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Abstract:  

The purpose of this review is to provide verified data on the various herbal extract that shows healing in 

diabetic wounds. Herbal products and their active constituents used for diabetic wound healing activity, and 

various cellular and molecular mechanisms of their actions will also be described. Study shows that depending on 

the factors that affecting the wound formation and the healing process. The biological factors and the genetic 

factors affecting the formation diabetic foot ulcer. With the use of active constituents present in the herbal 

plants made use in the formulations diabetic wound should be cure. Herbal products through different 

mechanisms of angiogenesis, production of cytokines and growth factors, keratinocytes, and fibroblast 
migration and fibroblast migration and proliferation may be considered as an important support for substitutes 

for synthetic drugs and conventional and sustained drugs therapy. This will affecting on both the acute and the 

chronic wound healing process. As the herbal natural extracts have no adverse effects on the body. 
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INTRODUCTION: 
Diabetic foot ulcer (DFU) is one of the major 

complicated disease. Diabetes is a metabolic 

disorder associated with the endocrine system that 

resulted in hyperglycemic conditions [1]. Diabetes 
are of two types-diabetes mellitus and diabetes 

insipidus. Diabetic mellitus (dm) is a chronic 

disease that occur due to impairment of insulin 

secretion and sensitivity, destruction of pancreatic 

beta cell type -1 diabetes and peripherial insulin 

resistance in type 2 diabetes affecting more than 

342 million people worldwide.[2-4].Prolonged and 

untreated hyperglycemia or uncontrolled glucose 

levels lead to serious diabetic complications such 

as nephropathy ,neuropathy , retinopathy , 

hypertension ,hyperlipidemia, increased risk of 

cardiovascular disease and heart attack[5 ] . The 
most costly and the devastating problem is delayed 

in wound healing processes which lead to serious 

complications such as high risk of bacterial 

infections, gangrene, limb amputations sepsis and 

even death[6]. 

Wound healing process related to Diabetes: 

Wound healing difficulties in diabetes patients are 

multidirectional .The hyperglycemic condition in 

the wound site leads to chronic inflammation, 

impaired vascularization and tissue regeneration 

,reduced production of growth factors ,excessive 
protease activity and oxidative stress [7 ]. 

Hyperglycemia leads to contracted blood vessels 

which leads to reduced circulation and 

microvascular dysfunction[8],which ultimately 

leads to oxidative stress because of superoxide 

formation [9].due to overactivation of superoxide 

formation ,the formation of advanced glycation 

end-products( AGEs) occurs, which interacts with 

their receptors (RAGE) and gives rise to impaired 

wound healing[10].diabetic foot ulcers are 

associated with elevated metalloprotease which are 

60 times higher in chronic wound fluid than in 
acute wounds .This elevated level of protease leads 

to dysregulated cellular functions are involved in 

diabetic wounds, such as defects in leukocyte 

chemotaxis, defective T-cell immunity ,dysfunction 

of fibroblasts and epidermal cells and phagocytosis 

and bactericidal capacity which further leads to 

insufficient bacterial clearance and delays wounds 

healing in diabetic individuals[11]. 

In diabetic patients, blood vessels get impaired , 

which leads to lower leukocyte migration into the 

wound and creates infections [12]. 
The production of fibrin plugs achieves recovery of 

inflammatory cells in the early stages (homeostasis 

and (inflammation) of healing after injury. The 

aggregation of platelets releases different growth 

factors ,including platelets-derived growth factor 

(PGDF).TGF-BETA1 ,epidermal growth factor 

(EGF),and proinflammatory cytokines such as 

interleukin-1 (IL-1) [13]. Which leads to the 

accumulation if neutrophils and macrophages at the 

site of injury. These macrophages and neutrophils 

increases inflammatory responses.[14].,[15]. 

Neutrophil activation ,along with chemotactic 

signals, occurs that allows the cell’s localization at 

the wound site , which leads to cell adhesion and 
leaching of ECM out of the trophil adhesion which 

elevates the inflammatory phase end delays the 

healing cascade [16,17].it was concluded that the 

hypoxia ,dysfunction in fibroblasts and epidermal 

cells, impaired angiogenesis and neovascularization 

,high level of metalloproteases ,damage from ROS 

and AGEs results in autoimmune diseases and 

delays in the wound healing process. 

The dysregulation in wound healing phase retards 

the healing process in diabetic patients , which 

affects the quality of life and increase mortality 

.The matured granulation tissues are formed by the 
continuous inflammatory phase, which results in a 

decline in wound tensile strength that can be due to 

vascular damage resulting in ischemia[18]. 

