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Abstract 

The treatment of infected wound healing with plant secondary metabolite from herbal plants is an 

active researcher in biomedicine. The Phyto-molecules or secondary metabolites in the plant extract can 

target cellular and molecular levels in various stages of the wound repair process. These molecules 

have multiple pharmacological activities that effectively accelerate wound repair and regeneration. The 

most common mechanism of action of natural products on the wound repair process is established 

through in vitro and in vivo studies. This includes direct action on skin cells regeneration, increase in 

connective tissue deposition such as collagen, anti-oxidant properties, modulation of cytokine and 

growth factor production and/or function, as well as anti-inflammatory action. The wound healing 

process is characterized by dynamic, interacting activities involving soluble mediators, blood cells, 

extracellular matrix, and parenchymal cells that culminate in permanent restoration of anatomical 

function and functional integrity. Chronic wounds such as infected wounds and diabetic foot ulcers 

suggest a failure in some aspects of the repair process. To assess the healing potential of a variety of 

natural products, in vivo and in-vitro assay models are utilized. Based on these assessments, many new 

therapies that target various stages of wound repair are emerging in recent years. Amongst them, 

extracts of plants from traditional medicine are beneficial for treating infected wounds. The present 

review paper on Triphala ointment aimed to outline the wound healing potential of Triphala and its 

other pharmacological activities and review its bioactive compounds, which have beneficial effects for 

wound regeneration activity. Furthermore, Animal studies are extensively used for our critical review 

and these potential data are used to further substantiate the therapeutic potential of Triphala ointment 

via histological and biochemical studies. 

 
Keywords: Triphala, wound infection, wound healing, polyphenol, anti-microbial activity 

 

Introduction 

The skin's primary function is a protective barrier against the environment and is the body's 

most extensive organ system, called an organ of protection. Additionally, it plays a vital role 

in regulation, sensory reception, and immunological surveillance. Adam J. Singer et al. 

(1999) [73] discussed the injury of soft tissue in the skin involving cell death, destruction of 

extracellular matrix and connective tissue components and loss of blood vessel integrity 

automatically triggers the wound repair and regeneration process. Wound repair and 

regeneration involve soluble mediators. Blood cells dynamically signal to start quiescent 

cells at the wound perimeter to proliferate, migrate, synthesize and deposit new matrix at the 

wound site. This is a sequence of various stages, namely inflammation, proliferation, and 

remodeling at the wound site and proceeds with the complicated and well-organized 

interaction between multiple cells and tissues by overlapping successive stages in the wound 

healing processes. 

 

Hemostasis 

In wound healing, the platelet is the cell that acts as the utility worker sealing off the 

damaged blood vessels after tissue injury. In reaction to damage, blood vessels contract, but 

this contraction eventually relaxes. They secrete vasoconstrictor chemicals to help in this 

process, but their primary function is to build a stable clot that seals the injured artery. 

Platelets agglomerate and bind to collagen under the impact of ADP (Adenosine 

Diphosphate) seeping from injured tissues.
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Platelets also emit cytokines like Platelet-derived growth 

factor (PDGF), one of the first factors secreted in 

commencing the following stages. 

Additionally, Fibroblasts, which are the cells responsible for 

collagen production in the skin, synthesize, deposit, remodel 

and interact with the extracellular matrix. The provisional 

extracellular matrix is gradually replaced with a synthesized 

collagenous matrix. At the proliferation stage of wound 

healing, cells from tissues and vasculature at the perimeter 

of the wound chemotactically migrate into the wound site 

and proliferate. Extracellular matrix components mediate 

cell-matrix interactions such as adhesion and functions such 

as migrations and proliferation, which are critical in wound 

repair and regeneration. 

 

Neovascularization or Angiogenesis  

New blood vessel formation helps to replenish the newly 

evolved granulation tissue. Angiogenesis involves a 

complex process that relies on the extracellular matrix in the 

wound bed and migration and mitogenic stimulation of 

endothelial cells. Acidic or basic fibroblast growth factor 

induces angiogenesis in the wound healing process. 

 

Wound Contraction and Extra cellular-Matrix 

Reorganization 

During the remodeling phase, cells degrade the granulation 

tissue at the wound site and replace it with tissue similar to 

original tissue, but different to granulation in structure and 

composition-wise. Wound contraction involves a complex 

and connected interaction of cells, extracellular matrix, and 

cytokines. Remodeling of collagen fibers during the switch 

from granulation tissue to scar relies on persistent synthesis 

and catabolism of collagen at a lower rate. In this stage, 

collagen plays a vital role in the contraction of the wound. 

The myofibroblasts are contractile cells that bind to the 

collagenous complex, and in this way, it decreases the 

volume of the wound. Matrix metalloproteinases are a 

proteolytic enzyme secreted by macrophages, epidermal 

cells, endothelial cells, and fibroblasts-control collagen 

degradation at the wound site. The various phases of wound 

repair depend on discrete combinations of these matrix 

metalloproteinases and tissue inhibitors of metalloproteinase 

(Singer et al., 1999) [73]. A variety of growth factors and 

cytokines released from activated platelets and leukocytes 

and cells in tissues adjacent to wounds modulates essential 

cell functions such as migration, differentiation, and 

proliferation and, consequently, carry out the wound healing 

process. 

 

Apoptosis and Scar Formation 

Apoptosis is the universal pathway for eliminating 

undesirable cells and tissues in a phagocytotic route that 

does not bring out an inflammatory reaction. After getting 

rid of invading organisms and nonviable tissue, 

inflammatory cells would be expected to undergo apoptosis 

and be removed without agitating additional inflammation. 

Similarly, fibroblasts begin apoptosis after enough collagen 

has been deposited to complete the proliferative phase. Once 

wound maturation has completed, endothelial cells and 

residual fibroblasts disappear silently, resulting in a collagen 

synthesis/degradation imbalance leading to hypertrophic 

scars or keloids. Modulation of the structure and function of 

the skin is regulated by proteoglycans and components of 

the extracellular matrix. The on-time production of 

proteoglycans forces the development and differentiation of 

cells. Wound healing primarily depends on proteoglycan 

levels inadequate level leads to abnormal scars. 

 

 
 

Fig 1(a): A cutaneous wound three days after injury. (With permission picture taken from “Singer, Adam & Clark, Richard. (1999) [73]. 
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Fig 1(b): A Cutaneous Wound Five Days after Injury. With permission Picture taken from “Singer, Adam & Clark, Richard. (1999) [73]. 

 

 
 

Fig 1: (c) Formation of a scar. 
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Steps Involved In Wound Healing 

 

 
 

Fig 1(d): Stages of Wound Healing 

 

Figure 1 (a, b, c, d) shows the wound healing process with 

various stages. Figure 1 A and B reveal the wound repair 

process after 3 and 5 days respectively, and confirming the 

biological processes involved in the inflammatory and 

neovascularization stages. Figure 1 c shows the pathway for 

collagen imbalance during wound repair and results in the 

formation for scar on the skin. 

 

Infection of Open Dermal Wound 

Immunocompetent host, pathogenicity, and virulence of 

microorganisms are the primary factor for the cause of 

wound infection. However, several factors contribute to 

microbial pathogenicity, which is affected by the genetic 

and environmental impact. Structural features, enzymes, and 

metabolites produced by bacteria at the infection site further 

increase the virulence and pathogenicity of the organism. 

The possession of capsules, for example, with Pseudomonas 

aeruginosa in protects bacteria against phagocyte–mediated 

killing or complement activation. Fine surface appendages 

(pili) that extend from many bacteria (e.g. Pseudomonas 

aeruginosa and E. coli) allow attachment to target host cells, 

often the first step in the infection process. In the case of 

staphylococcus and Streptococcus infections, 

polysaccharide components of the cells walls facilitate 

adherence to extracellular matrix components in target 

tissue like fibronectin or collagen. In open wounds, 

extracellular infection is more common than intracellular 

infection. Many pathogens rely on the production of 

extracellular enzymes, which helps invade deep into tissue 

and degrades extracellular proteins such as collagen and 

elastin in the extracellular matrix. Microbial biofilms get 

attached to surfaces forming slime layers protecting 

phagocytosis, antibiotics and antimicrobial agents. The 

formation of Biofilms at chronic dermal wounds may be 

linked to the failure of wound healing. Consequently, drug 

targeting to infected dermal wounds is challenging to 

eradicate wound pathogens and distract bio-film formation 

at the wound site. Acquisition of microbial species in 

wounds can lead to three clearly defined outcomes shown in 

Figure 2. 
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Fig 2: Steps in the infecting wound site 

 

Wound pathogens 

The principal pathogens associated with wound infections 

are Staphylococcus aureus, Streptococcus species anaerobes 

and Pseudomonas aeruginosa. Pseudomonas aeruginosa 

secretes extracellular enzymes such as collagenase and 

elastase. Collagenase hydrolyses collagen in necrotic tissue 

at the wound site but does not attack the collagen in healthy 

normal tissue. This wound pathogen produces elastase, 

which degrades plasma proteins and cellular human skin 

proteins and inhibits human skin fibroblast growth. Major 

proteins/glycoproteins and proteoglycan secreted by human 

fibroblast were extensively degraded by elastase producing 

Pseudomonas aeruginosa. In acute and chronic wounds, 

aerobic or facultative microorganisms such as 

Staphylococcus aureus, Pseudomonas aeruginosa, and 

Streptococcus pyrogenes are the principal causes of delayed 

healing and infection. In around 25-47 percent of soft tissue 

infections, Staphylococcus aureus is the sole pathogenic 

bacteria. Streptococci with beta-hemolytic activity can cause 

infection at concentrations well below 105 CFU/g of tissue. 

