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ABSTRACT: Acne vulgaris is a common chronic 

inflammatory disease of the pilosebaceous unit, 

mainly related to excess of sebum production, 

follicular hyperkeratinization, Cutibacterium acnes 

colonization, oxidative stress and inflammation. The 

conventional treatments are antibiotics, benzoyl 

peroxide and retinoids, which are effective, but 

prolonged use can lead to skin irritation, dryness, 

intolerance to the treatment and antimicrobial 

resistance. These limitations have augmented the 

interest in herbal medicines as potentially safer and 

multifunctional alternatives or adjunct approaches 

for acne management. The herbal extracts have 

different bioactive phytoconstituents like flavonoids, 

phenolic compounds, tannins, alkaloids, terpenoids 

and essential oils which are likely to have 

antimicrobial, anti-inflammatory, antioxidant, 

seboregulatory, keratolytic and wound healing 

activities. Several medicinal plants showed 

promising anti-acne potential such as Melaleuca 

alternifolia, Aloe vera, Camellia sinensis, 

Azadirachta indica, Curcuma longa, Punica 

granatum and Murraya koenigii. This review 

summarizes the recent advances in formulation, 

evaluation and therapeutic applications of herbal 

anti-acne gels. Gel-based systems offer benefits like 

easy application, good spreadability, extended skin 

residence, controlled release, and improved local 

delivery of herbal bioactive compounds. Different 

gelling agents such as Carbopol, hydroxypropyl 

methylcellulose, xanthan gum, and sodium alginate 

can be chosen based on the formulation needs. 

Common evaluation parameters include appearance, 

homogeneity, pH, viscosity, spreadability, 

extrudability, drug content, antimicrobial activity, 

skin irritation, in-vitro release, and stability. 

Emerging systems such as nanogels, phytosomal 

gels, hydrogels, nanoemulsions, polyherbal 

formulations may further improve the therapeutic 

performance. However, standardization, quality 

control, regulatory compliance, and well-designed 

clinical studies are essential for their successful 

development and translation into evidence-based 

acne therapy. 
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I. INTRODUCTION TO ACNE 

VULGARIS 
Acne vulgaris is a common recurrent 

inflammatory disease of the pilosebaceous bacterial 

layer including the hair bulb and sebaceous gland. 

[1] It may be characterized by non-inflammatory 

lesions (open and closed comedones) and 

inflammatory lesions (papules, pustules, nodules 

and cysts). [2] Acne can happen at any age and 

usually affects the face, chest, shoulders, and upper 

back, but is most common in teenagers because of 

hormonal changes during puberty. [3] The 

pathophysiology of acne is complex and involves 

increased sebum production, follicular 

hyperkeratinization, Cutibacterium acnes 

colonization and inflammatory responses. [4] Other 

contributing factors are genetic susceptibility, 

hormonal imbalance, nutritional variables, 

psychological stress and changes in the skin 

microbiota. [5] Around 9–10% of the population 

world suffering with acne vulgaris, with about 85% 

of adolescents exhibiting a form of the condition. [6] 

Acne may severely decrease the standard of life by 

causing psychological distress, depression, anxiety, 

low self-worth, and permanent scarring, although it 

is not life-threatening. [7] 
To prevent issues and improve patient 

outcomes, early diagnosis and efficient management 

are crucial. [8] External retinoids, a benzoyl 

peroxide, antibiotics, conventional hormonal 

therapy, prescription accutane, and recently invented 

targeted therapies are currently utilized in therapy. 

[9] The physiology of acne is now understood more 

clearly, which has contributed to the formulation of 
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more personalized and productive treatment 

regimens. [10] 

 
II. EPIDEMIOLOGY AND PREVALENCE 

The occurrence of acne differs based on 

age, gender, race, genetic factors, geographic area, 

and lifestyle influences. Boys typically suffer from 

more intense acne in their teenage years due to 

elevated androgen levels, while adult acne is more 

prominent in women because of hormonal changes 

linked to menstruation, pregnancy, and polycystic 

ovary syndrome (PCOS). [9,10] Family history, 

obesity, eating patterns, psychological stress, use of 

cosmetics, and environmental influences have also 

been recognized as significant risk factors affecting 

the onset and intensity of acne vulgaris. [10,11] 
While acne does not have a high mortality 

rate, it significantly adds to the worldwide disease 

burden by leading to physical pain, lasting scars, 

and mental health issues including anxiety, 

depression, and lower quality of life. Timely 

diagnosis and proper treatment are crucial for 

diminishing disease severity and enhancing long-

term clinical results. [11,12] 

 
III. PATHOPHYSIOLOGY OF ACNE 
Sebum Overproduction 

Sebum is an oily fluid produced by the 

sebaceous glands, which are connected to hair 

follicles and are primarily found on the face, chest, 

shoulders, and back. Under normal physiological 

conditions, sebum provides antimicrobial defense, 

inhibits excessive water loss, and moisturizes the 

skin and hair. [13] In puberty, elevated androgen 

production, particularly dihydrotestosterone (DHT), 

causes sebaceous gland enlargement and a lipid-rich 

environment that promotes the growth of 

Cutibacterium acnes and causes follicular blockage. 

[13,14] Sebum serves as a nutrient source for C. 

acnes, which breaks down triglycerides into free 

fatty acids, exacerbating inflammatory reactions. 

[13,15] 

 
Follicular Hyperkeratinization 

Follicular hyperkeratinization is a key 

process in acne development and is responsible for 

creating microcomedones, which are the first visible 

acne lesions. Under typical circumstances, 

keratinocytes that line the hair follicle experience 

constant shedding, facilitating the unobstructed flow 

of sebum to the skin's surface. In acne vulgaris, 

excessive growth and decreased shedding of 

keratinocytes result in the buildup of keratin inside 

the follicular canal. [16,17] Androgenic stimulation, 

inflammatory cytokines, altered lipid makeup, and 

genetic vulnerability influence hyperkeratinization. 

[17,18] A lack of linoleic acid in the follicular 

epithelium has been linked to hindered keratinocyte 

differentiation and greater follicular blockage. 

[16,18] In addition, inflammatory substances 

released in the initial phases of acne may promote 

keratinocyte growth, indicating that inflammation 

occurs before the appearance of visible lesions. The 

blockage of the follicle establishes an anaerobic 

setting that is conducive to bacterial growth, thus 

facilitating the development of inflammatory acne 

lesions. [16,17] As a result, follicular 

hyperkeratinization is essential for starting and 

maintaining the progression of acne. [16–18] 

 
Cutibacterium acnes 

Cutibacterium acnes (previously known as 

Propionibacterium acnes) is a Gram-positive, 

anaerobic bacterium that is included in the typical 

skin microbiota. While typically found on healthy 

skin, an overgrowth of certain pathogenic strains in 

clogged pilosebaceous follicles plays a major role in 

acne formation. The lipid-dense area formed by 

surplus sebum offers an optimal setting for bacterial 

proliferation. C. acnes generates lipases that break 

down sebum triglycerides into free fatty acids, 

irritating the follicular wall and encouraging 

inflammation. Moreover, the bacterium releases 

proteases, hyaluronidases, neuraminidases, and 

porphyrins that harm nearby tissues and trigger 

oxidative stress. C. acnes triggers Toll-like receptor-

2 (TLR-2) on keratinocytes and immune cells, 

prompting the release of pro-inflammatory 

cytokines such as interleukin (IL)-1β, IL-6, IL-8, IL-

12, and tumor necrosis factor-alpha (TNF-α). 

[20,21] Activation of these signaling pathways 

draws neutrophils and macrophages to the follicle, 

resulting in the rupture of the follicular wall and the 

formation of papules, pustules, and nodules. [20,21] 

Recent genomic research indicates that the severity 

of acne is linked to changes in the diversity of 

bacterial strains rather than just the number of 

bacteria, emphasizing the role of the skin 

microbiome in the development of acne. [19–21] 

 
Inflammation 

Inflammation is a key factor in acne 

vulgaris and is currently seen as an initial 

occurrence instead of just a result of follicular 

blockage. [22] Inflammatory mediators are already 

present in the pilosebaceous unit prior to the 

emergence of visible acne lesions. [22,23] The 

activation of innate immunity happens when 
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Cutibacterium acnes activates Toll-like receptors 

found on keratinocytes, sebocytes, and immune 

cells. [22,24] This interaction triggers the secretion 

of pro-inflammatory cytokines including IL-1β, IL-

6, IL-8, IL-17, IL-23, TNF-α, and several 

chemokines that attract neutrophils, macrophages, 

and T lymphocytes to the impacted follicle. [22,24] 

Tissue injury and inflammation are further 

intensified by oxidative stress caused by lipid 

peroxidation and reactive oxygen species. Rupture 

of the follicle wall releases keratin, bacteria, and 

sebum into the nearby dermis, triggering a severe 

foreign-body inflammatory reaction that leads to the 

formation of papules, pustules, nodules, and cysts. 

Persistent inflammation likewise triggers fibroblast 

activation and irregular collagen remodeling, 

resulting in lasting acne scars. [22,24] Progress in 

immunological studies has revealed the roles of Th1 

and Th17 immune pathways as well as 

inflammasome activation in the development of 

acne, suggesting possible therapeutic targets for 

upcoming treatment approaches. Thus, managing 

inflammation is a key goal in contemporary acne 

treatment to reduce both current lesions and scarring 

after acne. [22–24] 

 
IV. LIMITATIONS OF CONVENTIONAL 

TREATMENTS 
Antibiotics 

Antibiotics rank among the most 

commonly prescribed drugs for moderate-to-severe 

acne vulgaris treatment due to their capacity to 

inhibit Cutibacterium acnes proliferation and 

alleviate inflammation. [25] Oral antibiotics such as 

doxycycline, minocycline, tetracycline, and 

sarecycline, besides topical antibiotics like 

clindamycin and erythromycin, block the 

development of anti-inflammatory cytokines and 

bacterial protein synthesis. [25, 26] Though these 

medications effectively reduce inflamed lesions, 

they do not directly treat aberrant follicular 

keratinization or excessive sebum production, both 

of which are major factors in the development of 

acne. The emergence of antibiotic-resistant strains 

of Cutibacterium acnes and other skin germs 

following prolonged or inappropriate use is a major 

drawback of antibiotic therapy. [26,27] The rise of 

antimicrobial resistance has diminished the lasting 

efficacy of both topical and systemic antibiotics 

globally. [26,27] Clinical recommendations thus 

advise restricting antibiotic treatment to the briefest 

duration and steering clear of antibiotic 

monotherapy. Combination therapy using benzoyl 

peroxide or topical retinoids is highly advised to 

decrease bacterial resistance and enhance treatment 

results. Long-term use of antibiotics can disrupt the 

normal microbiota of the skin and gut, leading to 

issues such as gastrointestinal disturbances, 

candidiasis, photosensitivity, dizziness, and allergic 

reactions. [25,27] Additionally, the return of acne is 

frequent after stopping antibiotics since the root 

pathogenic processes are left untreated. [25,27] 

These constraints have spurred the creation of 

alternative treatment approaches that are safer, more 

effective, and less prone to causing antimicrobial 

resistance. [26,27] 
Benzoyl Peroxide 

Benzoyl peroxide (BPO) serves as a 

popular topical agent for acne treatment due to its 

strong antibacterial, keratolytic, and gentle anti-

inflammatory effects. It displays swift bactericidal 

effects by producing reactive oxygen species that 

eliminate Cutibacterium acnes without encouraging 

bacterial resistance. [28,29] As a result, benzoyl 

peroxide is often used in conjunction with topical or 

oral antibiotics to minimize the emergence of 

antimicrobial resistance. [25,29] In spite of these 

benefits, benzoyl peroxide is frequently linked to 

local side effects that impact patient adherence. 

[28,29] Commonly reported adverse effects include 

skin irritation, erythema, burning sensations, 

peeling, dryness, itching, and irritant contact 

dermatitis, especially at elevated concentrations. 

Benzoyl peroxide can bleach fabrics, towels, and 

hair, rendering it cosmetically undesirable for 

certain patients. [29,30] Furthermore, the 

medication is chemically unstable and can 

deteriorate when subjected to light, heat, and 

oxygen, leading to a decrease in its shelf-life and 

therapeutic effectiveness. [29] While benzoyl 

peroxide is effective in diminishing inflammatory 

acne lesions, it has a restricted impact on excessive 

sebum production, a main contributor to acne 

vulgaris. [28,29]  

 
V. ANTIBIOTIC RESISTANCE IN ACNE 

Due to the extensive use of both topical an

d systemic antibiotics, antibiotic resistance presents 

serious obstacles to the long-

term treatment of acne vulgaris. 

Due to their ability to reduce inflammatory response

s and Cutibacterium acnes colonization, antibiotics s

uch as clindamycin, erythromycin, doxycycline, and

 minocycline are often prescribed. [31,32] 

Nonetheless, continuous and extended exposure to 

these antimicrobial substances has caused the rise of 

antibiotic-resistant strains of C. acnes, resulting in 
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diminished treatment efficacy and heightened 

therapeutic failure.[32] 
The emergence of antibiotic resistance in 

acne happens due to selective pressure, which 

removes vulnerable bacterial populations while 

allowing resistant strains to thrive and proliferate. 

[32] Mechanisms of resistance in C. acnes involve 

genetic mutations, changes in antibiotic binding 

sites, and the uptake of resistance-related genes via 

mobile genetic elements. [33] Resistance to 

macrolides and lincosamides, especially 

erythromycin and clindamycin, is commonly 

observed as a result of mutations in the bacterial 

ribosomal RNA, which decrease antibiotic binding 

and hinder antimicrobial effectiveness. [33] 

Resistance to tetracycline has been noted, though it 

is less common than resistance to macrolides. 

