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Abstract 
Background: Globally, malnutrition, Iron Deficiency Anemia (IDA), and chronic degenerative diseases 
present substantial public health challenges. In this context, the Ayurvedic medicinal plant Shigru 
(Moringa oleifera) has emerged as a 'wonder plant' in modern pharmacology due to its distinct nutritional 
density and molecular characteristics. This systematic review provides a rigorous molecular evaluation 
of its therapeutic efficacy across three distinct scientific dimensions. 
Methodology: Aligning with the PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) guidelines, an analytical synthesis was conducted on 26 high-impact original research 
articles and clinical trials published between 2000 and 2026, indexed in global databases such as PubMed, 
Scopus, Google Scholar, and Web of Science. 
Key Findings: 
1. Hematopoietic Efficacy: The natural grid of iron, vitamin C, and vitamin A within Moringa 

enhances intestinal cellular iron absorption via the DivalentMetalTransporter-1 (DMT-1) receptor. 
This synergy yields statistically significant improvements (p < 0.001) in erythrocyte indices (MCV, 
MCH, MCHC) without inducing gastric adverse effects.1      

2.  Organoprotection: Active phytochemical components (predominantly isothiocyanates) suppress 
pro-inflammatory cytokines (TNF-α, IL-6) by inhibiting the  NF-κB and MAPK signaling pathways. 
Concurrently, activation of the Nrf2-Keap1 pathway establishes a robust cellular defense system 
against oxidative stress in hepatic, renal, and neural tissues.    
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3. Green Nanotechnology: Biogenic nanoparticles synthesized using Moringa extracts exhibit target-
specific cytotoxicity. They induce rapid reactive oxygen species (ROS) generation exclusively in 
malignant cells (HeLa, A549) while sparing healthy cells. This hyper-oxidative stress disrupts 
mitochondrial membrane potential (Δψm) and activates targeted apoptosis via the Caspase-9 
cascade. 

Conclusion: This systematic review demonstrates that Moringa oleifera represents a cornerstone of 
modern integrative medicine, offering a safe, effective, and sustainable therapeutic alternative for 
targeted cancer therapies, maternal-child nutrition, and chronic disease management. 
Keywords: Moringa oleifera, Shigru, Anemia, Nanoparticles, Apoptosis, NF-κB, Nrf2।  
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1. Introduction 
Contemporary global public health and 
therapeutics are severely challenged by 
malnutrition, micronutrient deficiencies, and 
chronic degenerative diseases. In response to 
the adverse side effects frequently associated 
with synthetic drugs, modern biomedical 
research is rapidly shifting toward safe, natural 
phytaceutical alternatives. Within this paradigm, 
Moringa oleifera Lam. (belonging to the family 
Moringaceae)—referred to as 'Shigru' in 
classical Ayurvedic texts and colloquially 
known as the drumstick tree—has established 
itself as an indispensable 'wonder plant' in 
modern pharmacology and biotechnology due 
to its multidimensional nutritional density and 
exceptional therapeutic attributes. 
From the foundational perspective of 
Ayurvedic medicine, Shigru possesses Katu-
Tikta (pungent-bitter) Rasa (taste), Ushna 
(heating) Virya (potency), and Tikshna 
(sharp/penetrating) Guna (qualities), rendering 
it highly effective in pacifying vitiated Kapha 
and Vata Doshas. Classical compendia such as 
the Charaka Samhita and Sushruta Samhita 
extensively document the Shothahara (anti-
inflammatory), Krimighna (antimicrobial), and 
Dipana-Pachana (metabolic-stimulating) 
activities of Shigru. Modern scientific research 
validates this traditional knowledge at the 
molecular level. The natural co-existence of 
unique secondary metabolites—including 
glucosinolates, isothiocyanates, polyphenols, 
flavonoids (such as quercetin and kaempferol), 
and essential amino acids—within its leaves, 
flowers, bark, and seeds provides an 
extraordinary nutraceutical matrix. 
The primary objective of this systematic review 
is to evaluate the therapeutic mechanisms of 
Moringa oleifera based on high-impact 
international evidence organized under three 
fundamental scientific pillars: 
1.1 Hematopoietic Efficacy and Anemia 
Amelioration 