Protease, collagenase, hyaluronidase, fibrinolysin, 

gelatinase, elastase, and chondotin sulfase are tissue-

damaging exoenzymes produced by these infections (P.G 

Bowler, 2001) [13]. Streptococcus pyogenes belongs to group 

A streptococci important human pathogen. Attachment to 

host cells and ingestion leads to GAS infections' 

pathogenesis. The adherence to the host cell is a two-step 

process in which the prime target is the host extracellular 

matrix (ECM) proteins. GAS expresses different microbial 

surface components recognising adhesive matrix molecules 

to which fibronectin or collagen gets attached. 

 

Consequence of Infected dermal wound 

Staphylococcus aureus, Streptococcus pyogenes and 

Pseudomonas aeruginosa are considered the most common 

wound pathogens with ≥ 103 CFU/g of tissue for wound 

infection. (Bergstrom, N. et al. 1994) [10]. As a result, an 

Infected dermal wound delays the regeneration of the dermis 

and epidermis at the wound site. Enzymes secreted by 

Wound pathogens cause degradation of extracellular matrix 

(ECM) at the wound site. Bacterial enzymes with the 

collagen degrading ability have been known for centuries. 

Their nature and substrate specificity remain controversial. 

Collagenolytic enzymes were isolated from cultured filtrates 

of Pseudomonas aeruginosa, Staphylococcus aureus and 

then evaluated for their mode of action against degradation 

of extracellular matrix in the dermal wound.

 
Table 1: Mechanism of Topical Antimicrobial Agents and their disadvantages 

 

S. No Synthetic Drugs Mechanism of Action Active against Microorganism Disadvantages Applications 

1 Chlorhexidine 
Damaging outer cell layers, semi-

permeable cytoplasmic membrane 

Staphylococcus aureus, 

Pseudomonas aeruginosa 
Resistance in MRSA Infected wound healing 

2 
3% 

Hydrogen peroxide 

an oxidizing agent by producing free 

radicals that react with lipids, proteins 

and nucleic acids 

Greater effect on Gram positive 

species. 

No negative effects in wound 

healing 
Infected wound healing 

3 Iodine 
Binding to proteins, nucleotides and 

fatty acids. 

Bacteria, mycobacteria, fungi, 

protozoa and viruses. 

Cytotoxicity against leukocytes, 

fibroblasts and keratinocytes 

from animal model. 

Wound healing, 

Chronic leg ulcer. 

4 Cadexomer iodine - 
MRSA and Pseudomonas 

aeruginosa. 
- Infected wound healing 

5 Proflavine 
an intercalating agent to bacterial 

DNA 
Sulphonamide-resistant bacteria 

lack of toxicity for human 

fibroblasts 
 

6 Silver 

Bind to proteins, nucleic acids. 

Interrupt bacterial respiration and ATP 

(adenosine triphosphate) synthesis 

Broad-spectrum antibacterial, 

antifungal, antiviral activity 

Cytotoxic effects on human 

fibroblasts. 

wound healing, 

Burns. 

7 Methicillin Target peptidoglycan synthesis. - Beta–lactamase Resistant.  

8 Clindamycin 
Bind to the 50s ribosome and inhibit 

peptidyl transferase activity. 
- 

Clindamycin resistant 

Streptococcus pyogenes. 
Topical Application 

9 
Erythromycin, 

Gentamycin gels 
target the bacterial ribosome Broad spectrum activity 

Macrolide resistance 

mechanisms to MRSA. 
 

10 
Tetracycline 

derivatives 
Inhibition of protein synthesis - - - 

 

 

Types of microbial enzymes degrading collagen in the 

dermal wound 

Collagenase-1 degrades soluble or insoluble collagen 

specifically and collagen-like synthetic polypeptides and is 

inactive against proteins such as casein or haemoglobin. 

Collagenase-2 degrades native and denatured collagen, but 

cannot cleave the model collagen-like peptides. Pseudo 

collagenase or gelatinase can digest denatured collagen and 

synthetic peptides but not native collagen. The mode of 

action of Collagenolytic enzymes such as 

clostridiopeptidase A, an exopeptidase, cleaves every third 

peptide bond in the collagenous sequence shown as Gly–X– 

Y/GLY–X-Y. The pathophysiological role of Collagenolytic 

enzymes of microbial origin is limited to disorders caused 

are associated with bacterial or fungal infections. The 

enzymes contribution to tissue damage and spread of the 

microorganisms remain challenging to understand. 

Additionally, a microbial collagenase from Pseudomonas 

aeruginosa even creates ocular infections that have a 

destructive effect on cornel tissue (Bergstrom N et al., 1994) 
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[10]. The major role of healthy, undamaged skin is to keep 

microbial populations on the skin's surface under control 

and to keep diseases from colonizing and invading under the 

skin's surface. Subcutaneous tissue exposed due to a loss of 

skin integrity (i.e. a wound) creates a nutrient-rich, moist 

environment conducive to microbial colonisation and 

growth. The infected wound fails to heal due to the 

increased population of specific microorganisms at the 

infected site delays wound healing. 

 

Topical Antimicrobial Agents and Their Disadvantages 

A wide range of antibiotics is being employed at present for 

treating wound infections, but they are now found to have 

severe adverse effects on the human body. Also, these 

microbial pathogens developed resistance to significant 

antibiotics targeted against them. The synthetic drugs used 

for wound healing are tabulated with their disadvantages. 

These limitations of synthetic topical antimicrobial agents 

forced researchers to investigate novel antimicrobial agents 

from herbal plant sources for infected wound treatment. 

Table 1 summarizes the disadvantages of topical 

antimicrobial agents for infected wound treatment. 

 

Phyto-Pharmaceuticals as Potent Antimicrobial Agents 

and its implications in Dermal Wound Healing 

Treatment 

Novel antibacterial drug identification and development 

against various wound pathogens are necessary in the 

biomedical field. Due to developing bacterial resistance 

against antibiotics, there is controversy towards topical 

antiseptics. The novel antibiotics should have a low 

tendency to induce resistance [19]. In India, physiological 

abnormalities are cured by herbal-based treatments like 

Ayurveda, Siddha and Unani. According to National Health 

Experts, medicinal preparations from 2000 different Plants 

are used for internal and external use alone. World Health 

Organization (WHO) estimates that almost 80% of people in 

the world exclusively use traditional medicine in developing 

countries. Medicinal plants are the principal component of 

various conventional medicine, and contain about 119 

secondary metabolites of plants are used globally. 

Plants have been linked to human health from the beginning 

of time. Hundreds of plant species have been examined for 

antibacterial capabilities, but the vast majorities have yet to 

be properly assessed. (M.F. Balandrin and colleagues, 1985) 

[15]. Tea tree oil from Melaleuca alternifolia, for example, 

has been noted for its effectiveness against methicillin-

resistant S. aureus and has been investigated as an alternate 

therapy for mupirocin–resistant methicillin-resistant S. 

aureus. The major antimicrobial phyto compounds from 

herbal plants are phenolics, Tannins & polyphenols, 

quinones, Flavones, Flavonoids & flavonols, Tannins 

coumarins, terpenoids and essential oils, alkaloids, lectins 

and polypeptides and plant crude extracts. These bioactive 

molecules have multiple pharmacological activities, and the 

mode of action against aliments is the synergistic mode. 

 

Plant Compounds as wound healing agents 

The principal component of traditional medicinal plants is 

the secondary metabolites produced by plants for survival 

and has pharmacological activity in humans. About 119 

secondary metabolites of plants are used as drugs globally. 

Though hundreds of plant species have been tested for their 

antimicrobial properties, the huge majority has not yet been 

sufficiently assessed. (Balandrin et al., 1985) [15]. Many 

essential oils from plant extract possess antimicrobial 

activity. For example, tea tree oil from Melaleuca 

alternifolia has been predicted for its efficacy against 

methicillin–resistant S. aureus and has also been considered 

as an alternative treatment for mupirocin–resistant, 

methicillin-resistant S. aureus. The vast fractions of 

antimicrobial phyto compounds from herbal plants are 

phenolics, Tannins & polyphenols, quinones, Flavones, 

Flavonoids & flavonols, Tannins coumarins, terpenoids and 

essential oils, alkaloids, lectins and polypeptides and plant 

crude extracts. These bioactive compounds have varied 

synergistic pharmacological activity. 

In developing and underdeveloped countries, open dermal 

wound infections are most common untreatable due to poor 

hygienic conditions. Generally, Staphylococcus aureus, 

Streptococcus pyogenes, Corynebacterium spp., Escherichia 

coli and Pseudomonas aeruginosa are the important wound 

pathogens identified to cause a severe infection of the open 

dermal wounds. Common microorganisms that cause wound 

infection are Staphylococcus aureus and -hemolytic 

Streptococcus, which are considered "transient flora" of the 

skin. Generally, regeneration of infected dermal wounds 

occurs slowly and has an increased frequency of scarring 

due to the degradation of ECM proteins at the wound site. 