[32,34] 
The growing occurrence of antibiotic-

resistant C. acnes strains poses a serious issue as 

resistant bacteria can lead to ongoing acne lesions 

and unsatisfactory clinical results. [31,33] 

Furthermore, exposure to antibiotics can modify the 

typical skin microbiome by diminishing helpful 

bacterial populations and disrupting microbial 

equilibrium, potentially affecting acne severity and 

response to treatment. [34] Instances of cross-

resistance among various antibiotics have been 

documented, indicating that resistance to a specific 

antimicrobial can lower sensitivity to other 

medications in the same category. [32] 
To reduce antibiotic resistance, current 

guidelines for acne treatment suggest not using 

antibiotics as the sole therapy and restricting the 

length of antibiotic usage. Combination therapy 

involving benzoyl peroxide is highly advised as it 

lowers C. acnes populations via oxidative processes 

and diminishes the emergence of resistant bacterial 

strains. The recommendation includes the use of 

topical retinoids, hormonal treatments, and non-

antibiotic anti-inflammatory medications to lessen 

reliance on antimicrobial therapy. [31,35] The 

creation of innovative treatment methods, such as 

probiotics, therapies focused on the microbiome, 

antimicrobial peptides, and sophisticated drug 

delivery systems, could offer alternative ways to 

address acne while reducing antibiotic resistance. 

[34,35] 

 
VI. RATIONALE FOR HERBAL ANTI-

ACNE THERAPY 
Herbal treatments for acne have become 

more popular as an alternative method to manage 

acne vulgaris because of the drawbacks linked to 

traditional therapies, such as antibiotic resistance, 

side effects, skin irritation, and low patient 

compliance. [36] Flavonoids, phenols, tannins, 

terpenoids, alkaloids, and essential oils constitute 

just a few of the many bioactive phytochemicals 

derived from medicinal plants exhibiting 

antibacterial, anti-inflammatory, antioxidant, and 

seboregulatory characteristics. These 

phytochemicals can influence various pathways 

associated with acne development, such as increased 

sebum production, the proliferation of 

Cutibacterium acnes, follicular hyperkeratinization, 

and inflammatory reactions. 
The antimicrobial properties of herbal 

substances offer a key benefit in treating acne by 

inhibiting the proliferation of C. acnes without 

significantly increasing antibiotic resistance. [38] 

Various compounds from plants, including 

flavonoids, phenolic acids, and essential oils, exhibit 

antibacterial properties by disrupting the membranes 

of bacterial cells, hindering microbial enzymes, and 

obstructing mechanisms of bacterial adhesion. 

[38,39] In contrast to traditional antibiotics that 

focus primarily on inhibiting bacterial growth, 

herbal remedies frequently display various 

biological effects, enabling the concurrent 

management of microbial development and 

inflammation. [37,39] 
Acne is mostly caused by inflammation, 

and several herbal compounds possess strong anti-

inflammatory impacts by blocking inflammatory 

mediators such as mediators of interleukins (IL-1β, 

IL-6, and IL-8), tumor necrosis factor, or alpha 

(TNF-α), cyclooxygenase (COX), and lipoxygenase 

(LOX) pathways. [39,40] Antioxidant compounds 

derived from medicinal plants aid in preventing 

cellular damage associated with chronic acne 

inflammation.[40] 
Herbal formulations can offer benefits in 

enhancing skin tolerability since numerous plant-

derived compounds tend to have fewer side effects 

than synthetic medications. Natural components like 

aloe vera, tea tree oil, curcumin, neem, green tea, 

and licorice have shown possible anti-acne effects 

via antimicrobial, anti-inflammatory, and wound-

healing pathways. [41,42] Additionally, 

improvements in pharmaceutical technology, such 

as nanoformulations, liposomes, gels, and targeted 

delivery systems, have enhanced the stability, 

bioavailability, and skin absorption of herbal 

compounds.[42] 
In spite of these benefits, issues like 

fluctuations in phytochemical makeup, 

standardization, stability, dosage refinement, and 
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insufficient clinical proof continue to pose 

significant challenges in herbal acne treatment. 

[37,42] Consequently, scientifically validated herbal 

preparations containing well-defined active 

ingredients could offer a promising and safer option 

or complementary strategy for the effective 

treatment of acne vulgaris. [36,42] 

 
VII. OVERVIEW OF HERBAL ANTI-ACNE 

AGENTS 
For thousands of years, medicinal herbs 

have been used in various herbal systems such as 

Ayurveda, TCM (Traditional Chinese Medicine), 

and Unani medicine to manage skin ailments like 

acne. These herbal remedies are gaining popularity 

as they exhibit several pharmacological actions 

without causing many side effects.[43] 
A variety of medicinal plants have 

phytochemicals like flavonoids, phenols, tannins, 

alkaloids, terpenes, saponins, glycosides, and 

essential oils. These phytochemicals help provide 

antibacterial, anti-inflammatory, antioxidant, 

wound-healing, and sebum-regulating activities.[44] 
The herbal extracts have anti-inflammatory 

properties because they prevent activation of the 

nuclear factor-κB pathway, thereby reducing the 

production of TNF-α, IL-1β, IL-6, COX-2, and 

iNOS.[45] 
Most medicinal plants are also powerful 

antioxidants because they contain large amounts of 

phenols and flavonoids. Antioxidants effectively 

destroy ROS produced during acne formation, 

limiting lipid peroxidation and inflammation.[46] 
Certain types of medicinal plants control 

sebum production by acting on the 5-α-reductase 

enzyme to block its actions. Green tea is a medicinal 

plant rich in polyphenolic compounds, especially 

EGCG.[47] 
Medicinal plants promote wound healing 

via fibroblast proliferation, collagen formation, 

angiogenesis, and re-epithelialization, thus 

minimizing acne scar formation.[48] 

 
VIII. MECHANISMS OF ACTION OF 

HERBAL DRUGS IN ACNE 

VULGARIS 
Acne vulgaris is a complex inflammatory 

skin condition that affects the pilosebaceous unit. 

The condition arises from the interplay of four main 

pathogenic factors: excessive production of sebum, 

hyperkeratinization of the follicles, the presence of 

Cutibacterium acnes, and inflammation of the skin. 

Additionally, factors such as oxidative stress, 

dysregulation of the immune system, hormonal 

changes, and genetic predisposition contribute to the 

worsening of acne. Herbal remedies have attracted 

significant interest since they are rich in various 

bioactive phytochemicals that can address multiple 

pathogenic mechanisms at once. Unlike traditional 

medications that typically focus on a single 

pathway, herbal treatments exhibit multifunctional 

pharmacological activities, such as antimicrobial, 

anti-inflammatory, antioxidant, sebum-regulating, 

keratolytic, wound-healing, and immunomodulatory 

properties, positioning them as potential alternatives 

or supplements in the treatment of acne.[60] 

 
Antimicrobial Mechanism 

The colonization of pilosebaceous follicles 

by Cutibacterium acnes plays an important role in 

the onset of acne vulgaris. This anaerobic Gram-

positive bacterium converts triglycerides found in 

sebum into free fatty acids through the action of 

bacterial lipases, resulting in irritation of the 

follicles and the activation of inflammatory 

processes. Additionally, Staphylococcus epidermidis 

and Staphylococcus aureus may worsen acne lesions 

by facilitating secondary infections and the 

formation of biofilms.[56] 
Numerous medicinal plants exhibit a wide 

range of antimicrobial properties effective against 

bacteria associated with acne. Essential oils, 

flavonoids, tannins, alkaloids, terpenoids, and 

phenolic compounds disrupt the membranes of 

bacteria, modify their permeability, inhibit the 

activity of bacterial enzymes, interfere with protein 

and nucleic acid production, and hinder biofilm 

formation. For instance, terpinen-4-ol derived from 

Melaleuca alternifolia (tea tree oil), catechins from 

Camellia sinensis (green tea), curcumin from 

Curcuma longa (turmeric), azadirachtin and 

nimbidin from Azadirachta indica (neem), carbazole 

alkaloids from Murraya koenigii (curry leaves), and 

punicalagin and ellagic acid from Punica granatum 

(pomegranate peel) demonstrate significant 

antibacterial effects against C. acnes. By 

diminishing bacterial colonization, these 

phytochemicals disrupt the early stages of acne 

formation and help prevent additional 

inflammation.[57] 

 
Anti-inflammatory Mechanism 

Mechanism of anti-inflammation Acne 

vulgaris is an inflammatory disease that results in 

papules, pustules and nodules. Cutibacterium acnes 

activates the Toll-like receptor 2 (TLR-2) present on 

keratinocytes, sebocytes and immune cells. This 
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activates downstream intracellular signaling 

pathways such as nuclear factor-kappa B (NF-κB) 

and mitogen-activated protein kinase (MAPK). 

These pathways, when activated, lead to an increase 

in the production of pro-inflammatory cytokines 

such as tumor necrosis factor-alpha (TNF-α), 

interleukin-1 beta (IL-1β), interleukin-6 (IL-6), 

interleukin-8 (IL-8) and prostaglandins. It will cause 

redness, swelling, and inflammatory acne 

lesions.[55]  
There are a lot of herbal phytochemicals 

that can block these inflammatory pathways. 

Curcumin, for example, inhibits the activation of 

NF-κB and reduces the expression of 

cyclooxygenase-2 (COX-2). Catechins, quercetin, 

aloe-emodin, and carbazole alkaloids also lower 

cytokine production and release of inflammatory 

mediators. As a result, herbal extracts help reduce 

redness, pain, and swelling from inflammatory 

papules. It also stops these lesions from turning into 

more serious forms.[55] 

 
Antioxidant Mechanism 

Reactive oxygen species (ROS) are a big 

deal when it comes to acne development. It helps 

kick off lipid peroxidation in sebum, cause harm to 

follicular epithelial cells, and make inflammatory 

responses much worse. Oxidative stress also turns 

on certain transcription factors. These factors then 

boost cytokine production and lead to more tissue 

damage.[53] 
Medicinal plants carry a lot of powerful 

antioxidants - things like polyphenols, flavonoids, 

tannins, vitamin C, vitamin E, carotenoids, and 

phenolic acids. These compounds work well against 

ROS. These stop lipid peroxidation, guard cell 

membranes, and help keep keratinocytes and 

sebocytes healthy and intact. Green tea, 

pomegranate peel, amla, rosemary, turmeric, and 

curry leaves are some good examples. These plants 

are packed with antioxidant ingredients. Both lab 

tests and animal studies show they do a great job at 

scavenging free radicals. When oxidative stress goes 

down, inflammation follows and skin repair happens 

faster.[54] 

 
Sebum-Regulating Mechanism 

Excessive sebum production plays a key 

role in how acne forms. Androgens, particularly 

dihydrotestosterone (DHT), give sebaceous glands a 

signal to produce more sebum. This lipid-rich 

substance creates a perfect home for C. acnes 

bacteria to grow. On top of that, oxidized sebum 

adds to inflammation inside the follicles.[52] 

Some plant-based ingredients can help 

control how these glands behave. They do this by 

lowering androgen-related stimulation, blocking 5α-

reductase activity, or cutting down on inflammation 

in the sebaceous glands. For example, EGCG from 

green tea has been shown to slow down lipid 

production in sebocytes (the cells that make sebum) 

and reduce overall sebum output. Polyphenols found 

in pomegranate, flavonoids from neem, and 

antioxidants in curry leaves might also help bring 

the sebaceous glands back to a balanced state. Still, 

more clinical studies are needed to prove they can 

directly lower sebum levels.[52] 

 
Regulation of Follicular Hyperkeratinization 

Acne starts with a problem in the skin's 

follicles. An odd, abnormal buildup of cells called 

keratinization happens first inside the follicle lining. 

This blocks the openings of pilosebaceous follicles. 

Tiny microcomedones then form. When dead skin 

cells and sebum pile up, these create a perfect spot 

for bacteria to grow.[52] 
Some plant-based extracts can help with 

this issue. These have gentle properties that affect 

the keratin layer. Natural acids from fruits, certain 

phenolic compounds, and plant chemicals that act 

like retinoids can make skin shedding work 

normally again. As a result, less clogging happens in 

the pores, and the openings stay clearer. On the 

other hand, these herbal options aren't as strong as 

synthetic retinoids (the lab-made kind). But they 

come with fewer side effects - things like irritation 

and really dry skin happen less often.[52] 

 
Wound-Healing and Scar Prevention 

After inflammatory acne lesions heal, the 

skin might take time to recover. This delay can lead 

to post-inflammatory hyperpigmentation and 

permanent scars. Herbal medicines help wounds 

heal by encouraging fibroblast growth, collagen 

production, new blood vessel formation, remodeling 

of the extracellular matrix, and skin cell renewal. 

Plants like Aloe vera, Centella asiatica, Calendula 

officinalis, Avena sativa, Murraya koenigii, and 

Punica granatum have shown strong wound-healing 

effects. These properties speed up tissue repair, 

promote skin regeneration, and lessen scar 

formation after acne lesions.[68] 

 
Immunomodulatory Effects 

Recent studies indicate that problems with 

both the innate and adaptive immune responses play 

a role in acne vulgaris. Herbal phytochemicals can 

affect immune cell activity by reducing macrophage 
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activation, lowering neutrophil infiltration, 

regulating T-cell responses, and balancing cytokine 

production. These effects on the immune system 

enhance their ability to fight germs and reduce 

inflammation, leading to better management of 

acne.[61] 

 
IX. MEDICINAL PLANTS USED FOR 

ACNE 
Several medicinal plants have shown 

considerable anti-acne activity in various 

experimental and clinical investigations. 

