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ABSTRACT

Herbal medicine has long been an integral component of traditional healthcare systems across the globe, and recent scientific interest has increasingly focused on
validating the therapeutic potential of medicinal plants through empirical evidence. This review critically examines two widely used botanicals—Bacopa monnieri
(commonly known as Brahmi) and Moringa oleifera—highlighting their respective roles in cognitive enhancement and metabolic regulation. Bacopa monnieri has
been traditionally used in Ayurvedic medicine as a nootropic agent, attributed mainly to its bacoside content, which exerts neuroprotective, antioxidant, and anti-
inflammatory effects. Clinical and preclinical studies suggest that Bacopa enhances memory acquisition, retention, and recall, and may also improve attention and
reduce anxiety-related symptoms by modulating neurotransmitters such as serotonin and acetylcholine. On the other hand, Moringa oleifera, often referred to as the
"miracle tree," is recognized for its dense nutritional profile and potent metabolic effects. It has demonstrated promising antidiabetic, antihyperlipidemic, and anti-
inflammatory properties in various studies. The presence of bioactive compounds such as isothiocyanates, flavonoids, and phenolic acids contribute to its ability to
regulate glucose and lipid metabolism, thereby reducing risk factors associated with metabolic syndrome and type 2 diabetes. Additionally, Moringa’s antioxidant
properties may provide systemic protection against oxidative stress and inflammation, common contributors to chronic metabolic conditions. This review
synthesizes current scientific findings from both clinical trials and animal studies to evaluate the efficacy, mechanisms of action, safety profiles, and potential
synergistic applications of Bacopa monnieri and Moringa oleifera. While both plants offer substantial therapeutic promise, variability in dosage, formulation, and
trial design present challenges in standardizing treatment protocols. Further large-scale, randomized clinical trials are warranted to fully establish their roles as
complementary therapies in cognitive and metabolic health.
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Introduction

The global prevalence of cognitive disorders and metabolic syndromes has increased dramatically over the past few decades, leading to a growing interest
in alternative and complementary therapies derived from medicinal plants. In particular, Bacopa monnieri (commonly known as Brahmi) and Moringa
oleifera (often referred to as the "miracle tree") have garnered significant attention due to their long-standing use in traditional medicine and emerging
scientific evidence supporting their therapeutic benefits. These two botanicals are noted for their neuroprotective, antioxidant, anti-inflammatory, and
metabolic-regulating properties, making them promising candidates in the prevention and management of cognitive decline and metabolic disorders.
Cognitive dysfunction, encompassing memory impairment, reduced attention span, and learning difficulties, is a hallmark of several neurodegenerative
diseases, including Alzheimer’s and other forms of dementia. Bacopa monnieri, a herb used extensively in Ayurvedic medicine, has been traditionally
employed to enhance memory, intellect, and mental performance. Scientific studies attribute these benefits to its bioactive constituents, particularly
bacosides, which have demonstrated ability to modulate neurotransmitter activity, reduce oxidative stress, and improve synaptic communication (Stough
et al., 2001; Kongkeaw et al., 2014). Contemporary clinical trials support its use as a cognitive enhancer in both healthy individuals and those with age-
related cognitive decline.

In contrast, metabolic syndromes characterized by insulin resistance, obesity, dyslipidemia, and hypertension pose a significant global health burden,
often leading to chronic conditions such as type 2 diabetes and cardiovascular disease. Moringa oleifera, a fast-growing tree native to parts of Asia and
Africa, is rich in vitamins, minerals, amino acids, and antioxidants, and has been used traditionally to manage a variety of ailments including diabetes,
inflammation, and high cholesterol (Fahey, 2005). Experimental studies have shown that Moringa extracts can significantly reduce blood glucose levels,
improve lipid profiles, and mitigate oxidative stress making it an appealing adjunct therapy for metabolic regulation. Despite their therapeutic promise,
the use of Bacopa monnieri and Moringa oleifera in mainstream medicine is limited by factors such as variability in dosage, extraction methods, and
clinical trial design. There remains a pressing need for well-structured, large-scale human studies to validate their efficacy, standardize their formulations,
and explore potential interactions with pharmaceutical drugs.