Collagenase and elastase are enzymes that break down the 

extracellular matrix at the damaged site are secreted 

extracellularly by microorganisms. Additionally, 

Pseudomonas aeruginosa causes air born infection and 

infection in burn type of wounds predominantly. A wide 

range of antibiotics is being used to treat various wound 

infections. However, there is evidence that these antibiotics 

have various adverse effects on the human body, such as 

cytotoxicity and single pharmacological activity. Also, these 

wound pathogens have subsequently developed resistance to 

antibiotics targeted against them. Given this, current 

attention has been paid to extracts of plants with 

polyphenolic enriched bioactive compounds in herbal 

medicine. Topical antimicrobial agents are currently in help 

to decrease the threat of infection. Even though the 

incidence of microbial resistance is not uniformly 

distributed over the globe. Resistance to antibiotics has 

become a worldwide medical, economic, and public-health 

concern. Antimicrobial abuse, misuse, and broad preventive 

usage are all elements that contribute to the formation of 

drug-resistant bacteria. Antiseptic agents have a poorer 

propensity to induce bacterial resistance than antibiotics, 

gaining renewed interest and usage. In contrast to 

antibiotics, antiseptics are toxic, not only to microbial cells, 

but also to host cells and tissues. Examples of potent broad-

spectrum antimicrobial agents are Molecular iodine and 

silver, which promote microbial compromised wound 

repairing. Therefore, topical antiseptics should be used only 

when clinically indicated and for limited periods unless 

physician guidance. Thousands of Phyto-pharmaceuticals, 

which inhibit the growth of various microorganisms from 

plants, are safe and broadly successful without microbial 

resistance. According to the World Health Organization 

(WHO), nearly 20,000 medicinal plants exist in 91 

countries. Novel phytopharmaceutical compounds inhibiting 

microorganisms such as benzoin (Styrax benzoin) and 

emetine have been isolated from plants. The anti-microbial 

compounds from plant origin inhibit bacterial growth by 

diverse mechanisms than presently used antimicrobials and 
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may have considerable clinical importance in dealing with 

resistant microbial strains. Almost all practitioners dealing 

with curing wounds find it difficult to handle aerobic or 

facultative pathogens such as Staphylococcus aureus, 

Pseudomonas aeruginosa, and beta-hemolytic streptococci 

that cause delayed healing of both acute and chronic 

wounds. The flavonoid polyphenolic chemicals have been 

the most plentiful, accounting for almost 30% of the green 

tea leaves dry weight. The flavonoids, polyphenols or 

catechins, include the epicatechin (EC), epigallocatechin 

(EGC), epicatechin-3-gallate (ECG) and epigallocatechin- 

3-gallate (EGCG), the main components of tannins. Free 

radical scavenging is the primary function of 

phytopharmaceuticals like tannins and polyphenols in tissue 

regeneration and healing. Flavonoids have been shown to 

minimise lipid peroxidation by avoiding or delaying the start 

of apoptotic cell death and enhancing wound vascularity. As 

a result, any medicine that suppresses lipid peroxidation is 

thought to improve collagen fibre viability and tenacity by 

improving blood circulation, avoiding cell damage, and 

encouraging DNA repair. Flavonoids enhance tissue repair 

primarily through their astringent and antibacterial 

properties, which participate in wound contraction and 

epithelialisation. Saponins, on the other hand are effective 

due to their antioxidant and antimicrobial activity, which is 

responsible for wound contraction and a high rate of 

epithelialisation. Sterols & Polyphenols are responsible for 

wound healing due to their free radical scavenging and 

antioxidant activity, which reduce lipid peroxidation, 

thereby inhibiting cell necrosis and improving vasculation. 

Tri-terpenoids-Promote wound healing due to their 

astringent and anti-microbial property, which seems to be 

responsible for wound contraction and increased 

epithelialisation. In this chapter, Triphala, a polyherbal 

drug, is used to treat infected dermal wound healing. This 

drug contains a variety of active constituents such as 

polyphenol, tannins, flavonoids and ascorbic acid for 

providing enhanced wound healing with controlled 

infection. This Ayurvedic medicinal mixture is made up of 

dried fruits of three medicinal plants, Terminalia chebula, 

Terminalia bellirica, and Phyllanthus emblica. Diverse 

pharmacological properties have been documented for 

Triphala and/or its member plants. One of the components 

of Triphala, Terminalia chebula, shows antimicrobial 

properties against a variety of microbial species. 

Researchers discovered the antibacterial efficacy against 

Streptococcus mutants that causes dental cavities. It is also 

an efficient control of Helicobacter pylori urease activity, a 

common bacteria linked to gastroenteritis, ulcers, and 

gastrointestinal cancers. These activities encouraged us to 

explore the potential of Triphala for its curing efficacy in 

the in-vivo model for evaluation wound healing when the 

infection is induced in open dermal wounds using 

pathogenic organisms such as Staphylococcus aureus, 

Pseudomonas aeruginosa, and β-hemolytic streptococci. 

Additionally, the collagen synthesis at the wound site is also 

discussed and then how the collagen fibres are formed with 

polyphenol is mentioned.  
 

Table 2: Biochemical Constituents of Triphala formulation 
 

Botanical name Chemical constituents Pharmacological Activity 

Terminalia chebula 
Tannins in dried fruit, Carbohydrates, Glucose, Sorbitol, 

anthraquinones glycosides in the pericarb of the fruit. 
Laxative effect Astringent and anti-diarrheal effects 

Terminalia 

bellirica 

Saponins, Anthrones and anthranols. Tannins of both condensed 

and hydrolysable types. Lipids, β- sitosterol, saponins, gallic and 

ellagic acid and their derivatives, glycosides and various 

carbohydrates. Tannins and other phenolic compounds 

Germicidal and antipyretic, purgative, Anti-bacterial 

activity against Micrococcus pyrogens and 

Escherichia coli. 

Phyllanthus 

emblica 

Emblicanins A & B, Punigluconin, Pedunculagin and an 

ellagitannin, Putrajiva, Flavonoid Quercetin 

Vitamin C Ascorbic acid in the fruit, Pyrogallol 

Anti-oxidant activity 

Anti-HIV activity 

Lipid-lowering and Anti – atherosclerotic Effects. 

Hepatoprotective activity 

Anti-inflammatory 

Anti-cancer activity 
 

Table 3: Biological Activities of Triphala 
 

Activity Compound responsible for pharmacological activities 

Antioxidant Emblicanin A & B, Punigluconin, Pedunculagin 

Immunomodulatory Antimicrobial Gallic Acid and Ethyl gallate Thannilignan 7-Hydroxy-3,4–(methylenedioxy)flavan 

Antifungal Antiviral Termilignan Anolignan 

Antimalarial Ellagitannin 

Anticaries Radioprotective 

Anticancer Adaptogenic 

Cardiotonic Hypocholesterolemic 

Hepatoprotective Antimutagenic 

Capillary strengthening 

Putrajiva Tannic acid Ellagic acid, 2,4-chebulyl –β-D- glucopyranose, chebulinic acid, gallic acid, 

ethyl gallate, luteolin tannic acid. Plant polyphenolic compounds (pyrogallol) 

Quercetin Tannins and polyphenols 

 

 

Triphala: A rational Phytopharmaceuticals for wound 

healing 

Triphala is chosen as a phytopharmaceutical for treating 

infected dermal wound healing studies in our investigation. 

It is a traditional ayurvedic herbal formulation consisting of 

the dried fruits of three medicinal plants, Terminalia 

chebula, Terminalia bellirica and Phyllanthus emblica, also 

known as the three myrobalans. Ayurvedic medicine 

considers this a vital extract that boosts the immune system 

and helps in longevity. It is also believed to strengthen all 

tissues of the body, prevent ageing and prevent disease. The 

main constituents of Triphala are tannins and Vitamin C, 

which is involved in the post-translational activity of 

collagen in wound repair and regeneration. This is the 

reason for choosing the Triphala for evaluation of its wound 

healing potential using in vivo studies.  
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Composition of Triphala 

Triphala is a powder consisting of equal parts of three 

botanical medicines. The active constituents of Triphala and 

its pharmacological activities are tabulated below (Table 2). 

Table 3 shows the biological activities of Triphala. 

 

Role of Polyphenols in Wound Healing  

The vegetable tannins (Polyphenols) are the main bio active 

lead molecule present in the Triphala. They augment the 

dermis and epidermis regeneration in the wound healing 

process and further stabilise the collagen in the extracellular 

matrix at the wound site. As it is one of the secondary 

metabolites in herbal plants, it has a variety of specific 

physiological and pharmacological actions tabulated. These 

properties were utilized to develop the ointment formulation 

of Triphala's methanol extract, which is enriched in tannins 

and vitamin C to treat infected dermal wound healing. The 

multiple pharmacological activities of poly-phenol are 

tabulated in Table 4. 

 
Table 4: Pharmacological Action of Poly Phenols 

 

S. No. Physiological and Pharmacological action of Poly-Phenols 

1 Bactericidal action 

2 Molluscicidal action 

3 Anthelmintic action 

4 Antihepatotoxic action 

5 inhibition of ascorbate auto-oxidation 

6 Inhibition of lipoxygenase dependent peroxidation; "French Paradox." 

7 
host-mediated antitumor activity: cytotoxic effects, inhibition of tumour promotion, inhibition of Ornithine decarboxylase 

(ODC) response 

8 inhibition of xanthine oxidase and monoamine oxidase 

9 Anti-cancer and Anti proliferative activity 

10 Microbial Enzyme Inhibition 

 

Additionally, Polyphenols play an important role in 

biomedicine to treat various ailments. It has specific 

properties of their complexation with metal ions, their anti-

oxidant and radical scavenging activities, and their ability to 

complex with other molecules, including various bio-

macromolecules such as collagen and gelatin. Especially in 

the case of Poly-phenol complexation with bio-

macromolecules such as collagen, these properties aid 

wound healing and reduction of inflammation. Polyphenolic 

compounds have a high affinity to collagen and are gelatin-

rich in proline.  

 

Extraction of Bioactive compounds from Triphala 

Methanol can extract numerous bioactive compounds from 

Triphala than any other solvents. Bioactive compounds 

from Triphala belong to various chemical groups such as 

tannins, alkaloids, glycosides, flavnoids, terpenoids, etc. and 

contain both polar and non-polar secondary metabolites in 

Triphala. Methanol has a polarity index of 5.1 and has been 

used to recover various polar and non-polar chemicals, but 

certain non-polar compounds are relatively less soluble in 

methanol. Methanol consists of a tetrahedral carbon atom 

linked to 3 hydrogens and a -OH group. The -OH group is 

the polar group, and the three hydrogens, the water-

insoluble hydrocarbon chain. That is why methanol could 

dissolve polar molecules and non-polar molecules. 

Therefore, methanol is selected for extraction of bioactive 

compounds from Triphala Phyto-pharmaceutical. 

Moreover, among all the alcohols, methanol has a low 

boiling point of just 65 °C. Therefore, the extraction and 

concentration of bioactive compounds in the extract are 

done using soxhlet extraction followed by rotavapor, 

respectively. The methanol extract is prepared by the 

standard protocol. Briefly, 200 g of Triphala powder 

(IMPCOPS Ltd., Chennai, India) was extracted in 1000 ml 

of methanol by stirring overnight and centrifuged at room 

temperature. The supernatant was separated and evaporated 

to dryness under reduced pressure in a rotary evaporator. 