 
1.Melaleuca alternifolia (Tea Tree) 

Melaleuca alternifolia, which is known as 

Tea Tree belongs to Myrtaceae family and stands as 

a top medical plant for treating acne vulgaris 

according to scientific investigations.  The plant 

contains multiple active phytoconstituents, including 

terpinen-4-ol, α-terpineol, γterpinene, α-pinene, and 

1,8-cineole.  The main antibacterial agent in this 

mixture consists of terpinen-4-ol which kills 

Cutibacterium acnes bacteria by destroying their cell 

membranes.  Tea tree oil functions as an anti-

inflammatory agent which reduces inflammation by 

blocking the production of pro-inflammatory 

substances including TNF-α and IL-1β and IL-8.  

The antioxidant components of Tea tree oil stop 

reactive oxygen species from forming in the body. 

The research shows that using 5% tea tree oil 

topically helps decrease both types of acne spots 

while producing fewer adverse effects than benzoyl 

peroxide including skin dryness and irritation. 

Melaleuca alternifolia has gained recognition 

because it treats acne vulgaris while simultaneously 

supporting wound recovery and providing antifungal 

and antiseptic and anti-dandruff properties.[61] 

 
2. Aloe vera (Aloe barbadensis Mill.) 

Aloe vera (Aloe barbadensis Mill.) is a 

plant belonging to the Asphodelaceae family and is 

a well-known medicinal plant that is used to treat 

acne vulgaris due to its wound healing, anti-

inflammatory and skin soothing properties.The plant 

produces its medicinal value through leaf gel which 

contains multiple bioactive phytoconstituents 

including acemannan and aloe-emodin and aloin and 

anthraquinones and polysaccharides. The 

combination of these elements supports fibroblast 

growth and collagen production which leads to skin 

recovery from acne-related damage through wound 

healing processes. The plant Aloe vera reduces the 

production of pro-inflammatory cytokines which 

leads to decreased acne-related redness and swelling 

and inflammation. The plant shows antibacterial 

effects which target the bacteria that produce acne. 

The plant serves multiple medical functions because 

it helps people control acne while simultaneously 

treating burns and promoting wound recovery and 

managing psoriasis and providing skin hydration 

and anti-aging benefits.[48,61] 

 
3. Green Tea (Camellia sinensis) 

Green Tea (Camellia sinensis) is a 

medicinal plant belonging to the family Theaceae is 

well known for its beneficial effect in the treatment 

of acne vulgaris. It contains bioactive compounds 

such as epigallocatechin gallate (EGCG), 

epicatechin, epicatechin gallate, catechin and 

caffeine. EGCG stands as the primary bioactive 

compound in green tea which produces anti-acne 

effects through its ability to block the 5α-reductase 

enzyme thus reducing sebum production and 

stopping oily skin formation which leads to acne 

development. Green tea polyphenols demonstrate 

strong antimicrobial effects against Cutibacterium 

acnes while they block the nuclear factor-kappa B 

(NF-κB) signalling pathway activation and decrease 

pro-inflammatory cytokine production and eliminate 

reactive oxygen species through their strong 

antioxidant power. The combined properties of these 

elements help people avoid comedones while they 

decrease their inflammatory acne symptoms and 

their skin becomes healthier. The plant Camellia 

sinensis produces various medicinal benefits which 

include antioxidant properties and anti-aging effects 

and photoprotective benefits and cardioprotective 

advantages and anticancer properties in addition to 

its anti-acne capabilities.[47] 

 
4.Azadirachta indica (Neem)  

Neem (Azadirachta indica), a medicinal 

plant from the family Meliaceae, has been widely 

employed for the treatment of acne vulgaris due to 

its strong antimicrobial, anti-inflammatory, and 

antioxidant activities. The plant primarily uses its 

leaves which contain multiple phytoconstituents that 

consist of nimbidin and azadirachtin and nimbolide 

and quercetin and gedunin. The phytoconstituents 

fight against various bacterial strains which cause 

acne by stopping the development of Cutibacterium 

acnes and Staphylococcus aureus and 

Staphylococcus epidermidis bacteria. The limonoids 

and flavonoids in neem produce anti-inflammatory 

effects through their ability to block cyclooxygenase 

(COX) which leads to decreased oxidative damage 

and blocked inflammatory responses. The plant 

provides two important benefits because it enables 
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wound healing and skin regeneration while 

diminishing the visibility of acne scars which 

develop after acne. The plant Azadirachta indica 

offers multiple medicinal benefits which include its 

ability to treat acne and function as an antifungal 

and antidiabetic and antimalarial and wound healing 

medicine. The production of oral hygiene products 

includes this substance because it contains 

antimicrobial properties.[50] 

 
5. Turmeric (Curcuma longa) 

Turmeric (Curcuma longa) is one of the 

members of Zingiberaceae family. It is widely 

known for its potent anti-inflammatory, 

antimicrobial and antioxidant properties, making 

this plant a promising one in the treatment of acne 

vulgaris. Multiple phytoconstituents such as 

curcumin and its derivatives demethoxycurcumin 

and bisdemethoxycurcumin, and turmerones are 

present in the rhizome of Curcuma longa, which 

contribute to its therapeutic value. The plant 

contains curcumin as its primary active compound 

which produces anti-acne effects. The compound 

blocks NF-κB signaling pathway and COX-2 

expression while stopping pro-inflammatory 

cytokine production and maintaining free radical 

control and Cutibacterium acnes antibacterial 

effects. The listed activities work to decrease 

inflammation and oxidative damage and bacterial 

growth which leads to faster skin recovery and less 

severe acne breakouts. The plant Curcuma longa 

contains additional medicinal benefits which include 

anti-arthritic effects and wound-healing properties 

and antioxidant effects and liver protection and 

cancer-fighting abilities.[61,66] 

 
6. Pomegranate (Punica granatum) 

Pomegranate (Punica granatum) is a 

medicinal plant from family Lythraceae which 

shows strong potential for treating acne vulgaris. 

The active portion of this fruit exists in its peel 

which contains punicalagin and punicalin and 

ellagic acid and gallic acid and ellagitannins as its 

bioactive phytochemical components. The 

phytoconstituents contain strong antimicrobial 

properties together with antioxidant and anti-

inflammatory effects. The pomegranate peel 

contains hydrolysable tannins which serve as 

effective Cutibacterium acnes inhibitors that reduce 

bacterial growth in acne-affected skin. Besides, 

ellagic acid acts as an inhibitor of pro-inflammatory 

mediators, and punicalagin facilitates wound healing 

and collagen formation. The phytoconstituents 

contain strong antioxidant properties which help 

reduce oxidative stress that contributes to acne 

development. The plant shows two additional 

medicinal properties which include antioxidative 

effects and anti-aging benefits and wound healing 

capabilities and antidiabetic properties and 

anticancer potential.[59] 

 
7. Curry leaf (Murraya koenigii) 

The medicinal plant Curry leaf (Murraya 

koenigii) belongs to the Rutaceae family and 

scientists have started studying it extensively 

because its antibacterial and anti-inflammatory and 

antioxidant properties might help treat acne vulgaris. 

The leaves contain the most active ingredients and 

are endowed with numerous bioactive 

phytoconstituents such as mahanimbine, 

girinimbine, koenimbine, murrayazoline and other 

carbazole alkaloids. The carbazole alkaloids 

produce strong antibacterial effects which fight 

against acne-causing bacteria Cutibacterium acnes 

thus reducing bacterial growth within the 

pilosebaceous unit. The compounds possess strong 

antioxidant capabilities which stop lipid 

peroxidation from occurring while they also 

eliminate reactive oxygen species to reduce 

oxidative damage which leads to acne development. 

The phytoconstituents block inflammatory pathways 

which result in decreased acne-related 

inflammation. Murraya koenigii provides multiple 

medicinal benefits which include its capacity to 

fight acne and its ability to manage diabetes and 

protect the liver and fight oxidation and defend the 

stomach and stimulate hair development.[69] 

 
8. Rosemary (Rosmarinus officinalis)   

Rosmarinus officinalis L. is a member of 

the family Lamiaceae and is used as a medicinal 

herb with strong antimicrobial, anti-inflammatory 

and antioxidant properties . This natural remedy has 

potential in the treatment of acne vulgaris. The 

leaves of rosemary contain bioactive 

phytoconstituents like rosmarinic acid, carnosic 

acid, carnosol, ursolic acid, rosmanol and essential 

oils like 1,8-cineole and camphor. The same bio-

active substances I mentioned earlier have been 

shown to be effective against the acne bacteria 

Cutibacterium acnes and Staphylococcus 

epidermidis. Rosmarinic acid inhibits the NF-κB 

signalling pathway which leads to decreased acne 

inflammation by reducing the production of pro-

inflammatory cytokines TNF-α and IL-6 and IL-1β 

.. Antioxidant compounds eliminate reactive oxygen 

species while they stop lipid peroxidation from 

occurring within sebaceous glands which stops acne 
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lesions from becoming inflamed. Rosemary extract 

stimulates wound healing and tissue regeneration. 

Thus, it is efficient in repairing acne-induced 

damage to the skin. Rosmarinus officinalis provides 

multiple medicinal benefits which include wound 

healing and antioxidant protection and antimicrobial 

effects and memory improvement and aging 

prevention in addition to its anti-acne properties.[50] 
 

9. Thyme (Thymus vulgaris L.)  
Thyme (Thymus vulgaris L.) serves as a top 

medicinal herb from the Lamiaceae family which 

became popular as a natural treatment because of its 

strong antimicrobial and anti-inflammatory and 

antioxidant properties that help patients with acne 

vulgaris. The medicinal parts of thyme consist of 

leaves and flowering tops which contain several 

biologically active phytochemicals including 

thymol, carvacrol, p-cymene, linalool and 

rosmarinic acid. The essential oil of thyme contains 

thymol and carvacrol which produce its strong 

antibacterial effects against Cutibacterium acnes 

bacteria. The antimicrobial properties of these 

components result from their ability to damage 

bacterial cell membranes while preventing biofilm 

development which stops bacteria from forming 

colonies on acne-affected skin. The anti-

inflammatory properties of thyme work to reduce 

prostaglandin production and oxidative damage 

which leads to decreased skin redness and swelling 

and inflammatory responses. The study of Thymus 

vulgaris L. as a herbal remedy for acne treatment 

development has reached its completion because of 

its described characteristics. The medical 

advantages of thyme extend beyond its capability to 

treat acne.[49] 

 
10. Liquorice (Glycyrrhiza glabra L.) 

Liquorice (Glycyrrhiza glabra L.) is a 

medicinal plant of the family Fabaceae. It has 

demonstrated antimicrobial, anti-inflammatory and 

skin protecting properties and therefore it is an 

important herbal product for the treatment of acne 

vulgaris. The roots of the plant are medicinally 

active and contain certain phytoconstituents such as 

glycyrrhizin, glycyrrhetinic acid, glabridin, liquiritin 

and isoliquiritigenin.. Such components have 

antibacterial activity with respect to Cutibacterium 

acnes and inhibit pro-inflammatory cytokine 

expression, thus lowering the inflammatory 

responses. Furthermore, glycyrrhizin is responsible 

for reducing sebum synthesis and regulating the 

process of steroid metabolism that reduces 

sebaceous gland activity via decreased androgen 

levels. Glabridin prevents the action of the 

tyrosinase enzyme, which reduces 

hyperpigmentation, improving skin complexion 

after healing of acne. Such antimicrobial, anti-

inflammatory, seboregulating, and depigmenting 

abilities render Glycyrrhiza glabra a beneficial 

component for application in topically used anti-

acne agents. Licorice possesses various therapeutic 

abilities, including skin lightening, anti-

inflammatory, antiviral, hepatoprotective, and anti-

ulcerative effects.[49] 

 
11. Calendula (Calendula officinalis L.)  

Calendula (Calendula officinalis L.) is one 

of the medicinal plants from the Asteraceae family, 

which is recognized for its antimicrobial, anti-

inflammatory and wound-healing properties. It can 

be considered an effective natural remedy in treating 

the disease called acne vulgaris. Its flower is the 

medicinal part of this plant containing several 

bioactive phytoconstituents such as triterpenoids, 

flavonoids, carotenoids, calendulosides, and 

essential oils. These phytochemicals show 

antimicrobial properties against pathogens causing 

acne vulgaris as well as suppress inflammation 

through inhibition of cyclooxygenase (COX) and 

lipoxygenase (LOX) pathways, resulting in a 

reduction in the levels of inflammatory mediators 

responsible for acne development. Furthermore, this 

plant promotes collagen synthesis and fibroblast 

proliferation, accelerating the process of epithelial 

regeneration and contributing to the healing of acne 

lesions without leaving post-acne scars. Thanks to 

all of the above properties, Calendula officinalis is 

widely used in topically applied formulas for the 

treatment of acne vulgaris. In addition to its anti-

acne activity, the use of calendula is common for 

wound care and treatment of burns, dermatitis, 

eczema, and skin infections.[66] 

 
12.Chamomile (Matricaria chamomilla L.) 

