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Synergistic Neuropsychopharmacological Potential of
Peganum harmala and Cucurbita pepo: A Narrative Review
of Mechanisms, Evidence, and Toxicological Cautions
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Department of Medicine, Faculty of Medicine-King Abdulaziz University, Rabigh, SAUDI ARABIA.

ABSTRACT

Neuropsychiatric conditions, including depression and anxiety, pose significant challenges to
global health. These issues are often intensified by the limitations of existing pharmacological
treatments, which may have delayed effects, incomplete responses, and various side
effects. Consequently, there is a growing interest in herbal therapies that provide diverse
neuropharmacological benefits. This narrative review aims to critically analyze the potential
synergistic interaction between Peganum harmala and Cucurbita pepo in influencing
neurobiological pathways associated with mood disorders, drawing on current phytochemical,
pharmacological, and preclinical research. A comprehensive literature review was conducted
utilizing PubMed, Scopus, and Google Scholar to identify studies-both in vitro and in vivo-as well
as mechanistic investigations related to P. harmala and C. pepo. The emphasis was placed on
serotonergic modulation, antioxidant effects, GABAergic regulation, and mitochondrial support.
P. harmala is known to contain B-carboline alkaloids (such as harmine and harmaline) that inhibit
MAO-A enzymes, thereby increasing monoamine levels and modulating GABA-A receptors.
On the other hand, C. pepo contributes tryptophan, magnesium, and antioxidants that aid
serotonin production and offer neuroprotective benefits. While both substances demonstrate
antidepressant- and anxiolytic-like effects individually in animal models, their combined use
has not yet been investigated. Concerns about toxicity primarily relate to P. harmala's potential
neurotoxicity and interactions with serotonergic systems; however, C. pepo is generally regarded
as safe with a substantial safety margin. Although theoretical synergy exists based on mechanistic
evidence, direct empirical validation is currently lacking. The suggested combination of Peganum
harmala and Cucurbita pepo presents an intriguing multi-target approach for mood management.
Nonetheless, the lack of clinical trials, data on in vivo synergy, and assessments of human safety
restricts immediate application of this strategy. Future research should emphasize experimental
validation along with toxicological modeling and Al-assisted formulation techniques to advance
this promising phytotherapeutic idea into practical clinical use.
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Mental health disorders, including depression and anxiety, are  health issues also create significant socioeconomic challenges due

among the primary contributors to global disability, impacting
more than 970 million individuals globally and significantly
affecting both premature death rates and overall quality of life.!
The World Health Organization (WHO) reports that depressive
disorders impact over 280 million people, with a rising incidence

noted in low- and middle-income nations.*” These mental
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to decreased productivity, escalating healthcare expenses, and
societal stigma.® Even with the presence of pharmacological
treatments-particularly Selective Serotonin Reuptake Inhibitors
(SSRIs) and Serotonin-Norepinephrine Reuptake Inhibitors
(SNRIs)-results remain unsatisfactory for a considerable number
of patients.!""!3) Antidepressants typically require 4 to 6 weeks to
produce noticeable effects, with approximately 30% to 50% of
patients experiencing either partial or no response to first-line
therapies.'*!*!  Furthermore, adverse effects such as sexual
dysfunction, weight gain, and emotional numbness frequently
hinder treatment adherence.'” Notably, Treatment-Resistant
Depression (TRD) impacts around one-third of affected
individuals, highlighting the pressing need for innovative
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multimodal approaches that are both effective and accessible.!"”!"!
Inlight of this situation, there has been a surge in interest regarding
phytomedicine-the application of plant-based therapies-as either
primary or supplementary treatments within psychiatric care.*?!!
Phytochemicals are gaining recognition for their ability to act on
multiple targets through mechanisms such as neurotransmitter
modulation, antioxidant properties, anti-inflammatory actions,
and neuroprotective effects.?>?! Among the medicinal plants
gaining renewed focus are Peganum harmala (Syrian rue) and
Cucurbita pepo (pumpkin). Peganum harmala is abundant in
B-carboline alkaloids like harmine and harmaline that function
as reversible Monoamine Oxidase-A (MAO-A) inhibitors.2>2!
These compounds can increase levels of serotonin, dopamine,
and norepinephrine within the brain-mirroring some effects seen
with specific antidepressants-and demonstrate potential efficacy
in preclinical studies involving depression and anxiety.?”?
Nevertheless, concerns about its limited therapeutic range
and potential neurotoxicity necessitate thorough toxicological
assessments.’**!! Conversely, Cucurbita pepo is not generally
categorized as psychoactive but possesses nutritional elements
that may hold significance for mental wellness. This includes
tryptophan-a precursor for serotonin-alongside magnesium,
zinc, and carotenoids that have been linked to mood stabilization
and neurocognitive protection.’**!  Epidemiological data
indicate an inverse relationship between diets high in magnesium
or tryptophan and depressive symptoms; additionally dietary
supplementation with pumpkin seeds has exhibited anxiolytic
and antidepressant benefits in animal research.’-**! Considering
their unique yet
characteristics-where P. harmalaincreases monoamine availability
while C. pepo supplies precursors and cofactors necessary for
neurotransmitter production-it is logical to investigate their
combined effect on mood-related pathways. Thus, this narrative
review aims to thoroughly assess the current evidence regarding
the neuropsychiatric implications of Peganum harmala and
Cucurbita pepo. It will also explore their mechanistic interactions
while outlining future avenues for preclinical validation along
with safe clinical application.

complementary neuropharmacological

Botanical and Phytochemical Overview
Peganum harmala

Peganum harmala L., referred to as Syrian rue, is a perennial
herbaceous plant from the Zygophyllaceae family, indigenous
to the Mediterranean area, Central Asia, and segments of the
Middle East."*] This plant has been traditionally utilized
for wvarious applications, including spiritual
antimicrobial fumigation, and as a folk remedy for ailments
such as depression, epilepsy, insomnia, and inflammation.">¢!
Within Unani and Iranian traditional medicine, it is frequently
characterized as a nervine tonic and sedative specifically aimed at
addressing "melancholic states".** In terms of its phytochemical
profile, P. harmala is distinguished by its considerable levels of

ceremonies,
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B-carboline alkaloids-most notably harmine, harmaline, and
harmalol-primarily found in the seeds with lower concentrations
in the roots and stems.**!! These compounds are associated
with a variety of biological effects including antioxidant
activity, properties, effects,
neuropharmacological actions.*>*% Harmine and harmaline are
structurally akin indole alkaloids that strongly bind to Monoamine
Oxidase A (MAO-A), functioning as reversible inhibitors of this
enzyme.®**¥ By inhibiting MAO-A activity, both harmine and
harmaline raise synaptic concentrations of serotonin, dopamine,
and norepinephrine-a mechanism similar to that employed
by several classes of antidepressants.**? Importantly, unlike

antitumor antimicrobial and

irreversible MAO inhibitors such as phenelzine, the reversible
nature of harmine’s inhibition presents a potentially safer
pharmacological profile; however, caution remains necessary./¢’!
Crucially, both harmine and harmaline are lipophilic with
low molecular weights (~212 Da), demonstrating efliciency
in crossing the Blood-Brain Barrier (BBB) in studies involving
rodents as well as computational pharmacokinetic models.[6%66-¢°)
This characteristic enhances their significance for interventions
targeting the Central Nervous System (CNS). Furthermore,
research indicates that harmine can inhibit efflux transporters
like P-Glycoprotein (P-gp), which may further facilitate CNS
penetration of concurrently administered medications.”7

Cucurbita pepo

Cucurbita pepo L., known commonly as pumpkin, belongs to
the Cucurbitaceae family and is widely cultivated across the
globe for its edible fruits and seeds. While primarily enjoyed as
a dietary vegetable, C. pepo has attracted scientific interest due
to its nutritional richness and potential roles in psychotropic
support-particularly concerning mood regulation and cognitive
health.”>7 Both the seeds and pulp of C. pepo are abundant in
various bioactive compounds. Tryptophan-an essential amino
acid-is plentiful in pumpkin seeds; it acts as a precursor for
serotonin production within the central nervous system.””7*!
Serotonin serves as an important neurotransmitter influencing
mood stability, sleep patterns, and emotional processing; thus
availability of tryptophan is crucial for its synthesis in the
brain.”*-#2l Additionally, C. pepo provides significant quantities of
magnesium, s zinc, and polyunsaturated fatty acids-all vital for
neurological function-and has been correlated with reduced risks
of depression and anxiety in both epidemiological surveys and
intervention studies.®*” Notably, magnesium modulates NMDA
receptors along with GABAergic signaling, resulting in anxiolytic
effects along with antidepressant-like responses.®*! Moreover,
C. pepo contains an array of carotenoids such as beta-carotene,
lutein, and zeaxanthin-which are powerful antioxidants
recognized for their ability to mitigate oxidative stress alongside
neuroinflammation-both elevated conditions present among
individuals suffering from mood disorders.”**") Antioxidants
serve protective functions against hippocampal atrophy along
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with dysregulation within HPA axis-characteristic features
associated with major depressive episodes.”>*! The synergistic
presence of serotonergic precursors, neuromodulatory minerals,
and antioxidant phytochemicals positions C. pepo as a promising
nutritional element worthy of consideration within diet-based
adjunct strategies aimed at enhancing mental health.

Neuropharmacological Properties

Peganum harmala

The neuropharmacological effects of Peganum harmala are
mainly due to its substantial presence of B-carboline alkaloids,
specifically harmine, harmaline, and tetrahydroharmine.
These compounds serve as powerful and reversible inhibitors
Oxidase-A (MAO-A), an enzyme that
breaks down important neurotransmitters like serotonin,
dopamine, and norepinephrine.”**”! By inhibiting MAO-A,

of Monoamine

harmine and harmaline effectively enhance the synaptic
levels of these monoamines, thereby replicating or amplifying
the  pharmacodynamics with
antidepressants.’***1% Beyond their influence on monoamine

associated conventional
systems, [-carbolines also affect GABAergic neurotransmission.
For example, harmaline has been found to interact with GABA-A
receptor sites, which enhances inhibitory synaptic activity and
contributes to anxiolytic and sedative-like effects.l"1%] This
dual action on both monoaminergic and GABAergic systems
supports the traditional application of P. harmala in addressing
neuropsychiatric issues such as anxiety and insomnia.l'’® ") The
antidepressant-like effects of P harmala and its alkaloids have been
verified through various animal studies, particularly using tests
like the Forced Swim Test (FST) and Tail Suspension Test (TST).
Harmine significantly decreases immobility time in rodents-a
behavioral indicator of antidepressant efficacy-comparable to the
impacts seen with imipramine or fluoxetine.®>**1% Additionally,
chronic administration of harmine has been shown to elevate
Brain-Derived Neurotrophic Factor (BDNF) expression in the
hippocampus, which is crucial for neuroplasticity and resilience
in models of depression.!"*!! However, despite these therapeutic
benefits, P harmala raises significant safety concerns. Its
B-carboline alkaloids may lead to neurotoxicity, especially when
administered at high doses or with prolonged use. Reports from
cases and toxicological investigations have highlighted adverse
effects such as hallucinations, tremors, seizures, and in severe
instances, coma.l® !""131 These side effects are likely a result of
MAO-A inhibition leading to serotonin syndrome-particularly
when combined with serotonergic medications or tyramine-rich
foods.[""*11*) Moreover, because harmine interacts with several
central nervous system targets, there is an increased risk
for off-target excitotoxicity and hepatotoxicity if not used
judiciously."®!"”l Consequently, while P. harmala demonstrates
notable neuropharmacological activity, it necessitates careful
dose regulation along with thorough toxicological assessment
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and screening for contraindications prior to any clinical
implementation.

Cucurbita pepo

In contrast to Peganum harmala, Cucurbita pepo does not function
through direct neurotransmitter inhibition but instead offers
nutritional support essential for synthesizing neurotransmitters
like serotonin. The seeds are abundant in L-tryptophan-the
necessaryaminoacid precursorforserotonin-anditsbioavailability
is critical for producing central serotonin levels during periods of
psychological stress or dietary deficit.”>™! Increased peripheral
tryptophan concentrations have been linked to better mood
regulation, improved sleep patterns, and decreased aggression
based on both human and animal studies.*'! Alongside
tryptophan content, C. pepo is rich in antioxidants such as vitamin
E and P-carotene among other carotenoids that help mitigate
oxidative stress-a recognized contributor to major depressive
disorders and anxiety conditions.*7*7+11%1201 Elevated levels of
Reactive Oxygen Species (ROS) within the brain can disrupt
mitochondrial function as well as synaptic plasticity-factors that
contribute to neurodegeneration and mood disturbances.[”!?!
The antioxidant properties found in pumpkin extracts have
shown protective effects against chronic stress-induced damage
in rodent models exposed to neurotoxins.”'?212%) Another vital
element present in pumpkin seeds is magnesium which plays a
crucial role in regulating NMDA receptors while maintaining
balance within glutamatergic pathways-essential processes for
stabilizing neuropsychiatric health."*>”] Deficits in magnesium
have been strongly linked with heightened excitotoxicity alongside
neuronal hyperexcitability leading to depressive symptoms;
supplementation has demonstrated positive outcomes regarding
mood enhancement during clinical trials.'"*% Research
involving human subjects regarding pumpkin seed usage within
psychiatric contexts remains limited yet promising. A small
pilot study indicated that supplementation with pumpkin seed
oil led to diminished anxiety symptoms among children.!'3"!3
Moreover, observational research suggests that higher dietary
intake levels of magnesium alongside tryptophan and zinc-all
components found in C. pepo-are correlated with reduced rates
of depression across population samples.’**!*3 In summary, while
Cucurbita pepo may not function explicitly as a psychoactive
substance itself; its nutrient-driven influence on serotonergic
pathways along with antioxidant properties positions it as a
potentially beneficial adjunct for mood management along with
overall neuropsychiatric support.