The yield of the methanol extract was 12.5%. The 

concentrated extract was aliquoted in amber-coloured 

bottles and kept in desiccators for further use. The dried 

extract was dissolved in 10% Dimethyl Sulfoxide (DMSO) 

and used for assay of antibacterial activity, microbial 

enzyme inhibition, anti-oxidant and anti-inflammatory 

pharmacological activities. 

 

Figure 5 shows various bioactive molecules in Triphala 

extract and their structure containing various functional 

groups. These molecules play major roles in various 

pharmacological activities and tabulated in Table 3. 

 

HPLC Evaluation 

The column chromatography of the methanol extract using 

the Sephadex LH-20 column significantly increases the 

degree of purification. Evaluation of chromatographic 

retention time and UV-Vis absorbance spectra of Triphala 

extracts with authenticated standards in HPLC analysis 

revealed the peak correlating to EGCG. Figure 6 shows a 

chromatogram with an 11-min retention period of a 

conventional combination of catechins (A) and EGCG (B). 
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Fig 3: Extraction of Bioactive Compounds from Triphala – Preparation of Methanolic Extract. 

 

The presence of a variety of bioactive molecules is 

identified by Thin Layer Chromatography (TLC) with 

standard phytochemicals and suggested which bioactive 

compounds are involved in antimicrobial activity and 

numerous pharmacological activities. Additionally, The 

Thin Layer chromatography studies of Triphala methanol 

extract confirmed a variety of active constituents such as 

polyphenol, flavonoids and ascorbic acid, involved in 

antibacterial action. 

 

Phyto-chemical components evaluation of extracts of Triphala 

Thin layer chromatography of methanol extract 
To evaluate the antimicrobial potential of Triphala, TLC 
with standard Phyto Chemicals revealed the presence of a 
number of bioactive molecules in Triphala extract, 
indicating bioactive chemicals involved in antimicrobial 
action. 
The organic extract of Triphala was validated by Thin Layer 
Chromatography studies of methanolic extract having an 
antibacterial activity that is mediated by several active 
components, including polyphenols, flavonoids, and 
ascorbic acid. 

 

 
 

Fig 4: Thin layer chromagraphic studies of methanolic extract of Triphala 

 

In this study, Figure A. Solvent system: Chloroform–

methanol-Acetic acid, (90:10:1) and Fig b Solvent system: 

Petroleum ether–ethyl acetate–formic acid (40:60:1). 

Detection Agent: alcoholic solution of Ferric chloride. In 

both cases, the stationary phase is silica gel. The Triphala's 

active constituents are Polyphenol–Gallic acid, ellagic acid, 

Flavonoids–Quercetin, Vitamin C. A phytochemical study 

was conducted to estimate and investigate the presence of 

phenolics, flavonoids and carotenoids from aqueous and 

methanolic extracts of Triphala and its individual fruits 

components. The phytochemicals (phenolics, flavonoids and 

carotenoids) in aqueous and methanol extracts of Triphala 

and its fruit component is tabulated here. 
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Table 5: Bioactive Constituents of Triphala, a poly herbal formulation 
 

Extracts Phenolics Flavonoids Carotenoids 

T. chebula (Aqueous) 9084 712 196 

T. belerica (Aq.) 8256 624 166 

E. officinalis (Aq.) 9520 682 194 

Triphala (Aq.) 8026 680 184 

T. chebula (Alcoholic) 11260 806 322 

T. belerica (Al) 10860 740 286 

E. officinalis 8620 710 280 

Triphala 10600 724 300 

 

Sivasankar et al. (2015) [74] reported that HPTLC was used 

to validate the extraction of Triphala extract. Chebulagic 

Acid, Chebulinic acid, and Gallic Acid were present in 

Triphala's aqueous and alcoholic extracts (Fig. 1). The 

standard chromatogram in HPTLC showed the Rf value of 

CA as 0.25, CI as 0.32 and GA as 0.84 (Fig. 1A). Peaks 

detected in the AqE (4, 5 and 10) and AlE (2, 3 and 8) show 

the presence of CA, CI and GA in the extracts of Triphala 

(Figure 4 B, C). 

 

 
 

Fig 4: HPTLC analysis of Triphala Extract 
 

The HPTLC analysis of Triphala extract confirms the 

presence of numerous polyphenolic compounds as one of 

the leading bioactive molecules in the methanol extract of 

Triphala. 
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Structure of Bioactive Molecules in Triphala 

 

   
 

Gallic Acid  Chebulagic Acid  Chebunilic Acid 

 

   
 

Epigallocatechin gallate  Ellagic Acid  Vitamin C 

 

 
 

Quercetin 
 

Fig 5: Structure of bioactive molecules in Triphala 

 

 

 

 

  
 

Fig 6: Chromatogram of standard catechins (C = catechin, EC: epicatechin, EGCG = epigallocatechin gallate) (A) and the presence of 

EGCG in the Triphala extract (B). 
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In vitro bioactivity evaluation of Methanol extract of 

Triphala 

Antimicrobial Potential of Triphala 

The antibacterial sensitivity test against wound pathogens 

such as S. aureus, P. aeruginosa and Streptococcus 

pyrogenes was evaluated. The disc diffusion method was 

used to do the analysis. At the end of the incubation period, 

the diameter of the inhibition zone surrounding each disc 

was measured and recorded. The tube dilution method was 

used to assess the extract's minimum inhibitory 

concentration (MIC) and minimum bactericidal 

concentration (MBC). Triphala extract showed 

antimicrobial activity against three bacterial strains. The 

anti-microbial activity by the disc diffusion study showed a 

clear zone of inhibition for S. aureus (19±1.5 mm), P. 

aeruginosa (20±1.0 mm), and S. pyogenes (15±1.5 mm). 

The MIC of Triphala extract against S. aureus and P. 

aeruginosa was found between 3.91–7.81 mg/ml and 

against S. pyogenes between 15.6–31.25 mg/ml. The MBC 

of Triphala extract was ≥ 7.81 mg/ml for S. aureus and P. 

aeruginosa and ≥ 31.25 mg/ml for S. pyogenes.  

 
Table 6: Zone of Inhibition for Standard strain Microorganisms 

 

Microorganisms Triphala Extract (Aqueous) Triphala extract (Alcoholic) Std. Antibiotic 

S. aureus 13 mm 18±1.5 mm 34±0.5 mm (methilicillin) 

P. aeruginosa 12 mm 20±1.0 mm 30±1.0 mm (ciprofloxacin) 

 

The MIC of 7.8125 0.0085 mg/ml for Triphala extract 

against P. aeruginosa strains was as achieved. The MBC 

value of Triphala extract against P. aeruginosa is >7.81 

mg/mL. All bacterial strains showed susceptibility to 

Triphala when tested using the disc diffusion method. 

Almost all pathogens, including the control strain, 

demonstrate a defined zone of attenuation when exposed to 

Triphala methanol extract (182 mm). There was no 

inhibitory zone in the DMSO-treated disc. 

 
Table 7: Minimum Inhibitory concentration 

 

Microorganisms Minimum concentration 

S. aureus 7.8125 ± 0.0085 mg/ml 

P. aeruginosa 7.8125 ± 0.0078 mg/ml 

Streptococcus pyrogenes 31.25 ± 0.0095 mg/ml 

 

The MIC of Triphala extract against MRSA and strains 

susceptible to methicillin was found to be 7.8125  0.0085 
mg/ml. The MBC of Triphala extract was ≥7.81 mg/mL for 
MRSA S. aureus. All bacterial strains showed susceptibility 
to Triphala when tested using the disc diffusion method. 

The clear zone of inhibition (182 mm) to the methanolic 
extract of Triphala was seen in control and tested strains 

whereas isolated strains and the control strain showed 9 

mm, 202 mm of a clear zone to methicillin, respectively 
(Figure 7). Inhibition zone was not observed in DMSO 
treated disc. The methicillin-resistant and sensitive S. aureus 
were inhibited at the same concentration of Triphala extract. 
The methicillin-resistant behaviour does not affect the 
activity of Triphala. Moreover, Triphala's mechanism of 
antimicrobial activity against MRSA needs to be 
investigated (Figure 7). 

 
 

Fig 7: Anti-Microbial Activity 

 
Possible Mechanism of Antimicrobial Activity 
Even though the Triphala is rich in polyphenols and 
ascorbic acid, the polyphenols might be solely responsible 
for various antimicrobial actions. An early report on 
Triphala states that it contains EGCG (epigallocatechin 
gallate) as one of the condensed tannins (Kumar et al., 
2008) [75]. Epigallocatechin gallate has a particular 
mechanism for antibacterial action. According to the 
research. S. aureus binds more epigallocatechin gallate than 
E. coli, a gram-negative bacteria, and EGC. High ionic 
strength and low osmotic pressure made S. aureus more 
susceptible. The epigallocatechin gallate binds to the S. 
aureus cell wall's peptidoglycan layer. Peptidoglycan is a 
cross-linked compound of polysaccharides and peptides 
found in Gram-negative bacteria. Staphylococcus has 30-50 
layers of peptidoglycan in its cell wall, which offers osmotic 

protection, assists in cell division, and acts as a primer for 
peptidoglycan manufacturing. EGCg can bind to 
peptidoglycan directly and cause it to precipitate. The key 
explanations for Staphylococcus vulnerability to EGCg 
include EGCg-induced cell wall destruction and interference 
with its production by direct interaction with peptidoglycan. 
The above reason might be responsible for Triphala's 
antimicrobial action against S. aureus (Figure 7). (Yoda et 
al., 2004; Zhao et al., 2002, 2001) [69]. 
 