Chamomile (Matricaria chamomilla L.) is 

an Asteraceae family herbal medicine that has 

relaxant, anti-inflammatory and antimicrobial 

effects. The flower is regarded as the medicinal 

organ that contains phytochemicals with biological 

activities such as apigenin, α-bisabolol, 

chamazulene, luteolin and quercetin. The 

compounds showed antibacterial activity against 

Cutibacterium acnes and potent anti-inflammatory 

activity by inhibiting COX and LOX enzymes, 

leading to a decrease in the production of 

inflammatory mediators involved in acne 

development. Apigenin and αbisabolol also reduce 
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erythema, oedema and oxidative stress, which 

contribute to fast wound healing and regeneration of 

inflamed acne areas. The extract of Matricaria 

chamomilla has been used as a component of the 

anti-acne agents due to its antimicrobial, anti-

inflammatory, antioxidant and wound healing 

activities.[49] 

 
13. Sweet basil (Ocimum basilicum L.) 

Ocimum basilicum L., or Sweet Basil, is a 

Lamiaceae family medicinal herb with 

antimicrobial, anti-inflammatory, and antioxidant 

properties . Thus, it is a great option for acne 

vulgaris as a natural treatment. The leaves are the 

active parts of the herb and consist of some 

phytoconstituents, including eugenol, linalool, 

methyl chavicol, rosmarinic acid, and flavonoids. 

These phytoconstituents possess remarkable 

antibacterial activity against the causative bacteria 

of acne, including Cutibacterium acnes and 

Staphylococcus epidermidis; consequently, the 

growth and colonization of the bacteria on the 

pilosebaceous unit are prevented. Moreover, 

rosmarinic acid and eugenol can decrease the 

expression of pro-inflammatory cytokines and 

inhibit oxidative stress, leading to reduced 

inflammation and swelling of the skin. Clinical 

studies have shown the positive effect of basil 

extract-based products on inflammatory acne 

lesions. In addition to the anti-acne properties of the 

herb, there are many other health benefits, including 

antimicrobial, antioxidant, anti-inflammatory, 

digestive, and insect repellent actions.[61] 

 
14. Black cumin (Nigella sativa L.)  

Black cumin (Nigella sativa L.) is a 

medicinal herb of the family Ranunculaceae It is a 

very powerful natural compound for acne vulgaris 

treatment due to its well-known anti-microbial, anti-

oxidant and anti-inflammatory properties. The seeds 

of the plant are used medicinally and contain 

various phytoconstituents such as thymoquinone, 

nigellone, thymol, carvacrol, and p-cymene. Out of 

these compounds, thymoquinone is considered to be 

the most significant one, which acts against acne 

vulgaris. The compound shows strong antibacterial 

properties against Cutibacterium acnes, acts as a 

free radical scavenger to combat oxidative stress and 

suppresses the NF-κB pathway and the secretion of 

pro-inflammatory cytokines. All these activities 

work together to decrease bacterial growth, 

inflammation, and oxidative damage; hence 

decreasing the severity of the disease and facilitating 

quick healing of acne. Apart from this, the plant has 

many other activities such as anti-diabetic, anti-

asthmatic, anti-hypertensive, anti-oxidant and 

immunomodulatory activities.[62] 

 
15. Witch hazel (Hamamelis virginiana L.)  

Witch hazel (Hamamelis virginiana L.) 

belongs to the Hamamelidaceae family and is a 

medicinal plant that is widely used to treat acne 

vulgaris due to its astringent, antimicrobial, anti-

inflammatory and antioxidant properties. The leaves 

and bark of the plant have medicinal activity and 

contain some phytochemicals such as 

hamamelitannin, gallic acid, ellagic acid, 

proanthocyanidins and flavonoids. The astringency 

of witch hazel helps reduce excessive sebum 

secretion and enlarged pores and thus helps prevent 

acne lesions. Tannins present in it have antibacterial 

effects on Cutibacterium acnes and reduce the 

inflammation caused by inhibition of prostaglandin 

synthesis. Moreover, antioxidants contained in it 

help neutralize reactive oxygen species which cause 

damage to the skin in the course of acne 

development. All these actions result in reduced 

inflammation, skin repair, and enhanced skin health. 

Not only does this plant have anti-acne actions, but 

Hamamelis virginiana is also used for treating 

minor skin inflammation, hemorrhoids, eczema, 

wound healing, and insect bites.[66] 

 
16. Indian barberry (Berberis aristata DC.)  

Indian Barberry (Berberis aristata DC.) is 

a medicinal plant belonging to family 

Berberidaceae. This plant is rich in antimicrobial, 

anti-inflammatory and antioxidant properties and 

can be used in the treatment of acne vulgaris. This 

plant has two pharmacologically active parts, root 

and stem bark, which contain a number of 

phytochemicals including berberine, palmatine, 

oxyacanthine and jatrorrhizine. Of all these 

compounds, berberine is the primary active 

component which has anti-acne properties. It has a 

broad spectrum of antibacterial activities against 

acne-causing bacteria including Cutibacterium 

acnes. The mode of action is that it acts by 

disrupting the membrane of the bacterial cells and 

interfering with nucleic acid synthesis thus 

minimizing the proliferation of bacteria. 

Additionally, berberine blocks the activation of NF-

κB pathway hence decreasing oxidative stress and 

inflammation in acne patients. Apart from being an 

anti-acne plant, Berberis aristata is commonly used 

in the treatment of diarrhea, diabetes, liver 

problems, eye and skin infections.[66] 
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17. Sandalwood (Santalum album) 
The Indian sandalwood (Santalum album 

L.), a medicinal plant belonging to the family 

Santalaceae, has antimicrobial, anti-inflammatory, 

and skin-soothing properties, making it an excellent 

natural ingredient for treating acne vulgaris. The 

heartwood of the plant contains biologically active 

phytoconstituents such as α-santalol, β-santalol and 

some other sesquiterpenes. It has been found that the 

oil derived from this plant has strong antibacterial 

properties with respect to Cutibacterium acnes, thus 

providing the reduction of bacteria colonization 

associated with acne. Additionally, the anti-

inflammatory activity of the oil helps decrease 

symptoms such as redness and swelling of the skin 

due to suppression of the formation of inflammatory 

mediators. Sandalwood regulates excessive 

production of skin oil and provides a calming effect 

on irritated skin. In addition to the ability to treat 

acne, Santalum album can be found in various 

cosmetics as an anti-wrinkle, wound-healing, and 

anti-psoriasis agent.[66] 

 
18. Echinacea (Echinacea purpurea (L.) Moench) 

Echinacea (Echinacea purpurea (L.) 

Moench) belonging to the family Asteraceae, is a 

medicinal plant with antimicrobial, 

immunomodulatory and anti-inflammatory effects, 

being considered a promising natural remedy for the 

treatment of acne vulgaris. The aerial parts and roots 

are used medicinally and contain various 

phytoconstituents like chicoric acid, caffeic acid 

derivatives, alkamides, and polysaccharides. They 

can prevent the growth of bacteria Cutibacterium 

acnes and therefore lower colonisation by bacteria 

involved in the formation of acne. Echinacea can 

inhibit the synthesis of pro-inflammatory cytokines 

such as IL-6 and TNF-α, reducing the inflammation, 

erythema and swelling of the lesions. 
Moreover, Echinacea stimulates tissue 

regeneration, promotes wound healing and improves 

immunity of the skin. Along with its anti-acne 

action, Echinacea purpurea has many other 

pharmacological activities and is used widely for 

prevention and treatment of upper respiratory tract 

infections, wound healing, immune and anti-

inflammatory therapy.[63] 

 

 

 
19. Ginger (Zingiber officinale Roscoe)  

Ginger (Zingiber officinale Roscoe) is a 

medicinal plant of the family Zingiberaceae with 

known antimicrobial, anti-inflammatory and 

antioxidant properties and it is a potential natural 

remedy for treatment of acne vulgaris. The 

medicinal plant part is the rhizome that contains a 

number of bioactive phytoconstituents such as 6-

gingerol, 6-shogaol, zingerone and paradols. Among 

them, gingerols are the key components responsible 

for anti-acne activity. They suppress the COX and 

LOX pathways and decrease the generation of 

inflammatory mediators of acne pathogenesis. 

Additionally, this medicinal plant has antibacterial 

activity towards Cutibacterium acnes and can help 

to decrease bacteria in the acne lesions. Moreover, 

due to its powerful antioxidative activity, ginger 

neutralizes the reactive oxygen species, minimises 

oxidative stress in sebocytes, and promotes 

inflammation reduction and skin healing. Thus, it 

can be an important component in the development 

of anti-acne formulations. Apart from anti-acne 

effects, ginger has wide use in the treatment of 

nausea, arthritis, digestive disorders, and 

inflammatory diseases.[64] 

 
20. Gotu Kola (Centella asiatica (L.) Urb.) 

Centella asiatica (L.) Urb., (Apiaceae) is a 

herbaceous plant commonly known as Gotu Kola 

and known for its wound healing, anti-inflammatory 

and antioxidant properties, making it a valuable 

plant-based ingredient in the treatment of acne 

vulgaris. The entire plant is used for medicinal 

purposes and contains various phytoconstituents 

such as asiaticoside, madecassoside, asiatic acid and 

madecassic acid which can stimulate fibroblast 

proliferation and collagen synthesis, resulting in 

faster healing of acne scars and skin regeneration. 

Also, Centella asiatica is an effective plant because 

of its effective anti-inflammatory and antioxidant 

properties which can help to reduce erythema, 

swelling, and oxidative stress related to acne and 

avoid formation of scars after acne. Apart from 

treating acne, Centella asiatica is widely used for 

wound healing, burns treatment, venous 

insufficiency management, and for anti-aging 

formulations.[66] 

 
21. Drumstick Tree (Moringa oleifera Lam.)  

Moringa (Moringa oleifera Lam.) is a plant 

belonging to the family Moringaceae which has 

attracted a lot of attention for the treatment of acne 

vulgaris. Leaves are considered the major medicinal 

constituent of the plant; however, its seeds and oil 

can also be used. This plant contains many active 

phytoconstituent compounds such as quercetin, 

kaempferol, chlorogenic acid, rutin, apigenin, 

isothiocyanates, niazimicin, glucosinolates, phenolic 
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acids, flavonoids, and vitamins A, C, and E that 

make Moringa oleifera antimicrobial, anti-

inflammatory, antioxidant, and wound-healing. 

Moringa oleifera shows antibacterial effect towards 

Cutibacterium acnes, Staphylococcus epidermidis, 

and Staphylococcus aureus. The phytoconstituents 

contained in Moringa oleifera inhibit bacterial 

growth, inhibit NF-κB signaling pathways, decrease 

pro-inflammatory cytokines (TNF-α, IL-1β, and IL-

6), scavenging of ROS, and stimulate fibroblast 

proliferation, collagen synthesis, tissue regeneration, 

and wound healing, thereby reducing inflammation, 

oxidative stress, and post-inflammatory acne scars. 

Despite a lack of direct clinical evidence, these 

phytoconstituents are supposed to regulate the 

functioning of sebaceous glands and reduce 

oxidative changes due to increased sebum 

production. In addition to the anti-acne activity, 

Moringa oleifera has many other effects, including 

antidiabetic, antihypertensive, antioxidant, 

hepatoprotective, cardioprotective, anticancer, 

wound-healing, immunomodulatory, antimicrobial, 

and nutraceutical properties.[67] 

 
22. Henna (Lawsonia inermis L.) 

The Lawsonia inermis L., which is 

commonly known as henna and is classified under 

the Lythraceae family, is an herbal plant that is used 

in Ayurvedic, Unani and conventional medicines to 

treat skin disorders. Henna contains bioactive 

phytoconstituents such as lawsone, flavonoids, 

phenolic acids, tannins, coumarins, xanthones, 

terpenoids, sterols, and saponins, giving it potent 

antimicrobial, antioxidant, anti-inflammatory and 

wound-healing actions. Lawsonia inermis shows 

antibacterial action on Cutibacterium acnes, 

Staphylococcus epidermidis and Staphylococcus 

aureus; in addition, it inhibits the signaling pathway 

of COX, LOX, and NF-κB, resulting in reduced pro-

inflammatory cytokines and oxidative stress related 

to acne. It has been shown that Lawsonia inermis 

stimulates the proliferation of fibroblasts and 

collagen production, thus facilitating epithelial 

regeneration and wound healing, which helps reduce 

post-inflammatory acne scars. Apart from the anti-

acne activities, Lawsonia inermis exhibits 

antibacterial, antifungal, antiviral, antioxidant, 

antidiabetic, hepatoprotective, analgesic and skin-

protective actions, as well as being widely used as a 

natural dye for hair and cosmetics products. Natural 

henna is safe when applied topically; however, 

black henna containing para-phenylenediamine 

(PPD) can cause allergic contact dermatitis. Further 

clinical trials are needed to prove its efficacy and 

safety in treating acne.[65] 

 
23. Guava (Psidium guajava L.)  

Guava (Psidium guajava L.) belonging to 

the family Myrtaceae is a medicinal herb widely 

used in alternative medicine for the treatment of 

skin infections, wounds and inflammatory 

conditions. The plant contains bioactive compounds 

like quercetin, guaijaverin, catechin, epicatechin, 

gallic acid, ellagic acid, chlorogenic acid, 

kaempferol, tannins, triterpenoids, saponins and 

essential oils which contributes for its antimicrobial, 

antiinflammatory, antioxidant and wound healing 

properties. The Psidium guajava has antibacterial 

activity against Cutibacterium acnes, 

Staphylococcus epidermidis, and Staphylococcus 

aureus. It also inhibits NF-κB signalling pathway 

and reduces proinflammatory cytokine levels (TNF-

α, IL-1β, IL-6). Furthermore, antioxidant 

compounds scavenge reactive oxygen species and 

reduce oxidative stress, while wound-healing 

compounds help in collagen synthesis and tissue 

regeneration, thus contributing to the healing of 

acne and prevention of scars caused by 

inflammation. Despite the safety of topical 

application of guava leaf extract, more clinical 

researches should be conducted to prove its efficacy 

in acne treatment.[61] 