Mechanistic Rationale for Synergy

The interaction  betweenPeganum
harmala and Cucurbita pepo is rooted in their complementary

potential  synergistic

mechanisms, which affect critical neurobiological systems

implicated in mood disorders. These include enhancement of
serotonergic activity, antioxidant and anti-inflammatory effects,
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modulation of GABAergic transmission, and stabilization of
mitochondrial function-factors increasingly acknowledged in
psychoneuroimmunology models concerning depression and
anxiety,[13413%]

Convergence on Serotonergic Pathways

A key area of mechanistic overlap is the enhancement of

serotonergic neurotransmission through two synergistic

pathways

e P harmala provides reversible MAO-A inhibition via
B-carboline alkaloids (such as harmine and harmaline),
preventing serotonin degradation and thus increasing

its synaptic availability.[#>*1%¢]

e Concurrently, C. pepo offers L-tryptophan, which is the
rate-limiting precursor for serotonin synthesis, thereby
boosting its endogenous production. #1313

This  dual
tryptophan while inhibiting breakdown via MAO-A-creates a

mechanism-enhancing  synthesis  through
pharmacodynamic synergy that could enhance serotonergic tone
more effectively than either compound alone.®**>!*! Improved
serotonergic activity has been linked to mood regulation, sleep
patterns, appetite control, and cognitive functions; disruptions in
serotonin signaling are central to the pathophysiology of Major
Depressive Disorder (MDD).141421 Therefore, the combined
effects of P harmala and C. pepo may provide comprehensive

serotonergic modulation pertinent to neuropsychiatric outcomes.

Antioxidant and Anti-inflammatory Overlap

Both P. harmala and C. pepo exhibit strong antioxidant properties
but through different phytochemical mechanisms. The antioxidant
effects of P harmala arise from {3-carboline alkaloids that decrease
lipid peroxidation and nitric oxide overproduction; meanwhile,
C. pepo contributes carotenoids (e.g., B-carotene, lutein) along
with vitamin E that scavenge Reactive Oxygen Species (ROS)
and stabilize neuronal membranes.'**1% Oxidative stress and
inflammation are significantly linked to the development and
advancement of psychiatric conditions. Elevated concentrations
of pro-inflammatory cytokines, including IL-6, TNF-a, and CRP,
have been correlated with the severity of depression and a lack of
response to treatment. Approaches that utilize antioxidants have
demonstrated potential in mitigating neuroinflammatory effects
and improving mood."** Thus, the convergent antioxidant
properties of these two agents may create a neuroprotective
synergy particularly relevant for stress-related conditions where
glial activation and oxidative damage are significant factors.!**-15

GABAergic Balance and Mitochondrial Modulation

While P harmala engages directly with GABAergic systems
through allosteric modulation of GABA-A receptors, C.
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pepo indirectly supports GABA synthesis due to its magnesium
content-a crucial cofactor for Glutamic Acid Decarboxylase
(GAD), the enzyme responsible for producing GABA. 15154

Impairment in GABAergic inhibition is a known factor
contributing to anxiety disorders, insomnia, and emotional
instability; thus restoring GABA levels remains a primary
objective for many anxiolytic and antidepressant treatments.!*>1%7)
Combining a direct modulator of GABA receptors (P. harmala)
with an agent that enhances cofactor availability (C. pepo)
establishes a logical synergistic approach aimed at reducing neural
hyperactivity while stabilizing emotional responses. Moreover,
mitochondrial dysfunction is recognized as a contributing
factor in both mood disorders as well as neurodegenerative
diseases. Harmine has demonstrated benefits for mitochondrial
bioenergetics by influencing mitochondrial membrane potential
and ATP production; extracts from antioxidant-rich C. pepo help
mitigate mitochondrial oxidative damage while supporting
neuronal energy metabolism.'* These actions can converge
to restore cellular equilibrium, diminish neurotoxicity risks,
and foster neuroplasticity under chronic stress or depressive
conditions.

Synergistic Models in Psychoneuroimmunology

Contemporary understandings of depression and anxiety
increasingly utilize psychoneuroimmunology frameworks that
emphasize the intricate relationships among immune responses,
endocrine stress mechanisms, and central nervous system
pathways.1%*1  Elements such as Hypothalamic-Pituitary-
Adrenal (HPA) axis dynamics along with microglial activation
contribute significantly to neuro progression as well as treatment
resistance.!'"1%2] These pathways, when addressed concurrently,
have the potential to produce synergistic effects in influencing
neurotransmission, lowering oxidative stress, and diminishing
neuroinflammation (Figure 1).

Incorporating

e The impacts of P. harmala on monoaminergic systems
alongside its influence on GABA,

e The nutritional contributions from C. pepo, enhancing
both antioxidants' roles alongside serotonin biosynthesis,

This formulation potentially addresses multiple targets within
psychoneuroimmunological contexts-suggesting it may be a
viable candidate for future multimodal intervention studies.¢*!¢4

This multi-target convergence offers a compelling rationale for
further exploratory research into their combined application in
treating neuropsychiatric disorders. To effectively summarize the
neurobiological mechanisms and their suggested interplay, Table
1 presents a methodical comparison of Peganum harmala and
Cucurbita pepo in relation to essential pharmacological areas.
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Synergistic Management of Neuropsychiatric Disorders

Pepo's
Tryptophan Boost

Enhances serotonin
synthesis

Pepo's Nutrient
Modulation

Supports NMDA
receptor function

€

Pepo's Anti-
inflammation

Reduces inflammatory
cytokines

Neuropsychiatric
Disorders

Anxiety, depression,
impaired cognition

S

Combined
Neuropharmacological
Action

Harmala's MAO-A
Inhibition

Increases key
neurotransmitter levels

Harmala's
Neuroprotection

Reduces oxidative
stress

Harmala's GABA-
A Modulation

Provides anxiolytic

é effect

Mood
Stabilization

Reduced anxiety,
improved cognition

Figure 1: The combined neuropharmacological effects of Peganum harmala and Cucurbita pepo contribute to mood stabilization
and enhanced cognitive function through mechanisms involving monoamine modulation, anti-inflammatory properties, antioxidant
activity, and GABAergic pathways.

Preclinical Evidence

The increasing interest in the ethnopharmacological properties
of Peganum harmala and Cucurbita pepo has not yet led to
extensive preclinical research on their individual or combined
neuropsychiatric effects, although the existing studies are
encouraging. Evidence from animal models, cellular assays,
supports their
potential as psychotropic agents. Nonetheless, significant data
deficiencies-especially concerning their synergistic effects-limit

and initial pharmacokinetic evaluations

the ability to draw translational conclusions. A comprehensive
overview of the existing preclinical research highlighting the
neuropsychiatric possibilities of Peganum harmala and Cucurbita
pepo can be found in Table 2.

Animal Studies: Depression and Anxiety Models

The primary B-carbolines found in P. harmala, namely harmine
and harmaline, have shown considerable antidepressant-like
properties in mouse models. In validated behavioral tests
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for depression such as the Forced Swim Test (FST) and Tail
Suspension Test (TST), significantly ~decreased
immobility times in a dose-dependent manner, showing results
similar to those of fluoxetine and imipramine.l'>1%! Repeated
administration of harmine has also been associated with an
increase in hippocampal BDNF expression, which is crucial
for neuroplasticity and the efficacy of antidepressants.!'®*!7!]
Furthermore, harmaline has demonstrated anxiolytic effects
during open field tests and Elevated Plus Maze (EPM)
assessments, likely through modulation of GABA-A receptors and
inhibition of central MAO-A activity.'*¢1*!72 The B-carbolines
have also been noted to alleviate stress-related cognitive decline
and inhibit hyperactivity of the HPA axis, both factors involved
in the development of depression.'”*'7*l For Cucurbita pepo,
though there are fewer studies available, some research suggests
its anxiolytic and antidepressant-like effects may arise from its
content of tryptophan, magnesium, and antioxidants. In murine
studies, pumpkin seed extract was found to significantly lessen
anxiety behaviors observed in light-dark box tests and EPMs while

harmine

Pharmacognosy Reviews, Vol 19, Issue 38, Jul-Dec, 2025
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Table 1: Synergistic Neuropsychopharmacological Actions of Peganum harmala and Cucurbita pepo.

Pharmacological Target

Monoamine Modulation

Serotonergic Synthesis and
Availability
GABAergic Enhancement

Antioxidant Defense

Neuroinflammation

Mitochondrial Support

Neuroplasticity (BDNF)

Blood-Brain Barrier
Penetration

also reducing immobility time in FSTs.>747l These outcomes

Peganum harmala (PH)
Action

B-carbolines (harmine,
harmaline) inhibit MAO-A,
increasing serotonin and
dopamine. 413

Prevents degradation of 5-HT
indirectly.>>*4

Harmaline influences
GABA-A receptors to produce
anxiolytic effects.[11-10°]

Lowers lipid peroxidation and
oxidative stress levels.[43143]

Reduces pro-inflammatory
cytokines such as IL-6 and
TNEF-q.[145-147]

Enhances mitochondrial
membrane potential and ATP
production.*®!

Increases BDNF levels in the
hippocampus of rodents. %119

Lipophilic -carbolines
(~212 Da) effectively cross
the Blood-Brain Barrier
(BBB)[60,66—69]

Cucurbita pepo (CP) Action

Tryptophan acts as
a precursor for the
biosynthesis of 5-HT.*13713]

Magnesium supports GABA
synthesis by acting as a
cofactor for GAD.!*>!154

Carotenoids (3-carotene,
lutein) along with vitamin E
diminish ROS levels.[14314%]

Suppresses the
release of nitric oxide
and inflammatory
cytokines. 1461481

Shields mitochondria from
oxidative damage.[*®!

May play a role in enhancing
mood resilience and
cognitive function.”*7?!

Lipophilic antioxidants may
also aid in central nervous
system access.'*!

Additionally, harmine

has

Proposed Synergistic Benefit

Enhanced monoamine levels
through MAO-A inhibition
combined with precursor
availability.*4137:139]

Boosting serotonin through dual
pathways: synthesis enhancement
and degradation prevention.

GABAergic enhancement
achieved directly by PH and via
cofactors from CP.

Comprehensive reduction of
oxidative stress due to both plant
properties.

Strengthened anti-inflammatory
effects potentially reducing
neuroimmune activation.

Combined protective mechanisms
improve neuronal energy balance.

Improved plasticity and mood
recovery through BDNF
modulation alongside serotonergic
support.

Collaborative mechanisms
enhance CNS penetration and
overall bioavailability.

been shown to influence

were linked to increased serotonin levels within the brain along
with heightened activity of antioxidant enzymes.”®'”*! Notably,
no published research has explored the combined administration
of P harmala and C. pepo within any neurobehavioral study
framework-a critical gap in current knowledge.

Cell-Based Studies

In vitro investigations have revealed that harmine along with
related alkaloids can:

e Inhibit Monoamine Oxidase-A (MAO-A) activity
at nanomolar concentrations
hnes.[96,176,177]

within human cell

o Decrease oxidative stress indicators (such as
malondialdehyde and reactive oxygen species) in

neuronal cultures.['7817]

* Encourage neuronal differentiation as well as dendritic
branching in PC12 cells, indicating a role in neurogenesis
and synaptic plasticity.!'8¢181
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Wnt/(B-catenin signaling pathways that are gaining recognition
for their involvement in mood disorder etiology and responses
to antidepressants.®?

On the other hand, extracts from Cucurbita pepo, especially its oil
and hydroalcoholic forms have exhibited:

* Neuroprotective qualities against cytotoxicity induced by
Hydrogen peroxide (H,O,) in SH-SY5Y neuroblastoma
cells. !

* A decrease in nitric oxide production alongside reduced
pro-inflammatory cytokine release when microglial
cells were stimulated by Lipopolysaccharides (LPS).[1%

e Anincrease in cellular glutathione levels which enhances
its antioxidant function.s!

Once more, there have been no reported co-culture or dual-extract
experiments involving both P. harmala and C. pepo aimed at
examining synergistic effects on cytoprotection or pathways
related to neuroinflammation or serotonin synthesis.
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Table 2: Preclinical Evidence Indicating the Neuropsychiatric Potential of Peganum harmala and Cucurbita pepo.

Study Type/Model Agent Key Outcome References
Forced Swim Test (FST), Tail Harmine (P, Decreased immobility time; increased BDNF [165-171]
Suspension Test (TST) harmala) expression in the hippocampus.

Elevated Plus Maze (EPM), Open Harmaline (P. Reduced anxiety behaviors through GABAergic ~ [172]
Field Test harmala) modulation.

Chronic Unpredictable Mild Stress Harmine (P Decreased depressive behaviors; modulation of [173,174]
(CUMS) Model harmala) monoamines and HPA axis.

SH-SY5Y Cell Line (Oxidative Stress  C. pepo seed oil Increased glutathione levels; decreased ROS [183-185]
Model) production.

PC12 Cell Line (Neurogenesis and Harmine (P Enhanced neurodifferentiation and dendritic [180,181]
Differentiation) harmala) branching.

LPS-Stimulated Microglia C. pepo extract Decreased NO production; reduced cytokines [184]
(Inflammation Model) (IL-6, TNF-a).

H,0;-Induced Cytotoxicity Harmine (P, Lowered oxidative stress markers (MDA, ROS). [178,179]
(Neuroprotection Model) harmala)

Rodent Cognitive Tests (Memory and C. pepo extract Enhanced spatial memory and decreased anxiety  [73-75]
Learning) levels.

Adrenal Gland Inflammatory Marker C. pepo seed Reduction of IL-1f, IL-6, TNF-a in adrenal tissue [74]
Expression extract samples.

P-glycoprotein Modulation at Harmine (P Inhibition of P-glycoprotein; increased CNS [189,190]
Blood-Brain Barrier harmala) penetration of neuroactive agents.

Pharmacokinetics and Blood-Brain Barrier (BBB)
Penetration

Pharmacokinetic analyses indicate that both harmine and
harmaline possess advantageous lipophilicity along with low
molecular weights (~212 Da), allowing for effective penetration
through the BBB via passive diffusion./®>¢®$¢187] Within rodent
models, peak concentrations of harmine occur between 30-60
min following intraperitoneal injection-aligning with observed
central behavioral impacts.'® Moreover, harmine is known to
inhibit P-Glycoprotein (P-gp), a key efflux transporter at the
BBB; this could potentially enhance not only its own availability
but also that of co-administered compounds within the
Central Nervous System (CNS).[#1%0] This characteristic raises
possibilities for pharmacokinetic synergy when used alongside
other neuroactive substances. Conversely, C. pepo has not been
comprehensively studied regarding its pharmacokinetics related
to central bioavailability. Although certain lipophilic components
such as carotenoids or fatty acids may be able to cross into the CNS
barrier; specific investigations examining how active constituents
like tryptophan or magnesium behave when delivered as a whole
extract remain absent.!'*!