Globally, particularly in developing nations, 
Iron Deficiency Anemia (IDA) presents an 
endemic challenge, adversely affecting 
adolescent girls, preconception-phase women, 
and pregnant mothers both physically and 
cognitively. Consistent with the Ayurvedic 
principles of Pandu Roga, which mandate the 
nourishment of Rasa and Rakta Dhatus (tissue 
elements), Moringa leaves serve not only as a 
rich reservoir of non-heme iron but also contain 
high concentrations of vitamin C, vitamin A 
(serum retinol), and copper. This bio-chelated 
grid enhances the bioavailability and cellular 
absorption of iron within the gastrointestinal 
tract, subsequently leading to statistically 
significant improvements in red blood cell 
(RBC) indices, including Mean Corpuscular 
Volume (MCV), Mean Corpuscular 
Hemoglobin (MCH), and Mean Corpuscular 
Hemoglobin Concentration (MCHC). 
1.2 Organoprotection and Cellular Signaling 
Pathways 
Chronic inflammation and oxidative stress are 
the primary drivers of structural damage in 
hepatic, renal, and neurological systems. The 
bioactive compounds of Moringa (especially 
isothiocyanates) suppress pro-inflammatory 
intracellular cascades such as the Nuclear 
Factor kappa B NF-κB and Mitogen-Activated 
Protein Kinase (MAPK) pathways. This 
inhibition downregulates the genetic expression 
of inflammatory cytokines  (TNF-α,IL-6) and 
enzymes (iNOS, COX-2). Concurrently, it 
upregulates the Nrf2-Keap1 pathway, 
accelerating the synthesis of endogenous 
antioxidant enzymes—including Superoxide 
Dismutase (SOD), Catalase, and Glutathione—
thereby forming a cellular shield against diverse 
chemical toxicities. 
1.3 Green Nanotechnology and Targeted 
Apoptosis 
In alignment with modern material science, the 
biogenic synthesis of metallic and metal-oxide 
nanoparticles (such as Silver, Gold, Zinc Oxide, 
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and Palladium) using Moringa extracts marks a 
revolutionary milestone in green 
nanotechnology. These nanoparticles carry a 
natural polyphenolic coating via a capping 
mechanism that imparts exceptional structural 
stability and target specificity. These phyto-
nanoparticles preserve normal healthy cells 
while selectively triggering intracellular ROS 
generation, mitochondrial membrane 
depolarization, and Caspase-9/Caspase-3 
activation cascades to induce programmed cell 
death (apoptosis) in malignant cell lines (e.g., 
HeLa and A549). 
Consequently, by synthesizing statistical data, 
clinical trials, and molecular evidence from 
compiled international literature, this 
systematic review establishes a comprehensive, 
academically rigorous framework for the 
clinical and nano-biopharmaceutical 
applications of Moringa oleifera (Shigru). 
 

 
 
Figure 1. Morphological representation of the 
different parts of Moringa oleifera (Shigru)—
including leaves, flowers, bark, and seeds—
along with a nutraceutical grid illustrating the 
major secondary metabolites present in each 
part, such as quercetin, isothiocyanates, and 
glucosinolates. 
 
 
2. Methodology & Study Selection Matrix 
This systematic review implements a 
transparent, robust, and reproducible 
methodological framework in strict accordance 
with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses 
(PRISMA) statement guidelines. This design 
ensures that all synthesized evidence originates 
from high-impact, peer-reviewed journals 
indexed in reputable global databases (such as 
Scopus, PubMed, Medline, and MDPI) with 
statistically validated outcomes. 
2.1 Search Strategy and Information Sources 
A comprehensive electronic search was 
conducted across international databases—

primarily PubMed, Scopus, Google Scholar, 
and Web of Science—for literature published 
between the years 2000 and 2026. To execute 
precise and targeted queries, Boolean operators 
(AND, OR) were utilized with specific keyword 
combinations, including: 
 ("Moringa oleifera" OR "Shigru") AND 

