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Abstract: Diabetes mellitus is a chronic metabolic disorder characterized by persistent hyperglycemia and is associated with
the progressive development of microvascular and macrovascular complications. Despite the availability of conventional
antidiabetic therapies, long-term management of diabetes-related complications remains a major clinical challenge due to
adverse effects and limited efficacy. In recent years, medicinal plants have gained increasing attention as complementary
therapeutic options owing to their safety profile and multi-targeted actions. Moringa oleifera, commonly known as the
drumstick tree, has emerged as a promising medicinal plant with diverse pharmacological properties. Beyond its glucose-
lowering potential, Moringa oleifera exhibits antioxidant, anti-inflammatory, nephroprotective, neuroprotective,
retinoprotective, and wound-healing activities that are relevant to the management of diabetic complications. The
therapeutic effects of Moringa oleifera are attributed to its rich phytochemical composition, including flavonoids, phenolic
acids, vitamins, and bioactive glycosides. This review comprehensively discusses the role of Moringa oleifera in targeting
major diabetic complications such as diabetic retinopathy, nephropathy, neuropathy, and impaired wound healing.
Additionally, the underlying mechanisms of action and recent experimental and clinical evidence supporting its therapeutic
potential are highlighted. Overall, Moringa oleifera represents a valuable natural candidate for adjunctive therapy aimed at

preventing and managing diabetes-associated complications beyond glycemic control.
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L INTRODUCTION

Diabetes mellitus (DM) is a complex metabolic disorder
marked by chronic elevation of blood glucose levels resulting
from impaired insulin secretion, insulin action, or both. The
global prevalence of diabetes has increased at an alarming
rate, posing a serious burden on healthcare systems
worldwide. Prolonged hyperglycemia leads to structural and
functional damage in various organs, ultimately giving rise to
long-term complications that significantly reduce quality of
life and increase morbidity and mortality among diabetic
patients.

Diabetic complications are broadly categorized into
microvascular and macrovascular disorders. Microvascular
complications include diabetic retinopathy, nephropathy, and
neuropathy, while macrovascular complications encompass
cardiovascular diseases such as coronary artery disease and
stroke. In addition, delayed wound healing and diabetic foot
ulcers represent major clinical challenges due to their high
risk of infection and limb amputation. These complications
arise from multiple interrelated mechanisms, including
oxidative stress, chronic inflammation, advanced glycation
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end product (AGE) formation, endothelial dysfunction, and
impaired cellular signaling pathways.

Although conventional pharmacological therapies play
a crucial role in controlling blood glucose levels, they are
often insufficient in preventing or reversing diabetes-related
complications. Long-term use of synthetic drugs may also be
associated with adverse effects, drug resistance, and reduced
patient compliance. Consequently, there is growing interest in
alternative and complementary therapeutic approaches that
target multiple pathogenic pathways involved in diabetic
complications.

Medicinal plants have been traditionally used for the
management of diabetes and its associated disorders due to
their therapeutic efficacy and relatively favorable safety
profiles. Among them, Moringa oleifera, a widely cultivated
plant in tropical and subtropical regions, has gained
considerable attention for its nutritional and medicinal value.
Various parts of the plant, including leaves, seeds, bark, and
pods, are rich in bioactive compounds such as polyphenols,
flavonoids, alkaloids, vitamins, and minerals.
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Emerging scientific evidence suggests that Moringa
oleifera exerts protective effects against diabetes-induced
organ damage through antioxidant, antiinflammatory,
antihyperglycemic, and cytoprotective mechanisms. Beyond
glycemic control, the plant has demonstrated therapeutic
potential in mitigating diabetic retinopathy, nephropathy,
neuropathy, and impaired wound healing. This review aims
to critically analyze current literature on the role of Moringa
oleifera in targeting diabetic complications, with emphasis on
its pharmacological mechanisms and experimental and
clinical findings.