This review aims to provide a comprehensive overview of the cognitive effects of Bacopa monnieri and the metabolic benefits of Moringa oleifera,
focusing on their mechanisms of action, clinical efficacy, safety profiles, and potential for integration into complementary medicine practices.
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This review also aims to critically examine and synthesize current evidence on the cognitive-enhancing properties of Bacopa monnieri and the metabolic
health benefits of Moringa oleifera, highlighting their mechanisms of action, clinical relevance, and therapeutic potential in integrative health approaches.

Bacopa monnieri: Cognitive Enhance

Taxonomical Classification

Taxonomic Rank Name

Kingdom Plantae

Phylum Tracheophyta

Class Magnoliopsida
Order Lamiales

Family Plantaginaceae
Genus Bacopa

Species Bacopa monnieri (L.)

Common Names

YV Vv V VY

Brahmi (in Ayurveda)
Water hyssop
Herb of Grace

Thyme-leaved Gratiola

Habitat

Native to wetlands and marshy areas of:

vV V VY V V

India
Australia
Asia
Africa

South and North America

Description

vV VYV V V

as ground cover in moist gardens

A small, creeping herb
Succulent leaves, oblong and arranged oppositely
Small, white to pale blue flowers

Spreads horizontally, often used in aquariums or

A) Active Compounds of Bacopa monnieri and their uses
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Figure. An overview of the pharmacological effects of major bioactive constituents of Bacopa monnieri

The therapeutic effects of Bacopa monnieri are primarily attributed to a variety of phytochemicals, or plant-based compounds, that work synergistically
to support brain function and overall well-being. Among these, the most studied and pharmacologically significant are the bacosides, a class of triterpenoid
saponins unique to Bacopa. These compounds, along with alkaloids, flavonoids, and other bioactives, contribute to the herb’s wide range of physiological
and neurological effects. Modern pharmacological research has confirmed many of the traditional claims about Bacopa. It has been shown to enhance
memory, reduce anxiety, protect neurons from oxidative stress, and even help in the management of neurological disorders like Alzheimer’s disease and
ADHD. The mechanisms through which these benefits occur include modulating neurotransmitter levels, enhancing synaptic communication, protecting
against neuroinflammation, and scavenging harmful free radicals. In essence, Bacopa monnieri serves as a natural adaptogen and neurotonic, helping the
body and mind adapt to stress while enhancing cognitive performance. The identification and study of its active compounds not only validate its traditional
uses but also open avenues for developing novel therapeutic agents for mental health and neurological disorders. The pharmacological effects of Bacopa
monnieri are primarily attributed to a group of active phytoconstituents, the most notable being bacosides, particularly bacoside A and B. These
triterpenoid saponins have been shown to play a crucial role in enhancing synaptic activity, promoting dendritic growth, and facilitating
neurotransmission, which may underlie the herb’s cognitive benefits (Deepak & Amit, 2004; Stough et al., 2001). Animal studies and clinical trials have
demonstrated that standardized Bacopa extracts can significantly improve memory acquisition and retention, making it a promising natural therapeutic
agent for cognitive decline and neurodegenerative diseases such as Alzheimer’s disease (Calabrese et al., 2008; Kongkeaw et al., 2014).

Key Active Compounds in Bacopa monnieri for Cognitive Effect
Compound Specific Example Role in Cognition Mechanism of Action

Bacosides Bacoside A, Bacoside B,  Enhances memory, learning, and  Promotes dendrite formation, synaptic

Bacoside A3 synaptic plasticity communication, neuron repair
. . . Supports alertness and brain Modulates neurotransmitter levels (e.g.,
Alkaloids Brahmine, Herpestine . .
function acetylcholine)
. L . Neuroprotection, antioxidant Scavenges free radicals, reduces oxidative
Flavonoids Apigenin, Luteolin i i
support stress in brain cells
. . . . Adaptogenic and mood-regulating Modulates stress response, may enhance
Steroidal Saponins D-mannitol, Hersaponin . .
effects resilience to psychological stress
. . . . . Similar effects to bacosides; enhances brain
Triterpenoid Saponins  Bacopasaponins Memory and cognitive support

signaling pathways

Antioxidant and anti- Reduces neuroinflammation, helps maintain

Phenolic Compounds Various (e.g., caffeic acid) .
inflammatory neural health

B) Mechanisms of Action of Bacopa monnieri
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1.  Anti-inflammatory effects of B. monieri on declined cognition and neuron loss:

Microglial activation Gut microbiome alterations,
and neuroinflammation metabolic diseases

