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Maharashtra, India. Ayurveda is considered the oldest known medical system. It is believed
to be a part of the atharavaveda, a sacred Hindu text from around 1000
B.C. Ayurvedic texts are extensive and detailed, containing descriptions of many plants and

their medicinal uses. Changes in geography and biodiversity in the Indian subcontinent have
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led to the use of many different plants and natural resources for health care. These resources

have played a significant role in the traditional Indian system of medicine.!"

Peganum harmala, commonly known as "Harmal” or "Syrian Rue,” is a plant from the
Zygophyllaceae family, indigenous to the arid and semi-arid regions stretching from the
Mediterranean to Central Asia. This plant has garnered significant attention due to its
extensive use in traditional medicine systems such as Ayurveda and Unani and its rich
phytochemical profile. Historically revered in various cultures, particularly in the Middle
East and South Asia, P. harmala has been utilized for its purported therapeutic properties,
which include analgesic, anti-inflammatory, antibacterial, and antiprotozoal effects. The
plant's significance extends beyond traditional uses; modern pharmacological studies have

begun exploring its potential applications in treating various medical conditions.!?!

Geographical Distribution

Peganum harmala is native to dry and semi-arid areas ranging from the Mediterranean to
Central Asia, including Mongolia Kashgaria, Tsaidam, Dzungaria, and Tibet.! This drought-
tolerant plant grows in North Africa, the Middle East, Turkey, Pakistan, India, Iran,
Kazakhstan, Mexico, South America, and some other countries. In addition to P. harmala, two
more species, P. nigellastrum and P. multisectum, are becoming known for their health
advantages. These species are typically found in northern China, mainly in Xinjiang
Province, Mongolia, and Russia, and play an important role in desert ecosystems. Meanwhile,
P. mexicanum is widely distributed in the United States and Mexico.!"

Botanical Description

Harmal is a perennial plant that usually grows in dry soil. The plant blooms in the Northern
Hemisphere from June to August, with white flowers measuring 2.5 to 3.8 cm in diameter.
The seed capsules are spherical, 1 to 1.5 cm broad, have three chambers and each contain

more then 50 seeds.™

Table 1: The Botanical classification of P. harmala.

Kingdom | Plantae
Division | Angiospermae
Class Dicotyledonae
Family | Zygophyllaceae
Order Sapindales
Genus Peganum
Species | Harmala
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Table 2: Vernacular names of P. harmala.

Hindi Haramala

English Harmal or Syrian Rue
Sanskrit Harmala, Soma
Marathi Harmala

Bengali Ishbandh

Tamil name | Simaiyalavinai
Telugu name | Seemagoria vittulu

MORPHOLOGY
a) Plant Habit
Peganum harmala is a perennial herbaceous plant that typically grows to a height of 30-

60cm. It has a bushy appearance with multiple branching stems.!®!

b) Leaves

The leaves are alternate and non-glandular.

They can be either entire (smooth-edged) or irregularly multifold (having multiple folds or
lobes).

The leaves are equipped with setaceous (bristle-like) stipules.”

c) Flowers
Flowers are solitary and appear on subterminal leaf-opposed pedicels.
The flowers are white, making them easily distinguishable.

Each flower has 4-5 sepals and 4-5 petals.

d) Sepals
The sepals are narrow and often leaf-like and pinnatifid (divided in a feather-like manner).

They open in aestivation (before the flower fully blooms) and remain persistent on the plant.

e) Petals
The petals are subequal (almost equal in size) and imbricate (overlapping each other).

f) Reproductive Structures

The disk is either annular (ring-shaped) or cup shaped.

There are twelve-fifteen stamens inserted at the base of the disk, with some stamens lacking
anthers.

The filaments of the stamens are dilated at the base, and the anthers are linear in shape.
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g) Ovary

The ovary is globose (spherical) and deeply 2-3 lobed.

It is two-three celled, with ovules in each cell.

The ovules are suspended by short funicles (stalks) from the central angle of the ovary.

h) Style
The style is basal (located at the base of the ovary), twisted, and has 2-3 keels (ridges) in the

middle, which are stigmatose (bearing the stigma).

i) Fruit
The fruit is globose and can be either dry and dehiscent (splitting open) with 3 valves or
baccate (berry-like) and indehiscent (not splitting open).

Each fruit contains multiple seeds.