Data Gaps

Despite promising evidence surrounding each substance
independently; several critical data gaps continue to exist:
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A lack of animal studies assessing simultaneous
administration of bothP. harmala andC. pepo.

e Absence of dose-response investigations

synergy
focusing on behavior modification or oxidative stress.

* No pharmacokinetic/pharmacodynamic interaction
studies available that could establish safety margins or

metabolic interferences.

e The lack of validated computational models for synergy
or docking studies concerning combined bioactive
compounds.

Consequently, while data regarding monotherapy shows
promise; hypotheses surrounding synergistic benefits remain
theoretical necessitating further mechanistic exploration along
with toxicological assessments for translation into practical
applications.

Toxicology and Drug Interaction Considerations

The neuropharmacological potential of Peganum harmala and
Cucurbita pepo requires careful evaluation of their associated
toxicological hazards and likelihood of drug interactions,
especially in the context of neuropsychiatric uses. While C.
pepo is largely considered safe, P harmala has a restricted
therapeutic range, with its P-carboline alkaloids exhibiting
neuroactivity, hepatotoxicity, and the potential to cause severe
pharmacodynamic interactions.
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Peganum harmala: Toxicity Data

The seeds of P. harmala contain significant amounts of harmaline,
harmine, and various other B-carbolines that reveal a toxicity
profile dependent on dosage. Acute toxicity assessments in
rodent models have indicated an oral LDs, ranging from
approximately 300-500 mg/kg for harmaline and 400-600 mg/kg
for crude extracts of P harmala seeds."'*'"? At elevated doses,
adverse effects such as tremors, convulsions, hyperreflexia,
and seizures have been observed, indicative of central nervous
system overstimulation.112193194 T ong-term exposure studies
have shown hepatotoxic outcomes marked by elevated liver
enzymes, histopathological damage, and oxidative stress within
hepatic tissues.™ These negative effects are intensified by
the lipophilicity and accumulation properties of p-carbolines
in tissues like the brain and liver over time.'™ In humans,
instances of P harmala poisoning are well-documented in
ethnomedicinal contexts. Typical symptoms include nausea,
vomiting, confusion, hallucinations, agitation, and in severe
cases reversible coma.’*P%%! Symptoms typically manifest
within hours post-ingestion and often resolve within several days
with appropriate supportive treatment; however, fatalities have
been reported following excessive consumption of the seeds or
extracts-particularly when combined with alcohol or serotonergic
substances.!"'>!!]

MAO-A Interactions: SSRIs, TCAs, and Tyramine Crisis

Harmine acts as a reversible MAO-A inhibitor (RIMA) and
can present significant risks when used alongside serotonin-
enhancing drugs such as:

* SSRIs (e.g., fluoxetine or sertraline),

* SNRIs (e.g., venlafaxine),

e Tricyclic Antidepressants (TCAs) (e.g., amitriptyline),
e MAO-B inhibitors,

e Serotonin precursors like L-tryptophan or 5-HTP.

These combinations may trigger serotonin syndrome-a potentially
life-threatening condition characterized by autonomic instability
alongside neuromuscular issues and altered mental states.!'””1%]
Although P. harmala alkaloids are reversible and selective
inhibitors compared to classical MAOIs in terms of interaction
profile-which necessitates equal caution.!™ Moreover, inhibition
of MAO-A leads to reduced breakdown of tyramine found in
aged cheeses, red wines, and certain fermented foods. Increased
levels of tyramine can cause hypertensive crises marked by
headaches or chest pain along with significantly raised blood
pressure.??204 While RIM As like harmine pose a lower risk than
irreversible inhibitors (such as phenelzine), dietary precautions
are still recommended when they exceed specific thresholds.!
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Cucurbita pepo: Safety Profile

Conversely, C. pepo boasts an extensive safety history as both
food source and traditional remedy. Its seeds and oil are widely
consumed without notable toxicity-even at high dosagesaccording
to research findings.?"**”! Acute toxicity evaluations involving
rats or mice have shown no substantial changes regarding body
weight or functions related to liver/kidney health at doses up to
2000 mg/kg/day.* Rare instances of allergic reactions or contact
dermatitis may occur among sensitive individuals due to handling
fresh pumpkin pulp or seeds.? Critically important is that there
is no evidence linking C. pepo to neurotoxicity or hepatotoxicity;
thus affirming its suitability for dietary supplementation
purposes.® Nonetheless when combined with MAO inhibitors
(such as those derived from P. harmala), theoretical concerns
arise about possible additive serotonergic effects owing to C.
pepo’s tryptophan content; although no documented cases exist
indicating serotonin syndrome from this combination-caution
remains prudent particularly within clinical environments or
concurrent SSRI usage scenarios.?” A detailed comparative
overview of the toxicological and safety profiles can be found in
Table 3.

Research Gaps and Future Directions

Although Peganum harmala and Cucurbita pepo each
show promising neuropharmacological and psychotropic
characteristics, there is a notable lack of clinical trials or
translational research investigating their combined application in
psychiatric disorders. This gap presents a significant opportunity
for further exploration, especially considering the potential
for a synergistic relationship between these two substances.
Numerous preclinical investigations have demonstrated P
harmalas modulation of monoaminergic and GABAergic
systems through B-carbolines,?! as well as the contributions
of C. pepo to serotonin production, antioxidative processes, and
NMDA receptor modulation.*™ However, no studies have yet
examined their co-administration or assessed interactive safety

and effectiveness in either in vitro or in vivo settings.

In vivo Synergy Studies

There is an immediate need to investigate the combined
pharmacodynamic effects and behavioral responses of P. harmala
and C. pepo using established rodent models for depression and
anxiety such as:

e Forced Swim Test (FST),

e Tail Suspension Test (TST),
e Elevated Plus Maze (EPM),
e Chronic Mild Stress (CMS).

These experimental models will help evaluate any additive or
supra-additive impacts on immobility duration, anxiety levels,
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Table 3: Comparative Analysis of Safety and Toxicology for Peganum harmala and Cucurbita pepo.

Toxicological Peganum harmala (PH)

Parameter

LD, (Oral, Harmaline: 300-500 mg/kg; crude extract: ~400-600

Rodents) mg/kg. 114121

Neurotoxicity ~ High doses may cause hallucinations, seizures, and

Risk coma.[11-113]

Hepatotoxicity Increased liver enzymes and histopathological
damage in animal studies.!"**!

Serotonin Significant risk; contraindicated with SSRIs, TCAs,

Syndrome MAOIs. 1971

Potential

MAO-A Strong reversible inhibition of MAO-A by

Interaction [-carbolines.*!13!

Risk

Dietary Safety ~ Not classified as GRAS; usage is restricted in clinical

Classification  settings.[!!]

Clinical Case

Reports documented.°6138:1]

Drug-Drug Documented risk of serotonin syndrome in human

Interaction cases.[113-119]

(SSRIs, TCAs)

Allergenicity ~ Rare instances of non-specific reactions; not typically
allergenic.?*!

CNS Lipophilic -carbolines can cross the blood-brain

Penetration vs  barrier and may accumulate in the central nervous

Accumulation  system and liver.[6066691%]

cognitive flexibility, as well as changes in BDNF expression,
monoamine turnover rates, and oxidative stress markers.'?
Additionally, dual administration may uncover unforeseen
neurotoxic effects, tolerance development, or behavioral
sensitization-issues that could only be identified through

longitudinal preclinical studjies.

Dosing Models for Safe Combination

Considering the limited therapeutic window of P. harmala and its
associated MAO-A inhibition risks,°! it is crucial to determine
safe dosing parameters when used alongside serotonin precursors
like tryptophan found in C. pepo.

Future research should aim to establish:
e  Minimum Effective Doses (MEDs),
e No-Observed-Adverse-Effect Levels (NOAELSs),
interactions

e Pharmacokinetic involving  hepatic

enzymes and blood-brain barrier transporters,
Employing a dose-response matrix approach may facilitate the

identification of optimal synergistic doses while reducing toxicity
risks.

162

Multiple poisoning incidents linked to traditional use

Cucurbita pepo (CP)

>2000 mg/kg (no acute toxicity signs in
rats/mice).2%!

No reported neurotoxic effects.’®”

No hepatotoxic effects noted even at high
doses.[206207]

Minimal risk; theoretical involvement
via tryptophan without evidence of
syndrome.?!"

No direct MAO inhibition; tryptophan
precursor might enhance effects.*#13”)

Generally Recognized as Safe (GRAS) for
food and supplements. 2!

No known cases of clinical toxicity from
consumption.®”!

No adverse interactions reported with
antidepressants.?'"

Rare sensitivity to pumpkin seeds and
contact dermatitis reported.!

Limited information available; some
lipophilic antioxidants may also cross the
blood-brain barrier.[**!!

Human Pharmacovigilance

At present, there is no available pharmacovigilance data
regarding the clinical use-either combined or separate-of P
harmala and C. pepo within psychiatric contexts. This absence of
data raises concerns for individuals taking SSRIs, SNRIs, or TCAs
concurrently.®

Ensuring safe practices would necessitate:
e Systematic reporting of adverse events,

e Vigilance against serotonin syndrome and hypertensive
crises,

e Establishment of regulatory measures alongside
post-marketing monitoring if a formulation becomes
available.

Given both plants' traditional uses, unsupervised co-consumption
poses a significant risk; thus, public education efforts must be
prioritized alongside health policy initiatives.

Al-Guided Synergy Prediction

Artificial Intelligence (AI) and Machine Learning (ML)
technologies can serve as effective resources for predicting
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interactions among phytochemicals, assessing toxicity levels, and
identifying synergistic effects. Recent research has utilized these
methods to examine the interactions between Peganum harmala
and various other plant species, such as Nigella sativa and
Allium nigrum. This underscores the importance of Al-assisted

phytopharmacology in the context of cancer treatment.'*214

Methods such as molecular docking simulations, network
pharmacology analysis, and deep learning algorithms focused
on synergy prediction can enhance the identification process

regarding:
e Common or distinct target binding sites,
e Potential pharmacodynamic antagonisms or synergies,

e CYP450 enzyme interactions or transporter-mediated

metabolic pathways.

These advanced modeling approaches minimize dependence
on trial-and-error empirical testing while aiding in the strategic

design of multi-component herbal therapies.*'*!

CONCLUSION

The combination of Peganum harmala and Cucurbita pepo
offers a novel and biologically credible strategy for tackling the
complex pathophysiology of neuropsychiatric conditions. By
employing complementary mechanisms-such as modulation of
monoamines, support for serotonergic synthesis, antioxidant
properties, and maintenance of GABAergic balance-this pairing
presents a theoretically synergistic effect that may enhance efficacy
beyond what either compound could achieve independently.
Despite the compelling pharmacodynamic justification, the lack
of preclinical synergy studies, toxicological evaluations, and

clinical corroboration restricts its current practical application.

In future research, it is vital to implement rigorous experimental
frameworks to assess behavioral outcomes, safety limits, and
molecular interactions. Given the narrow therapeutic window
associated with P. harmala and the nutritional safety profile of
C. pepo, meticulous dose modeling and pharmacovigilance will
be essential. Furthermore, utilizing artificial intelligence and
systems pharmacology can expedite the discovery of optimal

combinations while reducing potential risks.

Until further data becomes available, this combination should be
approached as investigational. Nonetheless, it shows considerable
promise as a basis for future phytotherapeutic developments
aimed at mood disorders and deserves prioritized investigation

in the field of translational neuropsychopharmacology.

Pharmacognosy Reviews, Vol 19, Issue 38, Jul-Dec, 2025

ACKNOWLEDGEMENT

The author acknowledges
Rabigh Faculty of Medicine for fostering a rigorous academic
environment that contributed to the development of research and
scientific writing skills.

King Abdulaziz University -

CONFLICT OF INTEREST

The author declares that there is no conflict of interest.

ABBREVIATIONS

MAO-A: Monoamine oxidase A; BDNF: Brain-derived
neurotrophic factor; GABA: Gamma-aminobutyric acid; ROS:
Reactive oxygen species; CNS: Central nervous system; HPA:
Hypothalamic-pituitary-adrenal; SSRI:
reuptake inhibitor; SNRI: Serotonin-norepinephrine reuptake
inhibitor.

Selective  serotonin

REFERENCES

1. Kalin NH. The critical relationship between anxiety and depression. Am J Psychiatry.
2020; 177(5): 365-7. doi: 10.1176/appi.ajp.2020.20030305, PMID 32354270.

. Jacobson NC, newman MG. Anxiety and depression as bidirectional risk factors for
one another: a meta-analysis of longitudinal studies. Psychol Bull. 2017; 143(11):
1155-200. doi: 10.1037/bul0000111, PMID 28805400.

. Beard C, millner AJ, forgeard MJ, Fried El, Hsu KJ, Treadway MT, et al. Network analysis
of depression and anxiety symptom relationships in a psychiatric sample. Psychol
Med. 2016; 46(16): 3359-69. doi: 10.1017/50033291716002300, PMID 27623748.

4. Gitlin r, mieczkowski a. Depressive and anxiety disorders. Sex- and gender-based
women’s health; 2020. doi: 10.1007/978-3-030-50695-7_33.

. Chisholm D, sweeny K, sheehan P, rasmussen B, Smit F, Cuijpers P, et al. Scaling-up
treatment of depression and anxiety: a global return on investment analysis. Lancet
Psychiatry. 2016; 3(5): 415-24. doi: 10.1016/52215-0366(16)30024-4, PMID 27083119.

6. Ter Meulen WG, Draisma S, van Hemert AM, Schoevers RA, Kupka RW, Beekman
AT, et al. Depressive and anxiety disorders in concert-a synthesis of findings on
comorbidity in the nesda study. J Affect Disord. 2021; 284: 85-97. doi: 10.1016/j.jad.2
021.02.004, PMID 33588240.