’ -
BINEEEE =3 s memeam, . seommemememmemon N S shom onll
NS AT & fTelomer omnon;,dcepcr inactivity of | = inactivity worsens
—————————————— oxidative stress
feedback leep : neuronal stem cells, oxidative stress
¢l§l’-l§8 JInflammatory triggers, ~_ E
activation I microglia activation, Lpro- —~# LTNF-aond & IL-6,
inflammatory cytokines production "c‘;’:’:m_,
TMMP-3 and caspases, 4 Tau hyperphosphorylation,
4 mitochondrial dysfuncﬂon Jprotein aggregation and
prevents mitochondrial da deposition

' | {Neurcinflammation | '

Inhibit oxidative stress : -
1 h Nrf2 and HO-1 5 o1 PI3K/Akt pathway activation,

activation, LROS

Bacopa monieri

Fig:- Anti-inflammatory effects of B. monieri on declined cognition and neuron loss

Chronic neuroinflammation is a key contributor to cognitive decline, neurodegenerative diseases (such as Alzheimer’s and Parkinson’s), and age-related
neuron loss. In these conditions, microglia (the immune cells of the brain) become persistently activated, leading to the release of pro-inflammatory
cytokines like TNF-a, IL-1p, and IL-6. These inflammatory molecules can damage neurons, disrupt synaptic signaling, and impair memory and learning.
Bacopa monnieri, through its anti-inflammatory action, helps counteract these effects via several interconnected mechanisms:

A. Inhibition of Pro-inflammatory Cytokines

1. Bacopa extracts have been shown to suppress the expression and release of cytokines like TNF-a, IL-1pB, and IL-6.
2. This reduces the overall inflammatory burden in the brain, limiting neuronal damage.

3. Mechanism: Bacosides and flavonoids inhibit NF-kB (nuclear factor kappa B), a key transcription factor that regulates inflammation (Viji &
Helen, 2008).

B. Modulation of Microglial Activation

1.

2.

3.

Microglia, when overactivated, cause neurotoxicity. Bacopa helps regulate microglial activity, keeping them in a more balanced, neuroprotective
state.

This reduces neuroinflammation-driven synaptic dysfunction, a major cause of memory impairment.

Mechanism: Downregulation of pro-inflammatory signaling and promotion of anti-inflammatory cytokines like IL-10.

C. Protection Against Oxidative Stress-Inflammation Cycle

e Inflammation and oxidative stress are closely linked each can trigger and amplify the other.

®  Bacopa’s antioxidant activity helps break this cycle, reducing oxidative damage to neurons that would otherwise stimulate more inflammation.
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®  Mechanism: Flavonoids and phenolic compounds scavenge ROS (reactive oxygen species), decreasing redox-sensitive inflammatory
signaling.

D. Preservation of Synaptic Plasticity and Neurons
1) By reducing inflammation, Bacopa preserves synaptic density and prevents apoptosis (programmed cell death) in neurons.
2) This leads to better cognitive performance, especially in tasks involving memory, attention, and spatial learning.

A study by Viji & Helen (2008) showed that bacoside-rich extracts significantly reduced brain inflammation in animal models by inhibiting COX-2 and
iNOS enzymes closely linked to inflammatory damage. Other studies have reported improved cognitive outcomes and reduced neuronal degeneration in
Bacopa-treated animals subjected to inflammatory or neurotoxic stress (Rauf et al., 2012; Limpeanchob et al., 2008).

Bacopa monnieri combats cognitive decline and neuron loss through its anti-inflammatory effects, primarily by:
®  Suppressing pro-inflammatory cytokines
®  Modulating microglial activation
e  Inhibiting inflammatory enzymes (e.g., COX-2, iNOS)
e  Reducing oxidative stress that drives inflammation
®  Supporting neuronal survival and synaptic integrity
2. The effects of Bacopa monnieri on oxidative processes

Oxidative stress is one of the primary causes of cognitive decline, neurodegeneration, and aging-related brain disorders. It occurs when there is an
imbalance between free radicals (reactive oxygen species or ROS) and the body’s ability to neutralize them with antioxidants. High levels of ROS in the
brain damage neurons, impair synaptic communication, and accelerate cognitive impairment.