Open wounds are particularly prone to infection, 

especially by bacteria and provide an entry point 

for systemic infections. Aerobic or facultative 

pathogens such as staphylococcus aureus , 

pseudomonas aeruginosa and beta-haemolytic 

streptococci are the primary causes of delayed 

healing and infection in both acute and chronic 

wounds [19,20]. In control of bacterial infections 
an important part of the standard treatment of 

diabetic wounds ,in addition to wound debridement 

,revascularization and acceleration of the healing 

process[21],and amputation.[22] 

About 20% of people with a diabetic foot ulcer will 

undergo a lower extremity amputation , either 

minor ( i.e., above foot )[23] infection and 

progressive gangrene are the primary causes of 

lower extremity amputation[24] with 

approximately 50% of diabetic foot ulcer becoming 

infected.[25,26] 

Healing phages [7,73] : 

1) Hemostasis (coagulation which controls 

excessive blood loss from the damaged vessels) 

(few minutes) 

a) Immediate response: when a wound occurs, the 

body’s immediate response is to stop bleeding 

.Platelets in the blood gather at the wound site and 

form a temporary plug to seal the damaged blood 

vessels (hemostasis). 

b) Vasoconstriction: blood vessels near the wound 

constrict to reduce blood flow , helping to minimize 

bleeding. 
C) clot formulation: the clotting cascade begins, 

leading to the formation of a stable blood clot 

(hemostatic plug ) composed of fibrin and blood 

cells. This clot acts as a temporary barrier. 

2. Inflammation: (influx of macrophages and 

proteases to clean up debris and pathogens, 

secretion of growth factors and pro-inflammatory 

cytokines ) (0-3 days ) 

i. Cellular Response: Inflammation is a crucial 
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phase for wound healing. White blood cells, 

primarily neutrophils and macrophages, migrate to 

the wound to remove debris, dead cells, and 

potential pathogens. 

ii. Cytokine Release: Various signaling 

molecules, called cytokines, are released to 

coordinate the inflammatory response. These 

molecules also stimulate the recruitment of 

fibroblasts and endothelial 

cells. 

iii. Angiogenesis: New blood vessels 

(angiogenesis) begin to form, supplying the wound 
with oxygen and nutrients needed for repair. 

iv. Granulation Tissue: Granulation tissue, 

which is rich in collagen and blood vessels, starts to 

develop at the wound site. 

3) Proliferation (fibroblast migration ,extracellular 

matrix formation ,granulation ,re-epitheliazation 

,neoangiogenesis) (3-21 days ) 

i. Proliferation: Fibroblast Activity: During this 

phase, fibroblasts play a key role. They produce 
collagen, a structural protein that strengthens the 

wound, and other extracellular matrix components. 

ii. Re-epithelialization: Epithelial cells 

migrate from the wound edges to cover the wound's 

surface, forming a new epidermal layer. 

iii. Contraction: Myofibroblasts contribute to 

wound contraction, reducing the wound's size. 

iv. Continued Angiogenesis: Blood vessels 

continue to grow into the wound, ensuring adequate 
blood supply to support tissue repair. 

4) Remodelling (Maturation): Maturation or 

remodelling that occurs within the dermis 

(collagen) crosslinking and reorganization, increase 

in the tensile strength of the extracellular matrix , 

scar formation ) (21 days -2 years)[4,102]. 

Remodelling (Maturation): 

a). Tissue Remodelling: This phase can last for 

several months or even years. The newly formed 

collagen fibers gradually reorganize and mature, 

making the wound stronger. 
 

b). Scar Formation: The wound is filled with 

collagen, and the scar tissue becomes more 

organized. The scar may initially appear raised and 

red but tends to flatten and fade over time. 

c). Strength Restoration: The wound gradually 

regains its strength, although it may never reach the 

full strength of the original tissue. 

Functional Recovery: If the wound affected a 

functional area (e.g., a joint), functional recovery 

occurs during this phase as tissues adapt and regain 

their functionality. 

 

 
Figure 1.Stages of wound healing (figure made in Biorender) 

 

Mechanism of wound healing :[Image representation ] Injury 

 

 

Platelets release growth factors and cytokines 

Neutrophils and macrophages engulf bacteria; release growth factors, cytokines and proteases. 