. Penninx BW, Pine DS, Holmes EA, Reif A. Anxiety disorders. Lancet. 2021; 397(10277):
914-27.doi: 10.1016/50140-6736(21)00359-7, PMID 33581801.

. Kessler r, sampson n, berglund, p., gruber, m., al-hamzawi, a., andrade, I., bunting,
b., demyttenaere, k., florescu, s., girolamo, g., gureje, o, he, y., hu, c, huang, y.,
karam, e., kovess-masfety, v., lee, s., levinson, d., mora, m., moskalewicz. nakamura
j, navarro-mateu f, browne m. piazza, m. posada-villa, j. slade, t., have, m., torres,
y., vilagut, g., xavier, m., zarkov. Kessler RC, Sampson NA, Berglund P, Gruber MJ,
Al-Hamzawi A, Andrade L, et al. Anxious and non-anxious major depressive disorder
in the World Health Organization World Mental Health Surveys. Epidemiol Psychiatr
Sci. 2015; 24(3): 210-26. doi: 10.1017/52045796015000189, PMID 25720357.

. Lau CK, Saad A, Camara B, Rahman D, Bolea-Alamanac BLau. Acceptability of digital
mental health interventions for depression and anxiety: systematic review. J Med
Internet Res. 2024; 26: €52609. doi: 10.2196/52609, PMID 39466300.

10. Akil h, gordon j, hen, r., javitch, j, mayberg, h., mcewen. Akil H, Gordon J, Hen R,
Javitch J, Mayberg H, McEwen B, et al. Treatment resistant depression: A multi-scale,
systems biology approach. Neurosci Biobehav Rev. 2018; 84: 272-88. doi: 10.1016/j.n
eubiorev.2017.08.019, PMID 28859997.

11. Ruberto VL, jha MK, murrough JW. Pharmacological treatments for patients with
treatment-resistant depression. Pharmaceuticals (Basel). 2020; 13(6): 116. doi: 10.339
0/ph13060116, PMID 32512768.

12. Lee DY, kim N, Park C, Gan S, Son SJ, Park RW, et al. Explainable multimodal prediction
of treatment-resistance in patients with depression leveraging brain morphometry
and natural language processing. Psychiatry Res. 2024; 334: 115817. doi: 10.1016/j.p
sychres.2024.115817, PMID 38430816.

13. Kolar D.Treatment-resistant depression-what is the effective maintenance treatment.
Eur Psychiatry. 2022; 65(S1):5555-6. doi: 10.1192/j.eurpsy.2022.1422.

14. Voineskos D, daskalakis ZJ, blumberger DM. Management of treatment-resistant
depression: challenges and strategies. Neuropsychiatr Dis Treat. 2020; 16: 221-34.
doi: 10.2147/NDT.5198774, PMID 32021216.

15. Shelton RC, osuntokun O, heinloth AN, corya SA. Therapeutic options for

treatment-resistant depression. CNS Drugs. 2010; 24(2): 131-61. doi: 10.2165/
11530280-000000000-00000, PMID 20088620.

N

w

v

~N

focl

Nel

163



Albukhari: Synergistic Effects of Peganum harmala and Cucurbita pepo

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

. Garcia a, ydiez a, bennasar-veny m, navarro ¢, salva j, ibarra o, et al, montero-marin,

j. and garcia-toro, m. Efficacy of an adjuvant non-face-to-face multimodal
lifestyle modification program for patients with treatment-resistant major
depression: a randomized controlled trial. Psychiatry Res. 2022; 319. doi: 10.1
016/j.psychres.2022.114975.

. Knochel C, alves G, friedrichs B, schneider B, Schmidt-Rechau A, Wenzler S, et

al. Treatment-resistant late-life depression: challenges and perspectives. Curr
Neuropharmacol. 2015; 13(5): 577-91. doi: 10.2174/1570159x130515101320003
2, PMID 26467408., schneider, a., prvulovic, d., carvalho, a., and oertel-knochel, v.
(2015). Treatment-resistant late-life depression: challenges and perspectives. Current
neuropharmacology, 13, 577-591. Https://doi.org/10.2174/1570159x130515101320
0032.

. Mcintyre RS, filteau MJ, Martin L, Patry S, Carvalho A, Cha DS, et al. Treatment-resistant

depression: definitions, review of the evidence, and algorithmic approach. J Affect
Disord. 2014; 156: 1-7. doi: 10.1016/j.jad.2013.10.043, PMID 24314926.

. Mcintyre RS, alsuwaidan M, baune BT, Berk M, Demyttenaere K, Goldberg JF, et al.

Treatment-resistant depression: definition, prevalence, detection, management, and
investigational interventions. World Psychiatry. 2023; 22(3): 394-412. doi: 10.1002/w
ps.21120, PMID 37713549., demyttenaere, k., goldberg, j., gorwood, p., ho, r., kasper,
s., kennedy, s., ly-uson, j., mansur, ., mcallister-williams, r., murrough, j., nemeroff, c.,
nierenberg, a., rosenblat, j., sanacora, g., schatzberg, a., shelton, ., stahl, s, trivedi, m.,
vieta, e, vinberg, m., williams, n., young, a., and maj, m. (2023). Treatment-resistant
depression: definition, prevalence, detection, management, and investigational
interventions. World psychiatry, 22. Https://doi.org/10.1002/wps.21120.

Sarris J, panossian A, schweitzer |, stough C, scholey A. Herbal medicine for
depression, anxiety and insomnia: a review of psychopharmacology and clinical
evidence. Eur Neuropsychopharmacol. 2011; 21(12): 841-60. doi: 10.1016/j.euroneur
0.2011.04.002, PMID 21601431.

Savage k, firth, j, stough, c, and sarris, j. Gaba-modulating phytomedicines for
anxiety: a systematic review of preclinical and clinical evidence. Phytother Res. 2018;
32:18-3. doi: 10.1002/ptr.5940.

Sarris J. Herbal medicines in the treatment of psychiatric disorders: a systematic
review. Phytother Res. 2007; 21(8): 703-16. doi: 10.1002/ptr.2187, PMID 17562566.

Lee G, bae H. Therapeutic effects of phytochemicals and medicinal herbs on
depression. BioMed Res Int. 2017; 2017: 6596241. doi: 10.1155/2017/6596241, PMID
28503571.

Shr, r, and ross, s. Holist Nurs Pract. 2007. Herbals and nutritional supplements. doi: 1
0.1097/hnp.0000000000000203.

Gerbarg PL, Brown RP. Phytomedicines for prevention and treatment of mental
health disorders. Psychiatr Clin North Am. 2013; 36(1): 37-47. doi: 10.1016/j.psc.2012
.12.004, PMID 23538075.

Muskin PR, Gerbarg PL, Brown RP. Along roads less traveled: complementary,
alternative, and integrative treatments. Psychiatr Clin North Am. 2013; 36(1):xiii-xv.
doi: 10.1016/j.psc.2013.01.009, PMID 23538089.

Rajapakse T, Davenport WJ. Phytomedicines in the treatment of migraine. CNS Drugs.
2019; 33(5): 399-415. doi: 10.1007/540263-018-0597-2, PMID 30627973.

Lippert A, renner B. Herb-drug interaction in inflammatory diseases: review of
phytomedicine and herbal supplements. J Clin Med. 2022; 11(6): 1567. doi: 10.3390/
jcm11061567, PMID 35329893.

Stompor-Goracy M. Pharmacological studies of medicinal potential phytochemicals
in plant roots. Pharmaceuticals (Basel). 2023; 16(11): 1520. doi: 10.3390/ph1611152
0, PMID 38004386.

Israelsen LD. Phytomedicines: the greening of modern medicine. J Altern
Complement Med. 1995; 1(3): 245-8. doi: 10.1089/acm.1995.1.245, PMID 9395620.

Ghazi-Moghadam K, Inangli HM, Bazazy N, Plinkert PK, Efferth T, Sertel S.
Phytomedicine in otorhinolaryngology and pulmonology: clinical trials with herbal
remedies. Pharmaceuticals (Basel). 2012; 5(8): 853-74. doi: 10.3390/ph5080853, PMID
24280678.

Batool M, Ranjha MM, Roobab U, Manzoor MF, Farooq U, Nadeem HR, et al. Nutritional
value, phytochemical potential, and therapeutic benefits of pumpkin (Cucurbita sp.).
Plants (Basel). 2022; 11(11): 1394. doi: 10.3390/plants11111394, PMID 35684166.
Samec d, loizzo m, gortzi o, cankaya, tundis r, suntar, i, shirooie, s., zengin, g.,
devkota, h., reboredo-rodriguez, p., hassan. Samec D, Loizzo MR, Gortzi O, Cankaya
iT, Tundis R, Suntar i, et al. The potential of pumpkin seed oil as a functional food-a
comprehensive review of chemical composition, health benefits, and safety. Compr
Rev Food Sci Food Saf. 2022; 21(5): 4422-46. doi: 10.1111/1541-4337.13013, PMID
35904246.

Bedi s, tewari s. Nutritional composition, bioactive components, and health benefits
of pumpkin seeds: an overview. bioscan; 2024. doi: 10.63001/tbs.2024.v19.i02.51.
pp33-36.

Silky s, Bisla G, Srishti. Therapeutic and pharmacological properties of pumpkin
seeds: a comprehensive review. J Res Appl Sci Biotechnol. 2024; 3(4): 117-25. doi: 1
0.55544/jrasb.3.4.14.

Dotto JM, Chacha JS.The potential of pumpkin seeds as a functional food ingredient:
a review. Scientific African. 2020; 10. doi: 10.1016/j.sciaf.2020.e00575.

Oyetayo FL, Akomolafe SF, Osesanmi TJ. Effect of dietary inclusion of pumpkin
(Cucurbita pepo L.) seed on nephrotoxicity occasioned by cisplatin in experimental
rats. J Food Biochem. 2020; 44(10): e13439. doi: 10.1111/jfbc.13439, PMID 32808341.

164

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Singh a, kumar, v. Pumpkin seeds as nutraceutical and functional food ingredient
for future: a review. Grain and oil science and technology. 2023. doi: 10.1016/j.gao
5t.2023.12.002.

Oh J, Hong S, Ko SH, Kim HS. Evaluation of antioxidant effects of pumpkin (Cucurbita
pepo L.) seed extract on aging- and menopause-related diseases using Saos-2 cells
and ovariectomized rats. Antioxidants (Basel). 2024; 13(2): 241. doi: 10.3390/antiox1
3020241, PMID 38397839.

Mamedov NA, Pasdaran A, Mamadalieva NZ. Pharmacological studies of Syrian rue
(Peganum harmala L., Zygophyllaceae). Int J Second Metabolite. 2017; 5: 1-6. doi: 10
.21448/ijsm.335539.

Valizadeh m. Embryogenesis in medicinal plant Syrian rue (Peganum harmala L.).
2018;8:101-9.

Pozzi F, shibayama N, leona M, lombardi JR. Tlc-sers study of Syrian rue (Peganum
harmala) and its main alkaloid constituents. J Raman Spectroscopy. 2013; 44(1):
102-7. doi: 10.1002/jrs.4140.

Jia R, Yang J, Hao J, Wang S, Wu J, Lin K, et al. First Report of Root Rot Caused by
Fusarium equiseti on Syrian Rue (Peganum harmala) in China. Plant Disease. 2025;
109(1). doi: 10.1094/PDIS-06-24-1297-PDN., wu, j., lin, k., chen, z, and zhang, y.
(2024). First report of root rot caused by fusarium equiseti on syrian rue (Peganum
harmala) in china. Plant disease. Https://doi.org/10.1094/pdis-06-24-1297-pdn.

Monsef HR, ghobadi A, iranshahi M, abdollahi M. Antinociceptive effects of Peganum
harmala L. Alkaloid extract on mouse formalin test. J Pharm Pharm Sci. 2004; 7(1):
65-9. PMID 15144736.

Healy D. Antidepressants and sexual dysfunction: a history. J R Soc Med. 2020; 113(4):
133-5.doi: 10.1177/0141076819899299, PMID 31972096.

Huo C, Ju F. Ambivalence or melancholia: the ontogenesis of religious sentiment.
Religions. 2024; 15(7). doi: 10.3390/rel15070867.

Soranzo A.The psychology of mona Lisa’s smile. Sci Rep. 2024; 14(1): 12250. doi: 10.1
038/541598-024-59782-1, PMID 38806507.

Bech P, bolwig TG, kramp P, rafaelsen OJ. The bech-rafaelsen mania scale and the
hamilton depression scale. Acta Psychiatr Scand. 1979; 59(4): 420-30. doi: 10.1111/j.
1600-0447.1979.tb04484.x, PMID 433633.

Benramdane H, benariba N, silva CF, catarino MD, Bartolomeu M, Fekhikher Z, et al.
Phytochemical Profile, Antioxidant, Anti-Alzheimer, and a-Glucosidase Inhibitory
Effect of Algerian Peganum harmala Seeds Extract. Chem Biodivers. 2024; 21(12):
€202401308. doi: 10.1002/cbdv.202401308, PMID 39072993.

Abbas MW, hussain M, gamar M, ali S, shafiq Z, wilairatana P, et al. Antioxidant and
anti-inflammatory effects of Peganum harmala extracts: an in vitro and in vivo study.
Molecules. 2021; 26(19): 6084. doi: 10.3390/molecules26196084, PMID 34641627.

izol E, Turhan M, Yapici i, Necip A, Abdullah Yilmaz M, Zengin G. Research of Peganum
harmala: phytochemical Content, Mineral Profile, Antioxidant, Antidiabetic,
Anticholinergic Properties, and Molecular Docking. Chem Biodivers. 2025:
€202403178. doi: 10.1002/cbdv.202403178, PMID 39960309.

Kemel h, benguedouar |, boudjerda d, menadi s, cacan E, e, and sifour, m.
Phytochemical profiling, cytotoxic, anti-migration, and anti-angiogenic potential of
phenolic-rich fraction from Peganum harmala: in vitro and in vivo studies. Med Oncol.
2024;41: 6, 144. doi: 10.1007/512032-024-02396-4.

Rashid S, Sameti M, Algarni MH, Abdel Bar FM. In vivo investigation of the inhibitory
effect of Peganum harmala L. and its major alkaloids on ethylene glycol-induced
urolithiasis in rats. J Ethnopharmacol. 2023; 300: 115752. doi: 10.1016/j,jep.2022.1
15752, PMID 36174807.