Bacopa monnieri exerts powerful antioxidant effects that protect the brain by neutralizing free radicals, enhancing endogenous antioxidant defenses, and
maintaining cellular integrity. Here's how:
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Fig: Oxidative Process
A. Free Radical Scavenging
e  Bacopa contains flavonoids (e.g., luteolin, apigenin), bacosides, and phenolic compounds that directly scavenge ROS, including:
O  Superoxide anions (O2")
O  Hydroxyl radicals (*OH)

O  Hydrogen peroxide (H20:)
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®  Mechanism: These compounds donate electrons to neutralize free radicals, preventing lipid peroxidation, protein oxidation, and DNA damage
in neurons.

B. Upregulation of Antioxidant Enzymes
1.  Bacopa boosts the activity of the body’s endogenous antioxidant enzymes, such as:
a.  Superoxide dismutase (SOD)
b.  Catalase (CAT)
c.  Glutathione peroxidase (GPx)
2. These enzymes detoxify harmful ROS and protect neuronal membranes.
3. Mechanism: Bacosides enhance the expression of genes encoding these antioxidant enzymes, improving the brain’s own defense system.
C. Inhibition of Lipid Peroxidation
e  The brain is rich in polyunsaturated fatty acids, which are highly vulnerable to oxidative damage.
e  Bacopa significantly reduces malondialdehyde (MDA) levels—a marker of lipid peroxidation.
e  Mechanism: Antioxidants in Bacopa stabilize cell membranes and prevent oxidative damage to lipids, preserving neuronal function.
D. Protection of Mitochondrial Function
. Mitochondria are major sources and targets of ROS in neurons.
. Bacopa helps maintain mitochondrial integrity and energy production, reducing ROS generation at the source.
. Mechanism: By reducing mitochondrial dysfunction and increasing ATP production, Bacopa prevents secondary oxidative stress cascades.
E. Prevention of Neuronal Apoptosis
e  Oxidative stress can lead to programmed cell death (apoptosis) in neurons.
e  Bacopa reduces apoptosis by modulating oxidative stress pathways and stabilizing mitochondrial membranes.
e  Mechanism: Downregulation of caspase enzymes and protection of mitochondrial membrane potential.
Bacopa monnieri protects brain function and enhances cognition by:
e  Scavenging free radicals directly
®  Upregulating the brain’s own antioxidant enzymes
e  Preventing lipid, protein, and DNA oxidation
e  Supporting mitochondrial health
e  Reducing oxidative stress-induced neuronal apoptosis

These antioxidant actions play a key role in preserving cognitive function, slowing neurodegeneration and improving memory and learning capacity
especially under conditions of stress or aging.

Moringa oleifera: Metabolic Enhancer
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Taxonomical Classification

Taxonomic Rank Name

Kingdom Plantae

Phylum Tracheophyta
Class Angiosperms
Order Brassicales
Family Moringaceae
Genus Moringa

Species Moringa oleifera

Common Names

»  Drumstick tree
»  Horseradish tree
» Benoil tree
»  Miracle tree
Habitat
Tropical and subtropical climates:
»  India (major producer)
»  Brazil
» Asia
»  Africa
»  South and North America
Description
»  Small to medium-sized tree, typically 10-12 meters tall
»  Fragile, spreading, forming an open canopy Branches
»  Green, feathery, and soft in texture Leaves
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Active Compounds of Moringa oleifera and their uses

Fig: Active Compounds of Moringa oleifer

Moringa oleifera is renowned for its exceptional nutritional and therapeutic value, with nearly every part of the plant—Ileaves, seeds, pods, roots, and
flowers—being utilized in traditional and modern health practices. The leaves are particularly nutrient-dense, containing high levels of vitamins A, C,
and E, calcium, potassium, iron, and complete proteins with all essential amino acids, making them valuable for combating malnutrition (Gopalakrishnan
et al., 2016). Therapeutically, Moringa exhibits potent antioxidant, anti-inflammatory, antidiabetic, antimicrobial, and lipid-lowering properties. It
supports metabolic health by enhancing glucose metabolism, reducing oxidative stress, and regulating cholesterol levels (Leone et al., 2015). These
diverse bioactivities make Moringa oleifera a multifunctional plant with significant potential in nutraceutical and pharmacological applications.