Microbial Enzyme Inhibition Activity of Triphala 
Zymography investigated the activity of Triphala extract 
against metalloprotease function. The metalloprotease 
activity was spotted as a zone of clearance gelatin around 
the protein band in dark background. Biovis Gel 
Documentation systems were analysed to measure the 
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relative enzyme activity and inhibition percentage by 
scanning clear zones. Triphala's inhibition of microbial 
enzymes was tabulated with a mean ± SD of 10 
experiments. 
 
Inhibition of Staphylococcal Enzymes 
The reduction in the Staphylococcal serine protease and 
metalloproteases activity was detected by the zymography 
technique as unstained bands on the gels. The band pattern 
showed 20-29 KDa serine protease in casein zymogram and 
three distinguished 30-40 kDa metalloproteases in gelatin 
zymogram. Significant differences were found on serine 
protease, and metalloproteases activity in the Triphala 
treated group compared with control, which shows the 
inhibitory activity of Triphala extract against these enzymes 
(Figure 8 & 9). Densitometry analysis, the enzyme 
inhibitory activity was 1500 g/mL. The percentage of 
enzyme inhibition at different concentrations of Triphala is 
given in table 1. 

S. aureus serine protease degrades cell surface fibronectin-

binding protein and a limited number of other cell surface 

adhesions proteins and ligands, which can accelerate the 

transition to invasive phase of infection (McGavin et al., 

1997) [41]. Protease is also essential for activating a precursor 

form of the serine protease (Drapeau, 1978) [23]. 

Additionally, it has been demonstrated that these 

staphylococcal exoproteases effectively destroy human 

protease inhibitors, particularly 1-proteinase inhibitor 

(Potempa et al., 1986) [49]. The Imbalance between human 

protease inhibitors and proteases leads to abnormal 

extracellular matrix metabolism, ultimately resulting in 

tissue destruction. Triphala extract reduces the activity of 

staphylococcal serine protease and metalloprotease, 

supporting its potential as a therapeutic agent against S. 

aureus. Moreover, the inhibitory activity of Triphala against 

human neutrophil collagenase (matrix metalloproteinase 9) 

is a valuable cure for S. aureus infection. (Abraham et al., 

2005) [1]. Even though Sato et al., 1997 [52] found gallic acid 

and ethyl gallate (Polyphenols) in T. chebula Retz, that was 

one of the components of Triphala and demonstrated the 

antimicrobial effect of ethanol extracts of such a plant 

against both methicillin-resistant and susceptible 

Staphylococcus aureus and other microbes. The constituents 

of T. chebula Retz aqueous extracts held to account for the 

observed antibacterial action remain unclear (Sato, 1997) 

[52].

 

 
 

Fig 8: Casein zymography shows the inhibition of serine proteases from MRSA cultures at different concentrations of Triphala extracts. 

Lane I – Control, Lane II – 1000 g/mL, Lane III – 1500 g/mL and Lane IV – Marker. 

 

 
 

Fig 9: Gelatin zymography shows the inhibition of metalloproteases from MRSA cultures (1, 2 & 3) at different concentrations of Triphala 

extracts. Lane I – Control, Lane II – 1000 g/mL, Lane III – 1500 g/mL and Lane IV – Marker. 
 

 
Table 8: Percentage of enzyme inhibition at different 

concentrations of Triphala 
 

Concentration 

of Triphala 

(g/mL) 

Percentage of inhibition 

Serine 

protease 

Metalloproteases 

1 2 3 

1000 48.213.26 44.021.96 39.322.12 37.322.46 

1500 75.442.87 84.642.06 68.481.86 64.522.60 

 

 

Inhibition of Pseudomonas Enzymes 
In this case, the reduction in the Pseudomonas 
metalloproteases activity was detected as unstained bands 
on the gels by the zymography technique. The band pattern 
showed 30-40 KDa metalloproteases in gelatin zymogram. 
Significant changes in metalloprotease action were 
identified in the Triphala-treated samples compared to the 
control group, indicating that Triphala extract had an 
inhibitory effect against such enzymes. (Figure 10).  
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Fig 10: Protease Inhibition by methanolic Extract of Triphala-Case 2: Gelatin zymography shows the inhibition of metalloproteases from P. 

aeruginosa ATCC 27853. Triphala extracts were used in varying concentrations in cultures. Lane 1 – Control, Lanes 2–7 – Triphala extract 

at various concentrations inhibits enzymes (left to right). 
 

Using the zymography approach, a decrease in 

Pseudomonas metalloprotease activity was observed as 

unstained bands on the gels. In a gelatin zymogram, the 

band pattern revealed 30-40 KDa metalloproteases. 

Substantial changes in metalloprotease activity were 

identified in the Triphala-treated group compared to the 

control group, indicating that Triphala extract had an 

inhibitory effect against all these enzymes. (Figure-10).  

 
Table 9: Percentage of enzyme inhibition at different concentrations of Triphala 

 

Concentration of methanolic 

extract 

Lane 1 

Control 

Lane 2 

200µg 

Lane 3 

400 µg 

Lane 4 

600 µg 

Lane 5 

800 µg 

Lane 6 

1000 µg 

Lane 7 

1500 µg 

Figure:3.1 100 95.21±3.26 85.02±2.87 70.64±2.06 50.32±2.13 20.07±1.5 >10.21±2.5 

Figure:3.2 100 95.44±1.24 85.23±1.45 70.55±1.09 50.48±1.24 20.45±2.1 >10.23±2.1 

 

Polyphenols and tannins in the methanol extract might be 

responsible for inhibiting microbial enzymes and 

antimicrobial action against wound pathogens. Numerous 

studies have reported that the compounds of botanical origin 

are effective antimicrobial agents (Basile et al., 2000) [19]. 

Some phytochemicals have been screened against antibiotic-

resistant strains of bacteria (Kone et al., 2004, Sato et al., 

2000) [37, 53]. Inhibitory activity of Triphala extract against 

the growth of Pseudomonas aeruginosa in this study 

provides some scientific rationale for its use as antimicrobial 

agents on infected dermal wounds. Our previous studies 

showed that the Triphala contains EGCG (Epigallocatechin 

Gallate) as one of the condensed tannins as bioactive 

constituents (Kumar et al., 2008) [75]. 

 

Antimicrobial Potential of other Bioactive extracts of 

Triphala 

Triphala aqueous and alcoholic extracts and their 

constituent components were tested for antibacterial activity 

by Amanullah et al., 2010 [76]. Triphala and its separate 

components (Terminalia chebula, T. belerica, and Emblica 

officinalis) were evaluated against different bacterial isolates 

from HIV patients for phytochemical (phenolic, flavonoid, 

and carotenoid) and bactericidal activity. T. chebula, T. 

belerica, and E. officinalis are the plants with the highest 

phytochemical concentration. Using disc diffusion and 

minimum inhibitory concentration (MIC) techniques, the 

ethanolic and aqueous extracts of Triphala chebula and T. 

belerica and E. officinalis suppressed the growth of most 

bacterial isolates. Triphala and its various plant components 

have MICs ranging from 0.1 to 100 g/ml in aqueous and 

ethanolic extracts. Both ethanolic and aqueous Triphala 

extracts have been shown to have significant antibacterial 

activity against a wide range of bacterial isolates from HIV 

patients. Both ethanolic and aqueous Triphala extracts have 

significant antibacterial activity against a wide range of 

bacteria species from HIV patients. Prabhakar et al., 20 

proved that Triphala showed maximum antibacterial activity 

against mutant Streptococcus biofilm formed on tooth 

substrate at the end of 3rd and 7th days. 0.2% chlorhexidine 

was found to be ineffective against seven days biofilm. 

Additionally, Triphala could be effective as a mouthwash in 

reducing Streptococcus count in the oral cavity.  

 

Anti-Oxidant Activities of Triphala 

Usually, when wounding at the dermal surface occurs, it is 

generally accompanied by classical symptoms of 

inflammation such as pain, reddening and edema. In the 

inflammatory stage, biochemical processes remove 

the microorganisms, debris and injured tissue by the action 

of proteolytic enzymes and reactive oxygen species 

generated by neutrophils and macrophages, which aid in 

antimicrobial defence and tissue debridement. As a 

defensive mechanism against invading microorganisms, 

ROS is created in large numbers near the injured area. 

Growing neutrophils and reactive oxygen species (ROS) 

levels can cause serious tissue damage and even neoplastic 

transformation, slowing the tissue repair by causing damage 

to cellular membranes, DNA, proteins, and lipids. Excess 

ROS may kill fibroblasts and make skin lipids less flexible. 

Therefore, Phyto-chemical based anti-oxidants reduce these 

adverse effects of wounds by removing products of 

inflammation and scavenging excessive formation of free 

radicals. The bioactive compounds from Triphala with high 

radical scavenging capacity have been proved to facilitate 

wound healing quickly. The antioxidant activity of Triphala 

is evaluated by DPPH, Lipid per Oxidation Assay and 

Xanthine Oxidize assay. The DPPH assay revealed a 

concentration-dependent antioxidant activity of the crude 

methanol extract of Triphala. 

The antioxidant activity of Triphala is tabulated in the table 

10 
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Table 10: Antioxidant activity of Triphala 
 

Types of Anti-Oxidant 

Assay 

Amount of Methanol Extract of 

Triphala 

DPPH assay 6.5±0.108397 g 

Lipid per oxidation assay 10±0.44 g/ml 

Xanthine Oxidize assay 41±0.89% 

 

The study further discovered that the Triphala extracts were 

more effective in scavenging free radicals due to numerous 

phenolic compounds in the extracts. The study found that 

each component of Triphala is active and will exhibit 

different activities under different conditions.  

 

Anti-inflammatory activity of Triphala 

The inflammatory process expresses influence on normal 

and abnormal wound healing behaviour. The hyperbolised 

fibroblasts' fibroblasts' accumulation of extracellular matrix 

during wound healing indicates hypertrophic scar formation. 

Prostaglandin E2, synthesize by cyclooxygenases (COX) 

and synthases (PGES) using arachidonic acid as substrate, 

acts as an inflammation mediator and fibroblast modulator. 