("Hemoglobin" OR "Iron Deficiency 
Anaemia" OR "Erythrocyte Indices" OR 
"Swaras") 

 ("Moringa oleifera") AND 
("Nanoparticles" OR "Green Synthesis" 
OR "Capping Mechanism" OR 
"Palladium") 

 ("Moringa oleifera") AND ("Apoptosis" 
OR "NF-kappaB" OR "Nrf2" OR 
"Caspase-9" OR "Cytotoxicity") 

Additionally, manual reference tracking of 
relevant review articles was performed to 
identify any additional eligible clinical or 
molecular datasets. 
2.2 Inclusion and Exclusion Criteria 
Strict eligibility criteria were implemented to 
maintain data quality and academic rigor: 
 Inclusion Criteria: 
1. Peer-reviewed original research articles 

and clinical trials evaluating the biological 
efficacy of Moringa oleifera extracts (leaf 
powder, fresh juice/swaras, seed, or bark 
extracts).    
      

2. In-vivo (animal models) and clinical 
studies documenting explicit statistical 
values  (p-value)  for hematological 
parameters, serum ferritin levels, and RBC 
indices (MCV, MCH, MCHC). 
     
   

3. Nano-oncology studies demonstrating 
biogenic nanoparticle synthesis validated 
by spectroscopic/microscopic 
characterization (FTIR, XRD, DLS, TEM) 
along with quantitative apoptotic data 
against cancer cell lines (HeLa, A549). 

 Exclusion Criteria: 
1. Studies published in non-indexed journals, 

commercial white papers, or articles with 
ambiguous methodologies and unverified 
data. 

2. Literature presenting generalized 
medicinal claims without corresponding 
molecular pathway elucidations (e.g., 
absence of NF-κB/Nrf2 signaling analysis) 
or lacking proper solvent extraction 
specifications.  

2.3 Data Extraction and Quality Assessment 
Data from the 26 selected papers were 
systematically extracted into a structured matrix. 
The extracted parameters encompassed study 
design, target cohorts/animal models, 
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intervention dosages, experimental durations, 
biochemical/molecular markers, and primary 
signaling pathway mechanisms. 
Table 2.1: Methodological Domain and 
Categorized Literature Synthesis Matrix 

Core 
Research 
Domain 

Study 
Designs 
Utilized  

Key 
Evaluati
on 
Paramet
ers 

Prima
ry 
Refer
ence 
Sourc
es 

Clinical 
Hematolo
gy & 
Public 
Health 
Nutrition 

Cluster-
RCT 
(cRCT), 
Quasi-
experime
ntal, 
Cohort, 
and 
Comparat
ive Cross-
sectional 
designs. 

Absolute 
hemoglo
bin (Hb) 
concentr
ation, 
serum 
ferritin 
(iron 
stores), 
erythroc
yte 
indices 
(MCV, 
MCH, 
MCHC), 
serum 
retinol 
(Vitamin 
A), and 
galactag
ogue 
efficacy. 

Khan
am et 
al., 
2022 
[1]; 
Bidya
ni & 
Thak
ur, 
2022 
[2]; 
Derb
o & 
Debel
ew, 
2023 
[3]; 
Must
apa et 
al., 
2020 
[4]; 
Rotell
a et 
al., 
2023 
[5]।  

Biogenic 
Green 
Nanotech
nology & 
Oncology 

In-vitro 
characteri
zation, 
spectrosc
opic 
profiling, 
and 
cancer 
cell-line 
cytotoxici
ty assays. 

Metallic 
ion 
reductio
n 
dynamic
s, 
polyphe
nolic 
capping 
kinetics, 
XRD/TE
M 
structura
l 
analysis, 
free 
radical 
scavengi
ng, 
intracell
ular 
ROS 

Coma
n et 
al., 
2024 
[11]; 
El-
Bakr
y & 
Solim
an, 
2020 
[12]; 
Anan
d & 
Suren
dra, 
2016 
[13]; 
Suren
dra et 
al., 

generati
on, and 
caspase-
depende
nt 
apoptosi
s. 