Jj) Seeds
The seeds are angled, with a soft scrobiculate (having small, rough projections) testa (seed
coat).

They have fleshy albumen (nutritive tissue) and a curved embryo.

Microscopic Characteristics

Leaf Anatomy

o Epidermis: The leaves possess a single layer of epidermal cells that are covered with a
thin cuticle. Stomata are present on both the surface (amphistomatic), though more
numerous on the lower surface. The epidermal cells are polygonal in shape and lack
trichomes (hair-like structures).

e Mesophyll: Mesophyll is divided into palisade and spongy parenchyma. Palisade cells
are columnar, densely packed, and found below the top epidermis. Spongy parenchyma,
located below the palisade layer, is made up of loosely distributed cells with vast

intercellular gaps.”

Stem Anatomy
e Epidermis: The stem epidermis is composed of a single layer of cells covered by a

cuticle. Stomata are sparsely distributed.

www.wiprnet | Vol 14, Issue 15,2025. |  1SO 9001: 2015 Certified Journal | 1436



Aditi et al. World Journal of Pharmaceutical Research

o Cortex: The cortex consists of several layers of parenchyma cells. There are also
collenchyma cells present beneath the epidermis, providing mechanical support.

e Vascular Bundles: The vascular bundles are collateral and open, arranged in a ring.
Xylem is oriented towards the inner side, while phloem is towards the outer side.

e Pith: The pith is made up of large, thin-walled parenchyma cells located at the center of
the stem.™"!

Root Anatomy

o Epidermis: The root epidermis is a single layer of cells without a cuticle.

o Cortex: The cortex consists of several layers of parenchyma cells, with large intercellular
spaces. Endodermis is present, characterized by Casparian strips.

e Vascular Cylinder: The vascular cylinder is surrounded by the pericycle. Xylem and
phloem are arranged in a radial pattern. The xylem is star-shaped, with phloem situated
between the arms of the xylem.!*!

Flower Anatomy

o Sepals and Petals: The epidermis of sepals and petals consists of a single layer of cells
covered by a cuticle. Both sepals and petals have parenchyma cells and vascular bundles.

e Stamens: The stamens have an epidermal layer, followed by parenchyma. The anther
wall consists of epidermis, endothecium, middle layers and tapetum. Pollen grains are
typically tricolporate (having three furrows or pores).

e Ovary: The ovary wall consists of an outer epidermis, a mesophyll layer with vascular
bundles, and an inner epidermis. Ovules are anatropous (inverted) and bitegmic (having

two integuments).[*?

Phytochemistry

Peganum harmala is a rich source of various bioactive compounds. The primary bioactive
compounds found in this plant are the beta-carboline alkaloids, including harmine, harmaline,
harmalol, and tetrahydroharmine. The seeds, in particular, are renowned for their high
alkaloid content, including harmine, harmaline, and harmalol. These beta-carboline alkaloids
are responsible for many of the pharmacological properties attributed to the plant. Harmine
and harmaline are prominent in the seeds, contributing to their hallucinogenic and medicinal
properties. The seeds also contain other alkaloids such as tetrahydroharmine and harman,

albeit in lower concentrations.!**!
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Besides alkaloids, Peganum harmala contains a variety of other phytochemicals such as
flavonoids, anthraquinones, quinazoline derivatives, and various fatty acids. Flavonoids like
vasicine and vasicinone contribute to the plant's anti-inflammatory and bronchodilator
effects. The presence of quinazoline alkaloids, including peganine and deoxyvasicine, further
enhances its medicinal value, particularly for respiratory conditions and reproductive
health.[**°]

The aerial parts of the plant, such as the leaves and stems, contain flavonoids and other
phenolic chemicals. These chemicals are recognized for their antioxidant capabilities, which
help the plants scavenge free radicals and protect and resist oxidative stress. Furthermore, the
leaves and stems contain modest alkaloids, though in lower proportions than the seeds and

roots.

The flowers of Peganum harmala are also noteworthy for their chemical composition. They
contain a variety of flavonoids, which contribute to the plant’s overall antioxidant activity.
Moreover, the essential oils extracted from the flowers possess aromatic and potentially

therapeutic properties.