The release of Prostaglandin E2 from skin tissue past toxic 

stimuli brings local edema and hyperalgesia. PGE2 is a 

strong lipid mediator for inflammatory diseases like 

rheumatoid arthritis, osteoarthritis and skin inflammation. 

Conventionally, non-steroidal anti-inflammatory drugs 

(NSAIDs) or their selective cyclooxygenase-2 (COX-2) 

inhibitors function by inhibiting the production of PGE2 and 

perform as painkillers since they can effectively reduce 

inflammation [3, 4]. 

Though NSAIDs and COX-2 inhibitors are used to control 

pain during postoperation, the theory on using these agents 

has a controversial negative effect on wound healing 

behaviour. Phyto-pharmaceuticals have been recommended 

a number of phytochemicals as drugs for managing a range 

of inflammations. Local plant sources are used. In Wister 

albino rats and mice, methanol extract of Triphala was 

reported to have anti and analgesic properties. The methanol 

extract of such fruits was shown to have a significant anti-

inflammatory and analgesic impact in acute and subacute 

settings. Carrageenan–induced edema and cotton pellet–

induced granuloma in albino rats were studied in animal 

models. Paw edema is significantly decreased by using a 

100 mg/kg extract. A considerable decrease in writhing also 

demonstrates the analgesic efficacy of 200 mg/kg Triphala 

fruits. These findings back up using a methanol extract of 

Triphala fruits to treat inflammation and discomfort.  

 

Safety of Triphala as Phyto-pharmaceuticals for various 

biomedical applications 

The Crude alcoholic extracts of T. chebula, T. bellirica and 

P. emblica were found to lack cellular toxicity in an assay 

using fresh sheep erythrocytes. Triphala's lack of cellular 

toxicity may produce less or nil cytotoxicity to host tissue. 

 

Formulation of Triphala ointment  

Topical application of antimicrobial agents at the wound site 

is an effective mode for regeneration of infected wound and 

eradiation of wound pathogens at the wound site. Topical 

Ointments are drug delivery vehicles for releasing a drug at 

the wound site and inhibiting/eradicating wound pathogens. 

The Ointments are semisolids intended for external 

application to the skin or mucous membranes. They are 

generally under 20% water and volatiles, with greater than 

50% hydrocarbons, waxes, or polyols as the carrier. 

Hydrocarbon bases, absorption bases, water-removable 

bases, and water-soluble bases are the four types of ointment 

bases approved for use as vehicles. White Petrolatum and 

White Ointment are examples of hydrocarbon bases, 

commonly known as "oleaginous ointment bases," used to 

make Triphala ointment (both USP). These bases can only 

have a minimal quantity of an aqueous component. 

Hydrocarbon bases work as occlusive dressings and retain 

medications in touch with the skin for more extended 

periods. These bases are primarily employed for their 

emollient properties and are difficult to remove. They do not 

"dry out" or "change" with age. 

 

Formulation of Triphala Methanol Extract Ointment 

A 10% (w/w) Triphala ointment formulation was prepared 

by mixing 5 g of Triphala extract in 50 g of paraffin. The 

criteria for the design of topical Triphala ointment for 

wound healing are fulfilled numerous properties such as 

properly targeted antimicrobial spectrum for infected wound 

and wound pathogens, broad-spectrum activity, persistent or 

residual skin activity, activity in the presence of body fluids 

and proteins in the wound, exudates, low likelihood of 

inducing bacterial resistance, some local skin penetration 

but no systemic absorption, no associated toxic (to host 

tissue) or allergic reactions, acceptable cosmetic and 

aesthetic qualities and low cost. 

 

Character tics of Ointment of Triphala Extract 

A Vertical diffusion cell (VDC) system performs the release 

profile of total phenolics from the Triphala Ointment 

formulation is performed by a Vertical diffusion cell (VDC) 

system. In vitro release profile confirmed that the release of 

total phenolics from the Triphala ointment is higher than the 

MIC of Triphala. The ointment acts as an antimicrobial 

agent reservoir for combating the wound pathogens at the 

wound site. Numerous bioactive molecules are involved in 

dermal wound healing processes, such as collagen synthesis 

and maturation. 

 

In vivo Evaluation of Wound healing  

Male Wister albino rats weighing 150 to 200 g were used 

for In vivo studies. Full-thickness wounds (1.5 x 1.5 cm) 

were created on the shaved dorsal side of rats using a sterile 

surgical blade. Wounds were inoculated with the test 

organisms at 106 CFU (0.1 ml) between thin muscle and 

paraspinus muscle and allowed to infect for 24 h. All 

surgical procedures were carried out under thiopentone (40 

mg/kg body weight, intraperitoneally). The treatment group 

received the prepared ointment twice daily, whereas the 

control group received an ointment base containing the same 

amount of DMSO but with no Triphala extract. 

In vivo investigations indicated that from day 4 onwards, 

there was a substantial difference in wound healing in the 

treated group and a considerably quicker rate of wound 

closure on subsequent days compared to the control group. 

On day 16, the complete wound closure was observed in the 

Triphala ointment treatment group, but it took roughly 25 

days in the untreated group. (Figure 11A). 
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Fig 11: Wound contraction in Albino Wister Rats 

 

Biochemical Evaluation of Wound Healing Treatment by 

Triphala 

The collected granulated tissues from both treatment and 

control groups were excised on days 4, 8, 12, and 16 using 

sterile scissors and forceps to perform various biochemical 

studies. The quantity of collagen was estimated using 

defatted, dry granulation tissue. 

 

Matrix Metallo Proteinases (MMP's) role in wound 

healing 

The wider family of metalloproteinase enzymes known as 

matrix metalloproteinases (MMPs) plays a vital role in 

wound healing and regeneration. Proteinases (also known as 

proteases) are enzymes that operate on proteins by splitting 

them up into smaller pieces. The primary purpose of MMPs 

in wound repair and regeneration preferentially breakdown 

proteins comprising the extracellular matrix of tissues and 

require a metal ion (zinc) at the centre region of activity of 

the enzyme MMPs are created by activated inflammatory 

cells (neutrophils and macrophages) and wound cells during 

the normal wound treatment process (epithelial cells, 

fibroblasts and vascular endothelial cells) 

 
Table 11: Role of MMPs in various stages of Wound healing 

 

Role of MMPs Stages of Wound healing 

Removal of damaged ECM and wound pathogens Inflammation phase 

Degradation of capillary basement membrane for angiogenesis Proliferation phase 

Contraction of Scar ECM Remodelling of Scar ECM Remodelling Phase 

 

 
 

Fig 12: MMP in treated and untreated groups 

 

The gelatine zymography evaluated the presence of Matrix 
metalloproteinases (MMPs) on the granulation tissues [25]. 
Enzymatic activity was detected as transparent bands of 
gelatine lysis against a blue background. The molecular 
weight was determined using a parallel run of standard 
protein markers and SDS-PAGE samples (Genei Pvt. Ltd., 
Bangalore, India). Gelatine zymography analysis shows the 
expression of pro and active forms of MMPs in the 
granulated tissue (Figure 2) at different days of healing 
(days 4, 8, 12, and 16). Even though MMPs have the 
important role of breaking down proteins so that new tissue 

forms, MMPs tend to break down proteins that are not their 
typical substrates when they are present in a wound bed at 
too high a level, for too long, and in the incorrect areas. This 
could lead to the 'off target' breakdown of proteins important 
for healing, including growth factors, receptors, and ECM 
proteins, obstructing healing. MMPs are shown to be much 
higher in prolonged treatment of wounds than in acute 
healing wounds, according to extensive research. TIMP 
levels in chronic wounds are often lesser than in acute 
wounds, which add to the potentially harmful impact of 
these high levels. 
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MMP's Role in Infected Wound healing 

Free radicals, such as hydrogen peroxide, destroy germs and 

clear the site during the inflammatory stage of wound 

healing. On the other hand, they can cause tissue damage 

when in excess. Anti-oxidants have been demonstrated to 

promote the healing of venous leg ulcers by scavenging free 

radicals. Growth factors have also been demonstrated to be 

quickly degraded by bacterial proteases. Because each 

species generates distinct quantities and types of proteases, 

the extent of growth factor breakdown varies by the 

bacterium. This variation is linked to bacterial virulence, 

which might explain why certain bacteria, even in little 

amounts, can be exceedingly harmful to wound healing. 

According to new research, bacterial biofilms are found in a 

significant percentage (about 60%) of wounds that take a 

long time to heal, and bacteria in biofilms are resistant to 

host antibodies, inflammatory cells, antibiotics, and 

antiseptics. 

 

Immunoblotting assay for MMPs 

Immunoblotting analysis has confirmed that diminished 

expression of both MMP 8 ( Molecular Weight of 75 kDa) 

and MMP 9 (Molecular Weight of 92 kDa) in the treated 

group than the control group on day 4 (Figure 13).  

 

 
 

Fig 13: Western Blotting assay for MMP in granulated tissues. [75] 

 

Role of Collagen in the infected wound healing 

There is an increased synthesis of extra cellar matrix 

components in the wound area instantaneously after an 

injury in the soft tissue repair process. Usually, infected 

wound delays the formation of extracellular matrix in the 

wound area, and additionally, pathogenic enzymes such as 

collagenase, elastase secreted by wound pathogens cause 

extracellular matrix degradation and trigger the expression 

of matrix metalloprotease in the skin that affects the balance 

between tissue inhibitor metalloprotease and matrix 

metalloprotease. This extreme condition in the infected 

wound can increase collagen degradation rather than 

collagen formation and synthesis.  

The role of collagen in the healing process starts as soon as 

the injury is inflicted and continues for many weeks. 

Though the major function of collagen is to provide strength 

and integrity to the wound, it also plays a role in other 

processes such as homeostasis, re-epithelization, and cell-

cell and cell-matrix interactions. The degradative products 

of collagen also assist in the healing process in that they are 

chemotactic. Hence, collagen levels and their specific types 

in wounds contribute to the healing process. The topical 

application of Triphala ointment on wounds compared to 

untreated control showed an increase in collagen. Treated 

groups have shown a considerable increase in collagen near 

granulation tissue described in Table 2. 