Epithelial cells, fibroblasts and endothelial cells produce growth factors 

Synthesis of extracellular matrix and new capillaries 

Fibroblasts orchestrate the remodelling of the scar by producing extracellular matrix, matrix metalloproteinases 

and tissue inhibitor of metalloprotease 
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Figure 2.Wound healing process 

What happen when Changes occurs in: 

Growth factors Source of activation Action Ref 

Epidermal growth factor 

(EGF) 

Activated macrophages 

 

 Salivary glands. 

keratinocytes 

Keratinocyte and fibroblast 

mitogen 

 Keratinocyte 

migration Granulation tissues 

formation 

[31] 

Transforming growth factors 

(tgf) 
 Activated 

macrophages 

 

 

 t-lymphocytes 

 keratinocyte 

 Hepatocyte and 

epithelial cell proliferation 

 Expression of 

antimicrobial peptides 

 Expression of 

chemotactic cytokines. m 

[32 ] 

Hepatocytic growth factor 
• Mesenchymal cells • Epithelial and 

endothelial cell 

proliferation 

[32] 

Vascular endothelial growth 

factors 
• Mesenchymal cells • Vascular permeability 

• Endothelial cell 

proliferation 

[33] 

Platelet derived growth 

factors 
 Platelets 

 Macrophages 

 Endothelial cells 

 Smooth muscle cells 

 Keratinocytes 

 Granulocyte, 

macrophage 

,fibroblast,and smooth muscle 

cell chemotaxis. 

 Granulocytes , 

macrophage ,and fibroblast 

[34,35] 
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activation 

 Fibroblast 

,endothelial cell proliferation 

 Matrix 

metalloproteinase, 

 fibronectin , 
hyaluronan production 

 Angiogenesis 

 Wound remodeling 

Fibroblast growth factor 1 and 

2 

Macrophages mast cells T-

lymphocytes Endothelial cells 

Fibroblasts 

 Fibroblast chemotaxis 

Fibroblast and keratinocyte 

proliferation 

Keratinocytes migration 

Angiogenesis 

Wound contraction Matrix 

(collagen fibers ) deposition 

[36] 

Transforming growth factors -

beta 

Platelets 

T-lymphocytes Macrophages 

Endothelial cells 
Keratinocytes Smooth 

muscles cells Fibroblast 

Granulocyte, macrophage, 

lymphocyte, fibroblast, and 

smooth muscle cell chemotaxis 
TIMP synthesis Angiogenesis 

Fibroplasia 

Matrix metalloproteinase 

production inhibition 

[37] 

Keratinocyte growth factor Keratinocytes Keratinocytes migration, 

proliferation , and differentiation 

[38] 

 

 

Herbal products and their active constituents used for diabetic wound healing : 

The described animal studies are based on diabetes induced by streptozotocin (STZ) and alloxan monohydrate . 

Alloxan monohydrate and STZ are the most popular diabetogenic agents used for assessing the anti-diabetic or 

hypoglycemic capacity.[37],[39] 

STD/Alloxan monohydrate 

 

 

 

Cytotoxic glucose analogue 
 

 

 

 

Pancreatic beta cells via the GLUT 2 glucose transporter 

1) Hypo-insulinemia 2) Hyperglycemia 
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Herbals and their activity 

Herbs Model of study Pharmacological study Ref 

Aloe vera STZ-induced diabetic BALB/ 

c mice; excision wound 

model 

A.vera gel control 1 : untreated 

group ; control untreated diabetic 

group ; treatment once a day for 9 

days 
Effects : significantly increases 

level of GAGs and breaking 

strength on day 9 

[40] 

Agrimonia Pilosa 

;nelumbo nucifera 

;Boswellia carteri 

;pollen typhae 

STZ-induced diabetic 

C57BL/6 mice ;excision 

wound model 

Accelerated wound healing , 

promoted vascularization and 

inhibited inflammation 

[41] 

Annonas quamosa STZ-induced diabetic Wistar 

rats 

;excision wound model 

A.squamosa ethanolic extracts 

Better wound healing through 

increased levels of enzymetic and 

non-enzymatic antioxidants in 
wound tissues 

[42] 

Camellia sinensis AM-induced diabetic Wistar 
rats 

;incision and excision wound 

models 

Faster wound contraction [43] 

 

Catharanthus roseus 

Invivo study it was observed 

after 2 months of treatment in 

diabetic rats 

The ethanolic -extract of C.roseus 

applied on chronic diabetic 

wounds 

A 77.7 % declines in blood 

glucose occurred [44] 

[44] 

Carica papaya An excision wound was 

created and remained open 

and observed for any infection 

Shows contraction of wound 

more rapidly compared to 

animals given a placebo[46] 

[45],[46] 

Punica grantum Alloxan -induced male wistar 
rats used[125] .alloxan was 

injected intraperitoneally after 

15 hrs of fasting . 