» Causes of Diabetes Include:

Insulin resistance
Autoimmune disease
Hormonal imbalances
Pancreatic damage
Genetic mutations

» Classification
o Diabetes Mellitus Type-1

v' Other Name: Insulin Dependent Diabetes Mellitus
(IDDM) or Juvenile diabetes
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v’ Risk factors: genetic causes, toxins, virus, age younger
than 30 years

o Diabetes Mellitus Type-11

v Other Name: Non-Insulin Depended Diabetes Mellitus

(NIDDM).

Onset: Gradual Age at onset: adults

Cause: Insufficient insulin secretion or insulin resistance

It may be controlled with dietary modifications, exercises,

oral hypoglycaemic agents. It mostly occurs in adults,

more prone in obese adult.

v’ Risk factors: most common-obesity & lack of exercise,
others history of gestational

AN

e Gestational Diabetes

Rare form of diabetes which occurs in women during
pregnancy. Detected during 24-28 weeks of gestations. (IIT
Kharagpur-2018) Usually it will resolve within 6 weeks after
gestation. Clinical features in a newborn who is born by GDM
mother.

v Macrosomia: Large baby usually>4000 gm due to insulin
resistance of the mother.

v" Hypoglycaemia: Due to hyperglycemic intrauterine
environment leads to a relative increase in fetal insulin

v/ Onset: Sudden Age at onset children secretion which cause low sugar level (hypoglycaemia) in
v" Cause: Autoimmune or pancreatic cells unable to produce newborn. . ' ‘
insulin due to complete destruction of beta cells of v" Hypocalcaemia: Due to immature parathyrqd. glgnd m
pancreas.Tends to develop at a young age, cannot be newborn. Hyperblhrublne?mla: High level of bilirubin due
prevented Type-1 requires lifelong exogenous insulin. It to immature liver & RBC's
mostly occurs in children and clients looking as _
thin.Diabetes ketoacidosis (DKA) is commonly seen in > Pathophysiology
type-1 diabetes
(INSULIN DEFICIENCY)
Hyperglycaemia e I Fatigue l
Glycosuria > I Vulvitis, balanitis I
l Hunger, polyphagia I .
Increased catabolism Decreased anabolism
[ Weight loss I‘* l
I Wasting I«z T Lipolysis (in adipose tissue) Osmotic diuresis > I Polyuria, polydipsia l
l R g I Tachycardia ]
T Free fatty acids (in plasma) Dehydration and loss
and oxidation (in liver) of electrolytes "
l .  Hypotension |
(KETOACIDOSIS)
L .y
_DEATH.
Fig 1 Pathophysiology of Diabetes Mellitus
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» Symptoms v' Weight loss
Diabetes symptoms depend on how high your blood v’ Presence of ketones in the urine
sugar is. v' Feeling tired and weak.
v' Feeling irritable or having other mood changes.
o Some of the Symptoms of Type 1 Diabetes and Type 2 v’ Having blurry vision.
Diabetes are: v’ Having slow-healing sores.
v

Getting a lot of infections, such as gum, skin and vaginal
v Polydipsia infections.
v' Frequent urination

Ministry of Health & Family Welfare
Government of india

Symptoms of Diabetes

you shouldn’t ignore:

Delayed
Fatigue < healing
! = of wounds
Blurred vision i B =
Constant thirst
—_——
Sudden weight loss / -

-
Increased

A Frequent urination
appetite

Fig 2 Symptoms of Diabetes Mellitus

» Diagnosis of Diabetes Mellitus

BLOOD SUGAR LEVEL CHART

FASTING JUST ATE 3 HOURS AFTER EATING
NORNMAL 80-100 170-200 120-140
PRE-DIABETIC 101-125 190-230 140-160
DIABETIC 126+ 220-300 200+

Fig 3 Blood Sugar Level Chart

IJISRT26JAN112 WwWw.ijisrt.com 705


https://doi.org/10.38124/ijisrt/26jan112
http://www.ijisrt.com/

International Journal of Innovative Science and Research Technology
https://doi.org/10.38124/ijisrt/26jan112