Shi K, shao H. Changes in the soil fungal community mediated by a Peganum
harmala allelochemical. Front Microbiol. 2022; 13: 911836. doi: 10.3389/fmicb.202
2.911836, PMID 35783431.

semwal p, painulis, 6zgelik b. Sharifi-rad, j., quispe, c., herrera-bravo, j., hacthasanoglu,
f, shaheen, s, sen, s, acharya, k., amirian, m., castillo, c., I6pez, m., schoebitz,
m., martorell, m., goloshvili, t.,, al-harrasi, a., al-rawahi, a., kumar, m., suleria, h.,
and cho, w. (2021). Peganum spp.: a comprehensive review on bioactivities and
health-enhancing effects and their potential for the formulation of functional foods
and pharmaceutical drugs. Oxidative medicine and cellular longevity, 2021. Https://
doi.org/10.1155/2021/5900422.

Gokkaya I, renda G, Subas T, Ozgen U. Phytochemical, Pharmacological, and
Toxicological Studies on Peganum harmala L.: an Overview of the Last Decade. Clin
Exp Health Sci. 2023; 13(3): 664-78. doi: 10.33808/clinexphealthsci.1125345.

Jalali A, dabaghian F, zarshenas MM. Alkaloids of Peganum harmala; anticancer
biomarkers with promising outcomes. Curr Pharm Des. 2021; 27(2): 185-96. doi: 10.2
174/1381612826666201125103941, PMID 33238864.

Senhaji S, lamchouri F, Boulfia M, Lachkar N, Bouabid K, Toufik H. Mineral composition,
content of phenolic compounds and in vitro antioxidant and antibacterial activities
of aqueous and organic extracts of the seeds of Peganum harmala L. S Afr J Bot. 2022;
147:697-712. doi: 10.1016/j.sajb.2022.03.005.

Saro G, johne S, Latino DA, Moine F, van der Toorn M, Mathis C, et al. Monoamine
oxidase inhibitors present in tobacco modulate dopamine balance via the dopamine
transporter. ACS Chem Neurosci. 2025; 16(6): 1117-31. doi: 10.1021/acschemneuro.
4c00789, PMID 40033845.

Jiang b, meng, I, zou, n, wang, h, li, s, huang, chen, w, and wang, c.
Mechanism-based pharmacokinetics-pharmacodynamics studies of harmine and
harmaline on neurotransmitters regulatory effects in healthy rats: challenge on
monoamine oxidase and acetylcholinesterase inhibition. Phytomed Int J Phytother

Pharmacognosy Reviews, Vol 19, Issue 38, Jul-Dec, 2025



Albukhari: Synergistic Effects of Peganum harmala and Cucurbita pepo

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Phytopharmacol. 2019;l,, cheng, x., wang, z.:62, 152967. doi: 10.1016/j.phymed.201
9.152967.

Nelson DL, herbet A, pétillot Y, pichat L, glowinski J, hamon M. [3H]Harmaline as a
specific ligand of MAO A-I. Properties of the active site of mao a from rat and bovine
brains. J Neurochem. 1979; 32(6): 1817-27. doi: 10.1111/j.1471-4159.1979.tb02296.x
, PMID 448370.

Kim H, sablin SO, ramsay RR. Inhibition of monoamine oxidase A by B-carboline
derivatives. Arch Biochem Biophys. 1997; 337(1): 137-42. doi: 10.1006/abbi.1996.97
71, PMID 8990278.

Fuller RW, hemrick-luecke SK, perry KW. Lowering of dopamine metabolites in rat
brain by harmaline. J Pharm Pharmacol. 1981; 33(4): 255-6. doi: 10.1111/j.2042-7158
.1981.tb13773.x, PMID 6115915.

Achee FM, gabay S. Studies of monoamine oxidases. Inhibition of bovine brain mao
in intact mitochondria by selective inhibitors. Biochem Pharmacol. 1977; 26(17):
1637-44. doi: 10.1016/0006-2952(77)90081-8, PMID 901582.

Berlowitz I, Egger K, Cumming P. Monoamine oxidase inhibition by plant-derived
B-carbolines; implications for the psychopharmacology of tobacco and ayahuasca.
Front Pharmacol. 2022; 13: 886408. doi: 10.3389/fphar.2022.886408, PMID 35600851.

WuY,y., he, m., he,y., jin, t. Harmine-induced disruption of the blood-brain barrier via
excessive mitophagy in zebrafish, s., and he, f. Eur J Pharmacol. 2024, 1i:177223. doi:
10.1016/j.ejphar.2024.177223.

Wu D, chen Q, chen X, han F, chen Z, wang Y. The blood-brain barrier: structure,
regulation and drug delivery. Signal Transduct Target Ther. 2023; 8(1): 217. doi: 10.10
38/541392-023-01481-w, PMID 37231000.

Luo w, chen ¢, guo x, guo x, zheng j, liu j, fan, x., luo, m., yu, z. Critical challenges of
intravenous nanomaterials crossing the blood-brain barrier: from blood to brain. Adv
Funct Mater. 2024, li, h., liu, j., and wang, y. doi: 10.1002/adfm.202409522.

Qiaol, du, x,, wang, h., wang. Qiao L, Du X, Wang H, Wang Z, Gao S, Zhao CQ. Research
progress on the strategies for crossing the blood-brain barrier. Mol Pharm. 2024;
21(10): 4786-803. doi: 10.1021/acs.molpharmaceut.4c00447, PMID 39231367.

Terstappen GC, meyer AH, Bell RD, Zhang W. Strategies for delivering therapeutics
across the blood-brain barrier. Nat Rev Drug Discov. 2021; 20(5): 362-83. doi: 10.1038
/s41573-021-00139-y, PMID 33649582.

Teleanu RI, preda MD, niculescu AG, Vladacenco O, Radu Cl, Grumezescu AM, et
al. Current strategies to enhance delivery of drugs across the blood-brain barrier.
Pharmaceutics. 2022; 14(5): 987. doi: 10.3390/pharmaceutics14050987, PMID
35631573.

Patel MM, patel BM. Crossing the blood-brain barrier: recent advances in drug
delivery to the brain. CNS Drugs. 2017; 31(2): 109-33. doi: 10.1007/540263-016-
0405-9, PMID 28101766.

Ayuob N, Shaker SA, Hawuit E, Al-Abbas NS, Shaer NA, Al Jaouni S, et al. L. Cucurbita
pepo alleviates chronic unpredictable mild stress via modulation of apoptosis,
neurogenesis, and gliosis in rat hippocampus. Oxid Med Cell Longev. 2021; 2021:
6662649. doi: 10.1155/2021/6662649, PMID 34336111.

Almohaimeed HM, Hamed S, Seleem HS, Batawi AH, Mohammedsaleh ZM, Balgoon
MJ, et al. An ethanolic extract of Cucurbita pepo L. seeds modifies neuroendocrine
disruption in chronic stressed rats and adrenal expression of inflammatory markers
and HSP70. Front Pharmacol. 2021; 12: 749766. doi: 10.3389/fphar.2021.749766,
PMID 34867356.

Balgoon MJ, al-zahrani MH, al, jaouni SA, ayuob N. Combined oral and topical
application of pumpkin (Cucurbita pepo 1.) Alleviates contact dermatitis associated
with depression through downregulation pro-inflammatory cytokines. Front
Pharmacol. 2021; 12: 663417. doi: 10.3389/fphar.2021.663417, PMID 34040528.

Almohaimeed HM, al-zahrani MH, al, almuhayawi MS, algaidi SA, batawi AH, baz
HA, et al. Accelerating effect of Cucurbita pepo L. fruit extract on excisional wound
healing in depressed rats is mediated through its anti-inflammatory and antioxidant
effects. Nutrients. 2022; 14(16): 3336. doi: 10.3390/nu14163336, PMID 36014842.

Prathap Yadav RS, Vijetha Shenoy B, Kumar N, Kumar GP, Kumar SN. In vivo
acetylcholinesterase activity and antioxidant property of Cucurbita pepo ethanolic
extract in Alzheimer’s disease induced by aluminium chloride in Sprague Dawley rat
model. Res J Pharm Technol. 2023: 1065-71. doi: 10.52711/0974-360X.2023.00178.

Ratnam n, v., n., and, i. A review on Cucurbita pepo. Phytopathology. 2017; 9. doi: 10.
25258/phyto.v9i09.10305.

Kostecka-gugata A, kruczek M, Ledwozyw-Smolen |, Kaszycki P. Antioxidants and
health-beneficial nutrients in fruits of eighteen cucurbita cultivars: analysis of
diversity and dietary implications. Molecules. 2020; 25(8): 1792. doi: 10.3390/molecu
1es25081792, PMID 32295156.

Labidi O, Vives-Peris V, Gdmez-Cadenas A, Pérez-Clemente RM, Sleimi N. Assessing
of growth, antioxidant enzymes, and phytohormone regulation in Cucurbita pepo
under cadmium stress. Food Sci Nutr. 2021; 9(4): 2021-31. doi: 10.1002/fsn3.2169,
PMID 33841820.

Labidi O, kouki R, hidouri S, Bouzahouane H, Cacador |, Pérez-Clemente RM, et al.
Impact of nickel toxicity on growth, fruit quality and antioxidant response in zucchini
squash (Cucurbita pepo L.). Plants (Basel). 2024; 13(17): 2361. doi: 10.3390/plants131
72361, PMID 39273845.

Di lorenzo R, castaldo L, sessa R, ricci L, vardaro E, 1zzo L, et al. Chemical profile and

promising applications of Cucurbita pepo |. flowers. Antioxidants (Basel). 2024;
13(12): 1476. doi: 10.3390/antiox13121476, PMID 39765805.

Pharmacognosy Reviews, Vol 19, Issue 38, Jul-Dec, 2025

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95

96.

97.

98.

99.

100.

101.

102.

Du J, zhu M, bao H, i, Li B, Dong Y, Xiao C, et al. The role of nutrients in protecting
mitochondrial function and neurotransmitter signaling: implications for the
treatment of depression, PTSD, and suicidal behaviors. Crit Rev Food Sci Nutr. 2016;
56(15): 2560-78. doi: 10.1080/10408398.2013.876960, PMID 25365455.

Deacon G, Kettle C, Hayes D, Dennis C, Tucci J. Omega 3 polyunsaturated fatty acids
and the treatment of depression. Crit Rev Food Sci Nutr. 2017; 57(1): 212-23. doi: 10.
1080/10408398.2013.876959, PMID 25830700.

Giacobbe J, Benoiton B, Zunszain P, Pariante CM, Borsini A. The anti-inflammatory
role of omega-3 polyunsaturated fatty acids metabolites in pre-clinical models of
psychiatric, neurodegenerative, and neurological disorders. Front Psychiatry. 2020;
11:122. doi: 10.3389/fpsyt.2020.00122, PMID 32180741.

Bozzatello P, blua C, rocca P, bellino S. Mental health in childhood and adolescence:
the role of polyunsaturated fatty acids. Biomedicines. 2021; 9(8): 850. doi: 10.3390/b
iomedicines9080850, PMID 34440053.

Jahangard L, sadeghi A, ahmadpanah M, holsboer-trachsler E, Sadeghi Bahmani D,
Haghighi M, et al. Influence of adjuvant omega-3-polyunsaturated fatty acids on
depression, sleep, and emotion regulation among outpatients with major depressive
disorders-results from a double-blind, randomized and placebo-controlled clinical
trial. J Psychiatr Res. 2018; 107: 48-56. doi: 10.1016/j.jpsychires.2018.09.016, PMID
30317101.

Serefko A, jach ME, pietraszuk M, Swiader M, Swiader K, Szopa A. Omega-3
polyunsaturated fatty acids in depression. Int J Mol Sci. 2024; 25(16): 8675. doi: 10.33
90/ijms25168675, PMID 39201362.

Huss M, volp A, stauss-grabo M. Supplementation of polyunsaturated fatty acids,
magnesium and zinc in children seeking medical advice for attention-deficit/
hyperactivity problems-an observational cohort study. Lipids Health Dis. 2010; 9:
105. doi: 10.1186/1476-511X-9-105, PMID 20868469.

Bazinet RP, Layé S. Polyunsaturated fatty acids and their metabolites in brain function
and disease. Nat Rev Neurosci. 2014; 15(12): 771-85. doi: 10.1038/nrn3820, PMID
25387473.

Linc, lee, s, huang, ¢, wu,y. chang, y. liu, h., ng, s, cheng, y, chiu, c, and wu, s. (2024).
Cognitive protection and brain entropy changes from omega-3 polyunsaturated
fatty acids supplement in late-life depression: a 52-week randomized controlled trial.
Journal of affective disorders. Https://doi.org/10.1016/j.jad.2024.01.205.

Quan Z, li, Li H, Quan Z, Qing H. Appropriate macronutrients or mineral elements
are beneficial to improve depression and reduce the risk of depression. Int J Mol Sci.
2023; 24(8): 7098. doi: 10.3390/ijms24087098, PMID 37108261.

Tsai Z, Shah N, Tahir U, Mortaji N, Owais S, Perreault M, et al. Dietary interventions
for perinatal depression and anxiety: a systematic review and meta-analysis of
randomized controlled trials. Am J Clin Nutr. 2023; 117(6): 1130-42. doi: 10.1016/j.ajc
nut.2023.03.025, PMID 37019362.

Saleh RA, Eissa TF, Abdallah DM, Saad MA, El-Abhar HS. Peganum harmala enhanced
GLP-1 and restored insulin signaling to alleviate alcl3-induced alzheimer-like
pathology model. Sci Rep. 2021; 11(1): 12040. doi: 10.1038/541598-021-90545-4,
PMID 34103557.

. Teksen Y, Giindiiz MK, Berikten D, Ozatik FY, Aydin HE. Peganum harmala L. Seed

extract attenuates anxiety and depression in rats by reducing neuroinflammation
and restoring the bdnf/trkb signaling pathway and monoamines after exposure to
chronic unpredictable mild stress. Metab Brain Dis. 2024; 39(8): 1523-41. doi: 10.100
7/s11011-024-01416-6, PMID 39172328.