The active constituents present in Triphala might attribute 

this increase to increased stimulation, and these compounds 

either directly enhance collagen synthesis or cause increased 

proliferation of fibroblasts, thereby assisting in synthesising 

collagen, or both. The most bioactive ingredients in 

Triphala are ascorbic acid (Vitamin C) and Polyphenols 

such as ECCG (Epigallocatechin gallate), enhancing wound 

healing and collagen synthesis. The Ascorbic acid in 

Triphala enhances collagen synthesis at the wound site and 

is involved in post-translation modification of collagen. 

Collagen contains unique amino acids (hydroxyproline and 

hydroxylysine) necessary for the collagen protein's stability 

and complete maturation. Ascorbic acid has been insinuated 

to be specifically required for the decarboxylation of a-

ketoglutarate in the prolyl-4-hydroxylase reaction. It may 

act as a compound necessary to reduce enzyme-bound ferric 

iron formed during proline hydroxylation. In the absence of 

vitamin C, under-hydroxylated procollagen molecules are 

not retained within cells and are less stable and more 

temperature-sensitive. Procollagens with different 

hydroxyproline content were shown to have sensitivity 

towards pepsin digestion at temperatures lower than their 

physiological condition, which was found to relate to the 

extent of hydroxylation directly. The significant 

improvement in scar quality is formed based on the collagen 

fibres' maturity, and orientation is brought about by the 

catechins and other simple polyphenols in the Triphala. In 

other words, these molecules improve the direction of 

collagen fibres at the wound site. 

After synthesis by fibroblasts, collagen is secreted by the 

cell into the matrix, where it undergoes cross-linking to 

form fibres. The initial step in the cross-linking reaction is 

the formation of aldehydic intermediates catalysed by lysyl 

oxidase. Collagen molecules that contain aldehydic groups 

assemble into fibres and then become cross-linked through 

reactions between these aldehydic groups and other amino 

acids of adjoining molecules. It has also been shown that 

any increase in collagen synthesis leads to an increase in 

newly formed collagen and is associated with an increase in 

aldehyde content, the latter leading to a greater potential for 

crosslink formation. The work confirms that the collagen 

obtained from Triphala treated wounds has a higher 

aldehydic group content (Table 4) than collagen from 

untreated controls. This indicates that the collagen in treated 

wounds undergoes a higher degree of cross-linking, 

resulting in an ultimate increase in wound strength.  
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As cross-linking continues, the solubility of collagen in 

neutral buffer and acid solution also changes. In the 

mixtures described above, highly cross-linked collagen will 

become less soluble and could only be liberated by 

restricted pepsin digestion. Collagen solubility patterns 

derived from the data for granulation tissues of Triphala 

treated and untreated control rats (Table 2) showed that 

Triphala treatment resulted in decreased percentage 

solubility in neutral buffer and dilute acid solution. A 

significantly higher amount was solubilised only by pepsin 

digestion, indicating increased cross-linking levels in treated 

groups. The insoluble collagen content of treated groups is 

also more significant than that of the untreated control 

group. Type I collagen in the wound matrix is primarily 

responsible for producing cross-links and the formation of 

tensile strength. Early type III collagen has critical activities 

in the process of healing, including building initial wound 

structure, directing inflammatory cells and fibroblasts 

towards the wound site, and providing a matrix for the re-

establishment of blood supply, among others. It also helps 

regulate collagen fibre diameter and organisation (Zhao WH 

et al., 2001) [71]. Compared to the control group, wounds 

administered with Triphala manufacture more type III 

collagen, as shown in Fig. 4. Higher quantities of type III 

collagen may help with the early stages of wound healing 

and help in the improved organisation of type I collagen in 

the terminal scar. The Masson's Trichrome staining of 

granulated tissue proved that well starched and tight 

collagen bundles formed in the granulated tissue from the 

treated group by Triphala ointment and well epithelisation 

and dermis formed in the treated group prove the effective 

regeneration of infected dermal wound by Triphala 

ointment.  
 

Table 12: Total Collagen Content in the Granulation Tissue 
 

Group 4th Day 8th Day 12th Day 16th Day 

Open Wound 1.23± 0.08 3.36 ± 0.12 3.97± 0.15 6.64 ± 0.24 

Triphala Ointment 3.1±0.2 4.86 ± 0.18* 5.79 ± 0.19* 8.6 ± 0.28* 

 
Table 13: Solubility Patterns of Different Collagen 

 

 
 

Table 2 and 3 confirm that the total collagen content in granulation tissue and various types of collagen is increased in Groups 

treated with Triphala ointment. 

 
Table 14: Aldehyde content in pepsin soluble collagen 

 

 
 

Table 4 shows the aldehyde content of pepsin soluble 

collagen of all the two groups. The table showed that the 

group treated by Triphala ointment has higher aldehyde 

content than the open wound group. 

 

Histological Evaluation of Wound Healing 

The histological evaluation figure 14 confirmed the control 

and treated group's granulated tissue on different days. The 

Complete loss of superficial epithelium with inflammatory 

infiltrates was observed in both groups on day 4. Due to 

wound infections, the control group (A & B) had a higher 

accumulation of inflammatory cells than the treatment group 

(A & B). On days 8 and 12, the treated group showed 

epithelialisation with the considerable extracellular matrix. 

In contrast, the control group showed insufficient 

epithelialisation with reduced extracellular matrix formation 

and the maintenance of inflammatory exudates in the upper 

dermis with epidermal loss up to day 16. The treated group 

have shown marked epithelialisation with a moderate 

amount of extracellular matrix synthesis and new blood 

vessel formation. Figure 5 shows collagen deposition as 

violet colour in Masson's Trichrome staining. On day 8, the 

control group had minimal collagen deposition, whereas the 

treatment group had modest collagen deposition. On day 12, 

the control group had a weak collagenous matrix, whereas 

the treatment group had a more compact and matured 

collagen deposition adjacent to the epidermis. 
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Fig 14: H&E Staining of granulated tissue from open wound groups and treated groups 

 

 
 

Fig 15: Masson’s Trichrome staining of granulated tissue from open wound group and treated group 

 

Triphala–Novel and Potential wound healing agent for 

future days 
In the late 1990s, herbal-based botanicals and other 

alternative medical therapies became prevalent. The 

majority of phytopharmaceuticals are secondary 

metabolites, of which at least 12,000 have been identified 

from herbal plants and fruits [29]. The primary function of 

these secondary metabolites serves as plant defence 

mechanisms against predation by microorganisms, insects, 

and herbivores. 

Topical applications of phytopharmaceuticals are an 

efficient therapy to combat wound pathogens due to their 

superior availability at infected wound sites, leading to 

enhanced wound healing. The most critical components that 

produce substantial harm during infection at the wound site 

are the microorganism's pathogenicity, the volume of 

inoculum, and the human immune response. Major wound 

pathogens such as S. aureus, S. pyogenes, and P. aeruginosa 

have been defined as infections for open dermal wounds 

with 10 3CFU/g tissues. [30]. Based on various 

pharmacological activities, Triphala eradicates these 

pathogens from the biofilm in the wound environment and 

act as a biological stimulant for wound healing due to 

polyphenols flavonoids ascorbic acid bioactive constituents 
[31]. 

Significant increases in the collagen content during the 

dermal wound healing process in the treated group were 

observed due to enhanced migration of fibroblasts and 

epithelial cells towards the wound site. Moreover, Triphala 

contains ascorbic acid, which acts as a co-factor for the 

post-translational modification of collagen and elastin in the 

extracellular matrix [32]. The decreased collagen content in 

the open wound control group might be due to the prolonged 

inflammatory phase where more collagen degradation than 

synthesis. Additionally, the presence of wound pathogens 

microbial enzymes degrade the ECM matrix and trigger the 

enhanced level of MMPs at the wound site. Hexosamine and 

uronic acid are matrix molecules that serve as a starting 

point for producing a new extracellular matrix. The drop in 

hexosamine and uronic acid levels was accompanied by a 

rise in collagen levels [33]. Uronic acid in the wound attracts 

fibroblasts and increases collagen production by facilitating 

higher cell mobility, early remodelling, and wound healing 

without scarring by giving more fluid [34, 35].  

During the inflammatory phase in wound healing, 

polymorphonuclear leukocytes and macrophages infiltrate 

the wounded tissue and activate and produce many reactive 

oxygen species (ROS) as part of their defence mechanism. 

Increased amounts of ROS can hinder cell migration and 

proliferation and potentially cause serious tissue damage, 

even though this activity is advantageous. When free 
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radicals are present, they cause oxidative stress, which leads 

to lipid peroxidation, DNA breakage and enzyme 

inactivation, including enzymes that scavenge free 

radicals. Proteins are the primary targets for forming free 

radicals in tissue, and anti-oxidants capable of scavenging 

the free radicals can be used to reduce protein damage [36, 37]. 

Triphala's anti-oxidant activity efficiently scavenges free 

radicals and lowers oxidative stress at the wound site. 

Reduced oxidative stress reduces inflammatory responses 

and inhibits NF-b transcription, resulting in reduced SOD –

Super dioxide mutase gene expression. [38]. Triphala's anti-

oxidant activity helps inhibit ROS on infected wounds and 

enhance wound renegation. 

The polymorphonuclear neutrophil (PMN) is the first 

inflammatory cell to appear on the wound site and have a 

critical role in host defence. However, their continued 

activation state due to infection leads to prolonged 

inflammation. PMN releases tissue-degrading 

metalloproteinases (MMPs) such as gelatinase, collagenase 

and stromelysin [39]. Neutrophil-derived matrix MMP-8 is 

the predominant collagenase present in normal healing 

wounds. Overexpression and activation of this collagenase 

may be involved in the pathogenesis of non-healing chronic 

leg ulcers [40]. Gelatinase has been suggested as a possible 

indication of wound healing progress [41]. In prior work [42], 

we discovered that Triphala had an inhibitory impact on 

MMP-9. Reduced production of MMP 8 (neutrophil 

collagenase) and MMP 9 (gelatinase B) in the Triphala 

ointment-treated group supported the inflammatory phase's 

decrease, which improved the healing process. 