 
24. Haritaki (Terminalia chebula Retz.) 

Haritaki (Terminalia chebula Retz.) is an 

important medicinal plant from the Combretaceae 

family. Haritaki finds applications in the practice of 

Ayurveda and is one of the three fruits present in the 

traditional remedy known as Triphala. The dried 

fruit is the primary component and is composed of 

bioactive phytoconstituents like chebulagic acid, 

chebulinic acid, gallic acid, ellagic acid, corilagin, 

punicalagin, tannic acid, flavonoids, polyphenols, 

anthraquinones, and triterpenoids. These compounds 

display strong antimicrobial, antioxidant, anti-

inflammatory, and wound healing abilities; thus, 

Haritaki can be regarded as a potential natural 

compound for the treatment of acne vulgaris. The 

fruit extract exerts anti-bacterial action against the 

microorganisms responsible for acne development, 

namely, Cutibacterium acnes, Staphylococcus 

aureus, and Staphylococcus epidermidis, 

downregulates the activity of NF-κB, COX-2, and 

LOX pathways, and, thus, decreases levels of pro-

inflammatory cytokines (TNF-α, IL-1β, and IL-6), 

and oxidative stress. Furthermore, the extract 

stimulates fibroblast proliferation, collagen 
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production, and epithelial regeneration, which leads 

to faster wound healing and reduction of post-

inflammatory scarring. Moreover, the tannins 

contained in the extract give it slight astringent 

effects that can help decrease excessive sebum 

secretion. Apart from anti-acne properties, Haritaki 

exhibits antibacterial, antifungal, antiviral, 

antioxidant, antidiabetic, hepatoprotective, 

gastroprotective, cardioprotective, 

immunomodulatory, anticancer, and wound-

healing.[70]  

 
25. Amla (Phyllanthus emblica L.)  

Amla, medicinal plant from Phyllanthaceae 

family (Phyllanthus emblica L.; syn. Emblica 

officinalis Gaertn.) is one of the most essential 

plants used in Ayurvedic medicine for skin disorders 

and inflammatory diseases. Fruit is the primary 

medicinal part which is rich in vitamin C (ascorbic 

acid), emblicanin A and B, punigluconin, 

pedunculagin, gallic acid, ellagic acid, chebulagic 

acid, chebulinic acid, quercetin, kaempferol, 

flavonoids, and polyphenols. Bioactive compounds 

have strong antimicrobial, antioxidant, anti-

inflammatory, and wound healing properties; 

therefore, Phyllanthus emblica can be considered as 

a promising natural drug against acne vulgaris. Fruit 

extract inhibits growth of acne-related 

microorganisms (Cutibacterium acnes, 

Staphylococcus aureus, Staphylococcus 

epidermidis), NF-κB signaling pathway suppression 

and inhibition of inflammatory mediators (TNF-α, 

IL-1β, IL-6, COX-2). Strong antioxidant property 

allows scavenging reactive oxygen species and 

prevention of lipid peroxidation which reduces 

oxidative stress associated with acne development. 

Also, P. emblica stimulates proliferation of 

fibroblasts, collagen synthesis and epithelial 

regeneration which accelerates wound healing 

process and reduces post-inflammatory scar 

formation. In addition to anti-acne properties, this 

plant exhibits antioxidant, antimicrobial, anti-

inflammatory, antidiabetic, hepatoprotective, 

cardioprotective, gastroprotective, 

immunomodulatory, anticancer, anti-aging and 

wound healing properties. Despite its wide usage in 

dermatological and cosmeceutical preparations, 

additional clinical investigations are needed to prove 

its anti-acne effectiveness.[71] 

 

 
26. Oat (Avena sativa L.) 

Oat (Avena sativa L.), a medicinal plant 

from the family Poaceae, is extensively used in 

dermatology for skin-protective, anti-inflammatory, 

antioxidant, and moisturizing properties. The 

biologically active extract, called colloidal oatmeal, 

consists of various bioactive components, namely 

avenanthramides, β-glucans, phenolic acids, 

flavonoids, tocopherols, phytosterols, essential fatty 

acids, and polysaccharides. These ingredients inhibit 

the activity of the NF-κB signaling pathway and 

decrease pro-inflammatory cytokines, specifically 

TNF-α, IL-1β, and IL-6, thus preventing 

inflammation, erythema, irritation, and development 

of inflammatory acne. Moreover, the antioxidants 

protect skin from the damaging effects of reactive 

oxygen species, whereas β-glucans increase activity 

of fibroblasts and stimulate wound healing. 

Colloidal oatmeal not only reinforces the skin 

barrier but also increases hydration and decreases 

transepidermal water loss and, therefore, can be 

used to treat irritated skin caused by the topical 

treatment of acne. In addition to the application in 

acne, Avena sativa is extensively applied in the 

treatment of eczema, atopic dermatitis, xerosis, and 

other inflammatory dermatoses because of good 

safety profile and skin protective effect. However, 

the plant does not possess any antibacterial effect on 

acne-associated bacteria, so it may be used as an 

additional ingredient in anti-acne products.[51] 

 
X. FORMULATION STRATEGIES FOR 

HERBAL ANTI-ACNE GELS 
1.ADVANTAGES OF GEL DOSAGE FORMS 

Enhanced patient acceptability: Gel 

formulations can be suitable semisolid systems for 

topical and mucosal application and possess 

properties such as ease of application and good 

contact with the application site that can enhance 

patient acceptability [72,73]. 
Routes of administration Flexibility in the 

formulation of Gel-based delivery systems for 

various routes of administration such as cutaneous, 

buccal, ocular and other topical applications 

depending on the formulation characteristics and the 

therapeutic use for which the formulation is 

intended [72,73]. 
High water content and biocompatibility 

Hydrogels are characterized by high water content 

and flexible, tissue-like structures, which lead to 

good biocompatibility and suitability for contact 

with biological tissues [72]. 
Sustained and Controlled Drug Delivery 

Hydrogels are 3D polymeric networks, which can 

entrap active pharmaceutical ingredients and control 

their diffusion, thus controlling the release of drugs 

or sustaining the delivery [72]. 
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Good Spreadability and Adhesiveness: Gel 

formulations can possess good spreadability and 

adhesion to the skin or mucosal surfaces, allowing 

uniform application and prolonging the retention of 

the formulation at the site of administration [73]. 
Improved Local Drug Delivery: The 

prolonged residence time of gel systems at the site 

of application may improve the local drug retention 

and, according to the formulation, the drug 

permeation through biological barriers [72,73]. 
Versatile Drug-Delivery Platform: Gel 

systems can be combined with vesicular delivery 

systems such as liposomes and ethosomes, which 

allow alteration of the drug incorporation, release 

and permeation characteristics [73]. 
Potential for Inclusion of Bioactive 

Compounds Gel matrices can serve as carriers for 

pharmaceutical and bioactive compounds, and can 

be engineered to modify their release and delivery 

properties to suit the requirements of the therapy 

[72,73]. 

 
XI. TYPES OF GEL DOSAGE FORM 

The gel dosage forms are the semisolid 

systems containing small inorganic particles or large 

organic molecules dispersed or distributed in an 

aqueous or non-aqueous liquid vehicle [80]. 

 
2. Division by phases of the system 

Single Phase Gels Systems in which the 

organic macromolecules are uniformly distributed in 

a liquid phase and where there are no definite 

boundaries between the dispersed macromolecules 

and the liquid. Carbomers, cellulose derivatives 

such as HPMC and carboxymethylcellulose, and 

natural gums are used to prepare these gels [75]. 
Two-Phase Gels (Magmas) These systems 

contain small discrete inorganic particles which are 

flocculated and dispersed in a continuous phase. 

They may be thixotropic, becoming less viscous 

when agitated, and returning to a higher viscosity 

when standing. Examples are Aluminum Hydroxide 

Gel and Bentonite Magma [75]. 
3. Classification Based on Continuous 

Liquid Phase Hydrogels (Aqueous Gels): 

Hydrogels: Hydrogels are 3D hydrophilic 

polymeric networks which are able to absorb and 

retain a large amount of water or aqueous fluid 

within its structure. Common polymers are gelatin, 

tragacanth, sodium alginate and poloxamers [77]. 
Organogels (Nonaqueous Gels): 

Organogels are semisolid systems in which an 

organic liquid phase (oils or other non-aqueous 

solvents) is immobilized within a three-dimensional 

network formed by suitable gelators [76]. 
Xerogels: Xerogels are gel structures dried 

by extraction of the liquid phase from a gel. Due to 

their structure and drug-release properties, they are 

regarded as drug-delivery matrices with modifiable 

composition and drying parameters [81]. 

 
4. Advanced Gel Dosage Forms and Route-

Specific 
Emulgels: Emulgels are semisolid systems 

that are a combination of emulsion and gel base and 

are particularly useful for topical delivery of drugs 

including poorly water-soluble compounds [74]. 
In-Situ Gels: In-situ gels are formulations 

that are initially delivered in liquid or low-viscosity 

forms and undergo a sol-to-gel transition in response 

to physiological stimuli like temperature, pH or 

ionic conditions and thus form a gel at the site of 

administration. These have been especially studied 

for ophthalmic drug delivery [78]. 
Bigels: Bigels are biphasic gel systems 

obtained by mixing an organogel and a hydrogel, so 

they can present lipophilic and hydrophilic 

properties, which are advantageous for drug delivery 

[76]. 
Film-Forming Gels: Film-forming gels 

are topical formulations that upon application to the 

skin undergo solvent evaporation to form a thin 

polymeric film in situ that can prolong drug 

residence and enable sustained drug delivery [79]. 

 
XII. GELLING AGENTS 

Carbopol (Carbomers) 
Chemical Profile: Carbopol or carbomer is 

a high molecular weight synthetic crosslinked 

acrylic acid polymer commonly used as a gelling 

and viscosity increasing agent in pharmaceutical 

formulations. 
Gelation mechanism: Carbopol is dispersed 

in an aqueous medium and then neutralised with an 

alkaline agent (e.g. NaOH or triethanolamine). 

Neutralisation causes the polymer to expand, 

increases the viscosity of the system and leads to the 

formation of a gel. 
Key features: Carbopol can form highly 

viscous gels at relatively low concentrations and is 

widely used in topical and other pharmaceutical gel 

formulations because of its desirable rheological and 

spreading properties. [82,83] 
Hydroxypropyl Methylcellulose (HPMC / 

Hypromellose) 
Chemical Profile: Hydroxypropyl 

methylcellulose (HPMC) is a non-ionic, semi-
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synthetic derivative of cellulose and is extensively 

used as pharmaceutical polymer and viscosity 

enhancing agent. 
Mechanism of Gelation: HPMC hydrates in 

water media and makes a viscous polymeric system 

and increases the viscosity and consistency of the 

formulation. 
Key features: HPMC has been extensively 

used in the preparation of hydrogels and in situ gels 

. It is important for the viscosity and rheological 

properties of pharmaceutical formulations. [82,83] 

 
Gum Xanthan  

Chemical Profile: Xanthan gum is a natural 

high molecular weight polysaccharide which is used 

as thickening, stabilising and gelling agent in 

pharmaceutical preparations. 
Gelation mechanism: Xanthan gum 

dispersed in water hydrates to a viscous structured 

polymeric system and gelates, giving higher 

viscosity. 
Key features: Xanthan gum can be used to 

modify the viscosity and rheological behaviour of 

hydrogel formulations and to contribute to their 

physical stability and spreading characteristics. [82] 
Sodium alginates 

Chemical Profile: Sodium alginate is a 

natural polyanionic polysaccharide made up of β-D-

mannuronic acid (M) and α-L-guluronic acid (G) 

residues and has been extensively studied for 

pharmaceutical and drug delivery applications. 
Gelation mechanism: Sodium alginate is 

ionotropically gelled in the presence of divalent 

cations, especially calcium ions (Ca 2+ ) . They 

react with the alginate chains to form a cross-linked 

gel network. 
Key features: Sodium alginate is 

biodegradable and biocompatible and has been 

widely studied for cross-linked gels, controlled drug 

delivery methods, encapsulation, and other 

pharmaceutical drug delivery applications. [82,84] 

 
XIII. SELECTION OF EXCIPIENTS FOR 

POLYHERBAL ANTI-ACNE GEL 

FORMULATION 
Choosing the right excipients is a vital 

aspect of creating topical herbal gels, as they greatly 

affect the final product's physical stability, viscosity, 

spreadability, drug release, skin absorption, 

microbial stability, cosmetic appeal, and therapeutic 

effectiveness. Although excipients are generally 

deemed pharmacologically inactive, they are crucial 

for effectively delivering herbal phytoconstituents to 

their intended site. In the case of topical anti-acne 

formulations, excipients need to be non-toxic, non-

irritating, non-comedogenic, chemically compatible 

with the herbal extracts, and stable across a broad 

pH range. Additionally, they should maintain the 

biological activity of phytochemicals and improve 

patient compliance by offering a pleasant sensation 

on the skin and facilitating ease of 

application.[85,86] 

 
Carbopol 934 

Carbopol 934 is a high molecular weight 

synthetic polymer, a crosslinked polyacrylic acid, 

commonly used as a gelling agent in topical 

pharmaceutical preparations. It is highly favored for 

herbal gels due to its ability to create clear, smooth, 

and transparent hydrogels at low concentrations 

(between 0.5% and 2.0% w/w). When neutralized 

with triethanolamine, Carbopol 934 expands in 

water, resulting in a three-dimensional gel structure 

that evenly incorporates herbal extracts. This 

polymer demonstrates pseudoplastic (shear-

thinning) properties, which facilitate easy 

application while maintaining sufficient viscosity on 

the skin. Moreover, it offers excellent bioadhesion, 

which extends the duration that active ingredients 

remain effective and boosts therapeutic outcomes. 

