,
injury, or harmful stimuli (Gonzalez-Castejon et
al., 2012). However, chronic inflammation can
lead to various diseases, including cardiovascular
disorders, autoimmune  conditions, and
neurodegenerative disorders. PUFAs derived
from medicinal plants have been found to exhibit
potent anti-inflammatory properties, offering a
natural approach to modulate inflammation and
potentially prevent or treat related diseases
(Tabart et al., 2012). The anti-inflammatory
activity of PUFAs is primarily attributed to their
conversion into specialized  pro-resolving
mediators (SPMs) (Calder, 2010). SPMs, such as
resolvins, protectins, and maresins, are derived
from omega-3 PUFAs and are involved in
actively resolving inflammation and promoting
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tissue repair. These SPMs exert their effects by
regulating various cellular processes, including
immune cell recruitment, cytokine production,
and oxidative stress (Serhan, 2005). Omega-3
PUFAs, such as EPA and DHA, have been
extensively studied for their anti-inflammatory
effects. These fatty acids inhibit the synthesis of
pro-inflammatory molecules, such as
prostaglandins, leukotrienes, and cytokines, by
competing with omega-6 fatty acids, such as
arachidonic acid (AA), for enzymatic conversion
pathways. By reducing the production of these
pro-inflammatory mediators, omega-3 PUFAs
help to dampen the inflammatory response
(Recchiuti & Serhan, 2012). Medicinal plants
rich in omega-3 PUFAs, such as flaxseed, chia
seeds (seeds of Salvia hispanica), and hemp seeds
(seeds of Cannabis sativa), have been
investigated for their anti-inflammatory potential.
For example, flaxseed, which contains a high
amount of alpha-linolenic acid (ALA), the
precursor of EPA and DHA, has been shown to
reduce inflammation markers in various studies
(Bassett et al., 2009; Rahimlou et al., 2019; Li et
al., 2023). Similarly, chia seeds, renowned for
their omega-3 content, exhibit anti-inflammatory
effects by modulating inflammatory markers and
reducing the activity of inflammatory enzymes
(Nieman et al., 2009). In addition to omega-3
PUFAs, omega-6 PUFAs, such as gamma-
linolenic acid (GLA) found in medicinal plants
like evening primrose oil (Timoszuk et al., 2018)
and borage oil (De Haro et al., 2002), also play a
role in inflammation modulation (Barre, 2009).
GLA is converted into dihomo-gamma-linolenic
acid (DGLA), which competes with AA for
enzymatic conversion. By increasing the
proportion of DGLA, the synthesis of pro-
inflammatory eicosanoids derived from AA is
reduced, thus exerting anti-inflammatory effects.
Furthermore, PUFAs have been shown to impact
immune cell function. PUFAs can modulate the
activity of immune cells, such as macrophages,
lymphocytes, and dendritic cells, by altering their

phenotype and function. This modulation leads to
a shift towards an anti-inflammatory profile,
resulting in reduced inflammation within the
body. PUFAs also suppress the activation of
nuclear factor-kappa B (NF-kB), a key regulatory
protein involved in the transcription of pro-
inflammatory genes (Calder, 2017).

4-2. Antioxidant potential of PUFASs in
medicinal plants:

PUFAs serve as important antioxidants,
protecting the body against oxidative stress and
free radical damage. Medicinal plants such as sea
buckthorn (Hippophae rhamnoides) and grape
seed (Witis vinifera) contain PUFAs with potent
antioxidant properties, contributing to their
therapeutic effects in various conditions (Fatima
et al., 2012; Luntraru et al., 2022). They act by
reducing oxidative stress and inflammation by
neutralizing free radicals and preventing cellular
damage. Polyunsaturated fatty acids found
abundantly in grape seed oil are potent
antioxidants. They can scavenge free radicals and
reduce inflammation in the body, providing
protective effects against chronic diseases like
cardiovascular conditions, neurodegenerative
disorders, and certain cancers (Garavaglia et al.,
2016). Several medicinal plants such as chia
seeds oil contain PUFAs with significant
antioxidant potential. Incorporating PUFAs from
medicinal plants into a balanced diet can
contribute to the body's antioxidant defenses and
help reduce oxidative stress, inflammation, and
the risk of chronic diseases (Sargi et al., 2013).
Evening Primrose (Oenothera biennis) seeds
contain high levels of GLA, an omega-6 fatty acid
with  antioxidant and  anti-inflammatory
properties. It has been wused in traditional
medicine to alleviate symptoms of inflammation-
related conditions like eczema and rheumatoid
arthritis (Farag et al., 2023). Black Currant (Ribes
nigrum) seed oil is rich in omega-3 and omega-6
fatty acids, including ALA and GLA. These fatty
acids contribute to its antioxidant and anti-
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inflammatory effects, making it beneficial for
cardiovascular  health and inflammatory
conditions (Oczkowski, 2021). Hemp (Cannabis
sativa) seeds and oil are a valuable source of
omega-3 and omega-6 fatty acids. These PUFAS
contribute to its antioxidant properties,
supporting  overall health and wellness
(Rupasinghe et al., 2020).