Volume 11, Issue 1, January — 2026
ISSN No: -2456-2165

» Complication of Diabetics Mellitus: e Diabetic nephropathy

e Diabetic retinopathy

e Diabetic neuropathy
e Diabetic foot

DIABETIC
RETINOPATHY

Y~

DIABETIC
NEUROPATHY

DIABETIC
NEPHROPATHY

/
<3

DIABETIC
WOUND HEALING

Fig 4 Complication of Diabetics Mellitus

A. Pathophysiology of Complications of Diabetic Mellitus:
Chronic hyperglycaemia in diabetes mellitus leads to

microvascular and macrovascular damage via oxidative

stress, inflammation, advanced glycation end-products

(AGEs), polyol pathway activation, protein kinase-C
activation, and endothelial dysfunction. These mechanisms
culminate in long-term complications affecting the eyes,
kidneys, nerves, and skin/wound healing.

Pathogenesis of Diabetic Retinopathy

Hyperglycemia
ypergly Leaky Vessels

Oxidative Stress

& AGES

Capillary
Damage

Microaneurysms
Retinal Hemorrhages

Figure 1
Pathophysiology of Diabetic Neuropathy
Hyperglycemia \ )

‘ Sorbitol Accumulation |

Oxidative Stress

[Famseeer]
|

‘ Loss of Sensation N
Figure 3

Hyperglycemia

Mechanisms of Diabetic Nephropathy

1 Glomerular
| Hypertension

Glomerular Mesangial Expansion

| Hypertension
| Podocyte Injury

Oxidative Stress
& Inflammation

Renal Fibrosis

Proteinuria

Declining GFR

Figure 2
Impaired Diabetic Wound Healing

Poor Circulation

Reduced
Growth Factors

1 inflammation -

(VTflactellal Infection ; =

Impaired TSN

Angiogenesis v
Delayed Y

Collagen Formation

Figure 4

Fig 5 Mechanism of Diabetic Complication
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» Diabetic Retinopathy (DR)

e Overview

Diabetic retinopathy is a microvascular complication
and a leading cause of preventable blindness among working-
age adults. It results from prolonged hyperglycemia-induced
damage to retinal capillaries.

Pathophysiology

Chronic hyperglycemia — 1 AGEs and ROS

Damage to retinal pericytes and endothelial cells
Capillary basement membrane thickening

Increased vascular permeability and ischemia
Activation of VEGF — pathological neovascularization

AN N NN

Stages
Non-Proliferative Diabetic Retinopathy (NPDR)

Microaneurysms
Dot-blot hemorrhages
Hard exudates

AN

o Proliferative Diabetic Retinopathy (PDR)

Neovascularization
Vitreous hemorrhage
Retinal detachment

ANRNEN

Clinical Features

Blurred vision
Floaters

Impaired color vision
Vision loss (late stage)

ANENENEN

Molecular Markers

VEGF

ICAM-1

TNF-a

IL-6

Oxidative stress markers (MDA)

ANENENENEN

Therapeutic Insight

Anti-VEGF agents

Antioxidants & anti-inflammatory phytochemicals
Nutraceuticals with retinal protective effects (e.g.,
flavonoids)

SNENEN

o Figure I (Suggested)

“Pathogenesis of Diabetic Retinopathy”” Hyperglycemia
— oxidative stress — microvascular damage —
VEGFmediated neovascularization — vision loss
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» Diabetic Nephropathy (DN)

e Overview

Diabetic nephropathy is the leading cause of end-stage
renal disease (ESRD) worldwide and develops due to
progressive glomerular and tubular injury.