Key Active Compounds in Moringa oleifera for Metabolic Effect

Compound Plant Part Class Metabolic Effect
. . Antioxidant, reduces blood pressure, improves insulin
Quercetin Leaves Flavonoid L
sensitivity
L Leaves, Inhibits glucose absorption, supports weight loss,
Chlorogenic acid Polyphenol . g . p. PP g
Seeds improves lipid metabolism
. Leaves, Glucosinolates Anti-inflammatory, enhances insulin secretion, protects
Isothiocyanates .
Seeds derivative B-cells
Niaziminin Leaves Thiocarbamate Antihypertensive, vasodilatory effect
Kaempferol Leaves Flavonoid Antioxidant, reduces blood sugar, lipid-lowering effect
. Seeds, Reduces cholesterol absorption, supports
Beta-sitosterol Phytosterol . P PP
Bark cardiovascular health
Vitamin C Leaves Vitamin Enhances insulin function, combats oxidative stress
Vitamin E Leaves, Vitamin Protects against oxidative damage in diabetes-related
(Tocopherol) Seeds complications

Polyunsaturated Fatty ~Anti-inflammatory, improves lipid profile, enhances

Omega-3 fatty acids Seeds (Oil) Acid insulin sensitivity
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Mechanisms of Action of Moringa oleifera
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Fig: Mechanisms of Action of Moringa oleifera

Moringa oleifera exerts its metabolic effects through multiple mechanisms of action. Its bioactive compounds—such as quercetin, chlorogenic acid, and
isothiocyanates—help regulate glucose and lipid metabolism by enhancing insulin secretion, improving insulin sensitivity, and inhibiting enzymes
involved in carbohydrate digestion (like a-amylase and a-glucosidase). These actions reduce postprandial blood glucose spikes. Additionally, its
antioxidant constituents, including flavonoids and vitamins C and E, combat oxidative stress, which is a major contributor to insulin resistance and
metabolic disorders. Moringa also exhibits anti-inflammatory properties, which help lower chronic low-grade inflammation associated with obesity and
type 2 diabetes. Collectively, these mechanisms support better glycemic control, lipid balance, and overall metabolic health. Moringa oleifera influences
metabolic health through a combination of antioxidant, anti-inflammatory, hypoglycemic, and lipid-lowering mechanisms. Its key phytochemicals—
such as quercetin, chlorogenic acid, kaempferol, and isothiocyanates—play critical roles in enhancing insulin sensitivity and stimulating insulin secretion
by pancreatic -cells. These compounds also inhibit intestinal glucose absorption by suppressing carbohydrate-digesting enzymes like a-amylase and o-
glucosidase, thereby reducing postprandial hyperglycemia. Furthermore, Moringa modulates the AMPK (AMP-activated protein kinase) pathway, a key
regulator of energy homeostasis, leading to improved glucose uptake in muscles and enhanced fatty acid oxidation. Its high content of antioxidants and
anti-inflammatory agents reduces oxidative stress and inflammation—two key contributors to insulin resistance and metabolic syndrome.

Antioxidant:

The antioxidant mechanism of action of Moringa oleifera is primarily driven by its rich content of bioactive compounds, including flavonoids,
polyphenols, vitamins C and E, and carotenoids. These compounds work synergistically to neutralize reactive oxygen species (ROS) and reduce
oxidative stress, which is a key factor in the development of chronic diseases like diabetes, cardiovascular diseases, and neurodegenerative disorders.

Antioxidant mechanism works:

1) Scavenging Free Radicals: Moringa compounds such as quercetin, kaempferol, and chlorogenic acid directly scavenge free radicals like
superoxide anions, hydroxyl radicals, and hydrogen peroxide. This helps protect cells from oxidative damage to lipids, proteins, and DNA.

2)  Enhancing Antioxidant Enzymes: The plant promotes the activation of antioxidant enzymes like superoxide dismutase (SOD), catalase, and
glutathione peroxidase. These enzymes play a key role in neutralizing ROS and maintaining cellular redox balance.

3) Reducing Lipid Peroxidation: Moringa has been shown to reduce lipid peroxidation, a process where ROS attack cell membranes, leading
to inflammation and cell damage. By stabilizing cell membranes, Moringa helps prevent damage associated with metabolic and cardiovascular
diseases.

4)  Regeneration of Antioxidant Reserves: Its high levels of vitamin C and E help regenerate reduced glutathione (a primary antioxidant in the
body) and recycle other antioxidant molecules, thereby prolonging their protective effects.
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5)  Anti-inflammatory Effects: The antioxidant compounds in Moringa also have anti-inflammatory properties that help mitigate the chronic
inflammation caused by excessive oxidative stress. This dual action reduces the risk of conditions like insulin resistance and atherosclerosis.