Herraiz T, gonzalez D, ancin-azpilicueta C, Aran VJ, guillén H. Beta-carboline alkaloids
in Peganum harmala and inhibition of human monoamine oxidase (mao). Food
Chem Toxicol. 2010; 48(3): 839-45. doi: 10.1016/}.fct.2009.12.019, PMID 20036304.

Farouk L, laroubi A, aboufatima R, benharref A, chait A. Evaluation of the analgesic
effect of alkaloid extract of Peganum harmala L.: possible mechanisms involved.
J Ethnopharmacol. 2008; 115(3): 449-54. doi: 10.1016/j,jep.2007.10.014, PMID
18054186.

Zhang L, li, Li D, Yu S. Pharmacological effects of harmine and its derivatives: a review.
Arch Pharm Res. 2020; 43(12): 1259-75. doi: 10.1007/512272-020-01283-6, PMID
33206346.

Rahimian z, sadrian, s., shahisavandi, m., aligholi, h., zarshenas, m. abyar, a.,
zeraatpisheh, z., and asadi-pooya, a. (2023). Antiseizure effects of Peganum harmala
L. And lavandula angustifolia. Biomed research international, 2023. Https://doi.org/
10.1155/2023/4121998.

Wang Y, wang H, zhang L, zhang Y, deng G, i, Li S, et al. Potential mechanisms of
tremor tolerance induced in rats by the repeated administration of total alkaloid
extracts from the seeds of Peganum harmala Linn. J Ethnopharmacol. 2020; 262:
113183. doi: 10.1016/j.jep.2020.113183, PMID 32730891, s., cao, n., guan, h., cheng,
x., and wang, ¢. (2020). Potential mechanisms of tremor tolerance induced in rats by
the repeated administration of total alkaloid extracts from the seeds of Peganum
harmala linn. Journal of ethnopharmacology, 113183. Https://doi.org/10.1016/j.jep
.2020.113183.

Evans AK, lowry CA. Pharmacology of the beta-carboline fg-7,142, a partial inverse
agonist at the benzodiazepine allosteric site of the gaba a receptor: neurochemical,
neurophysiological, and behavioral effects. CNS Drug Rev. 2007; 13(4): 475-501. doi:
10.1111/j.1527-3458.2007.00025.x, PMID 18078430.

Stephens DN, Kehr W, Schneider HH, Schmiechen R. B-carbolines with agonistic and
inverse agonistic properties at benzodiazepine receptors of the rat. Neurosci Lett.
1984; 47(3): 333-8. doi: 10.1016/0304-3940(84)90535-4, PMID 6089053.

165



Albukhari: Synergistic Effects of Peganum harmala and Cucurbita pepo

103.

104.

105.

106.

107.

108.

109.

110.

11

112.

113.

114.
115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

166

Scatterty KR, hamilton TJ. B-carboline (fg-7142) modulates fear but not anxiety-like
behaviour in zebrafish. Sci Rep. 2024; 14(1): 668. doi: 10.1038/541598-023-51072-6,
PMID 38182703.

Evans AK, lowry CA. Pharmacology of the { -carboline fg-7142, a partial inverse
agonist at the benzodiazepine allosteric site of the gaba a receptor: neurochemical,
neurophysiological, and behavioral effects. CNS Drug Rev. 2007; 13(4): 475-501. doi:
10.1111/j.1527-3458.2007.00025.x, PMID 18078430.

Ayipo YO, mordi MN, mustapha M, damodaran T. Neuropharmacological potentials
of B-carboline alkaloids for neuropsychiatric disorders. Eur J Pharmacol. 2021; 893:
173837. doi: 10.1016/j.ejphar.2020.173837, PMID 33359647.

DukaT, goerke D, fichte K. Effects of zk 93 426, a B-carboline benzodiazepine receptor
antagonist on night sleep pattern in healthy male volunteers. Psychopharmacology.
1995; 117(2): 178-85. doi: 10.1007/BF02245185, PMID 7753965.

Ferraz CA, de Oliveira Junior RG, Picot L, da Silva Almeida JR, Nunes XP. Pre-clinical
investigations of B-carboline alkaloids as antidepressant agents: A systematic review.
Fitoterapia. 2019; 137: 104196. doi: 10.1016/j.fitote.2019.104196, PMID 31175948.
Herraiz T, guillén H. Monoamine oxidase-a inhibition and associated antioxidant
activity in plant extracts with potential antidepressant actions. BioMed Res Int. 2018;
2018:4810394. doi: 10.1155/2018/4810394, PMID 29568754.

Zhu Y, cheng f, lu, x. Profiling the volatile compounds of Peganum harmala L.
Based on multiple sample preparation coupled with gas chromatography-mass
spectrometry analysis and explored its antidepressants-like activity., reyanggu, a.,
bakri, m., and maiwulanjiang, m. J Chromatogr B. 2024;x:1243, 124232. doi: 10.101
6/j.jchromb.2024.124232.

Sassoui D, seridi R, azin K, usai M. Evaluation of phytochemical constituents by gc-ms
and antidepressant activity of Peganum harmala L. Seeds extract. Asian Pac J Trop
Dis. 2015; 5(12): 971-4. doi: 10.1016/52222-1808(15)60967-7.

. Mounira D, abdelouahab D, Widad F, Amirouche D, Mansour RB, Rebai K, et al.

Acute and Chronic Toxicity, Antioxidant (in Vitro and in vivo), and Cytotoxic Effect
of Peganum harmala L. Hydromethanolic Seeds Extract Safety Profile and Biological
Activities of Peganum harmala L. Research Square. 2021. doi: 10.21203/rs.3.rs-982660
V1.

Mahmoudian m. jalilpour, h, and salehian, p. Iran J Pharmacol Ther. 2002. Toxicity of
Peganum harmala: review and a case report;1: 1-4.

Ghizlane EA, Manal M, Ines HA, Soufiane D, Moussa L, Houssam B, et al. Fatal
poisoning of pregnant women by Peganum harmala L.: a case reports. Ann Med Surg
(Lond). 2021; 68: 102649. doi: 10.1016/j.amsu.2021.102649, PMID 34401132.

Mahmoudian m. jalilpour, h, and salehian, p. 2003. Toxicity of Peganum harmala.

Herraiz T, guillén H, Aran VJ, salgado A. Identification, occurrence and activity of
quinazoline alkaloids in Peganum harmala. Food Chem Toxicol. 2017; 103: 261-9. doi:
10.1016/j.fct.2017.03.010, PMID 28279698.

Mina CN, farzaei MH, gholamreza A. Medicinal properties of Peganum harmala L. In
traditional Iranian medicine and modern phytotherapy: a review. J Trad Chin Med
= chung i tsa chih ying wen pan. 2015; 35(1): 104-9. doi: 10.1016/50254-6272(15)
30016-9, PMID 25842736.

Benbott A, Mosbeh C, Karouche S, Hamadouche N, Mahdi D. Subacute hepatotoxicity
of alkaloids extracts of Peganum harmala L. seeds in Wistar albino rats. Not Sci Biol.
2022; 14(2). doi: 10.55779/nsb14211211.

Salehi b, quispe ¢, sharifi-rad, j., giri, I, suyal. jugran r, zucca p, rescigno a, peddio s.
bobis, 0. moise, a [leyva-Gémez], g. del prado-audelo, m.,, cortés, h., iriti, m., martorell,
m., cruz-martins. Salehi B, Quispe C, Sharifi-Rad J, Giri L, Suyal R, Jugran AK, et al.
Antioxidant potential of family Cucurbitaceae with special emphasis on Cucurbita
genus: A key to alleviate oxidative stress-mediated disorders. Phytother Res. 2021;
35(7): 3533-57. doi: 10.1002/ptr.7045, PMID 33590924.

Almohaimeed HM, albadawi EA, Mohammedsaleh ZM, Alghabban HM, Seleem HS,
Ramadan O, et al. Brain-derived Neurotropic factor (BDNF) mediates the protective
effect of Cucurbita pepo L. on salivary glands of rats exposed to chronic stress evident
by structural, biochemical and molecular study. J Appl Oral Sci. 2021; 29: €20201080.
doi: 10.1590/1678-7757-2020-1080, PMID 34614119.

Alonso-garrido m, frangiamone, m., font, g. In vitro blood brain barrier exposure to
mycotoxins and carotenoids pumpkin extract alters mitochondrial gene expression
and oxidative stress, cimbalo, a., and manyes. Food Chem Toxicol Int J Publ Br Ind Biol
Res Assoc. 2021;1:112261. doi: 10.1016/j.fct.2021.112261.

Gao ¥, yang, z, huang, |, zuo, s, li, wang, s., and zhang, y. Protective effects of
pumpkin polysaccharide hydrolysates on oxidative stress injury and its potential
mechanism - antioxidant mechanism of pumpkin polysaccharide hydrolysates. Int J
Biol Macromol. 2023;x., yao, j., jiang, w.:124423. doi: 10.1016/j.ijbiomac.2023.124423.
Nawirska-Olszariska A, Kita A, Biesiada A, Sokot-tetowska A, Kucharska AZ.
Characteristics of antioxidant activity and composition of pumpkin seed oils in 12
cultivars. Food Chem. 2013; 139(1-4): 155-61. doi: 10.1016/j.foodchem.2013.02.009
, PMID 23561092.

Akwukwaegbu PI, onyekwere O, ugwu AK, bando DC, james KT, Tubasen HN, et al.
Nutritional composition and antioxidative potentials of fermented fluted pumpkin
seed (ogiri) extract on H202-induced oxidative stress in rats. Food Sci Technol Int.
2020; 8(3): 43-9. doi: 10.13189/fst.2020.080301.

Kumar A, mehan S, tiwari A, Khan Z, Gupta GD, Narula AS, et al. Magnesium (mg2+):
essential mineral for neuronal health: from cellular biochemistry to cognitive health
and behavior regulation. Curr Pharm Des. 2024; 30(39): 3074-107. doi: 10.2174/0113
816128321466240816075041, PMID 39253923.

125.

126.

127.

128.

129.

130.

13

132.

133.

134.

135.

136.

137.

138.

139.

140.

14

142.

143.

144,

Huang Y, ruan S, Yang Y, Liang H, Chen S, Chang Q. Impact of dietary magnesium
intake on depression risk in American adults: a cross-sectional study of the National
Health and Nutrition Examination survey 2005-2020. Front Nutr. 2025; 12: 1484344.
doi: 10.3389/fnut.2025.1484344, PMID 39980674.

Tarleton EK, Littenberg B, MacLean CD, Kennedy AG, Daley C. Role of magnesium
supplementation in the treatment of depression: a randomized clinical trial. PLOS
One. 2017; 12(6): e0180067. doi: 10.1371/journal.pone.0180067, PMID 28654669.
Derom ML, Sayon-Orea C, Martinez-Ortega JM, Martinez-Gonzalez MA. Magnesium
and depression: a systematic review. Nutr Neurosci. 2013; 16(5): 191-206. doi: 10.117
9/1476830512Y.0000000044, PMID 23321048.

Moabedi M, Aliakbari M, Erfanian S, Milajerdi A. Magnesium supplementation
beneficially affects depression in adults with depressive disorder: a systematic
review and meta-analysis of randomized clinical trials. Front Psychiatry. 2023; 14:
1333261. doi: 10.3389/fpsyt.2023.1333261, PMID 38213402.

Murck H. Magnesium and affective disorders. Nutr Neurosci. 2002; 5(6): 375-89. doi:
10.1080/1028415021000039194, PMID 12509067.

Phelan D, molero P, martinez-gonzélez MA, molendijk M. Magnesium and mood
disorders: systematic review and meta-analysis. BJPsych Open. 2018; 4(4): 167-79.
doi: 10.1192/bjo.2018.22, PMID 29897029.

. James AJ. Down’s syndrome, dementia and myoclonic jerks. Br J Psychiatry. 1990;

157:938. doi: 10.1192/bjp.157.6.938a, PMID 2149664.

Bardaa S, Ben Halima N, Aloui F, Ben Mansour R, Jabeur H, Bouaziz M, et al. Oil from
pumpkin (Cucurbita pepo L.) Seeds: evaluation of its functional properties on wound
healing in rats. Lipids Health Dis. 2016; 15: 73. doi: 10.1186/512944-016-0237-0, PMID
27068642.

Vinayashree S, vasu P. Biochemical, nutritional and functional properties of protein
isolate and fractions from pumpkin (Cucurbita moschata var. Kashi Harit) seeds. Food
Chem. 2021; 340: 128177. doi: 10.1016/j.foodchem.2020.128177, PMID 33002826.

Hatami M. Toxicity assessment of multi-walled carbon nanotubes on Cucurbita pepo
L. under well-watered and water-stressed conditions. Ecotoxicol Environ Saf. 2017;
142:274-83. doi: 10.1016/j.ecoenv.2017.04.018, PMID 28433592.

Shang X, guo X, li, Li B, Pan H, Zhang J, Zhang Y, et al. Microwave-assisted extraction
of three bioactive alkaloids from Peganum harmala L. and their acaricidal activity
against Psoroptes cuniculi in vitro. J Ethnopharmacol. 2016; 192: 350-61. doi: 10.1016
/j.jep.2016.07.057, PMID 27452655.

Dang J, gleason ML, wang B, feng J. Effects of Peganum harmala extracts and
synthetic chemical fungicides on controlling early blight of tomato in the central
shaanxi plain of china. Crop Prot. 2023; 166. doi: 10.1016/j.cropro.2022.106177.

Deng G, Wu C, Rong X, Li S, Ju Z, Wang Y, et al. Ameliorative effect of deoxyvasicine
on scopolamine-induced cognitive dysfunction by restoration of cholinergic
function in mice. Phytomedicine. 2019; 63: 153007. doi: 10.1016/j.phymed.2019.15
3007, PMID 31301537, ¢, ding, w., guan, h., cheng, x, liu, w., and wang, c. (2019).
Ameliorative effect of deoxyvasicine on scopolamine-induced cognitive dysfunction
by restoration of cholinergic function in mice. Phytomedicine: international journal
of phytotherapy and phytopharmacology, 63, 153007. Https://doi.org/10.1016/j.
phymed.2019.153007.