Pathophysiology

Hyperglycemia — glomerular hyperfiltration
Mesangial cell expansion

Thickening of glomerular basement membrane
Podocyte loss

Activation of RAAS and inflammatory cytokines

AN N NN

Stages

Hyperfiltration

Microalbuminuria (30-300 mg/day)
Macroalbuminuria (>300 mg/day)
Declining GFR

End-stage renal disease

ANANENENEN

Clinical Features

Proteinuria

Edema

Hypertension

Reduced urine output (advanced stage)

ANANENEN

Biomarkers

Albumin-to-creatinine ratio
Serum creatinine
Estimated GFR

TGF-B, NF-xB

ANANENEN

Therapeutic Insight

ACE inhibitors / ARBs

Anti-fibrotic and antioxidant agents

Phytochemicals reducing oxidative and inflammatory
renal damage

ANRNEN

o Figure 2 (Suggested)

“Mechanisms of Diabetic Nephropathy Progression”
Hyperglycemia — oxidative stress — mesangial expansion
— glomerulosclerosis — renal failure

» Diabetic Neuropathy
o QOverview

Diabetic neuropathy is a nerve damage disorder caused
by chronic metabolic and vascular abnormalities in diabetes.
o Tipes
v" Peripheral neuropathy (most common)

v Autonomic neuropathy
v" Proximal neuropathy
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v" Focal neuropathy

e Pathophysiology

Polyol pathway activation — sorbitol accumulation
Reduced nerve blood flow

Oxidative stress—induced neuronal injury
Mitochondrial dysfunction

AN N NN

Clinical Features

Tingling and numbness

Burning or stabbing pain

Loss of sensation (risk of foot ulcers)
Muscle weakness

AN NN

Neurochemical Changes

Reduced nerve growth factor (NGF)
Increased inflammatory mediators
Lipid peroxidation

AN

Therapeutic Insight

Pain modulators (gabapentin, duloxetine)
Antioxidant and neuroprotective agents
Natural compounds improving nerve regeneration

ANRNEN

Figure 3 (Suggested)

“Pathophysiology of  Diabetic  Neuropathy”
Hyperglycemia — oxidative stress — microvascular
ischemia — nerve degeneration

» Diabetic Wound Healing

e Overview

Delayed wound healing in diabetes leads to chronic
ulcers, infections, and amputations, particularly in the lower
extremities.
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Pathophysiology

Reduced nitric oxide — poor angiogenesis
Impaired fibroblast migration

Decreased collagen synthesis

Prolonged inflammation

High susceptibility to infection

ANANENENEN

Stages Affected

Inflammatory phase (prolonged)
Proliferative phase (impaired angiogenesis)
Remodeling phase (poor collagen deposition)

AN

Clinical Features

Non-healing ulcers
Necrosis

Secondary infections
Gangrene (advanced stage)

ANANENRN

Key Molecular Factors

VEGF |

TGF-B |

ROS 1

Matrix metalloproteinases 1

ANANENEN

Therapeutic Insight

Growth factor therapy

Antioxidant and anti-microbial agents

Herbal formulations enhancing angiogenesis and collagen
formation

ANANEN

o Figure 4 (Suggested)

“Impaired Wound Healing in Diabetes” Hyperglycemia
— oxidative stress — reduced angiogenesis — delayed tissue
repair.

» Comparative Summary Table

Table 1 Comparative Summary Table

Complication Primary Damage Key Mechanism Clinical Outcome
Retinopathy Retina VEGF, oxidative stress Vision loss
Nephropathy Kidney Fibrosis, RAAS activation Renal failure
Neuropathy Peripheral nerves Ischemia, ROS Pain, numbness

Wound healing Skin Impaired angiogenesis Chronic ulcers

II. NOVELTY AND SIGNIFICANCE OF THE this review integrates mechanistic insights with formulation

REVIEW

Most existing reviews on Moringa oleifera primarily
Focus on its hypoglycemic activity. However, diabetic
complications are the major contributors to disease burden
and are inadequately managed by glucose-centric therapies
alone. The novelty of this review lies in its complication-
focused perspective, emphasizing the protective role of
Moringa oleifera against diabetic neuropathy, nephropathy,
impaired wound healing, and vascular damage. Furthermore,

IJISRT26JAN112

challenges and translational gaps, offering a comprehensive
and updated perspective that has not been systematically
addressed in previous literature.

