
Comparative Analysis of 
Phytotherapeutic Efficacy in the 
Regeneration of Cutaneous Abrasion 
Tissues 
The restoration of integumentary integrity following traumatic abrasion or excisional injury 
represents a fundamental challenge in regenerative medicine, requiring a coordinated 
response from multiple cell populations and biochemical signaling pathways. Cutaneous 
abrasions, characterized by the mechanical removal of the epidermis and varying depths of 
the dermis, necessitate more than simple cicatrization; they require the active recruitment of 
keratinocytes for re-epithelialization and fibroblasts for the synthesis of a structurally sound 
extracellular matrix (ECM). Modern pharmacological investigations have increasingly focused 
on the diverse secondary metabolites found within medicinal plants, which offer a 
multi-targeted approach to tissue repair. By modulating the inflammatory microenvironment, 
stimulating mitogenesis, and providing antioxidant and antimicrobial protection, specific herbs 
have demonstrated superior efficacy in regenerating missing skin tissues. This report 
classifies and evaluates these herbal agents based on documented experimental evidence, 
sorting them by their efficacy in achieving complete tissue regeneration and structural 
maturation. 

Primary Regenerative Candidates: Tier 1 Efficacy 
The highest echelon of herbal efficacy for skin regeneration is defined by agents that do not 
merely accelerate wound closure but actively "fill in" missing tissue through the stimulation of 
fibroblast differentiation, rapid vascularization, and the organization of mature collagen fibers. 
These herbs typically target growth factor upregulation and the synchronization of the 
inflammatory and proliferative phases of healing. 

Astragalus membranaceus and Panax notoginseng Synergies 
The combination of Astragalus membranaceus and Panax notoginseng (often referred to in 
research as APCS when formulated into hydrogels) represents a paradigm shift in the use of 
traditional Chinese medicine for deep tissue repair.1 Experimental data indicate that the APCS 
hydrogel system significantly enhances the proliferation and migration of fibroblasts, crucial 
for the restoration of dermal volume in cases of tissue loss.1 Crucially, this combination 
promotes the differentiation of fibroblasts into myofibroblasts, which facilitates wound 
contraction and the architectural remodeling of the wound site.1 

In vivo studies using Sprague-Dawley rat models have confirmed that APCS hydrogels 



significantly accelerate skin wound healing while reducing the persistent inflammatory 
response that often leads to scarring.1 The mechanism of action involves a robust 
enhancement of angiogenesis—the formation of new blood vessels—and the development of 
healthy granulation tissue.1 Histological evidence demonstrates an increased arrangement of 
collagen fibers and promotes re-epithelialization by upregulating the expression of catalase, 
vascular endothelial growth factor (VEGF), and PGP9.5, which collectively mitigate oxidative 
stress and support the return of normal physiological functions to the regenerated area.1 

Baeckea frutescens L. (BFLE) and Tensile Strength 
Baeckea frutescens leaf extract (BFLE) is categorized as a high-efficacy regenerator due to 
its comprehensive impact on both the cellular and structural levels of skin repair.1 Traditionally 
used for its hemostatic and antifebrile properties, modern analysis reveals that BFLE 
upregulates the expression of Transforming Growth Factor-beta (TGF-$\beta$), Interleukin-1 
beta (IL-$1\beta$), VEGF, and Matrix Metalloproteinase-2 (MMP-2).1 These factors are 
instrumental in transition from the early wound environment to a state of active regeneration. 