Through these mechanisms, Moringa oleifera provides broad-spectrum protection against oxidative damage, which is critical for maintaining metabolic
health and preventing chronic diseases

Anti-diabetic:

The anti-diabetic mechanism of action of Moringa oleifera involves several pathways that work together to regulate blood glucose levels and improve
insulin function. Here are the key mechanisms:

1. Inhibition of Carbohydrate-Digesting Enzymes

®  Moringa oleifera inhibits enzymes like a-amylase and o-glucosidase, which are responsible for breaking down carbohydrates into simple
sugars (glucose). This delays glucose absorption and reduces postprandial blood glucose spikes (after meals), helping to control blood sugar
levels.

2. Improvement of Insulin Sensitivity

®  Moringa compounds like quercetin, chlorogenic acid, and kaempferol have been shown to enhance insulin sensitivity. This allows cells to
more efficiently take up glucose from the bloodstream, reducing insulin resistance, which is a key feature of type 2 diabetes.

3. Stimulation of Insulin Secretion

®  Active compounds in Moringa may also stimulate the pancreatic 3-cells to increase insulin secretion. This can help individuals with impaired
insulin production or those suffering from insulin resistance, improving overall glucose homeostasis.

4. Reduction of Oxidative Stress and Inflammation

®  Moringa contains a high level of antioxidants (such as vitamins C and E, quercetin, and kaempferol) that combat oxidative stress. Oxidative
damage contributes to insulin resistance and beta-cell dysfunction in diabetes. Additionally, Moringa exhibits anti-inflammatory properties,
which help reduce chronic inflammation, another factor contributing to insulin resistance.

5. Enhancement of Glucose Uptake

e  The antioxidant compounds in Moringa also activate key signaling pathways like AMPK (AMP-activated protein kinase), which plays a
central role in regulating glucose metabolism. Activation of AMPK promotes glucose uptake in muscle cells and enhances fatty acid oxidation,
contributing to lower blood glucose levels.

6. Lipid-Lowering Effects

®  Moringa has been shown to reduce blood lipid levels, particularly LDL cholesterol and triglycerides, which are often elevated in individuals
with diabetes. By improving lipid metabolism, Moringa helps protect against cardiovascular complications that are common in diabetic
patients.

7. Modulation of Gut Microbiota

e  Recent studies suggest that Moringa may positively influence the gut microbiota, which can improve glucose metabolism and insulin
resistance. A healthy gut microbiome has been linked to better regulation of blood sugar levels and improved overall metabolic health.

Anti-microbial:

The anti-microbial mechanism of action of Moringa oleifera involves various bioactive compounds that exert inhibitory effects on a wide range of
pathogens, including bacteria, fungi, viruses, and parasites. Here are the key mechanisms through which Moringa exhibits its antimicrobial properties:
1. Antibacterial Action

e  Phytochemicals such as moringa leaf extracts, isothiocyanates, and flavonoids (e.g., quercetin and kaempferol) exhibit potent antibacterial
properties by disrupting bacterial cell wall synthesis, membrane integrity, and metabolic processes. These compounds inhibit the growth of
both Gram-positive (e.g., Staphylococcus aureus) and Gram-negative bacteria (e.g., Escherichia coli).

®  The glucosinolates in Moringa (specifically moringin) are thought to have antimicrobial properties, interfering with the pathogen’s ability to
metabolize nutrients and replicate.

2. Antifungal Effects
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®  Moringa leaf and seed extracts have shown antifungal activity against common pathogens like Candida albicans and Aspergillus species. The
flavonoids in the plant help disrupt the cell membranes of fungi, inhibiting their ability to grow and reproduce.

e  Additionally, phenolic compounds in Moringa may exert antifungal effects by interacting with fungal enzymes and inhibiting critical
biochemical pathways necessary for fungal growth.

3. Antiviral Properties

e  Some studies suggest that Moringa exhibits antiviral effects, particularly against herpes simplex virus (HSV) and human immunodeficiency
virus (HIV). Certain compounds, including quercetin and B-sitosterol, interfere with viral replication by blocking the virus’s ability to attach
to host cells or by disrupting viral assembly.

e  The antioxidant and anti-inflammatory properties of Moringa also contribute to its antiviral activity by enhancing the body's natural immune
response, reducing viral load, and preventing cellular damage caused by viral infections.