Carbopol 934 is also compatible with most herbal 

extracts, remains stable within the pH range suitable 

for topical products, and enhances drug release, 

spreadability, and the overall physical stability of 

herbal gels. Its main roles include acting as a gelling 

agent, enhancing viscosity, serving as a sustained 

drug-release matrix, improving spreadability, and 

stabilizing formulations.[89] 

 
Propylene glycol 

Propylene glycol is commonly utilized in 

topical pharmaceutical formulations for its roles as a 

humectant, cosolvent, and penetration enhancer. It 

enhances the solubility of phytoconstituents that do 

not dissolve well in water and ensures their even 

distribution within the gel matrix. By moisturizing 

the stratum corneum and temporarily modifying its 

lipid composition, propylene glycol boosts skin 

permeability, promoting the transdermal and 

follicular absorption of active ingredients. In herbal 

anti-acne gels that contain carbazole alkaloids, 

flavonoids, tannins, and phenols, it increases the 

local concentration of these bioactive components at 

the pilosebaceous unit. Furthermore, propylene 

glycol helps maintain the gel's moisture during 

storage and post-application, thus enhancing the 

stability of the formulation. Its main roles include 
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serving as a penetration enhancer, humectant, 

solvent, and moisture-retaining agent.[90] 
Glycerin 

Glycerin is a trihydric alcohol widely used 

as a humectant, moisturizer, and skin-conditioning 

agent. It attracts and retains water within the stratum 

corneum, helping to maintain adequate skin 

hydration and preserve the skin barrier. In anti-acne 

gels, where active ingredients may cause excessive 

dryness and irritation, glycerin helps minimize these 

effects while improving skin comfort. It also 

enhances the smoothness and spreadability of the 

gel, providing a non-greasy feel without clogging 

pores.[87,90] 

 
Triethanolamine  

Triethanolamine (TEA) is commonly 

employed in topical medicinal products as a 

pH regulator and neutralizing component. In 

gels made from Carbopol, TEA interacts with the 

acidic carboxyl groups of Carbopol 934, leading 

to the expansion of the polymer chains and the 

creation of a stable three-dimensional 

hydrogel. Additionally, it modifies the 

formulation's pH to around 5.5 to 6.5, 

which aligns with the natural pH of the 

skin, reduces irritation, and aids in preserving the 

stability of herbal constituents.[88] 

 
Preservatives  

Methyl paraben and propyl paraben are 

commonly used preservatives in herbal topical 

products to prevent microbial growth and increase 

the shelf life of these products. Herbal extracts 

are especially vulnerable to bacterial proliferation 

due to the presence of organic nutrients, 

including sugars and proteins. Methyl paraben is 

known for its 

strong antibacterial properties, while propyl 

paraben shows a more 

potent antifungal action. When these 

two preservatives are combined, they deliver 

comprehensive defense against bacteria, yeast, 

and mold, allowing for each to be used at reduced 

levels, thus preserving the 

microbiological integrity and stability of the 

formulation during its storage period.[90] 

 

 
Disodium EDTA 

Disodium EDTA is often added to topical 

drug formulations as a chelator to improve the 

stability of plant-based products. It attaches 

to trace metals, such as copper and iron, which 

can initiate the oxidation process of sensitive 

compounds like polyphenols and flavonoids 

found in herbal extracts. By inhibiting metal-

induced oxidation, Disodium EDTA contributes to 

maintaining both the stability and effectiveness of 

the product. Furthermore, 

it boosts the performance of antimicrobial 

preservatives by compromising bacterial cell 

walls, which enhances the overall effectiveness of 

the preservatives. Its main roles encompass 

serving as a chelating agent, stabilizing antioxidants, 

and enhancing preservatives.[90] 

 
PurifiedWater 

Purified water acts as the main medium in 

hydrogel compositions. It moisturizes Carbopol, 

dissolves excipients that are soluble in water, 

and guarantees even distribution of herbal 

extracts. Using purified water of 

pharmacopeial quality is crucial to reduce the risk 

of microbial contamination and to 

avoid degradation caused by dissolved impurities or 

metal ions.[90] 

 
XIV. EXTRACTION METHODS 

Extraction is a significant step in herbal 

product formulation process, as it isolates 

biologically active compounds that are responsible 

for therapeutic effects from raw plant materials. The 

extraction process efficiency is of great importance 

for the quality, yield, chemical composition, 

biological activity and stability of the final herbal 

product. The extraction process, for use in products 

for the treatment of acne, should retain 

antimicrobial, anti-inflammatory, antioxidant and 

wound-healing properties, while reducing the 

degradation of heat-sensitive compounds.[92] 
Factors determining the selection of 

extraction technique include part of plant used, type 

of phytoconstituents, polarity of solvent, 

temperature, time of extraction, particle size, ratio of 

solvent to extract and specific pharmaceutical use. 

By properly adjusting these factors, the maximum 

recovery of active compounds can be achieved, 

while preserving their biological properties.[93] 

 

 

 
Principles of Herbal Extraction 

Herbal extraction is based on the concept 

that due to the differences in concentration and the 

affinity of the solvent, bioactive compounds from 

the plant are released from the cells into a suitable 

solvent. During extraction, the solvent penetrates the 
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plant material, dissolving the internal components 

and transferring them to the extraction liquid. [94] 
A perfect extraction method should 

enhance the output of active plant chemicals while 

reducing the breakdown of compounds sensitive to 

heat, avoiding contamination from microbes or 

chemicals, generating an extract that is reproducible 

with uniform quality, and being cost-effective 

alongside being appropriate for large-scale 

manufacturing.[94] 

 
XV. METHODS OF EXTRACTION 

Maceration 
In pharmacognosy, maceration is a 

straightforward and popular extraction technique for 

extracting active phytoconstituents from plant 

materials. This approach involves soaking powdered 

plant material in an appropriate solvent, usually at 

room temperature, so that the solvent can dissolve 

the desired chemicals by penetrating the plant 

tissues. Diffusion and osmosis are the two basic 

processes involved. Regular agitation increases 

extraction efficiency and solvent penetration.[94] 
A suitable solvent, such as water, ethanol, 

methanol, or hydroalcoholic mixtures, is typically 

combined with dried plant material in a coarse 

powder form at a plant-to-solvent ratio of roughly 

1:5–1:20 w/v. After the mixture is left for 24 to 7 

days, the extract is filtered and concentrated. 

Solvent type, particle size, solvent-to-solid ratio, 

extraction time, agitation, and temperature are some 

of the variables that affect extraction efficiency. [94] 
 Maceration has been used extensively to 

extract medicinal plants like Murraya koenigii, 

Azadirachta indica, Ocimum sanctum, Aloe vera, 

and Punica granatum peel for pharmaceutical, 

nutraceutical, and cosmetic applications. It is 

inexpensive, simple, and versatile, making it useful 

in laboratory and industrial applications. However, 

it requires longer extraction times and larger 

amounts of solvent and may provide lower 

extraction efficiency than advanced techniques like 

ultrasound-assisted and microwave extraction.[94] 

 
Extraction of Soxhlet 

Franz von Soxhlet developed the traditional 

solid-liquid extraction technique known as Soxhlet 

extraction in 1879. Bioactive chemicals from 

medicinal plants are frequently extracted using this 

method. The process uses siphoning and constant 

solvent reflux. In order to enable repeated contact 

between the fresh solvent and the powdered plant 

material, the solvent is heated, evaporated, and 

condensed over the plant material. After that, the 

dissolved phytoconstituents are automatically 

returned to the boiling flask.[92]                                 

Using a suitable solvent and continuous reflux, the 

powdered plant material is extracted using this 

method in an extraction thimble. A rotary 

evaporator is typically used to remove or 

concentrate the solvent after extraction. Solvent 

type, temperature, extraction duration, particle size, 

solvent volume, and number of extraction cycles are 

some of the variables that affect Soxhlet extraction 

efficiency.Soxhlet extraction is frequently utilized in 

pharmacognosy, herbal medication research, natural 

product studies, nutraceuticals, food analysis, and 

cosmetic research because it offers effective and 

repeatable recovery of phytoconstituents. However, 

its use for heat-sensitive chemicals may be limited 

by extended heating, increased energy consumption, 

and the usage of significant volumes of organic 

solvents.[92] 

 
Percolation 

Percolation is a common extraction 

technique where a suitable solvent is passed by 

gravity through a column packed with coarse 

powder of plant material. This method differs from 

maceration with the use of continuous flow of fresh 

solvent and formation of high concentration gradient 

thereby increasing the efficiency of extraction of 

bioactive phytoconstituents. The underlying 

principles governing this process encompass 

diffusion, osmosis, and continuous solvent 

displacement. During percolation, the solvent 

infiltrates the plant tissue, solubilizes intracellular 

compounds, and subsequently transports these 

solutes as part of the percolate. The procedural 

framework for percolation involves several critical 

steps: the initial moistening of the powdered drug, 

the uniform packing of the material within a 

percolator, a brief period of maceration, followed by 

the continuous flow of solvent, filtration, and the 

concentration of the resultant extract. The extraction 

efficiency of this method is contingent upon various 

factors, including particle size, solvent polarity, 

packing density, flow rate, solvent-to-drug ratio, and 

the duration of moistening. When compared to 

maceration, percolation demonstrates superior 

extraction efficiency, reduced extraction duration, 

and enhanced yield, which renders it a prevalent 

technique within the pharmaceutical industry for the 

preparation of tinctures, fluid extracts, herbal 

extracts, and standardized botanical products. 

Nonetheless, it necessitates specialized equipment 

and is not ideally suited for plant materials that 

exhibit significant swelling or are rich in mucilage, 
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as these characteristics may impede the flow of the 

solvent.[95] 

 
Decoction 

A traditional aqueous extraction technique 

called decoction is mostly utilized for hard plant 

materials such fruit peels, roots, bark, rhizomes, 

seeds, and stems. In order to soften the plant tissues 

and promote the release of water-soluble 

phytoconstituents, the plant material is boiled in 

water. The plant material is usually cooked for 15 to 

60 minutes in distilled water at a ratio of roughly 

1:10 to 1:20 w/v. After that, the extract is filtered, 

cooled, and concentrated as needed.                        

Temperature, boiling time, particle size, plant-to-

solvent ratio, and the type of plant material all affect 

how well a decoction works. Water-soluble 

substances such tannins, glycosides, 

polysaccharides, phenolic compounds, and some 

flavonoids can be extracted using it. Traditional 

medicine and herbal preparations including syrups, 

mouthwashes, and nutraceuticals frequently use 

decoction.[94] 
The process is straightforward, affordable, 

and eco-friendly. However, non-polar components 

are typically weakly removed by water, and 

extended heating may break down volatile or heat-

sensitive chemicals.[94] 

 
Infusion                                                     

A traditional aqueous extraction technique 

called infusion involves adding hot or boiling water 

to soft plant materials, like leaves, flowers, sensitive 

stems, and soft fruits, and letting them steep without 

boiling for an extended period of time. The 

extraction of water-soluble phytoconstituents is 

made easier by the penetration of hot water into 

plant tissues.[95] 
The plant material is typically steeped for 

10 to 30 minutes after being combined with hot 

water at a ratio of roughly 1:10 to 1:20 w/v. The 

extract is next filtered after the vessel is typically 

covered to reduce the loss of volatile components. 

Water temperature, steeping period, particle size, 

solvent-to-drug ratio, and plant material are some of 

the variables that affect extraction efficiency.[95] 
Flavonoids, phenolic acids, glycosides, 

water-soluble vitamins, and amino acids can all be 

extracted using infusion. Herbal teas, drinks, 

nutraceuticals, medicinal preparations, and 

cosmetics frequently contain it. Compared to 

decoction, the procedure is straightforward, 

affordable, and somewhat appropriate for 

components that are heat-sensitive. It is less 

appropriate for hard plant materials or compounds 

that need a lot of extraction, and it is mostly 

restricted to water-soluble compounds.[95] 

 
Ultrasound-Assisted Extraction (UAE) 

Ultrasound-Assisted Extraction (UAE) is a 

contemporary green extraction method that 

enhances the extraction of bioactive chemicals from 

plant materials by using high-frequency ultrasonic 

vibrations, typically in the range of 20–100 kHz. 