» Botanical Overview:

e Synonyms: Drumstick Tree, Horseradish Tree, and Ben
Oil Tree

¢ Biological source: Leaves, pods, seeds, flowers, and roots
of Moringa oleifera Lam.
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e Geographical Source: Native to India; widely grown in

tropical and subtropical regions (India, Africa, Sri Lanka,
Philippines, South America).
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Fig 6 Moringa Oleifera

» Nutritional Properties of Moringa Oleifera

Moringa oleifera is a highly nutritious plant known for
its rich composition of essential nutrients. The leaves are an
excellent source of proteins, containing important amino
acids, along with high levels of vitamins such as vitamin A
(Bcarotene), vitamin C, and vitamin E. It also provides
essential minerals including calcium, iron, potassium, and
magnesium, which support bone health, hemoglobin
formation, and normal metabolic functions. In addition,
Moringa oleifera is rich in dietary fiber and natural
antioxidants like flavonoids and polyphenols, contributing to
its overall nutritional and health-promoting value. These
properties make Moringa oleifera a valuable functional food
and nutraceutical ingredient.

PHYTOCHEMICAL PROFILE OF MORINGA
OLEIFERA

Moringa oleifera, belonging to the family Moringaceae,
is a fast-growing plant widely distributed in tropical and
subtropical regions. It has been traditionally used in various
systems of medicine for the treatment of metabolic disorders,
infections, inflammation, and nutritional deficiencies. Almost
all parts of the plant, including leaves, seeds, flowers, bark,
and roots, possess medicinal value and are known for their
rich nutritional and therapeutic properties.

Phytochemical investigations have revealed that

Moringa oleifera is a rich source of biologically active
compounds. The leaves contain high concentrations of

IJISRT26JAN112

flavonoids such as quercetin and kaempferol, phenolic acids,
ascorbic acid, carotenoids, and tocopherols, which contribute
to its potent antioxidant activity. In addition, alkaloids,
tannins, saponins, and glycosides have been identified in
various parts of the plant. The seeds are particularly rich in
isothiocyanates and glucosinolates, which exhibit anti-
inflammatory and cytoprotective effects.

The pharmacological properties of Moringa oleifera are
closely linked to its diverse phytochemical composition.
Numerous experimental studies have demonstrated its
antihyperglycemic activity through enhancement of insulin
secretion, improvement of insulin sensitivity, and inhibition
of intestinal glucose absorption. Beyond glucose regulation,
Moringa oleifera exhibits strong antioxidant and anti-
inflammatory effects, which are critical in counteracting the
pathological mechanisms involved in diabetic complications.

Furthermore, the plant has been reported to possess
nephroprotective, neuroprotective, hepatoprotective,
cardioprotective, and wound-healing properties. These
effects are mediated through modulation of oxidative stress,
suppression of pro-inflammatory mediators, improvement of
endothelial function, and promotion of tissue regeneration.
The presence of essential amino acids, vitamins, and minerals
further enhances the therapeutic value of Moringa oleifera,
making it a multifunctional natural agent.

Given its broad spectrum of pharmacological activities
and favorable safety profile, Moringa oleifera has gained
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attention as a promising adjunct therapy for the management
of diabetes and its associated complications. Its multi-
targeted action makes it particularly suitable for addressing

the complex and multifactorial nature of
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Phenolic acids: Chlorogenic acid, gallic acid
Isothiocyanates: Moringin

Vitamins: Vitamin C, Vitamin E, B-carotene
Minerals: Calcium, potassium, iron

diabetic

complications.