BFLE has demonstrated significant proliferative and migratory effects on human keratinocytes 
(HaCaT) and fibroblasts (BJ), which are the primary cell types responsible for resurfacing and 
building the dermal matrix.1 Quantitative results from Wistar rat models show that BFLE not 
only increases the rate of wound contraction but also substantially improves the tensile 
strength of the healed tissue.1 This indicates that the herb contributes to the formation of 
high-quality, durable skin tissue rather than a fragile scar, making it ideal for abrasions 
occurring in areas subject to mechanical stress.1 

Himatanthus drasticus Latex Proteins (HdLP) 
The latex proteins extracted from Himatanthus drasticus (HdLP), known as Janaguba, offer a 
unique pharmacological advantage in filling missing flesh in abrasion-type injuries.1 HdLP is 
distinguished by its ability to modulate the timing of cytokine release to optimize the healing 
cascade.1 It stimulates the early release of IL-$1\beta$ during the initial inflammatory phase, 
which effectively "primes" the tissue for repair.1 This is followed by an accelerated release of 
IL-10 by macrophages during the proliferative phase, creating an anti-inflammatory 
environment that favors rapid regeneration over prolonged inflammation.1 

Healing mediated by HdLP is characterized by intense fibroblast proliferation and the 
synthesis of well-organized, newly formed collagen fibers.1 This is accompanied by 
well-organized re-epithelialization without the induction of skin irritation or cytotoxicity.1 The 
ability of HdLP to synchronize these complex cellular events places it among the most 
effective agents for regenerating lost tissue volume in excisional and abrasion wounds.1 

Table 1: Ranking of Herbal Efficacy in Tissue Regeneration 



 

Herb / 
Formulation 

Ranking Primary 
Mechanism 

Clinical/Experime
ntal Outcome 

APCS Hydrogel 1 (Highest) VEGF/PGP9.5 
upregulation & 
Myofibroblast 
differentiation 

Rapid granulation 
and vascularization 
of deep defects.1 

Baeckea 
frutescens 

2 TGF-$\beta$ and 
MMP-2 
upregulation 

High tensile 
strength and 
epidermal 
resurfacing.1 

Himatanthus 
drasticus 

3 Temporal cytokine 
modulation 
(IL-1$\beta$/IL-10) 

Orderly collagen 
synthesis and 
"filling" of voids.1 

Centella asiatica 4 Triterpenoid-media
ted fibroblast 
stimulation 

Enhanced collagen 
I/III ratio and 
diabetic healing.1 

Scrophularia 
striata 

5 PI3K/AKT/mTOR 
pathway activation 

Increased cell 
viability and 
migratory pace.1 

Helichrysum 
italicum 

6 Stemness gene 
activation & 
Occludin 
expression 

Preservation of cell 
elasticity and 
barrier integrity.1 

Bougainvillea x 
buttiana 

7 IL-6/TNF-$\alpha$ 
reduction and IL-10 
enhancement 

Significant increase 
in wound 
contraction speed.1 

Nigella sativa 8 Thymoquinone-me
diated antimicrobial 
shield 

Protection against 
infection-induced 
tissue loss.1 

Facilitatory and Specialized Regenerative Agents: Tier 



2 Efficacy 
Agents in this category are highly effective in addressing specific pathological hurdles, such 
as chronic inflammation or stem cell depletion, though they may achieve their full potential 
when used as part of a polyherbal strategy or in conjunction with advanced delivery materials. 

Centella asiatica (Gotu Kola) and Collagen Synthesis 
Centella asiatica is a venerable agent in Asiatic traditional medicine, documented for its role in 
treating leprosy, lupus, and chronic ulcers.1 Its regenerative efficacy is derived from its 
triterpenoid content, which stimulates fibroblast proliferation and increases the synthesis of 
collagen, the primary structural protein of the skin.1 In diabetic models, Centella asiatica has 
been shown to suppress advanced glycation end-product (AGE)-induced nitric oxide 
production, thereby alleviating the metabolic stress that often stalls the regeneration of 
abrasion tissues.1 

The herb also modulates the AKT/MAPK/NF-$\kappa$B pathway, which is essential for 
coordinating the cellular response to injury.1 By promoting an organized collagen matrix, 
Centella asiatica ensures that the regenerated tissue possesses the requisite structural 
complexity of healthy skin.1 Experimental results indicate that a concentration of 200 $\mu 
g/cm^{2}$ is highly effective in accelerating wound closure in compromised physiological 
environments.1 