Enhanced cell infiltration noted from haematoxylin and 

eosin staining in both groups could be due to the presence of 

wound pathogens; however, because of Triphala's 

antibacterial effects, it massively reduces microbial 

populations, indirectly reducing inflammatory cells on the 

wound site and inhibiting microbial enzymes. The ointment 

containing Triphala had a beneficial effect on cellular 

proliferation, granulation tissue development, and 

epithelialisation, as evidenced by early dermal and 

epidermal regeneration in the treated group. Additionally, 

Well-formed collagen bundles in granulated tissue of treated 

group shown in Masson's Trichrome staining support 

efficacy of Triphala on fibroblast proliferation and synthesis 

of extracellular matrix during healing. 

Dermal Wound healing consists of a methodical progression 

of events that re-establishes the integrity of injured tissue. In 

most cases, infection is a significant issue in treating open 

cutaneous wounds. Given conventional antibiotics, 

antibiotic resistance and cytotoxicity reduce the antibiotic 

agents' effectiveness, increasing the risk of infection. 

Methicillin-resistant Staphylococcus aureus (MRSA) is the 

most common wound pathogenic bacteria responsible for 

hospital-acquired infections. MRSA has almost spread to 

every continent, reaching near epidemic proportions in some 

countries. Staphylococcal proteases and their 

metalloproteases facilitate MRSA to colonise host tissues 

and play an essential role in causing extracellular matrix 

destruction in dermal wounds. Bioactive molecules from 

various medicinal plants have been screened for 

antimicrobial activity against pathogenic bacteria, including 

MRSA. The antimicrobial activity of Triphala against 

MRSA and their pathogenic enzymes was investigated. By 

virtue of its inhibitory effect on different MRSA strains and 

their enzymes, such as serine protease and metalloprotease, 

Triphala could be potentially used as a new therapeutic 

agent for MRSA infected dermal wounds. 

However, the antibiotics formulation merely eradicates 

microbial growth and has no role in collagen synthesis. 

Collagen is the predominant protein of the extracellular 

matrix in the skin and is the component that ultimately 

contributes to wound strength. Recent research shows that 

medicinal plants' natural products strongly enhance the 

wound repair process. Triphala boosted cellular 

proliferation and collagen production at the wound site, as 

led by a rise in wound tissue type III collagen content. 

According to Masson's Trichrome staining of granulated 

tissue (untreated), the treated subgroup showed well-formed 

epithelization with well-stretched collagen bundles than the 

open wound group, according to Masson's Trichrome 

staining of granulated tissue (untreated). The Triphala-

treated rats showed improved collagen maturation and 

crosslinking. According to the findings, using Triphala 

ointment topically to an infected wound successfully heals 

the infection and increases collagen production at the wound 

site. In regard to antimicrobial activity, this activity of 

Polyphenols present in the Triphala might be exerted by 

direct binding to the peptide structure of bacterial 

components and enzymes. Triphala might be employed as a 

novel treatment agent for MRSA-infected cutaneous wounds 

due to its inhibitory impact on different MRSA strains and 

associated enzymes such as serine protease and 

metalloprotease. 

 

Summary  

Due to inadequate sanitary conditions, wound infections are 

the most frequent in poorer nations. The most 

common pathogens causing severe infection in the open 

dermal wound site are Staphylococcus aureus, 

Streptococcus pyogenes, Corynebacterium spp., Escherichia 

coli, and Pseudomonas aeruginosa. Staphylococcus aureus 

and-hemolytic Streptococcus, both termed "transient flora" 

of the skin, are among the most prevalent germs that cause 

wound infection. Infected dermal wounds heal more slowly 

and have a higher scarring rate. Extracellular enzymes such 

as collagenase and elastase are secreted by these bacteria, 

which destroy the extracellular matrix at the wounded 

location. Additionally, Pseudomonas aeruginosa, the 

predominant organism causing air born infection, and the 

frequency of infection are more in the burn patient. 

Medicines are now being used to treat wound infections. 

However, they have been shown to have side effects in 

humans, and these bacteria have acquired resistance to the 

antibiotics aimed against them. In light of this, extracts of 

polyphenol-rich bioactive chemicals derived from herbal 

plant species used in herbal therapy have received much 

recent interest. Antimicrobial topical treatments, such as 

antiseptics and antibiotics, are now being used to assist 

lower the risk of infection. Microbial resistance to 

antibiotics has become a worldwide medical, economic, and 

public health challenge, despite the fact that resistance rates 

are not evenly distributed over the globe. Antimicrobial 

drug abuse, misuse, and broad preventive usage are all 

factors that contribute to the formation of drug-resistant 

bacteria. Antiseptics are regaining popularity and use 

because they are less likely to produce bacterial resistance 

than antibiotics. Silver and molecular iodine are potent 

broad-spectrum antimicrobials that promote wound healing 

in microbially damaged wounds. 
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Antiseptics, unlike antibiotics, can be damaging to both 

microbial and host cells. As a result, topical antiseptics 

should only be used when clinically required and for short 

periods, except under the supervision of a physician. 

Thousands of phytopharmaceuticals, which inhibit all types 

of microorganisms from plants as safe and broadly effective 

without inducing microbial resistance, have been discovered 

as the development of bacterial resistance to antibiotics and 

controversy surrounding the use of topical a discovered 

multitudes of phytopharmaceuticals, which impede all kinds 

of bacteria from plants as safe and broadly effective without 

inducing antimicrobial properties. According to the World 

Health Organization (WHO), nearly 20,000 medicinal plants 

are found in 91 countries. Plants have yielded new 

chemicals that inhibit microbes, such as benzoin (Styrax 

benzoin) and emetine [10]. 

Plant-derived antimicrobial chemicals may limit the growth 

of bacteria by mechanisms other than those utilised by 

currently available antimicrobials. They may have 

therapeutic relevance in the management of resistant 

microbial strains. According to health care workers, aerobic 

or facultative bacteria such as Staphylococcus aureus, 

Pseudomonas aeruginosa, and beta-hemolytic streptococci 

are the major causes of delayed healing and infection in both 

acute and chronic wounds. The flavonoid polyphenolic 

chemicals, which make up approximately 30% of the dry 

weight of green tea leaves, are the most prevalent. The 

flavonoids, polyphenols or catechins, include the 

epicatechin (EC), epigallocatechin (EGC), epicatechin-3-

gallate (ECG) and epigallocatechin- 3-gallate (EGCG).  

The primary purpose of phytopharmaceuticals like Tannins 

in wound healing is to promote wound healing through their 

astringent and antibacterial properties and serve as free 

radical scavengers. Flavonoids- Flavonoids have been 

shown to minimise lipid peroxidation by avoiding or 

reducing the start of cell necrosis and enhancing wound 

vascularity. As a result, any medicine that suppresses lipid 

peroxidation is thought to improve collagen fibril viability 

by improving collagen fibre strength, boosting circulation, 

reducing cell damage, and stimulating DNA synthesis. 

Flavonoids are also known to aid wound healing, owing to 

their astringent and antimicrobial properties, which appear 

to be responsible for wound contraction and higher 

epithelialisation rates. Saponins improve things because of 

their antioxidant and antibacterial properties, which seem 

essential for wound contraction and increased 

epithelialisation rates. Sterols & Polyphenols- Sterols & 

Polyphenols are responsible for wound healing due to their 

free radical scavenging and antioxidant activity, reducing 

lipid peroxidation, decreasing cell necrosis and improving 

vascularity. Tri-terpenoids promote wound healing by acting 

as astringents and antimicrobials, which appear to be 

responsible for wound contraction and higher 

epithelialisation rates. Triphala, a polyherbal medicine, is 

utilised in this chapter to treat infected dermal wound 

healing. This drug has several active ingredients such as 

polyphenol, tannins, flavonoids, and vitamin C, all of which 

work together to better wound healing and infection 

management. The dried fruits of three medicinal plants, 

Terminalia chebula, Terminalia bellirica, and Phyllanthus 

emblica, make up Triphala, a traditional ayurvedic herbal 

mixture. Triphala and/or its component plants have 

documented numerous biological and pharmacological 

properties. Terminalia chebula, for instance, shows 

antibacterial efficacy against a variety of microorganisms. 

Scientists found bactericidal efficacy towards Streptococcus 

mutants that cause dental cavities and efficiently suppress 

Helicobacter pylori urease activity, a common bacteria 

linked to gastritis, ulcers, and gastrointestinal tumours. Such 

characteristics prompted us to study the possibilities of 

Triphala for its curative efficiency in an in vivo model in 

which pathogenic organisms such as Staphylococcus aureus, 

Pseudomonas aeruginosa, and hemolytic streptococci are 

used to infect open dermal lesions. Additionally, the 

collagen synthesis at the wound site is also discussed and 

then how the collagen fibres are formed with polyphenol is 

mentioned.  

To conclude, the experimental investigation of Triphala 

toward wound healing potential suggests that the topical 

application of Triphala ointment on infected wound not only 

reduce the risk of infection but also improve wound 

regeneration. Our findings may give a scientific basis for the 

use of Triphala to improve infected wound healing, as 

Triphala has a variety of actions and is therapeutically 

utilised in different Ayurvedic formulations. The bioactive 

compounds are being extracted from the methanol extract of 

Triphala to carry out the interaction of multiple bioactive 

molecules with diverse wound healing pathways. The 

wound healing potential of methanol extract of Triphala is 

evaluated in animal studies. Additionally, Histological 

evaluation of granulated tissue taken from animal studies 

confirmed that Triphala is a capable drug for wound healing 

treatment and eradicating the wound pathogens at the wound 

site. 
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