» Moringa Oleifera Leaves Contain a Diverse Range of

These compounds collectively contribute to antioxidant

OTHS defense, inflammation.
Bioactive Compounds:

Flavonoids: Quercetin, kaempferol, rutin

Table 2 Bioactive Compounds of Moringa Oleifera and Targeted Diabetic Complications

Bioactive compound Pharmacological activity

Quercetin Antioxidant, anti-inflammatory

Chlorogenic acid Anti-glycation

Isothiocyanates Cytoprotective

Vitamins C & E Free radical scavenging
» Mechanisms of Action in Diabetic Complications e Suppressing inflammatory mediators (TNF-a, I1L-6, NF-

Moringa oleifera mitigates diabetic complications KB)
through multiple pathways: e Inhibiting AGE formation and protein glycation
e Improving insulin signaling and endothelial function

¢ Scavenging reactive oxygen species and reducing e Enhancing angiogenesis, collagen synthesis, and tissue

oxidative stress regeneration

Mechanisms of Action in Diabetic Complications

Hyperglycemia
4
1 ROS + 1 Inflammation « 1 AGEs

¥
Tissue Damage & Diabetic Complications

)

Moringa oleifera Actions:
— 5 ¥ v N

Antioxidant Action | | Anti-Inflammatory | | Inhibits AGE || Improves Insulin & Tissue Repair
Formation || Endothelial Function || & Regenenation

1 Glycation 1 Insulin Sensitivity 1 Healing

J Oxidative Stress

4 Inflammation
=
T

“Vinflammation || ¥ Glycation

e

Diabetic Complications &
Enhanced Healing
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Fig 7 Mechanisms of Action of Diabetic Complication
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Diabetes
- Hyperglycemia

«= Insulin Resistance

AGEs

Oxidative Chronic

Stress Inflammation

Chronic

Inflammation

\\Quercetin/
Moringa oleifera

i = thorogem'c Acid\
Bioactives
‘ 4 Isothiocyanates

Vitamins & Minerals

—

~

l- Antioxidant Defense

[- Anti-Inflammatory Effects

« Nephroprotection

« Neuroprotection }

4 -

Diabetic Neuropathy Diabetic Nephropathy

Nerve Damage Kidney Injury

+

Diabetic Wound

Impaired Healing

Complication Mitigation

Fig 8 Mechanistic Pathways Through Which Moringa Oleifera Targets Diabetic Complications.

Iv. THERAPEUTIC ROLE IN DIABETIC

COMPLICATIONS

» Diabetic Retinopathy

Diabetic retinopathy, therapeutic interventions act by
reducing hyperglycemia-induced oxidative stress and
inflammation, inhibiting VEGFmediated neovascularization,
protecting retinal microvasculature, and thereby preventing
disease progression and vision loss.

» Diabetic Neuropathy

Oxidative stress-induced neuronal damage is a key
factor in diabetic neuropathy. Flavonoids present in Moringa
oleifera exhibit neuroprotective effects by reducing lipid
peroxidation and improving nerve function.

» Diabetic Nephropathy

Moringa oleifera demonstrates renoprotective activity
by reducing oxidative damage, improving renal biomarkers,
and decreasing albuminuria in diabetic animal models.

» Diabetic Wound Healing

Delayed wound healing in diabetes is associated with
impaired angiogenesis and inflammation. Moringa oleifera
enhances fibroblast proliferation, collagen deposition, and
epithelialization, leading to faster wound closure.
» Future Perspectives / Scope

o Important Areas to Explore:

v' Standardization of extracts and bioactive dosage

IJISRT26JAN112
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v Well-designed clinical trials targeting complications
v Molecular and omics studies for mechanistic insights
v Formulation into nutraceuticals or adjunct therapies.
V. CONCLUSION

While Moringa oleifera exhibits promising multi-
targeted effects beyond glycemic control, especially in
ameliorating mechanisms central to diabetic complications,
definitive clinical evidence remains sparse. Preclinical data
support antioxidant, anti-inflammatory, lipid-modulating,
vascular-protective, and wound-healing actions. With
growing interest in integrative therapies, M. oleifera warrants
rigorous clinical investigation as an adjunctive strategy in
comprehensive diabetic care.
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