Essential oils extracted from Peganum harmala seeds and roots also contain a complex
mixture of volatile compounds like terpenes and phenols, which are responsible for the
plant's distinctive aroma and have potential therapeutic applications in aromatherapy and as
natural insecticides. The phenolic compounds exhibit strong antioxidant properties, which
help scavenge free radicals and protect cells from oxidative stress. The roots of Peganum
harmala also contain significant amounts of these alkaloids, albeit in different proportions
compared to the seeds. In addition to beta-carboline alkaloids, the roots contain quinazoline
alkaloids such as vasicine and vasicinone, demonstrating bronchodilator and anti-
inflammatory properties.[*®!

Overall, Peganum harmala exhibits a complex phytochemical profile, with each part of the
plant containing distinct compounds contributing to its wide range of medicinal and
pharmacological activities. The high concentration of beta-carboline alkaloids in the seeds
and roots underscores their significance in traditional and modern medicine, while the
flavonoids and phenolic compounds in the aerial parts highlight the plant’s antioxidant

potential.
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Table 3: Phytochemicals of P. harmala.

zTg;;)Chem'cal Phytochemicals Plant Part References
Beta-carboline Harmine, Harmaline, Seeds, Roots, [17]
Alkaloids Harmalol, . Leaves, Stems
Tetrahydroharmine, Harman ’
Quinazoline Vasicine, Vasicinone Roots [18]
Alkaloids
Kaempferol, Quercetin, Leaves,
Flavonoids Rutin, Luteolin, Apigenin, | Stems, [19]
Myricetin Flowers
: Phenol, Catechol, Leaves,
Phenolic Hvd . R inol St [20]
Compounds ydroguinone, Resorcinol, ems,
Quercetin, Gallic acid Flowers (20)
Terpenes, Sesquiterpenes,
Essential Oils Monoterpenes, Carvone, Flowers, 21]
Limonene, Terpineol, Seeds
Eucalyptol, Thymol
Tannins Ellagic acid, Gallic acid Leaves, Stems 1221
. . . Leaves, 23
Steroids Beta-sitosterol, Stigmasterol | ¢ koo [23]
Saponins Diosgenin Leaves, Roots 124
Fatty Acids Linol_eic ac!d, Oleic acid, Seeds [25]
Palmitic acid
Amino Acids | Proline, Leucine, Valine Seeds, Leaves [%6]
Other Harmalacidine, Harmidine, | Various parts [27]
Compounds Pegamine, Peganol (general)

Traditional and Medicinal Uses

Ayurvedic Perspective

In Ayurveda medicinal system. P. harmala plant is used as an aphrodisiac, antipyretic in
ayurveda. The plant is associated with emmenagogue and abortifacient properties. The seeds
of this plant are antispasmodic and emetic; and are used in asthma, cough, colic,

dysmenorrhea etc.”?® The rasapanchak (properties) of this plant is shown in Table4.

Table 4: The Rasapanchak of P. harmala.

Sanskrit/English Sanskrit

Rasa/Taste Kashaya
Guna/Physical Property Laghu, ruksha, tikshna
Veerya/ Potency Ushna

Vipaka/ Metabolic Property | Katu

Action and Properties
Peganum harmala balances the vitiated doshas of the body, particularly Kapha and Vata

Dosha. It effectively relieves pain, including earache, and toothache, and aids in wound
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healing. The herb helps alleviate stomach pain and stimulates liver functions, aiding
digestion. It can be used to treat cardiac disorders and purify the blood. Additionally, it is
beneficial for respiratory issues such as asthma, cough, and hiccups. In the realm of
reproductive health, Harmala is used to treat amenorrhea and dysmenorrhea, and it is known
for its aphrodisiac properties. For the skin, it is employed to cure various skin disorders.
Furthermore, it possesses antipyretic properties, helping to reduce fever.[?”

Ethnobotanical Uses

The traditional remedies of China, India, and Iran have traditionally used P. Harmala and its
components. In India, Peganum harmala seeds are used to treat various ailments such as
fever, infections, and digestive disorders. The seeds are ground into a powder and taken with
honey or water to alleviate fever and as an anthelmintic (worm expeller). The plant is burned
as incense to ward off evil spirits and negative energy. The smoke is believed to have
purifying properties and is used in various religious and spiritual ceremonies.>*!