2016 
[18]।  

Molecular 
Signaling 
& 
Organopr
otection 

In-vivo 
animal 
models, 
genomic/
Western 
blot 
expressio
n 
analysis, 
and 
pooled 
systemati
c data 
analysis. 

Inhibitio
n of NF-
κBand 
MAPK 
signaling
, 
suppress
ion of 
pro-
inflamm
atory 
cytokine
s (TNF-
α, IL-6), 
downreg
ulation 
of 
iNOS/C
OX-2, 
activatio
n of 
Nrf2-
Keap1 
antioxid
ant 
pathway, 
and 
GLUT4 
transloca
tion. 

Liu et 
al., 
2022 
[6]; 
Saini 
et al., 
2016 
[14]; 
Chiş 
et al., 
2024 
[24]; 
Wata
nabe 
et al., 
2021 
[29]।  

    

 
3. Clinical Evidence on Hemoglobin 
Enhancement and Anemia Management 
Within global public health frameworks, 
Moringa oleifera (Shigru) has emerged as a 
highly effective, bio-sustainable therapeutic 
strategy for mitigating nutritional anemias, 
specifically Iron Deficiency Anemia (IDA). 
From the perspective of Ayurvedic internal 
medicine (Kayachikitsa), anemia is 
conceptualized as Pandu Roga (a disease 
primarily involving Rasa-Pradoshaja 
pathology), wherein impairment of the Rasa 
Dhatu (nutrient plasma) compromises the 
optimal genesis of Rakta Dhatu (blood cells) 
and Ojas (vital essence). The specialized 
phytochemical matrix of Moringa possesses the 
molecular capacity to reverse this pathological 
decline. 
3.1 Quantitative Hemoglobin Assessment 
Across Demographic Cohorts 
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Statistical data from compiled international 
clinical trials demonstrate that the regular 
administration of Moringa induces a sustained, 
significant increase in hemoglobin (Hb) 
concentration by fundamentally stimulating 
erythropoiesis: 
 Adolescent Female Cohorts: A high-tier 

cluster-randomized controlled trial (cRCT) 
conducted in rural Bangladesh 
demonstrated that incorporating 
dehydrated Moringa leaf powder into the 
daily diet of adolescent girls (aged 10–19 
years) led to a statistically significant rise 
in absolute hemoglobin levels [1]. This 
intervention concurrently elevated serum 
retinol (Vitamin A) concentrations [1], a 
critical factor for resolving malnutrition-
induced underweight status and bolstering 
systemic immunity. Similarly, a quasi-
experimental study in Madhya Pradesh, 
India, evaluated the administration of 
fresh Moringa leaf juice (Shigru Patra 
Swaras) to anemic females, reporting 
highly significant pre- to post-test 
improvements (p < 0.001), thereby 
validating the rapid absorption kinetics 
traditionally attributed to Swaras (fresh 
juice) preparations [2].  
   

 Maternal and Lactation Kinetics: 
Maternal anemia during pregnancy is 
directly correlated with adverse clinical 
outcomes, including Low Birth Weight 
(LBW) and Intrauterine Growth 
Restriction (IUGR) [3, 5]. A 
comprehensive multilevel linear 
regression analysis involving 460 
pregnant women in Southern Ethiopia 
revealed that the dietary consumption of 
fresh Moringa leaves as a vegetable 
stabilized and significantly increased 
maternal hemoglobin compared to non-
consumers [3]. Furthermore, systematic 
review data from Spanish researchers 
indicated that during the postpartum phase, 
Moringa successfully manages 
postpartum anemia while acting as a 
potent galactagogue—stimulating 
prolactin secretion to enhance both breast 
milk volume and its overall nutritional 
profile [5, 31].   
     
    

 Preconception Synchronization: 
Clinical evaluations conducted across 
healthcare centers in Tibawa, Indonesia, 
established that Moringa supplementation 
in preconception-phase women optimizes 
baseline hemoglobin levels, thereby 
minimizing the subsequent risk of 

developing gestational iron deficiency 
anemia [4]. 