Scrophularia striata (STR) and Intracellular Signaling 
Scrophularia striata has emerged as a high-potential candidate for treating wounds through 
the activation of the PI3K/AKT/mTOR signaling pathway.1 This pathway is a central regulator of 
cell survival, proliferation, and migration. Research using network pharmacology and in vitro 
experiments confirmed that STR increases the expression of phosphorylated AKT and mTOR, 
which are critical for the rapid migration of cells into the wound bed to fill missing tissue.1 

The herb’s efficacy is further enhanced when integrated into nanotherapeutic systems, which 
allow for controlled release and deeper penetration into the damaged tissue. This molecular 
targeting provides a clear explanation for its ability to accelerate the resurfacing of skin 
abrasions, particularly when the endogenous repair mechanisms are insufficient.1 

Helichrysum italicum and Stem Cell Support 
The hydrolat and essential oil of Helichrysum italicum provide specialized support for the 
regenerative process by targeting skin-isolated stem cells.1 In vitro scratch assays, which 
simulate the mechanical damage of an abrasion, have shown that Helichrysum promote tissue 
regeneration by enhancing the expression of genes involved in the early stages of cellular 
recovery.1 



Furthermore, the oil from this herb is instrumental in maintaining the integrity of tight 
junctions in the newly formed epidermis. By upregulating Occludin (OCLN) expression, 
Helichrysum italicum ensures that the regenerated skin effectively restores its barrier function 
and regulates epidermal permeability.1 This focus on cell elasticity and stem cell vitality makes 
it an essential agent for long-term tissue health and the prevention of premature skin aging 
following injury.1 

Bougainvillea x buttiana and Inflammatory Control 
The bract extracts of Bougainvillea x buttiana (specifically the var. Rose) have demonstrated 
significant healing capacity in mouse wound excision models.1 The primary mechanism of 
action for this herb is the potent regulation of the inflammatory microenvironment. It 
significantly reduces the production of pro-inflammatory cytokines such as IL-6 and 
TNF-$\alpha$ while simultaneously enhancing the levels of the anti-inflammatory cytokine 
IL-10.1 

Topical application of these extracts has been shown to significantly increase the rate of 
wound contraction and the overall speed of healing compared to control groups.1 The specific 
fractionation of the acetonic extract identified "Fraction 2" as the most potent component for 
achieving these regenerative outcomes, highlighting the importance of standardized extracts 
in clinical applications.1 

Table 2: Molecular Pathways and Biomarkers Targets of Herbal Agents 
 

Herb / Compound Key Biomarker 
Targets 

Pathway 
Involvement 

Regenerative 
Outcome 

Curcumin TNF-$\alpha$, IL-6, 
iNOS 

NF-$\kappa$B, 
Macrophage M2 

Reduced 
inflammation, 
vascular density 
increase.1 

Baeckea 
frutescens 

VEGF, TGF-$\beta$, 
MMP-2 

Proliferative 
signaling 

High-integrity skin 
architecture.1 

Scrophularia 
striata 

P-PI3K, P-AKT, 
P-mTOR 

PI3K/AKT/mTOR Rapid cell migration 
into voids.1 

Helichrysum 
italicum 

Occludin (OCLN) Tight junction 
assembly 

Restored skin 
barrier function.1 



Quercetin Hydroxyproline, 
TAS 

Oxidative balance Collagen 
accumulation in 
eyelid/sensitive 
tissue.1 

Himatanthus 
drasticus 

IL-1$\beta$, IL-10 Temporal cytokine 
switch 

Synchronized 
collagen and 
resurfacing.1 

Centella asiatica Nitric Oxide, 
cytokines 

AKT/MAPK/NF-$\ka
ppa$B 

Diabetic wound 
bed normalization.1 

Protective and Supportive Herbal Agents: Tier 3 
Efficacy 
While Tier 1 and Tier 2 herbs focus on the "construction" of new tissue, Tier 3 herbs are 
essential for "defending" the wound site. Without the protective barrier and environmental 
stabilization provided by these agents, newly regenerated tissue is susceptible to degradation 
by bacteria, oxidative stress, and enzymatic breakdown. 