In Persian traditional medicine, Peganum harmala seeds, known as "Espand,” are used to
treat a wide range of ailments including gastrointestinal issues, depression, and neuralgia.
The seeds are often burned, and the smoke is inhaled to relieve headaches and stress.**]
The seeds are also used as a remedy for malaria, fever, and jaundice. A tincture made from
the seeds is commonly used for these purposes.*

In Morocco and Tunisia, Peganum harmala seeds are used to treat skin diseases, rheumatism,
and epilepsy. The seeds are ground and mixed with oil or water to create a paste that is
applied to the affected areas. The plant is also used as an analgesic and anti-inflammatory
agent. A decoction of the seeds is taken orally to relieve pain and inflammation. The plant is

burned to cleanse homes and spaces of evil spirits and to protect against the evil eye.*>3°!

In Central Asian countries such as Uzbekistan and Kazakhstan, Peganum harmala seeds are
used to treat liver diseases, digestive disorders, and as an anthelmintic. The seeds are often
chewed or made into a decoction. The seeds are also used to treat infections and wounds. A
paste made from the seeds is applied topically to promote healing.

In traditional European herbal medicine, Peganum harmala seeds are used as a remedy for

nervous disorders, depression, and as a sedative. The seeds are made into a tincture or
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infusion and consumed for these purposes. The plant is also used for its emmenagogue

properties, helping to stimulate menstrual flow.!*"!

Table 5: raditional uses of Peganum harmala.

Region Traditional Medicinal Uses Drug Form References
Treat fever, infections, digestive disorders Decoptlon and
Infusions.
“Expel worms Ground seeds is
India -Treat respiratory conditions like asthma and used [38]
bronchitis.
. . : Powders and
-Believed to have aphrodisiac properties
Pastes
Treat gastrointestinal issues, depression, Tea and
Middle East | neuralgia Infusion [30]
- Remedy for malaria, fever, jaundice Seed smoke
- . . Tropical
North Treat skin diseases, rheumatism, epilepsy .
. . . applications
Africa - Used as analgesic and anti-inflammatory
Seed extracts
Treat liver diseases, digestive disorders, as an Infu5|o_ns and
. - Decoction [30]
Central Asia | anthelmintic :
. . Tropical
- Treat infections and wounds .
application
Remedy for nervous disorders, depression, as .
. Tinctures and
a sedative P [39]
Europe . infusions
- Used as an emmenagogue to stimulate
Seed extracts
menstrual flow
Strengthen muscle, warm stomach, dispel
Herbal
cold, remove dampness Decoctions
China - Treat weakened muscles and veins, joint [401
discomfort, cough and phlegm, dizziness,
; . Powder
headache, irregular menstruation.
Treat coughs, rheumatism, hypertension, Infusions and [40]
Iran . .
diabetes, asthma. Decoctions
Treat liver diseases, digestive disorders, as an Infu5|o_n and
i L Decoction [40]
Uzbekistan | anthelmintic .
. . Topical
- Treat infections and wounds S
application
Turkey T_reat coughs, rheumatism, hypertension, Decoctions [41]
diabetes, asthma
Tunisia Treat skin diseases, rheumatism, epilepsy Topl_cal .
application
Treat liver diseases, digestive disorders, as an .
. . Infusion and
Kazakhistan | anthelmintic .
. . Decoction
- Treat infections and wounds

PHARMACOLOGICAL ACTIVITY
Antibacterial Activity
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Research has investigated the antibacterial effects of various parts of P. harmala such as the
seeds, roots, flowers, leaves, and stems. Among these parts, extracts from the seeds and roots
have shown the strongest antibacterial activity. They are effective against both Gram-positive
bacteria like Bacillus cereus, Staphylococcus aureus, and Streptococcus pyogenes, as well as
Gram-negative bacteria such as Pseudomonas aeruginosa, Escherichia coli, and Salmonella
typhi. This suggests that P. harmala could potentially be used to combat infections caused by
these bacteria.l*

Antiprotozoal Activity

Peganum harmala shows promising effectiveness against protozoa, including those that
cause malaria. There is also evidence suggesting it can combat drug-resistant protozoa. For
treating conditions like laryngitis, it is administered as a decoction. One of the chemicals
contained in Peganum harmala, vasicine(pegamine), has been identified as safe and effective
against Leishmania donovani, a protozoan parasite that causes visceral leishmaniasis which
can be fatal if untreated. These findings indicate potential therapeutic applications of

Peganum harmala in treating protozoal infections and related diseases.[*!