The technique primarily uses acoustic cavitation, in 

which ultrasonic pulses create tiny bubbles that 

burst and produce shear and pressure forces. These 

effects increase the release of phytochemicals, break 

down plant cell walls, and boost solvent 

penetration.[96]                                   Typically, 

powdered plant material is combined at a ratio of 

roughly 1:10–1:20 w/v with an appropriate solvent, 

such as water, ethanol, or hydroalcoholic 

combinations. After sonicating the combination for 

10 to 60 minutes at a frequency of 20 to 40 kHz, the 

extract is filtered and concentrated. Particle size, 

solvent type, temperature, ultrasonic frequency and 

power, extraction duration, and solvent-to-drug ratio 

are some of the variables. Shorter extraction times, 

lower solvent usage, higher extraction yields, and 

better preservation of heat-sensitive chemicals are 

just a few benefits that UAE provides over 

traditional extraction techniques. For usage in 

pharmaceutical, herbal, cosmetic, and nutraceutical 

applications, it can be used to extract phenolics, 

flavonoids, alkaloids, tannins, terpenoids, essential 

oils, antioxidants, and polysaccharides. However, 

UAE calls for certain equipment, and extended 

treatment or high ultrasonic power can degrade 

delicate phytoconstituents.[96] 

 
Microwave-Assisted Extraction (MAE) 

A contemporary green extraction method 

called Microwave-Assisted Extraction (MAE) 

quickly heats the solvent and plant material using 

microwave energy, typically at 2.45 GHz. The 

technique is based on microwave dielectric heating, 

where heat is produced by polar molecules and ions 

via ionic conduction and dipole rotation. This quick 

heating enhances the release and diffusion of 

phytochemicals into the solvent, breaks down plant 

cell walls, and raises cell pressure.[98] 
 An appropriate solvent, such as water, 

ethanol, methanol, or hydroalcoholic combinations, 

is often combined with dried powdered plant 

material at a ratio of roughly 1:10–1:20 w/v. After 

the combination is exposed to radiation, usually at 

200–800 W for 5–30 minutes, the extract is filtered 
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and concentrated. Microwave power, extraction 

duration, solvent type, temperature, particle size, 

solvent-to-drug ratio, and moisture content all affect 

extraction efficiency.                                 When 

compared to traditional procedures, MAE offers 

benefits like increased extraction efficiency, shorter 

extraction times, lower solvent consumption, and 

better bioactive component recovery. In 

pharmaceutical, herbal, cosmetic, and nutraceutical 

research, it is frequently used to extract flavonoids, 

phenolics, alkaloids, tannins, glycosides, essential 

oils, polysaccharides, and antioxidants. However, 

MAE necessitates specialist equipment, and heat-

sensitive phytoconstituents may be degraded by 

prolonged irradiation or excessive microwave 

power.[99] 

 
Supercritical Fluid Extraction (SFE) 

Supercritical Fluid Extraction (SFE) is a 

contemporary green extraction method that extracts 

bioactive chemicals from plant materials using a 

supercritical fluid, primarily carbon dioxide (CO₂). 

CO2 exhibits both liquid-like solvent characteristics 

and gas-like diffusivity beyond its critical 

temperature (31.1°C) and pressure (73.8 bar), 

enabling it to effectively extract phytochemicals 

from plant tissues.[97] 
A tiny amount of a polar co-solvent, 

usually ethanol, may be added to increase the 

extraction efficiency of polar molecules like 

flavonoids and phenolics. Typically, a high-pressure 

extraction vessel is filled with powdered plant 

material, and the sample is exposed to supercritical 

CO2 for a predetermined amount of time. After that, 

the extract is separated by lowering the pressure, 

which enables CO2 to revert to its gaseous 

condition.[97]                                                  

Pressure, temperature, CO2 flow rate, particle size, 

extraction time, co-solvent concentration, and 

moisture content are some of the variables that 

affect SFE's efficiency. High selectivity, effective 

extraction, minimal heat degradation, and simple 

extraction solvent removal are some benefits of 

SFE. In pharmaceutical, cosmetic, nutraceutical, and 

food applications, it is frequently used to extract 

essential oils, terpenoids, lipids, fatty acids, 

carotenoids, steroids, flavonoids, phenolics, and 

natural antioxidants. However, the process is 

inefficient for highly polar compounds without a co-

solvent and necessitates costly high-pressure 

equipment and skilled workers.[97] 

 
XVI. FORMULATION DEVELOPMENT OF 

POLYHERBAL GEL 

In order to guaranty a dosage form's safety, 

stability, effectiveness, and patient acceptance, 

formulation development is a methodical procedure 

[100]. Choosing appropriate herbal extracts based 

on their medicinal efficacy, compatibility, and 

intended usage for skin care applications is the first 

stage in creating a polyherbal gel [101]. To ensure 

constant quality and bioactive content throughout 

the formulation process, the chosen herbal 

constituents are subsequently standardized [102].  

 

To achieve the required gel consistency and 

spreadability, an appropriate gelling agent, such as 

Carbopol 940, Hydroxypropyl Methylcellulose 

(HPMC), or other natural polymers, is added [103]. 

The herbal extracts are progressively combined with 

the gel base while being constantly stirred after 

being dissolved or dispersed in the proper solvent 

system[104]. To maintain skin compatibility and 

improve patient comfort during application, pH 

correction is done using appropriate neutralizing 

agents [105]. 
A number of physicochemical factors, 

including as appearance, homogeneity, viscosity, 

spreadability, extrudability, and drug content, are 

assessed during formulation development [106]. 

These features are crucial in defining the gel 

formulation's performance and quality [107]. To 

evaluate changes in color, odor, pH, and consistency 

over time, stability tests are also carried out under 

various storage settings [108]. 
Additionally, in vitro drug release studies 

aid in predicting the therapeutic efficacy of active 

ingredients by identifying their release pattern from 

the gel matrix [109]. 
greater patient compliance, increased 

bioavailability, and greater medication penetration 

are all guarantyd by formulation variable 

optimization [110]. A well-made polyherbal gel is a 

potential dosage form for dermatological and 

cosmetic applications because it provides the 

benefits of targeted drug distribution, less systemic 

adverse effects, simplicity of administration, and 

sustained therapeutic activity [111]. 

 
XVII. EVALUATION AND 

CHARACTERIZATION OF HERBAL 

GELS 
1. PHYSICOCHEMICAL ASSESSMENT 
1.1 pH Value 

The pH of the formulated polyherbal 

antifungal gels ranged from 5.5 to 6.5, which was 

considered suitable for topical application. This pH 

range was very similar to the natural pH of human 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 5, Sep.-Oct.2026, pp:108-137 www.ijprajournal.com ISSN:2456-4494 

                                     

 

 

 

DOI: 10.5281/zenodo.22706026    | Impact Factor value 7.429   ISO 9001: 2008 Certified Journal        Page 127 

skin and decreased the chance of skin irritation, the 

authors said [113]. Similarly, the pH values of all 

the nystatin loaded novasomal gel preparations were 

found to be in the physiologically acceptable range 

of 5.5-7.0 for topical application indicating their 

suitability and safety for application on skin . [114].  
 

1.2. Viscosity 
The viscosity of the gel determines the 

flow behavior, the residence time on the applied 

surface and the rate of drug release and is typically 

measured using a Brookfield (cone and plate or 

spindle) viscometer at a controlled temperature 

[115]. The viscosity of herbal gel formulations is 

stated to be varied depending upon the type and 

concentration of gelling agent used. Herbal gels 

based on carbopol have been reported to have 

viscosity values about 4.3-4.7 Pa.s [116] while 

Polyherbal antifungal gel formulations showed 

apparent viscosity in the range of 3455.98 to 

4614.96 cP [113]. Nystatin loaded novasomal gels 

showed viscosity in the range of 3900–4510 cP 

[114].  

 
1.3 Spreadability 

Different gelling agents can affect the 

spreadability of gels. In one herbal gel study, 

xanthan gum-based gels showed better spreadability 

than Carbopol- and HPMC-based gels [115]. 

Spreadability is a measure of the extent to which a 

gel readily spreads over the skin upon application 

and can influence dose uniformity and patient 

acceptability It is usually assessed by the parallel-

plate (slip-and-drag) method, by measuring the 

distance of gel spread under a given load and time 

[112]. good spreadability depends on the proper 

balancing of viscosity, elasticity and type and 

concentration of polymer used in the formulation 

[112]. In a study of polyherbal gel spreadability was 

found to be 16-19 mm [116]. Also, spreadability 

values of 5.4-6.84 cm were shown by polyherbal 

antifungal gel cm [113]. 

 

 
1.4 Extrudability  

Extrudability is the force required to 

extrude the gel from its collapsable tube and is an 

important practical measure of consumer usability 

and packaging compatibility [112]. A well 

formulated gel should extrude smoothly and with 

minimal force. One herbal gel formulation had 

extrudability values ranging from about 917 to 1087 

g/cm 2 indicating good performance [116] and a 

polyherbal antifungal gel required about 3.5-4.5 kg 

force for extrusion [113]. The comparative 

formulation studies showed that the gels based on 

xanthan gum had good extrudability, while the gels 

based on Carbopol 934 and HPMC K100M had 

satisfactory extrudability [115]. 

 
2. STUDIES OF STABILITY 

Stability studies are very important for the 

determination of shelf life of herbal gel and to 

ensure that the physicochemical and microbiological 

properties of herbal gel are within acceptable limits 

under specified storage conditions. Stability studies 

of herbal gels can be conducted at different 

temperature and relative humidity conditions with 

periodical estimation of parameters such as 

appearance, pH, viscosity, spreadability, 

extrudability and drug or marker compound content 

[117,118]. The stability of the developed topical 

herbal gel for its anti-arthritic activity was evaluated 

as per ICH guidelines for a period of six months 

under different temperature and relative-humidity 

conditions. The formulation was homogenous and 

stable and showed no significant changes in colour, 

odour, pH, viscosity or net content during the study 

period [117].  
Also accelerated stability protocols such as 

freeze–thaw cycling have been used for herbal gels 

where formulations are cycled between refrigerated 

and elevated-temperature storage and their 

physicochemical properties re-evaluated. The herbal 

gel formulation was subjected to six freeze thaw 

cycles with storage at 4°C for 24 h followed by 

storage at 30°C for 24 h. After completion of the 

cycles, the physicochemical properties of the 

formulations were evaluated and compared with the 

freshly prepared formulations [119]. 

 
3. COMPATIBILITY STUDIES OF FTIR 

Drug-excipient or extract-excipient 

compatibility studies are an important part of the 

preformulation stage as interactions between an 

active pharmaceutical ingredient and excipients may 

influence the chemical stability, bioavailability, 

therapeutic efficacy and safety of the final 

formulation [120].  
Fourier-transform infrared (FTIR) 

spectroscopy is a rapid screening technique widely 

used for the assessment of drug-excipient 

compatibility, and can be combined with techniques 

such as differential scanning calorimetry (DSC) to 

identify potential physical or chemical interactions . 

[120,123]. 
In FTIR compatibility studies, the spectra 

of the pure drug or extract, individual excipients and 
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their physical mixtures are compared; the 

preservation of the characteristic absorption bands 

of the drug without significant changes is often 

indicative of absence of detectable incompatibility 

[121,122]. 
Drug excipient compatibility of cilostazol 

with microcrystalline cellulose, crospovidone, 

magnesium stearate, isopropyl alcohol, sodium 

lauryl sulphate, polyvinylpyrrolidone k30 and maize 

starch was done by FTIR and DSC. The FTIR 

characteristic peaks of cilostazol were still observed 

and the results of DSC showed no significant 

incompatibility between cilostazol and the 

excipients tested [121]. 
FTIR has been used in topical 

nanoemulsion-gels also. ATR-FTIR was used to 

study the compatibility of methotrexate with 

polymers and excipients in methotrexate loaded 

nanoemulsion formulation and analysis was used to 

rule out potential incompatibilities in formulation 

[122]. 
Overall these studies show that FTIR based 

compatibility screen is a useful preformulation 

approach for detection of potential drug-excipient 

interactions and can be complemented with thermal 

and structural techniques such as DSC and X-ray 

diffraction (XRD), as appropriate 

[120,121,122,123]. 
 

4. ANTIOXIDANT ACTIVITY ASSAYS 
4.1 DPPH test 

2,2-Diphenyl-1-picrylhydrazyl (DPPH) 

radical scavenging assay is one of the most common 

methods used for the evaluation of antioxidant 

activity of plant extracts and herbal formulations: 

The assay is based on the reduction of stable DPPH 

radical by antioxidant compounds that can donate 

hydrogen atoms or electrons, resulting in a decrease 

in absorbance, usually measured 

spectrophotometrically at about 517 nm. Besides the 

assessment of sun-protection potential, the 

antioxidant potential of ethno-medicinal plants 

traditionally used for management of skin infections 

has been evaluated by DPPH radical scavenging 

activity [124].   

 
4.2 ABTS Test 

The 2,2’-azino-bis(3-ethylbenzothiazoline-

6-sulfonic acid) (ABTS) radical cation 

decolourisation assay is often used in conjunction 

with DPPH for the determination of antioxidant 

activity and can be used for a wide range of 

antioxidant compounds in plant extracts. In the 

phytochemical and pharmacological characterisation 

of Combretum collinum leaf extracts, antioxidant 

activity was investigated using DPPH and ABTS 

assays and benchmarked against reference 

standards. The principal compounds of the 

hydrophilic extracts responsible for the antioxidant 

activity were the flavonoid glycosides myricetin-3-

O-rhamnoside and myricetin-3-O-glucoside [126]. 
 

5. ANTIMICROBIAL STUDIES  
               Antimicrobial evaluation is an important 

parameter in characterization of herbal gels which 

are intended for management of microbial 

associated skin disorders like acne. The test is to 

determine the retention of the antimicrobial activity 

of the incorporated plant extracts after incorporation 

into the gel matrix. The microorganisms most often 

studied are Staphylococcus aureus, Staphylococcus 

epidermidis, Escherichia coli, Pseudomonas 

aeruginosa and other relevant bacterial or fungal 

strains depending on the application in 

mind.[127,128]. Agar well diffusion method is 

commonly used for initial screening of herbal gel 

formulations for antimicrobial activity. The method 

involves seeding a standard suspension of microbes 

on a suitable agar medium and then placing a 

measured amount of the herbal gel in wells made in 

the agar. The zone of inhibition (ZOI) around each 

well is measured in millimeters after incubation 

under appropriate conditions. The size of the 

inhibition zone is generally proportional to the 

degree of antimicrobial activity under test 

conditions.[127,129]. Proper controls should be 

used to distinguish between the activity of the gel 

base and that of the herbal extracts. The plain gel 

formulation can be used as a negative control and a 

suitable standard antimicrobial agent can be used as 

a positive control. In a reported study on polyherbal 

gel, larger zones of inhibition were produced with 

the formulated gels as compared to the gel base 

indicating that the antimicrobial activity was 

associated with the incorporated herbal 

extracts.[127]. The antimicrobial activity may vary 

with type and concentration of plant extract, 

phytochemical constituents, tested microorganism, 

gel diffusion characteristics, polymer concentration 

and properties of the formulation . Hence, the 

antimicrobial activity is studied along with other 

characterization parameters such as pH, viscosity, 

spreadability, homogeneity, drug/extract content and 

stability.[127,128]. The antimicrobial evaluation of 

the herbal gels for acne gives supportive evidence 

for the potential of the formulation against 

microorganisms related to acne and skin infections. 