3.2 Erythrocyte Indices Modulation and 
Bioavailability Dynamics 
Unlike conventional synthetic iron supplements 
(e.g., ferrous sulfate), which frequently induce 
intestinal lipid peroxidation, gastric irritation, 
and severe constipation, the phytochemical 
matrix of Moringa operates as a balanced, bio-
chelated micronutrient delivery system [8]: 
 Regulation of RBC Indices: Clinical 

datasets confirm that Moringa 
administration reverses microcytic-
hypochromic red blood cell morphology 
into a healthy, normocytic, and 
normochromic configuration [6], resulting 
in statistically verified improvements in 
MCV, MCH, and MCHC values [1, 7]. 
  

 Phytochemical Synergy and Absorption 
Mechanisms: Moringa leaves exhibit 
high native concentrations of both iron and 
vitamin C (ascorbic acid) [8]. Within the 
intestinal lumen, ascorbic acid reduces 
insoluble ferric iron (Fe3+) into highly 
soluble ferrous iron (Fe2+) [8], 
significantly increasing cellular uptake 
across the duodenal mucosa via the 
Divalent Metal Transporter-1 (DMT-1) 
protein. Additionally, the high vitamin A 
content within Moringa facilitates the 
mobilization of stored ferritin from 
hepatic reserves to the bone marrow, 
optimizing heme synthesis kinetics [1, 10]. 

 

 
Figure 2. Schematic illustration of the 
absorption mechanism of non-heme iron (Fe³⁺ 
to Fe²⁺) in the human small intestine, 
highlighting the phytosynergistic role of 
Moringa oleifera vitamin C and vitamin A in 
enhancing iron bioavailability through the 
Divalent Metal Transporter-1 (DMT-1) 
receptor.  
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 3.1: Comparative Analysis of Clinical and 
Hematological Datasets Across International 
Trials 
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4. Green Nanotechnology: Structural 
Characterization and Targeted Oncological 
Apoptosis 
In modern biomaterials science and 
nanomedicine, Moringa oleifera has introduced 
a sustainable paradigm through green 
nanotechnology [11]. Conventional physical 
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and chemical nanoparticle synthesis methods 
frequently introduce environmental toxicities 
[12] and may exhibit suboptimal 
biocompatibility within biological systems. 
Conversely, the utilization of phytochemical 
extracts from Moringa for the biogenic 
synthesis of metallic and metal-oxide 
nanoparticles provides a safe, eco-friendly, and 
cost-effective therapeutic alternative [11, 13]. 
4.1 Biogenic Synthesis and Capping-
Reducing Kinetics 
The leaves, flowers, and bark of Moringa 
oleifera contain high concentrations of 
secondary metabolites, particularly 
polyphenols (flavonoids, phenolic acids), 
cationic proteins, and glucosinolates [14]. 
These bioactive constituents serve a dual 
purpose during nanomanufacturing: 
 Reducing Action: Upon introducing 

aqueous metallic salt solutions (e.g., silver 
nitrate, gold chloride, or palladium 
chloride) to Moringa extracts, the 
polyphenolic hydroxyl groups within the 
extract rapidly reduce the metallic ions 
(Ag+, Au3+, Pd2+) into zero-valent, nano-
scaled metallic states(Ag0, Au0, Pd0) [11, 
13].    
     
   

 Capping and Stabilization Mechanism: 
Immediately following reduction, these 
identical phytochemical fractions arrange 
themselves around the newly formed 
nanocores [16], creating a protective 
biomolecular shell known as a biogenic 
capping layer. This capping prevents 
nanoparticle aggregation [18], imparts a 
favorable zeta-potential that ensures 
colloidal stability, and dictates biological 
target specificity [11, 18]. Comparative 
statistical indices from related green 
synthesis models (e.g., Quercus-mediated 
palladium nanoparticles) further confirm 
that such biogenic capping architectures 
significantly enhance free radical 
scavenging and overall antioxidant 
capacity [11, 19]. 