Antidepressant Activity

Harmaline and harmine, two beta-carboline alkaloids present in Peganum harmala, have
been found to have antidepressant and anxiolytic properties. Harmaline, in particular, is a
reversible inhibitor of MAO-A, which can lead to increased levels of neurotransmitters such
as serotonin, dopamine, and norepinephrine. Although harmine has not been used as an
antidepressant in humans, its potential antidepressant effects have been explored in
preclinical studies. The alkaloids are regarded promising sources of novel pharmaceuticals,

particularly for their neurotropic and depressive properties.[***%!

Pain Relief Activity

Peganum harmala has been used to manage various types of pain, including sciatica, joint
pain, coxalgia, chronic headache, and toothache. In traditional Iranian medicine, Harmal is
used to treat pain and discomfort, and its seeds are often mixed with honey to treat fever and
colic pain. The analgesic effects of Peganum harmala are attributed to the presence of
bioactive compounds such as harmaline, harmine, harman, harmol, and harmalol, which
interact with various neurotransmitter receptors and have anti-inflammatory and antioxidant
properties. Peganum harmala has been traditionally used for its analgesic properties, which

are attributed to the presence of bioactive compounds and their interactions with
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neurotransmitter receptors. Its analgesic effects have been demonstrated in various animal

models and have been compared to those of standard analgesics."®*"

Anti-inflammatory Activity

The plant extracts have anti-inflammatory properties, making them effective in the treatment
of arthritis and rheumatism. In both laboratory and animal investigations, extracts from p.
harmala shown substantial antioxidant and anti-inflammatory properties. These findings
confirm the plants traditional use for therapeutic purposes in numerous countries.*®!
Anti-Tumor Activity

Many natural compounds, called alkaloids, such as camptothecin, vincristine, and ellipticine,
are powerful cancer-fighting agents. These alkaloids, which are the main active ingredients in

the plant Peganum harmala, kill cancer cells through various biochemical methods.™"!

Research has shown that harmine and its derivatives can increase the levels of CD95, a
[50]

receptor that triggers cell death when activated.
The compounds' ability to kill tumors may involve both "intrinsic™ and "extrinsic" pathways
that lead to cell death by activating certain enzymes called effector caspases. Harmol, one of
these compounds, activates caspase-3, caspase-8, and caspase-9, along with causing the
breakdown of a protein called poly-(ADP-ribose)-polymerase. Moreover, harmaline, another
compound, can cause necrosis, a form of cell death that results in the release of enzymes from

parts of the cell called lysosomes, which can partially digest the cell's DNA.F-%%

Cardiovascular Activity

Huang et al. investigated the therapeutic effects of harmine on cardiac hypertrophy using a
spontaneous hypertension rat model. Wistar-Kyoto rats received a diet containing 0.05%
harmine (approximately 50 mg/kg/day) for 12 weeks. The results showed that harmine
alleviated cardiac hypertrophy induced by pressure overload but did not affect blood
pressure. Harmine lowered the mRNA levels of chemokines (CCL2, CXCL1) and chemokine
receptor-2, which attract inflammatory cells. Harmine inhibits the NF-kB signaling pathway

and reduces pro-inflammatory cytokine levels in the heart.!

Immune System Effect
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In several investigations, beta-carboline alkaloids contained in P. harmala have been shown
to modulate the immune system. This plant extract has anti-inflammatory effects, suppressing
PGE2 (100 pg/mg) and TNF-a (10 pg/mg).>*

Neuropsychological Activity

The aerial parts of the P. harmala plant are traditionally used as medicine to enhance memory
and alleviate neurodegenerative diseases. Studies have shown that the plant and its alkaloids
effectively inhibit acetylcholinesterase (AChE) and butyrylcholinesterase (BChE), enzymes
that, when inhibited, can improve learning and memory in animal models.™
Nephroprotective Activity

Niu et al. investigated the impact of harmine on lipopolysaccharide-induced acute kidney
injury in male Kunming mice. The mice received harmine intragastrically at doses of 25 or 50
mg/kg for five days. Harmine reduced blood urea nitrogen (BUN) and creatinine levels in a
dose-dependent manner, with the 50 mg/kg dose significantly lowering serum cystatin C
levels. Overall, Harmine reduces acute kidney injury by blocking the TLR4-Nf-kB and

NLRP3 signaling pathways.!