4. Antiparasitic Action

O Moringa has been shown to have antiparasitic properties, particularly against protozoa and helminths (parasitic worms). Compounds like
glucosinolate derivatives and alkaloids are believed to interfere with the metabolism and reproduction of these parasites.

O  The plant's ability to enhance immune function may also play a role in promoting the body's defense against parasitic infections.
5. Modulation of Immune System

e  Moringa compounds, such as moringin and flavonoids, also boost the immune system’s ability to respond to infections. This enhances the
body’s ability to recognize and destroy pathogens, contributing to the plant's antimicrobial activity.

e  Through immune modulation, Moringa helps activate immune cells such as macrophages and lymphocytes, which are critical for defending
against microbial invaders.

6. Biofilm Disruption

e  Some studies have suggested that Moringa can disrupt biofilm formation, a protective barrier that bacteria form to shield themselves from
antibiotics and the immune system. Biofilms are common in chronic infections like periodontal disease and chronic wound infections. By
interfering with biofilm formation, Moringa enhances the efficacy of antimicrobial treatments.

7. Synergistic Effects with Other Antimicrobials

. Moringa has been found to exhibit synergistic antimicrobial effects when combined with other plant-based antimicrobials or conventional
antibiotics. This synergy enhances its ability to combat infections, especially multidrug-resistant pathogens.

Through these mechanisms, Moringa oleifera provides a broad spectrum of antimicrobial activity, helping the body combat bacterial, fungal, viral, and
parasitic infections.

Clinical Evidence:

A. Bacopa monnieri For Cognitive Effect:

1) A growing body of clinical research supports Bacopa’s cognitive-enhancing potential. In a double-blind, placebo-controlled trial, Stough et al.
(2001) found that a standardized Bacopa extract significantly improved memory acquisition and retention in healthy adults over 12 weeks. These
findings were echoed in a meta-analysis by Kongkeaw et al. (2014), which reviewed six randomized controlled trials and concluded that Bacopa
improved memory performance, particularly delayed recall.

2) Inaddition to memory, improvements in attention, reaction time, and cognitive processing speed have also been reported. For instance, a 90-day
trial by Calabrese et al. (2008) demonstrated enhanced attention and working memory in elderly participants who took Bacopa extracts daily.

3) Some studies have explored Bacopa’s effect on mood and anxiety, with mixed results. While many participants reported reduced stress and
anxiety levels, these outcomes are often considered secondary to cognitive performance outcomes (Roodenrys et al., 2002).

B. Moringa oleifera For Metabolic Effect:

1) Clinical studies have demonstrated that Moringa oleifera can significantly improve metabolic health markers in individuals with diabetes and
prediabetes. In a randomized controlled trial, Sahrawi women with type 2 diabetes who consumed 10 g/day of Moringa leaf powder for three
months experienced significant reductions in body fat and HbAlc levels, indicating improved glycemic control. Another clinical study found that
Moringa oleifera supplementation (2400 mg/day) over 12 weeks in prediabetic individuals led to meaningful reductions in fasting blood glucose
and HbA1c, though gut microbiota remained unchanged. Additionally, a 2024 trial combining Moringa supplementation with aerobic exercise in
type 2 diabetic patients showed synergistic improvements in blood glucose, serum insulin, and lipid profiles, along with a reduction in
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inflammatory markers like IL-6. These findings support the use of Moringa as a complementary therapy for managing metabolic disorders (Sadio
et al., 2025; Nolan et al., 2022; Medina et al., 2024).

2)  Additional clinical evidence supports the role of Moringa oleifera in improving metabolic parameters. A meta-analysis of seven clinical trials
involving 257 participants showed that Moringa supplementation significantly reduced fasting blood glucose and postprandial glucose levels, and
improved HDL cholesterol, suggesting a favorable impact on both glycemic control and lipid metabolism. In a separate study, daily intake of
Moringa leaf capsules (4 g/day) for eight weeks in patients with type 2 diabetes resulted in a notable decrease in fasting plasma glucose and serum
triglycerides. Furthermore, a randomized controlled trial in overweight subjects revealed that Moringa intake helped reduce BMI, waist
circumference, and improved insulin sensitivity, indicating potential anti-obesity and anti-diabetic effects. These results reinforce the therapeutic
potential of Moringa oleifera in managing metabolic syndrome and related conditions (Imran et al., 2021; Kumari et al., 2022; Rani et al., 2020).
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