4.2 Physicochemical Characterization Grid 
The validation and structural analysis of these 
biogenic nanoparticles are performed using 
sophisticated biophysical characterization 
techniques: 
 UV-Vis Spectroscopy: The successful 

nano-reduction of metallic ions is 
confirmed by characteristic Surface 
Plasmon Resonance (SPR) peaks (e.g., a 
distinct absorbance peak at ∼420 for 
AgNPs and the complete disappearance of 
precursor ionic peaks for PdNPs) [11]. 

     
  

 FTIR (Fourier Transform Infrared 
Spectroscopy): This analytical technique 
identifies the specific plant functional 
groups (such as -OH, C=O, or N-
H$ stretching vibrations) actively 
involved in the reduction and capping 
processes [11, 15].   
     
  

 XRD (X-ray Diffraction): XRD analysis 
confirms the crystalline configuration 
(typically a face-centered cubic structure) 
of the nanoparticles, allowing the 
determination of precise crystal size via 
the Scherrer equation [11, 13].   

 DLS and TEM (Dynamic Light 
Scattering & Transmission Electron 
Microscopy): These methods provide 
precise nanoscale measurements of 
hydrodynamic diameter, surface zeta-
potential charge, and spherical 
morphology, typically falling within the 
optimal range of (10-50nm) [11, 18, 20]. 

4.3 Targeted Oncological Apoptosis 
(Selective Cytotoxicity) 
A defining attribute of Moringa-mediated 
phyto-nanoparticles is their target-specific 
cytotoxicity; they selectively eliminate 
malignant tumor cells while preserving normal, 
healthy human cells [18, 21]. 
The underlying molecular mechanism against 
human carcinoma cell lines—such as human 
cervical carcinoma (HeLa) and human non-
small cell lung cancer (A549)—unfolds through 
the following sequential cascades: 
1. Intracellular ROS Generation: The 

capped nanoparticles traverse the 
malignant cell membrane via endocytosis, 
inducing an immediate surge in 
intracellular Reactive Oxygen Species 
(ROS) [17, 21]. This hyper-oxidative 
stress alters mitochondrial membrane 
permeability and triggers a severe loss of 
mitochondrial membrane potential (Δψm) 
[11, 18].    
      

2. Upregulation of Pro-Apoptotic Factors: 
The loss of mitochondrial structural 
integrity induces the translocation of 
Cytochrome-c into the cytosol. This 
process upregulates pro-apoptotic genes 
(Bax, Bad) while downregulating anti-
apoptotic survival proteins (Bcl-2) [11, 13, 
20].    
    

3. Caspase Activation Cascade: This 
molecular signaling network activates the 
initiator Caspase-9 and subsequent 
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executioner Caspase-3/7 cascades [11, 21]. 
This cascade culminates in DNA 
fragmentation, membrane blebbing, and 
cellular shrinkage, systematically steering 
the malignant cell toward programmed 
cell death (apoptosis) [18, 21, 31]. 

Figure 3. Molecular pathway illustrating 
targeted apoptosis (programmed cell death) 

induced by Moringa oleifera-mediated 
biogenic nanoparticles in tumor cells (HeLa 

and A549), highlighting reactive oxygen 
species (ROS) generation, mitochondrial 

membrane potential (Δψm) depolarization, and 
activation of the intrinsic apoptotic pathway 

through Caspase-9 and Caspase-3/7. 
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5. Advanced Molecular Signaling Pathways 
and Organoprotection Mechanics 
The organoprotective capability of Moringa 
oleifera (Shigru) extends beyond baseline 
nutritional supplementation to the regulation of 
complex intracellular genetic and molecular 
signaling networks [7, 24]. In alignment with 
the Ayurvedic concepts of Vyadhikshamatva 
(immunity/resistance to disease) and Rasayana 
(rejuvenation/cellular renewal), the bioactive 
components of Moringa—principally 
isothiocyanates and flavonoids—protect vital 
organ systems, including hepatic, renal, cardiac, 
and neurological tissues, from severe acute 
oxidative damage and chronic inflammation [14, 
22, 25]. 
5.1 Anti-Inflammatory Grid: NF-κB and 
MAPK Pathway Inhibition 
Chronic, unresolved inflammation serves as the 
primary pathological driver for progressive 
organ damage. At the cellular level, the anti-
inflammatory efficacy of Moringa operates 
through well-defined molecular interactions: 
 Suppression of NF-κB (Nuclear Factor 