However, in-vitro inhibition zones should not be 
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used as an indication of clinical efficacy and further 

quantitative, safety and clinical studies are 

required.[129] 

 

XVIII. THERAPEUTIC OUTCOMES OF 

HERBAL ANTI-ACNE GELS 
Herbal anti-acne gels have shown 

promising therapeutic effects through multiple 

mechanisms including antibacterial, anti-

inflammatory, antioxidant, sebostatic and wound 

healing activities. Clinical and formulation studies 

have reported decreases in inflammatory lesions, 

papules, pustules, and comedones with generally 

good patient tolerance and fewer local adverse 

effects such as erythema and irritation. Formulations 

containing herbal ingredients such as Aloe vera, 

Azadirachta indica, Camellia sinensis, Nigella 

sativa, tea tree oil, and various polyherbal 

combinations have shown potential to improve acne 

lesions and support skin healing.[130] 
The therapeutic benefits of these 

formulations may be due to the synergistic effects of 

the phytochemical constituents. Antimicrobial and 

anti-inflammatory properties of antioxidant 

compounds may also contribute to reducing 

oxidative stress, which has been associated with 

acne development and inflammation. By limiting 

oxidative damage and supporting tissue repair, these 

compounds may contribute to faster lesion healing 

and potentially reduce the severity of post-

inflammatory changes. However, although these 

encouraging findings are promising, the available 

evidence is still mostly concentrated on mild-to-

moderate acne and further long-term clinical studies 

are needed to confirm the safety and effectiveness of 

the herbal anti-acne preparations.[130] 
Using metrics including the number of 

inflammatory and non-inflammatory lesions, sebum 

production, acne severity, and quality of life, a 

systematic review assessed research on herbal and 

phytochemical treatments for acne vulgaris. Studies 

with human participants were included in the 

review; studies with animals, unidentified 

therapeutic compositions, non-herbal treatments 

used outside of the study intervention, or 

participants with other dermatological conditions 

that might affect treatment results were not. Of the 

34 studies that were considered, three looked at 

particular phytochemicals, nine assessed 

combinations of various herbal medicines, and 

twenty-two analyzed single herbal concoctions. The 

most often studied method was topical 

administration, which was followed by oral 

administration and topical and oral techniques 

combined.[130] 
A variety of clinical outcomes were 

evaluated in the studies, such as the decrease in the 

quantity and size of acne lesions, the time needed to 

attain a 50% reduction in lesions, sebum production, 

acne severity, porphyrin production, global clinical 

assessment, patient-reported outcomes, and quality 

of life. The tolerability of the examined therapies 

might be taken into account in addition to their 

therapeutic efficacy because adverse effects were 

recorded in 26 out of the 34 included studies.[130] 
With respect to inflammatory lesions, all 

studies evaluating this outcome reported a reduction 

from baseline in the groups receiving herbal 

interventions, although statistical significance was 

observed in 14 studies. 16 of the 19 controlled trials 

evaluating this result showed a statistically 

significant decrease in inflammatory lesions when 

compared to the corresponding control groups. 

When compared to placebo or control therapies, a 

number of herbal and phytochemical interventions, 

such as Laminaria digitata, Camellia sinensis, 

Berberis vulgaris, Aloe vera, Garcinia mangostana, 

and epigallocatechin 3-gallate (EGCG), showed 

notable decreases in inflammatory lesions. Similar 

findings were reported with Lactobacillus-fermented 

Camellia obtusa, further supporting the potential of 

plant-derived and phytochemical-based 

interventions in reducing acne-associated 

inflammation.[130] 
Overall, the available clinical evidence 

indicates that herbal anti-acne gels may provide 

meaningful benefits through multiple 

complementary mechanisms while maintaining 

favourable tolerability. However, direct 

comparisons between trials are challenging because 

to variations in plant species, extract composition, 

concentrations, formulations, treatment duration, 

and outcome measures. Therefore, to evaluate the 

genuine therapeutic effectiveness of herbal anti-acne 

gels and their proper role in conjunction with 

conventional acne medications, standardized 

formulations and bigger, well-controlled clinical 

trials are required.[130] 

 
XIX. CLINICAL EVIDENCE 

The clinical evidence supporting herbal 

interventions for acne has been further strengthened 

by systematic reviews of randomized clinical 

studies. According to a 2022 systematic analysis 

that included 34 randomized clinical studies and 

1,753 people, herbal remedies could considerably 

lessen the severity of acne as well as both 
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inflammatory and non-inflammatory lesions. 

Several herbal formulations demonstrated 

therapeutic effects comparable to conventional 

topical treatments, while generally being associated 

with fewer or milder adverse effects.[130] However, 

the authors also highlighted important limitations in 

the available evidence, particularly the considerable 

variation in herbal preparations, treatment duration, 

outcome measures, and methodological quality 

among the included studies. These differences make 

it difficult to directly compare individual herbal 

formulations and limit the strength of conclusions 

regarding their overall clinical effectiveness.[130] 
More recent evidence has also highlighted 

the potential of hydrogel-based delivery systems for 

acne management. A 2025 systematic review 

evaluating hydrogel formulations, including herbal 

hydrogels, and involving 3,654 participants reported 

clinically meaningful reductions in acne lesions, 

together with favourable safety and patient 

tolerability profiles.[130] The findings suggest that 

hydrogels may provide an effective platform for 

delivering herbal and other bioactive compounds to 

the skin while maintaining good patient 

acceptability. However, more high-quality clinical 

trials are required to establish standardized 

formulations, ascertain the long-term efficacy of 

herbal hydrogels, and elucidate their relative 

advantages over well-established anti-acne 

treatments.[130] 

 
XX. COMPARATIVE ANALYSIS WITH 

CONVENTIONAL PRODUCTS 
According to recent comparative research, 

herbal anti-acne gels are often better tolerated and 

can have therapeutic efficacy comparable to 

traditional topical therapies, especially for mild-to-

moderate acne. Adverse effects like dryness, 

erythema, peeling, and photosensitivity are 

frequently linked to conventional products 

containing benzoyl peroxide, topical retinoids, 

clindamycin, or adapalene. Prolonged use of topical 

antibiotics may potentially lead to antimicrobial 

resistance. On the other hand, with less local side 

effects, herbal formulations may have multiple 

pharmacological effects at once, such as 

antibacterial, anti-inflammatory, antioxidant, and 

wound-healing properties.[131]  
In comparison to traditional cream or gel 

carriers, hydrogel-based herbal formulations have 

also demonstrated benefits such enhanced skin 

hydration, longer active ingredient residence time at 

the application site, increased patient acceptance, 

and less discomfort.[131] 
Despite these promising findings, 

conventional anti-acne treatments remain more 

strongly supported by large-scale randomized 

clinical trials and standardized regulatory 

approval.[131] 

Parameter Herbal Anti-acne Gels Conventional Products 
Antibacterial action Multi-target phytochemicals Mainly antibiotics/BPO 
Anti-inflammatory activity High Moderate 
Skin irritation Low Moderate to High 
Antibiotic resistance Minimal concern Major concern with prolonged 

antibiotic use 
Clinical evidence Moderate Strong 
Long-term safety Favorable May cause irritation and resistance 

While benzoyl peroxide often has a quicker 

onset of effect, studies on tea tree oil have generally 

indicated that it is equivalent to benzoyl peroxide in 

decreasing inflammatory acne lesions. However, 

compared to patients receiving benzoyl peroxide, 

those treated with tea tree oil reported fewer adverse 

effects, such as dryness, irritation, burning, and 

flushing. According to these results, tea tree oil has 

antibacterial and anti-inflammatory qualities, which 

makes it a viable substitute for traditional therapies 

for mild-to-moderate acne vulgaris. It may also be a 

good choice for treating acne that is resistant to 

therapy due to its broad-spectrum antibacterial 

activity. Its potential application in the treatment of 

acne vulgaris is further supported by its absence of 

teratogenicity and comparatively low incidence of 

side effects.[130] 

 

 
XXI. CHALLENGES IN HERBAL GEL 

DEVELOPMENT 
According to recent research, a number of 

formulation-related issues limit the therapeutic 

application of herbal anti-acne gels. Plant extracts' 

phytochemical makeup might differ significantly 

based on a number of variables, including storage 

conditions, extraction techniques, harvesting 

procedures, and place of origin. Many 

phytoconstituents also have limited skin penetration, 

poor water solubility, chemical instability, and 

susceptibility to oxidation. Inadequate 

standardization of herbal extracts may further result 

in variations in therapeutic outcomes between 
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studies. In addition, commercialization can be 

hindered by challenges related to manufacturing 

scalability, quality control, microbiological 

contamination, preservation of bioactive 

compounds, and differences in regulatory 

requirements. Therefore, future research should 

focus on improving formulation stability, 

developing validated analytical methods, 

standardizing extraction procedures, and conducting 

comprehensive clinical evaluations to support the 

effective development of herbal anti-acne gels.[132] 

 
XXII. REGULATORY CONSIDERATIONS 

Because herbal anti-acne gels contain many 

bioactive compounds rather than a single designated 

active pharmaceutical ingredient, they are subject to 

more complex regulatory routes than standard 

synthetic treatments, according to recent 

evaluations. Prior to commercialization, 

manufacturers must establish botanical identity, 

phytochemical standardization, manufacturing 

uniformity, microbiological safety, stability, and 

clinical efficacy. It is crucial to adhere to quality 

control standards, pharmacovigilance, Good 

Manufacturing Practice (GMP), and safety profile 

documentation. Before herbal dermatological 

products are widely used in clinical settings, 

regulatory bodies continue to promote scientifically 

verified evidence of their safety and effectiveness. 

[132] 

 
XXIII. FUTURE TRENDS 

Nanogels 
One of the most promising developments 

in topical acne treatment is nanogel technology. 

Nanogels lessen local discomfort while enhancing 

follicular targeting, controlled medication release, 

skin penetration, and extended retention of herbal 

phytoconstituents. Additionally, nano-sized carriers 

enhance bioavailability and prevent the breakdown 

of unstable phytochemicals. Because they combine 

the therapeutic benefits of herbal medications with 

cutting-edge drug delivery technologies, recent 

studies identified nanogels as a significant future 

direction for acne care.[133] 

 
Phytosomes 

By combining herbal phytochemicals with 

phospholipids, phytosomal technology improves 

cutaneous absorption, membrane permeability, and 

stability. According to recent evaluations, 

phytosomal gels offer sustained medication release 

and improved therapeutic efficacy while greatly 

increasing the bioavailability of poorly soluble 

herbal ingredients. Despite these benefits, 

commercialization is still hampered by high 

production costs, complicated formulations, and 

regulatory obstacles.[133] 

 
Polyherbal Systems 

Polyherbal gels address many stages of 

acne development at the same time by combining 

several extracts from medicinal plants. According to 

recent studies, a single formulation including many 

botanicals may have synergistic antibacterial, 

antioxidant, anti-inflammatory, sebostatic, and 

wound-healing qualities. Polyherbal nano emulsions 

and hydrogels are being researched more and more 

because they may provide greater therapeutic 

efficacy while lowering the concentration of 

individual constituents and limiting negative effects. 

Before routine clinical usage, however, extract 

compatibility adjustment, standardization, and 

clinical validation are still required.[134] 

 

XXIV. CONCLUSION 
              Herbal anti-acne gels are a promising area 

of topical formulation research, as medicinal plants 

may exhibit multiple potentially beneficial 

pharmacological activities such as antimicrobial, 

anti-inflammatory, antioxidant, seboregulatory and 

wound-supporting effects. The gel systems have 

advantages such as easy application, good 

spreadability, prolonged local residence and 

potential for controlled delivery of herbal bioactives. 

The summarized evidence in this review indicates 

promising activity of several botanicals namely, 

Melaleuca alternifolia, Aloe vera, Camellia sinensis, 

Azadirachta indica, Curcuma longa, Punica 

granatum and Murraya koenigii. However, the 

available evidence is still heterogeneous, and 

laboratory findings should not be considered as 

equivalent to established clinical efficacy. 
Variability in plant material and extraction, 

inadequate standardization, formulation instability, 

limited skin penetration, issues with quality control, 

manufacturing scale-up, and a lack of solid data 

from clinical research are the main obstacles to 

wider use. Some of these restrictions can be 

addressed by innovative methods such hydrogels, 

phytosomal gels, nanogels, nanoemulsion-based 

gels, and polyherbal formulations. 

In conclusion, standardized botanical materials, 

scientifically optimized formulations, verified 

quality-control techniques, mechanistic data, and 

carefully planned clinical trials should be the main 

emphasis of future herbal anti-acne gel 

development. To establish herbal gels as 
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dependable, repeatable, and evidence-based 

solutions in contemporary acne treatment, such a 

strategy will be necessary. 
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