Frison G, favretto D, zancanaro F, fazzin G, ferrara SD. A case of beta-carboline
alkaloid intoxication following ingestion of Peganum harmala seed extract. Forensic
Sci Int. 2008; 179(2-3): e37-43. doi: 10.1016/j.forsciint.2008.05.003, PMID 18603389.

Macdonald C, ilie G, kephart G, rendon R, Mason R, Bailly G, et al. Mediating effects of
self-efficacy and illness perceptions on mental health in men with localized prostate
cancer: A secondary analysis of the Prostate Cancer Patient Empowerment Program
(PC-PEP) randomized controlled trial. Cancers (Basel). 2024; 16(13): 2352. doi: 10.3
390/cancers16132352, PMID 39001414, mason, ., bailly, g., bell, d., patil, n., bowes,
d., wilke, d., kokorovic, a., and rutledge, r. (2024). Mediating effects of self-efficacy
and illness perceptions on mental health in men with localized prostate cancer: a
secondary analysis of the prostate cancer patient empowerment program (pc-pep)
randomized controlled trial. Cancers, 16. Https://doi.org/10.3390/cancers16132352.
Guo X, yuan, j, song, X., wang, X. sun, q., tian, j. 2020;li:x., ding, m., and liu, y. Bacteria
metabolites from Peganum harmala L. Polysaccharides inhibits polyq aggregation
through proteasome-mediated protein degradation in c. Guo X, Yuan J, Song X, Wang
X, Sun Q, Tian J, et al. Bacteria metabolites from Peganum harmala L. polysaccharides
inhibits polyQ aggregation through proteasome-mediated protein degradation in
C. elegans. Int J Biol Macromol. 2020; 161: 681-91. doi: 10.1016/j.ijbiomac.2020.06.
091, PMID 32544588.

. Li S, yan N, tanveer M, zhao Z, jiang L, wang H. Seed germination ecology of the

medicinal plant Peganum harmala (Zygophyllaceae). Plants (Basel). 2023; 12(14):
2660. doi: 10.3390/plants12142660, PMID 37514274.

Tabrizizadeh M, Kazemipoor M, Hakimian M, Maleksabet M, Kazemipoor M, Zandi
H, et al. Effects of a Peganum harmala (Zygophyllaceae) preparation for root canal
disinfection. Phytother Res. 2018; 32(4): 672-7.doi: 10.1002/ptr.6015, PMID 29368404.
Bhol NK, Bhanjadeo MM, Singh AK, Dash UC, Ojha RR, Majhi S, et al. The interplay
between cytokines, inflammation, and antioxidants: mechanistic insights and
therapeutic potentials of various antioxidants and anti-cytokine compounds.
Biomed Pharmacother. 2024; 178: 117177. doi: 10.1016/j.biopha.2024.117177, PMID
39053423.

Gegotek A, skrzydlewska E. Antioxidative and anti-inflammatory activity of ascorbic
acid. Antioxidants (Basel). 2022; 11(10): 1993. doi: 10.3390/antiox11101993, PMID
36290716.

Pharmacognosy Reviews, Vol 19, Issue 38, Jul-Dec, 2025



Albukhari: Synergistic Effects of Peganum harmala and Cucurbita pepo

145.

14

147.

148.

149.

150.

152.

153.

w

154.

155.

156.

157.

~N

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

o

Lu CC, Yen GC. Antioxidative and anti-inflammatory activity of functional foods. Curr
Opin Food Sci. 2015; 2: 1-8. doi: 10.1016/j.cofs.2014.11.002.

Schinella GR, Tournier HA, Prieto JM, Mordujovich de Buschiazzo P, Rios JL.
Antioxidant activity of anti-inflammatory plant extracts. Life Sci. 2002; 70(9): 1023-33.
doi: 10.1016/50024-3205(01)01482-5, PMID 11860151.

Sowmya K, bhat MI, bajaj R, kapila S, kapila R. Antioxidative and anti-inflammatory
potential with trans-epithelial transport of a buffalo casein-derived hexapeptide
(yfypql). Food Biosci. 2019; 28: 151-63. doi: 10.1016/j.fbi0.2019.02.003.

Blagov AV, Summerhill VI, Sukhorukov VN, Zhigmitova EB, Postnov AY, Orekhov AN.
Potential use of antioxidants for the treatment of chronic inflammatory diseases.
Front Pharmacol. 2024; 15: 1378335. doi: 10.3389/fphar.2024.1378335, PMID
38818374.

Arulselvan P, Fard MT, Tan WS, Gothai S, Fakurazi S, Norhaizan ME, et al. Role of
antioxidants and natural products in inflammation. Oxid Med Cell Longev. 2016;
2016:5276130. doi: 10.1155/2016/5276130, PMID 27803762.

Sowmya K, Mala D, Bhat MI, Kumar N, Bajaj RK, Kapila S, et al. Bio-accessible milk
casein derived tripeptide (LLY) mediates overlapping anti- inflammatory and
anti-oxidative effects under cellular (Caco-2) and in vivo milieu. J Nutr Biochem. 2018;
62:167-80. doi: 10.1016/j.jnutbio.2018.09.002, PMID 30300836.

. Zhang L, ravipati AS, koyyalamudi SR, jeong SC, reddy N, Smith PT, et al. Antioxidant

and anti-inflammatory activities of selected medicinal plants containing phenolic
and flavonoid compounds. J Agric Food Chem. 2011; 59(23): 12361-7. doi: 10.1021/j
f203146e, PMID 22023309., bartlett, j., shanmugam, k., miinch, g., and wu, m. (2011).
Antioxidant and anti-inflammatory activities of selected medicinal plants containing
phenolic and flavonoid compounds. Journal of agricultural and food chemistry, 59
23,12361-7. Https://doi.org/10.1021/jf203146e.

Pereira ¢, souza a, vasconcelos a, prado, p., and name, j. Antioxidant and
anti-inflammatory mechanisms of action of astaxanthin in cardiovascular diseases
[review]. Int J Mol Med. 2020; 47: 37-48. doi: 10.3892/ijmm.2020.4783.

Cavalcanti-de-albuquerque j, de-souza-ferreira, e, de carvalho, d., and galina,
a. Coupling of gaba metabolism to mitochondrial glucose phosphorylation.
Neurochem Res. 2021; 47: 470-80. doi: 10.1007/511064-021-03463-2.

Kanellopoulos a, mariano, v., mariano, v., spinazzi m, woo, y., mclean, c. pech, u. Vol.
li, k., armstrong, j., armstrong. giangrande j, callaerts p, smit, a., abrahams, b., fiala,
a., achsel, t. Aralar sequesters gaba into hyperactive mitochondria, causing social
behavior deficits, bagni, c., and bagni, c. Cell. 2020; 180: 1178-1197.e20. doi: 10.10
16/j.cell.2020.02.044.

Pohl F, germann AL, mao J, hou S, bakare B, Kong Thoo Lin P, et al. UNC-49 is a
redox-sensitive GABAA receptor that regulates the mitochondrial unfolded protein
response cell nonautonomously. Sci Adv. 2023; 9(44): eadh2584. doi: 10.1126/sciadv
.adh2584, PMID 37910615.

Mossink b, van rhijn j, wang s. van hugte, e. linda, k. BAK. verboven j, selten m, anania
a, jansen s, keller j, gunnewiek t, et al. Cadherin-13 is a critical regulator of gabaergic
modulation in human stem-cell-derived neuronal networks. Mol Psychiatry. 2020;
27:1-18. doi: 10.1038/541380-021-01117-x.

Sparrow EL, James S, Hussain K, Beers SA, Cragg MS, Bogdanov YD. Activation of
GABA(A) receptors in hibits T cell proliferation. PLOS One. 2021; 16(5): €0251632. doi:
10.1371/journal.pone.0251632, PMID 34014994.

Kang m, seoj, lee, h., uner, a,, yang, w. da cruz Rodrigues, k. Kim, h,li, w., campbell.
dagon j, y, and kim, y. Lrp1 regulates food intake and energy balance in gabaergic
neurons independently of leptin action. Am J Physiol Endocrinol Metab. 2020. doi: 1
0.1152/ajpendo.00399.2020.

Furtado M, katzman MA. Neuroinflammatory pathways in anxiety, posttraumatic
stress, and obsessive-compulsive disorders. Psychiatry Res. 2015; 229(1-2): 37-48.
doi: 10.1016/j.psychres.2015.05.036, PMID 26296951.

Hour, ye, g. liu, y,, chen, x., pan, m. zhu, f, fu, j, fu, t., liu, g., gao. Hou R, Ye G, Liu Y,
Chen X, Pan M, Zhu F, et al. Effects of SSRIs on peripheral inflammatory cytokines in
patients with Generalized Anxiety Disorder. Brain Behav Immun. 2019; 81: 105-10.
doi: 10.1016/j.bbi.2019.06.001, PMID 31163212.

Salim S, chugh G, asghar M. Inflammation in anxiety. Adv Protein Chem Struct Biol.
2012; 88: 1-25. doi: 10.1016/B978-0-12-398314-5.00001-5, PMID 22814704.

Irwin M. Psychoneuroimmunology of depression: clinical implications. Brain Behav
Immun. 2002; 16(1): 1-16. doi: 10.1006/brbi.2001.0654, PMID 11846437.

Neupane SP. Psychoneuroimmunology: the new frontier in suicide research. Brain
Behav Immun Health. 2021; 17: 100344. doi: 10.1016/j.bbih.2021.100344, PMID
34589823.

Fransson E. Psychoneuroimmunology in the context of perinatal depression-tools
for improved clinical practice. Brain Behav Immun Health. 2021; 17: 100332. doi: 10.1
016/j.bbih.2021.100332, PMID 34589817.

LiuF, Wu J, GongY,Wang P, Zhu L, Tong L, et al. Harmine produces antidepressant-like
effects via restoration of astrocytic functions. Prog Neuropsychopharmacol Biol
Psychiatry. 2017; 79(B):258-67. doi: 10.1016/j.pnpbp.2017.06.012, PMID 28625859.
Khakpai F, golshani SP, alijanpour S, ebrahimi-ghiri M, zarrindast MR. Anxiolytic-
and antidepressive-like effects of harmaline in mice are mediated via histamine H3
receptor blockade. Biochem Biophys Res Commun. 2024; 736: 150879. doi: 10.1016/
j.bbrc.2024.150879, PMID 39467356.

Farzin D, mansouri N. Antidepressant-like effect of harmane and other -carbolines
in the mouse forced swim test. Eur Neuropsychopharmacol. 2006; 16(5): 324-8. doi: 1
0.1016/j.euroneuro.2005.08.005, PMID 16183262.

Pharmacognosy Reviews, Vol 19, Issue 38, Jul-Dec, 2025

168.

169.

170.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

. Farzin D, mansouri

168. Mosaffa s,ahmadi h, khakpai, f., ebrahimi-ghiri, m., and zarrindast, m. Synergistic
antidepressant- and anxiolytic-like effects of harmaline along with cinanserin in
acute restraint stress-treated mice. Psychopharmacology. 2020; 238: 259-69. doi: 1
0.1007/500213-020-05679-6.

Liu w, huang b, You WJ, Hu P, Wang XH, Zhang JY, et al. Harmine enhances GABAergic
transmission onto basoamygdala projection neurons in mice. Brain Res Bull. 2018;
137: 294-300. doi: 10.1016/j.brainresbull.2018.01.004, PMID 29330035., wang, X.,
zhang, j., xu, x., zhang, z,, pan, b., and zhang, w. (2018). Harmine enhances gabaergic
transmission onto basoamygdala projection neurons in mice. Brain research bulletin,
137, 294-300. Https://doi.org/10.1016/j.brainresbull.2018.01.004.

Duarte-filho LA, Amariz IA, Nishimura RH, Massaranduba AB, Menezes PM,
Damasceno TA, et al. B-carboline-independent antidepressant-like effect of the
standardized extract of the barks of Mimosa tenuiflora (Willd.) Poir. occurs via
5-HT2A/2C receptors in mice. J Psychopharmacol. 2022; 36(7): 836-48. doi: 10.1177
/02698811221104050, PMID 35723216.

N. Antidepressant-like effect of harmane and other
beta-carbolines in the mouse forced swim test. Eur Neuropsychopharmacol. 2006;
16(5): 324-8. doi: 10.1016/j.euroneuro.2005.08.005, PMID 16183262.

Hilber P, chapillon P. Effects of harmaline on anxiety-related behavior in mice. Physiol
Behav. 2005; 86(1-2): 164-7. doi: 10.1016/j.physbeh.2005.07.006, PMID 16112150.
Lis,wang,y., qi,s.zhang,y. deng, g.ding, w., c, lin, q.,guan, h., liu.cheng w. Analogous
B-carboline alkaloids harmaline and harmine ameliorate scopolamine-induced
cognition dysfunction by attenuating acetylcholinesterase activity, oxidative stress,
and inflammation in mice. Front Pharmacol. 2018;x., and wang, c:9. doi: 10.3389/fp
har.2018.00346.

Ebrahimi-ghiri M, nasehi M, zarrindast MR. Anxiolytic and antidepressant effects of
acpa and harmaline co-treatment. Behav Brain Res. 2019; 364: 296-302. doi: 10.1016
/j.bbr.2019.02.034, PMID 30797851.

Mani RK, bose MM, mittal S, A M, Md S. A systemic review on neuroprotective
potential of Cucurbita pepo on neurological disease. Int J Heal Care Bio Sci. 2023:
7-10. doi: 10.46795/ijhcbs.v4i3.465.

Herraiz T. B-carboline alkaloids in soy sauce and inhibition of monoamine oxidase
(mao). Molecules. 2023; 28(6): 2723. doi: 10.3390/molecules28062723, PMID
36985694.

B77.nt, b, cruzalegui f, burbridge m, kotschy a. Structure-Based Design and
Synthesis of Harmine Derivatives with Different Selectivity Profiles in Kinase versus
Monoamine Oxidase Inhibition. ChemMedChem. 2017; 12(12): 932-9. doi: 10.1002/c
mdc.201600539, PMID 28264138.

Chen D, Su A, Fu Y, Wang X, Lv X, Xu W, et al. Harmine blocks herpes simplex virus
infection through downregulating cellular NF-kB and MAPK pathways induced by
oxidative stress. Antiviral Res. 2015; 123: 27-38. doi: 10.1016/j.antiviral.2015.09.003
, PMID 26348003.