kappa B): In a basal state, the NF-κB 
transcription factor remains sequestered 
and inactive within the cytoplasm. Upon 
exposure to circulating endotoxins or 
reactive free radicals, it undergoes 
phosphorylation, translocates into the 
nucleus, and initiates the transcription of 
pro-inflammatory genes. The active 
phytochemicals in Moringa block this 
nuclear translocation, maintaining NF-κB 
in an inactive state [24, 25].  
  

 Downregulation Kinetics: Consequently, 
the genetic expression and secretion of 
primary pro-inflammatory cytokines—
specifically Tumor Necrosis Factor-alpha 
(TNF-α) and Interleukin-6 (IL-6)—are 
significantly downregulated [15, 24]. 
  

 Enzymatic Control of iNOS and COX-
2: This inhibitory cascade blocks the 
overactivation of inflammatory enzymes, 
including inducible Nitric Oxide Synthase 
(iNOS) and Cyclooxygenase-2 (COX-2), 
halting the propagation of cellular 
inflammation within tissue beds [22, 25]. 

5.2 Cellular Defense: Nrf2-Keap1 
Antioxidant Activation 

Moringa provides a defensive shield for organ 
systems against diverse chemical toxicities (e.g., 
acrylamide or melamine-induced cell injuries): 
 Activation of the Nrf2 Pathway: 

Moringa induces the dissociation and 
activation of the master transcription 
regulator Nrf2 (Nuclear Factor Erythroid 
2-Related Factor 2) from its cytoplasmic 
repressor Keap1 [24].   
  

 Upregulation of Endogenous Enzymes: 
Upon translocation into the nucleus, Nrf2 
binds to the Antioxidant Response 
Element (ARE), upregulating the 
transcription of endogenous 
cytoprotective enzymes, including 
Superoxide Dismutase (SOD), Catalase, 
and Glutathione [17, 24]. This expanded 
antioxidant pool preserves hepatic 
(hepatoprotection) and renal 
(nephroprotection) cellular architecture 
from oxidative degeneration [27]. 

5.3 Cardiometabolic Homeostasis: GLUT4 
and Glucose Regulation 
The insulin-sensitizing and cardiovascular 
protective mechanisms of Moringa demonstrate 
unique pharmacodynamic profiles: 
 GLUT4 Translocation: Moringa 

phytocompounds stimulate the 
translocation of Glucose Transporter Type 
4 (GLUT4) vesicles to the plasma 
membranes of skeletal muscle and adipose 
tissues. This action accelerates the 
clearance of circulating glucose into target 
cells, improving systemic insulin 
sensitivity [28, 29].   
     
    

 Enzymatic Inhibition: Moringa exerts 
competitive inhibition against intestinal α-
glucosidase enzymes, minimizing 
postprandial glycemic spikes [28, 30]. 
Concurrently, it modulates endothelial 
nitric oxide (NO) production to maintain 
optimal vascular tone and vasodilation, 
reducing mechanical stress across the 
cardiovascular system [29].  
     