Wound was created on rats 

with glucose >250 mg/dl. 

Tissue regeneration [50] 

Radix rehmanniae Female Sprague Dawley rats 

with diabetic foot ulcers 

Deduction of ulcer area from 8-18 

days by the extracts 

[51] 

Rosmarinus officinalis Alloxan -induced diabetic 

BALB/c mice 

Wound contraction [107] [52] 
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Phytochemicals Sub-class Mechanism of Action Ref 

 

 

 
 

 

 

Alkaloid 

Nicotine Improve wound healing 

 

Accelerate angiogenesis in a small dose . 
 

 

Increase the intracellular level of calcium . 

[53],[54] 

Napelline 

,songorine and hypaconitine 

Fibroblast precursor activation 

Hyperstimulation growth factors 

[55] 

Taspine The elevated autocrine activity of TGF-beta 

Increase epidermal growth factor on 

fibroblasts 

[56] 

Flavonoid Quercetin Activation of collagen matrices in case of 

dermal WH 

[57] 

Isorhamnetin and kaempferol Improved collegen deposition Maturation 
Decreased COX-2 level 

[58] 

2-(3,4-dihydroxy phenyl-5;7-

dihydroxychromen-4) 

Accelerates epithelization Scavenging of 

superoxides Inhibition of mediators of 

inflammation 

[59] 

Vicenin -2 Accelerating proliferation Increase the 

feasibility of fibroblast cells 

[60] 

4,6,7- 

trimethoxyflavone 

Accelerating the movements of kerationocytes [61] 

 

 

 

 

Terpenes 

Genotiopicroside, sweroside 

and swertiamarine 

Trigger collagen production 

Stimulate mitosis of embryonic fibroblasts 

[62] 

Borneol Suppression of proinflammatory cytokines at 

the mRNA level 

[63] 

Thymol Modulation of fibroblast metabolism and 

collagen synthesis 

[64] 

Oleanolic acid Alteration in migration of NH/3T3 fibroblasts 

and Hecate keratinocytes 

Enhancement of wound closure 

[65] 

 

 

 

Phenolics 

Asiatic acid 

,asiaticoside 

,madecassic acid and 

madecassoside 

Evocation of expression of genes influencing 

angiogenesis 

Remodelling of the extracellular matrix occurs 

Introduction of multiple growth factors 
Elevating collagen synthesis via activation of 

the TGF-beta 

[66,67] 

 Cannabinoid Enhanced epithelial wound closure 

Helps in intestinal inflammation 

Suppression inflammation at 

the early phase if WH 

[68,69] 

 

 

Glycosides 

The mixture of 11 saponin 

glycoside 

Accelerating recapitalization of skin wound 

Enhancing production of collagen in skin 

fibroblasts 

 Suppress inflammation at the early phase of 

WH 

[70] 

Secoisolariciredesin ol 

glycoside, ferulic acid 

glycosides and caffeic acid 
glycosides 

Amplify proliferation Resettling of normal 

human dermal fibroblasts by the wound 

scratch assay 

[70] 
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Plant chemicals are regarded as secondary 

metabolites because the plants that manufacture 

them may have little need for them. They are 

synthesized in all the parts of the plant body ; bark, 

leaves, stem , root, flower, fruits, seeds, etc .any 
part of the plant body may contain active 

components.[Solomon Charles et al.,2013 ]. This 

chemical work with nutrients and fibres to form an 

integrated part of defence system against various 

disease and stress conditions (thilagavathi et al 

.,2015 ) . the most important of these bioactive 

groups of plants are alkaloids, terpenoids, tannins, 

saponins and phenolic compounds (edeoga et al ., 

2005 ) . correlation between the phytochemical and 

the bioactivity of plant is desirable to know for the 

synthesis of compounds with specific activities to 

treat various health aliments and chronic disease as 
well.(pandey et al.,2013) [72] 

 

CONCLUSION:  
The purpose of this review is to highlight that the 

herbal approach that could be best suited for the 

wound healing process in diabetes, without causing 

any further side effects or with very fewer side 

effects. In this review we have discussed wound 

healing , normal wound healing factors that delay 

wound healing , the effect of diabetes on the 

delaying of wound healing primary growth factors 
involved in wound healing. 
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