Habib m, tadros m, abd-alkhalek, h., mohamad, m., eid, d., hassan, f, elhelaly.
Habib MZ, Tadros MG, Abd-Alkhalek HA, Mohamad MI, Eid DM, Hassan FE, et al.
Harmine prevents 3-nitropropionic acid-induced neurotoxicity in rats via enhancing
NRF2-mediated signaling: involvement of p21 and AMPK. Eur J Pharmacol. 2022; 927:
175046. doi: 10.1016/j.ejphar.2022.175046, PMID 35623405.

Morales-Garcia. Morales-Garcia JA, de la Fuente Revenga M, Alonso-Gil S,
Rodriguez-Franco M, Feilding A, Perez-Castillo A, et al. The alkaloids of Banisteriopsis
caapi, the plant source of the Amazonian hallucinogen ayahuasca, stimulate adult
neurogenesis. Sci Rep. 2017; 7(1): 5309. doi: 10.1038/541598-017-05407-9, PMID
28706205.

Sailor KA, schinder AF, lledo PM. Adult neurogenesis beyond the niche: its potential
for driving brain plasticity. Curr Opin Neurobiol. 2017; 42: 111-7. doi: 10.1016/j.conb.
2016.12.001, PMID 28040643.

Abd-Elmawla MA, Essam RM, Ahmed KA, Abdelmonem M. Implication of Wnt/
GSK-3B/B-catenin signaling in the pathogenesis of mood disturbances associated
with hyperthyroidism in rats: potential therapeutic effect of naringin. ACS Chem
Neurosci. 2023; 14(11): 2035-48. doi: 10.1021/acschemneuro.3c00013, PMID
37196197.

Pinna N, ianni F, Conte C, Codini M, diVito R, Urbani S, et al. Carotenoids from different
pumpkin varieties exert a cytotoxic effect on human neuroblastoma SH-SY5Y cells.
Nutrients. 2024; 16(17): 3043. doi: 10.3390/nu16173043, PMID 39275357., codini,
m., di vito, r,, urbani, s., selvaggini, r., cossignani, |., and blasi, f. (2024). Carotenoids
from different pumpkin varieties exert a cytotoxic effect on human neuroblastoma
sh-sy5y cells. Nutrients, 16. Https://doi.org/10.3390/nu16173043.

Kaur N, kishore L, farooq SA, Kajal A, Singh R, Agrawal R, et al. Cucurbita pepo seeds
improve peripheral neuropathy in diabetic rats by modulating the inflammation and
oxidative stress in rats. Environ Sci Pollut Res Int. 2023; 30(36): 85910-9. doi: 10.1007/
511356-023-28339-6, PMID 37400700.

Zechmann B, miiller M, zellnig G. Intracellular adaptations of glutathione content
in Cucurbita pepo |. Induced by treatment with reduced glutathione and buthionine
sulfoximine. Protoplasma. 2006; 227(2-4): 197-209. doi: 10.1007/s00709-005-0129-z
, PMID 16520878.

He D,WuH, WeiY, LiuW, Huang F, ShiH, et al. Effects of harmine, an acetylcholinesterase
inhibitor, on spatial learning and memory of APP/PS1 transgenic mice and
scopolamine-induced memory impairment mice [shi, h]. Eur J Pharmacol. 2015; 768:
96-107. doi: 10.1016/j.ejphar.2015.10.037, PMID 26526348.

Xiong B, wang Y, Chen Y, Xing S, Liao Q, Chen Y, et al. Strategies for structural
modification of small molecules to improve blood-brain barrier penetration: A recent

167



Albukhari: Synergistic Effects of Peganum harmala and Cucurbita pepo

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

perspective. J Med Chem. 2021; 64(18): 13152-73. doi: 10.1021/acs.jmedchem.1c00
910, PMID 34505508.

He Q liuJ, liang J, liu X, li, Li W, Liu Z, et al. Towards improvements for penetrating the
blood-brain barrier-recent progress from a material and pharmaceutical perspective.
Cells. 2018; 7(4): 24. doi: 10.3390/cells7040024, PMID 29570659, w., liu, z, ding, z,, and
tuo, d. (2018). Towards improvements for penetrating the blood-brain barrier-recent
progress from a material and pharmaceutical perspective. Cells, 7. Https://doi.org/1
0.3390/cells7040024.

Mondal P, natesh J, Abdul Salam AA, meeran SM. Mahanimbine isolated from
Murraya koenigii inhibits p-glycoprotein involved in lung cancer chemoresistance.
Bioorg Chem. 2022; 129: 106170. doi: 10.1016/j.bioorg.2022.106170, PMID 36174443.

Eid SY, el-readi MZ, el, Eldin EE, Fatani SH, Wink M. Influence of combinations of
digitonin with selected phenolics, terpenoids, and alkaloids on the expression and
activity of P-glycoprotein in leukaemia and colon cancer cells. Phytomedicine. 2013;
21(1):47-61. doi: 10.1016/j.phymed.2013.07.019, PMID 23999162.

Saleem U, shehzad A, Shah S, Raza Z, Shah MA, Bibi S, et al. Antiparkinsonian activity
of Cucurbita pepo seeds along with possible underlying mechanism. Metab Brain
Dis. 2021; 36(6): 1231-51. doi: 10.1007/s11011-021-00707-6, PMID 33759084, raza,
z., shah, m., bibi, s., chauhdary, z,, and ahmad, b. (2021). Antiparkinsonian activity of
Cucurbita pepo seeds along with possible underlying mechanism. Metabolic brain
disease, 36, 1231-1251. Https://doi.org/10.1007/s11011-021-00707-6.

Miao x, zhang x. yuan, y. zhang, y., gao, j. kang, n., liu, x., wu. Miao X, Zhang X, Yuan',
Zhang Y, Gao J, Kang N, et al. The toxicity assessment of extract of Peganum harmala
L. seeds in Caenorhabditis elegans. Bmc Complement Med Ther. 2020; 20(1): 256. doi:
10.1186/512906-020-03051-x, PMID 32807143.

Guergour h, allouni r, mahdeb, n., and bouzidi, a. Acute and subacute toxicity
evaluation of alkaloids of Peganum harmala L. In experimental mice. Phytopathology.
2017; 9. doi: 10.25258/phyto.v9i09.10304.

Jiang N, chen L, li, Li J, Li W, Jiang S. Lethal and sublethal toxicity of beta-carboline
alkaloids from Peganum harmala (L.) against aedes albopictus larvae (Diptera:
culicidae). Toxics. 2023; 11(4): 341. doi: 10.3390/toxics11040341, PMID 37112568.

Li s, zhang q, wang, y., lin, b,, li. Li S, Zhang Q, Wang Y, Lin B, Li D, Hua H, et al.
B-Carboline alkaloids from the roots of Peganum harmala L. Chin J Nat Med. 2024;
22(2):171-7. doi: 10.1016/51875-5364(24)60583-2, PMID 38342569.

Yuruktumen A, karaduman S, bengi F, fowler J. Syrian rue tea: a recipe for disaster.
Clin Toxicol (Phila). 2008; 46(8): 749-52. doi: 10.1080/15563650701323205, PMID
18803088.

Teply RM, packard KA, White ND, Hilleman DE, DiNicolantonio JJ. Treatment of
depression in patients with concomitant cardiac disease. Prog Cardiovasc Dis. 2016;
58(5): 514-28. doi: 10.1016/j.pcad.2015.11.003, PMID 26562328.

Morriss R, tyrer F, zaccardi F, khunti K. Safety of antidepressants in a primary care
cohort of adults with obesity and depression. PLOS One. 2021; 16(1): e0245722. doi:
10.1371/journal.pone.0245722, PMID 33513174.

Prasitltumkum n, cheungpasitporn, w., tokavanich, n., ding, k., kewcharoen, j.,
thongprayoon, c., kaewput, w., bathini. Prasitumkum N, Cheungpasitporn W,
Tokavanich N, Ding KR, Kewcharoen J, Thongprayoon C, et al. Antidepressants and
risk of sudden cardiac death: A network meta-analysis and systematic review. Med
Sci (Basel). 2021; 9(2): 26. doi: 10.3390/medsci9020026, PMID 33922524.

Youdim m, riederer p. A review of the mechanisms and role of monoamine oxidase
inhibitors in Parkinson’s disease. Neurology. 2004; 63 Suppl 2:s32-5. doi: 10.
1212/wnl.63.7_suppl_2.s32.

Anderson MC, hasan F, McCrodden JM, Tipton KF. Monoamine oxidase inhibitors and
the cheese effect. Neurochem Res. 1993; 18(11): 1145-9. doi: 10.1007/BF00978365
, PMID 8255365.

202.

203.

207.

209.

210.

212.

213.

214.

215.

Bieck p, schick ¢, antonin k, reimann 1, i., and moerike, k. Tyramine kinetics before and
after mao inhibition with the reversible mao inhibitor brofaremine (cgp 11 305 a);
1985. p. 411-26. doi: 10.1007/978-1-4612-5010-4_42.

Pettinger WA, Soyangco FG, Oates JA. Inhibition of monoamine oxidase in man by
furazolidone. Clin Pharmacol Ther. 1968; 9(4): 442-7. doi: 10.1002/cpt196894442,
PMID 5655478.

. vallianatou t, yang, y., shariatgorji, m., kalomoiri, m., fridjonsdottir, e, millan, m.,

zhang, x., andrén, p., and svenningsson, p.-dependent and -independent actions
of tyramine in interaction with glutamate underlie central effects of monoamine
oxidase inhibition Mantas, i. Biol Psychiatry. 2020. Taar1;90: 16-27. doi: 10.1016/j.bi
opsych.2020.12.008.

. Vandenberg CM. The transdermal delivery system of monoamine oxidase inhibitors.

J Clin Psychiatry. 2012; 73 Suppl 1: 25-30. doi: 10.4088/JCP.11096su1c.04, PMID
22951239.

. Akubugwo El, Emmanuel O, Ekweogu CN, Ugbogu OC, Onuorah TR, Egeduzu

OG, et al. GC-MS analysis of the phytochemical constituents, safety assessment,
wound healing and anti-inflammatory activities of Cucurbita pepo Leaf extract
in rats. Sci Pharm. 2022; 90(4). doi: 10.3390/scipharm90040064, e., emmanuel, o.,
ekweogu, ¢, ugbogu, o., onuorah, t., egeduzu, o., and ugbogu, e. (2022). Gc-ms
analysis of the phytochemical constituents, safety assessment, wound healing
and anti-inflammatory activities of Cucurbita pepo leaf extract in rats. Scientia
pharmaceutica. Https://doi.org/10.3390/scipharm90040064.

Zanelli d, carniel f, fortuna |, pavoni E, e, gonzélez, v., vazquez, prato, m., and tretiach,
m. Interactions of airborne graphene oxides with the sexual reproduction of a model
plant: when production impurities matter. Chemosphere. 2022: 137138. doi: 10.101
6/j.chemosphere.2022.137138.

. Silano, v., baviera j, bolognesi ¢, briischweiler b, cocconcelli p, crebelli r, et al., e.,

mortensen, a,, riviere, g., steffensen, i, tlustos, c., van loveren. EFSA Panel on Food
Contact Materials, Enzymes, Processing Aids (CEP), Silano V, Barat Baviera JM,
Bolognesi C, Briischweiler BJ, Cocconcelli PS, et al. Safety evaluation of the food
enzyme l-ascorbate oxidase from Cucurbita pepo|.and Cucurbita moschata Duchesne.
EFSA J. 2019; 17(6): €05740. doi: 10.2903/j.efsa.2019.5740, PMID 32626358.

Shehzad a, saleem u, gulzar f, ahmed f, anwer r. shahad, m., kousar, s. zahid, f,
and zahid, s. 2023. Precliinical sub-acute oral toxicity study for anti-inflammatory
evaluation of methanol extract of Cucurbita pepo |. Shehzad A, Saleem U, Gulzar F,
Ahmed F, Anwer R, Shahad M, et al. PRECLIINICAL sub-acute oral toxicity study for
anti-inflammatory evaluation of methanol extract of Cucurbita pepo L. seeds. Biol
Clin Sci Res J. 2023; 2023(1). doi: 10.54112/bcsrj.v2023i1.610.

Knight ER, Carter LJ, McLaughlin MJ. Bioaccumulation, uptake, and toxicity of
carbamazepine in soil-plant systems. Environ Toxicol Chem. 2018; 37(4): 1122-30. doi:
10.1002/etc.4053, PMID 29193285.

. Bauwens J, saenz LH, reusser A, kiinzli N, bonhoeffer J. Safety of co-administration

versus separate administration of the same vaccines in children: a systematic
literature review. Vaccines. 2019; 8(1): 12. doi: 10.3390/vaccines8010012, PMID
31906218.

Niu J, straubinger RM, mager DE. Pharmacodynamic drug-drug interactions. Clin
Pharmacol Ther. 2019; 105(6): 1395-406. doi: 10.1002/cpt.1434, PMID 30912119.

Albukhari AF. Ai-guided phytochemical and drug synergy mapping of Peganum
harmala and nigella sativa in cancer therapy. Pharmacogn Rev. 2025; 19(37): 48-60.
doi: 10.5530/phrev.20252224.

Albukhari AF. Ai-guided synergistic anticancer potential of Peganum harmala
and black garlic (allium nigrum): a systematic review of mechanistic insights and
preclinical evidence. Pharmacogn Rev. 2025; 19(37): 91-101. doi: 10.5530/phrev.20
252310.

Rani P, dutta K, Kumar V. Artificial intelligence techniques for prediction of drug
synergy in malignant diseases: past, present, and future. Comput Biol Med. 2022;
144: 105334. doi: 10.1016/j.compbiomed.2022.105334, PMID 35286893.

Cite this article: Albukhari AF. Synergistic Neuropsychopharmacological Potential of Peganum harmala and Cucurbita pepo: A Narrative Review of Mechanisms,

Evi

168

dence, and Toxicological Cautions. Pharmacog Rev. 2025;19(38):154-68.

Pharmacognosy Reviews, Vol 19, Issue 38, Jul-Dec, 2025