4-3. Neuroprotective effects:

Many medicinal plants rich in PUFAs also
possess  significant antioxidant  properties
(Miquel, 2008). Antioxidants help protect the
brain against oxidative stress, a process that can
lead to neuronal damage. By neutralizing harmful
free radicals, medicinal plants containing PUFAS
can reduce oxidative damage and preserve the
integrity of brain cells. Chronic inflammation in
the brain can contribute to neurodegenerative
diseases. PUFAs found in medicinal plants
possess anti-inflammatory properties, which help
reduce inflammatory responses in the brain. By
modulating inflammation, these PUFAs can
protect neurons from damage and support overall
brain health (Wang et al., 2016). PUFAs are
crucial components of cell membranes in the
brain and play a vital role in neuronal signaling.
They facilitate efficient communication between
neurons, thereby supporting optimal brain
function. This enhanced signaling aids in
cognitive processes like learning, memory, and
overall brain performance (Navaie et al., 2018).

4-4. Cardiovascular protection:

PUFAs found in certain medicinal plants have
been associated with cardiovascular protection
and maintaining heart health (Recchiuti &
Serhan, 2012). Some medicinal plants rich in
omega-6 PUFAs include evening primrose oil,
borage oil, and flaxseed oil. Omega-6 PUFAs
contribute to cardiovascular protection by
reducing LDL cholesterol levels (the "bad"
cholesterol) and improving blood vessel function
(Jiang et al., 2022). PUFAs found in medicinal
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plants also exhibit antioxidant and anti-
inflammatory properties. By neutralizing free
radicals and reducing inflammation, they protect
the cardiovascular system from oxidative stress
and inflammation-induced damage. These actions
contribute to the maintenance of healthy blood
vessels and the prevention of cardiovascular
diseases (Alipoor et al., 2012).

4-5. Anticancer properties:

Some medicinal plants containing PUFAs have
demonstrated anticancer properties, inhibiting
tumor growth and promoting apoptosis in cancer
cells (Arumugam & Ramesh, 2011). Examples
include evening primrose (Oenothera biennis)
(Timoszuk et al., 2018) and borage (Borago
officinalis) (Montaner et al., 2021), which are rich
in GLA, an omega-6 PUFA. Omega-6 PUFAs,
such as LA, can also play a role in cancer
prevention and treatment when balanced with
omega-3 PUFAs. Some studies suggest that
specific omega-6 fatty acids, such as GLA, found
in these plants, may have anticancer effects.
However, the overall impact of omega-6 PUFAs
on cancer is complex, as excessive consumption
of certain omega-6 fatty acids may promote
inflammation and tumor progression. Chronic
inflammation and oxidative stress are closely
linked to cancer development. PUFAS possess
anti-inflammatory and antioxidant properties,
which can help counteract these processes. By
reducing inflammation and neutralizing free
radicals, PUFAs contribute to creating an
unfavorable environment for tumor growth and
progression (Arsic et al., 2023).

4-6. Cosmetic applications:

The incorporation of PUFAS in cosmetics offers
invaluable benefits in maintaining and enhancing
the health and appearance of the skin and hair
(Moore et al., 2020). PUFAs, particularly omega-
3 and omega-6, possess remarkable moisturizing,
anti-inflammatory, and regenerative properties
(Bialeketal., 2016). PUFAs help to maintain skin
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barrier integrity, enhance hydration, and reduce
transepidermal water loss when incorporated into
cosmetic formulations such as creams, lotions,
and serums (Manosroi et al., 2019). Moreover,
they contribute to soothing and calming irritated
or inflamed skin, making them suitable for
sensitive or acne-prone skin types. PUFAs also
aid in improving skin elasticity and texture by
promoting collagen synthesis and reducing the
appearance of fine lines and wrinkles (Yao et al.,
2021). Additionally, PUFAs nourish and
moisturize the hair, impart shine, and enhance
manageability, when used in hair care products
(Zanzottera et al., 2017).

5.Conclusion:

PUFAs present in medicinal plants offer a vast
array of potential therapeutic applications. These
natural sources of PUFAs have been studied for
their anti-inflammatory, antioxidant,
neuroprotective, cardiovascular protective and
anticancer properties. Extracting and analyzing
PUFAs from medicinal plants through various
methods provide a rich pool of potential
therapeutic compounds. Continued research in
this field may unlock further insights into the
mechanisms of action and optimize extraction
techniques, ultimately paving the way for the
development of novel preventive and therapeutic
interventions in modern medicine. This review
highlights the significance of PUFAs in
medicinal plants and their potential therapeutic
applications. The diverse range of medicinal
plants serving as natural sources of PUFAs offers
promising opportunities for the development of
novel preventive and therapeutic for various
diseases. Further research is warranted to explore
the mechanisms of action of PUFAs from these
medicinal plants, ultimately enhancing their
potential in modern medicine.
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