Table 5.1: Organoprotective Matrix and 
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6. Discussion, Conclusion, and Future 
Perspectives 
6.1 Discussion 
The descriptive synthesis of the 26 high-impact 
international studies compiled in this systematic 
review demonstrates that Moringa oleifera 
(Shigru) functions as a multi-systemic 
molecular therapeutic agent rather than a 
conventional nutritional supplement. 
Evaluating the literature selection and evidence 
validation framework (Table 2.1) establishes 
the scientific authenticity of this review. The 
compiled data are grounded in rigorous 
PRISMA guidelines and statistically verified 
outcomes from Scopus and PubMed-indexed 
clinical trials, rather than anecdotal 
observations [1, 5, 11, 24]. 
Integrating this scientific rigor with 
hematological parameters (Table 3.1) 
elucidates the plant's unique 'phyto-synergy'. 
Mechanistic analysis indicates that Moringa 
does not merely supply exogenous iron in cases 
of IDA; it alters iron bioavailability dynamics 
within the gastrointestinal tract [2, 3, 5]. The co-
existence of iron, ascorbic acid (Vitamin C), 
and serum retinol (Vitamin A) within the leaf 
matrix reduces ferric iron (Fe3+) to soluble 
ferrous iron (Fe2+) within the intestinal lumen, 
enhancing cellular transport through the DMT-
1 receptor [8, 9]. This molecular mechanism 
provides a verifiable scientific basis for the 
classical Ayurvedic concepts of Rasa-Rakta 
Dhatu Poshana and Pandu Roga Nashana [6, 
10, 14]. 
In materials science and nano-oncology (Table 
4.1), Moringa exhibits efficient capping and 
stabilization kinetics driven by its native 
polyphenols and flavonoids [11, 16]. The 
resulting biogenic metallic nanoparticles 
selectively enter malignant cells (HeLa, A549) 
while preserving healthy human cells [13, 18]. 
Intracellularly, these phyto-nanoparticles 
generate acute hyper-oxidative stress that 
disrupts the mitochondrial membrane potential 
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(Δψm). This disruption upregulates pro-
apoptotic factors and triggers the initiator 
Caspase-9 and executioner Caspase-3/7 
cascades, directing the malignant cell toward 
programmed cell death [11, 21, 31]. 
Concurrently, the molecular matrix of Moringa 
establishes a protective shield across healthy 
organ systems (Table 5.1). While the 
synthesized nanoparticles eliminate tumor cells, 
Moringa isothiocyanates inhibit the NF-κB and 
MAPK signaling cascades in healthy tissues [24, 
25]. This inhibition downregulates the genetic 
expression of chronic pro-inflammatory 
cytokines, including (TNF-α) and IL-6 [24]. 
Simultaneously, activation of the Nrf2-Keap1 
pathway upregulates endogenous 
cytoprotective enzymes (SOD, Catalase, 
Glutathione), defending hepatic and renal 
architectures against chemical toxicities [24, 25, 
26]. At the metabolic level, Moringa promotes 
GLUT4 translocation, supporting insulin 
sensitivity and cardiometabolic homeostasis 
[28, 29]. 
6.2 Conclusion 
Based on a systematic evaluation of 
international clinical data and biochemical 
indicators, this review concludes that Moringa 
oleifera represents a robust pillar of modern 
integrative medicine. Unlike conventional 
synthetic iron therapies, it raises hemoglobin 
concentrations and optimizes erythrocyte 
indices (MCV, MCH, MCHC) with high 
statistical significance (p < 0.001) without 
inducing adverse gastric effects such as lipid 
peroxidation or constipation, making it a viable 
nutraceutical option for maternal and child 
health [1, 2, 3, 5]. Furthermore, in green 
nanotechnology, Moringa-mediated 
nanoparticles offer potential avenues for target-
specific drug delivery in oncology [11, 18, 21]. 
Finally, the transcriptional suppression of NF-
κB alongside the upregulation of Nrf2 
establishes a comprehensive cellular defense 
mechanism, protecting vital organ structures 
from oxidative stress and chronic metabolic 
impairments [24, 26, 29]. 
6.3 Future Perspectives 
While current evidence confirms these 
therapeutic properties, this systematic review 
identifies key directions for future research. 
First, establishing a standardized dosage matrix 
for the active constituents of Moringa (such as 
glucomoringin) and traditional preparations 
like Shigru Patra Swaras is necessary to ensure 
reproducible clinical efficacy globally [10, 14, 
24]. Second, transitioning the in-vitro 
breakthroughs of Moringa-mediated biogenic 
nanoparticles (PdNPs, AgNPs, AuNPs) into 
human Phase-I and Phase-II clinical trials is 
essential to evaluate their utility in mainstream 

oncology. Finally, integrating these molecular 
biological findings with classical Ayurvedic 
clinical protocols will support the development 
of internationally recognized, evidence-based 
integrative medicine frameworks [6, 10, 29]. 
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