Others

Results of other studies revealed that P. harmala extracts and isolated secondary metabolites
exhibited antidiabetic, diuretic, vasorelaxant, antiparasitic, acaricidal, hepatoprotective, and
wound healing activities.’*® Table no.6 presents the pharmacological activities of Peganum
harmala clearly and concisely, highlighting the parts used, their modes of action and the

details of various studies.

Table 6: Pharmacological activity of P. harmala.

S.no Phqr_macologmal Part Mode Of Action Model/Study Details
activity used
. . Various studies against
Antibacterial Seeds, Effective against Gram- | 5 oy anthracis,

1. L positive and Gram-

Activity Roots . . Staphylococcus aureus,
negative bacteria otc 122
Effective against

Antiprotozoal Whole protozoa, mc_luc.img Qr_ug- Studle_s on malafla,

2. Activity plant resistant strains; vasicine | laryngitis, and visceral
active against Leishmania | leishmaniasis.™’!
donovani

3 Antidepressant Whole | Harmaline and harmine Preclinical studies on

" | Activity plant | act as MAO-A inhibitors, | neurotropic activity and
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increasing antidepressant effects.[**
neurotransmitter levels 4]
Bioactive compounds
;lrgj:gfrta\;lv;mi tter Traditional use for
4. | Pain Relief Activity | Seeds . various pains; studies in
receptors; anti- . [46-47]
. animal models.
inflammatory and
antioxidant properties
Anti-inflammatory | Whole | Strong antioxidant and Labc_)ratory and'a'nlmal
5. . - studies on arthritis and
Activity plant | anti-inflammatory effects - [48]
rheumatism.
Alkaloids activate
5 Anti-Tumor Whole | caspases and other Studies on cancer cell
" | Activity plant | pathways leading to cell | lines and pathways.[***?
death
Animal studies (e.g.,
iiton O s, |00 ) v
7. | Antidiabetic Seeds | glucosidase and reduction g
levels after
of blood glucose levels R
administration of seed
extracts.®®
Harmine inhibits NF-xB
Cardiovascular Whole signaling pathway and Study on hypertensive
8. o suppresses 53
Activity plant : rat model.
proinflammatory
cytokines
Immune System Whole Inh'k."ts inflammatory Studies on immune-
| Effect plant | mediators such as PGE2 | o 1ovory effects
and TNF-a '
Reduction of liver Animal studies (e.g.,_
rats) showed protective
i Seeds, | enzyme levels and .
10. | Hepatoprotective . . effects on the liver
roots | prevention of liver : hemicall
damage against chemica %/9
induced damage.””
Inhibits .
. Studies on memory
. . acetylcholinesterase
Neuropsychological | Aerial enhancement and
11. - (AChE) and .
Activity parts . neurodegenerative
butyrylcholinesterase diseases 59!
(BChE) '
. Inhibits TLR4-NF-«B and | Sdyon
Nephroprotective Whole . i lipopolysaccharide-
12. - NLRP3 signaling . .
Activity plant induced acute kidney
pathways ity in mice [96]
injury in mice.
In vitro studies on
Induction of endothelium- | isolated rat aorta
13. | Vasorelaxant Seeds | dependent and indicated vasorelaxant
independent relaxation effects of seed
extracts.!*”
. Seeds, | Promotion of collagen In vivo studies in animal
14. | Wound Healing .
leaves | synthesis and wound models demonstrated
www.wiprnet | Vol 14, Issue 15,2025. |  1SO 9001: 2015 Certified Journal | 1445




Aditi et al. World Journal of Pharmaceutical Research

contraction accelerated wound
healing and increased
collagen production®®

CONCLUSION

This paper preparation aimed to demonstrate the traditional application and established
pharmacological properties of P. harmala, one of the most widely recognized medicinal
herbs. Based on the most current related studies and to demonstrate its potential to be utilized
as a novel source for the creation of new medications. P. harmala has a variety of
pharmacological effects, including those on the neurological system, the gastrointestinal tract,
the cardiovascular system, and among its many other benefits include antibacterial, antitumor
activity, antiulcer activity, immunomodulatory effects. The beta-carboline alkaloids in P.
harmala are the primary compounds responsible for the majority of the plant's
pharmacological effects. Based on this information, this review offers evidence supporting
the introduction of P. harmala as a safe and effective therapeutic resource for future research.
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