Nigella sativa and the Antimicrobial Shield 
Nigella sativa (Black Seed) is recognized for its very high efficacy in providing a protective 
antimicrobial environment for regenerating tissues.1 The primary bioactive compound, 
thymoquinone (TQ), exhibits the highest antibacterial activity against common skin pathogens 
such as Staphylococcus epidermidis.1 In the context of skin abrasions, where the loss of the 
stratum corneum exposes the underlying tissue to colonization, TQ prevents the inflammatory 
stalls and tissue degradation caused by bacterial presence.1 By acting as a biopreservative for 
the wound bed, Nigella sativa ensures that the regenerative efforts of Tier 1 herbs are not 
undermined by secondary infection. 

Cinnamomum zeylanicum and Syzygium aromaticum 
The essential oils of cinnamon (Cinnamomum zeylanicum) and clove (Syzygium aromaticum) 
offer potent support through their high concentrations of cinnamaldehyde and eugenol, 
respectively.1 

●​ Cinnamaldehyde: This compound demonstrated superior antifungal activity, particularly 
against Candida albicans, which can be a significant complication in chronic wound 
environments.1 

●​ Eugenol: Clove’s primary constituent interacts with microbial target proteins and inhibits 
microbial protein synthesis.1 



Both agents are critical for maintaining a "clean" wound bed, although their concentrated 
forms can be potential irritants.1 When correctly diluted or integrated into advanced delivery 
systems like bilayer films, they demonstrate a 98.5% wound closure rate by maintaining a 
pathogen-free environment that permits uninterrupted re-epithelialization.1 

Allium sativum and Fibroblast Vitality 
Garlic (Allium sativum) contains high levels of sulfur-based compounds, such as allicin, which 
provide significant antibacterial and antifungal benefits.1 More importantly, standardized 
garlic extracts have been found to be non-cytotoxic and actively preserve the vitality of 
human fibroblasts, including those from dental pulp tissue, which are necessary for "filling in" 
missing flesh.1 This preservation of the ECM architects is a subtle but vital component of the 
regenerative process, ensuring that the cellular machinery required for tissue volume 
restoration remains functional throughout the healing period.1 

Filipendula ulmaria and Systemic Recovery 
The extract of Filipendula ulmaria (Meadowsweet) functions as a potent antioxidant that 
reduces pro-inflammatory and pro-apoptotic indicators.1 Its unique contribution lies in its 
ability to mitigate the systemic effects of trauma, particularly in thermal skin injuries. Oral 
administration of FU extract has been shown to abolish anxiogenic responses and reduce 
hippocampal pro-inflammatory indicators in experimental models, suggesting that its 
antioxidant properties provide a "whole-body" supportive environment that enhances the 
localized regenerative capacity of the skin.1 

The Crucial Role of Advanced Delivery Systems in 
Efficacy 
The sorting of herbs by efficacy is inextricably linked to the technology used to deliver their 
bioactive components to the wound site. Modern research has moved beyond simple topical 
ointments toward bio-intelligent scaffolds that mimic the skin's natural architecture and 
regulate the release kinetics of phytochemicals. 

Bioactive Hydrogels and Scaffolding 
Hydrogels have become the gold standard for delivering herbal extracts in skin regeneration 
due to their 3D microporous structure, which allows for high water absorption and gas 
permeability.1 

●​ Chitosan-Hyaluronic Acid Scaffolds: Combining these biopolymers with agents like 
ozone and mesenchymal stem cells has shown significant improvements in 
vascularization by day 3 and reduced inflammation by day 9.1 

●​ Sericin Hydrogels: Sericin, a silk protein, serves as an effective carrier for growth factors 



(like bFGF) and herbal extracts, exhibiting low immunogenicity and high biodegradability.1 

●​ Temperature-Sensitive Hydrogels: Systems like the PEP-ZnO hydrogel respond to the 
skin's temperature to form a protective, drug-releasing barrier in situ, particularly useful 
for managing the complex microenvironment of diabetic wounds.1 

Nanotechnology and Targeted Delivery 
The integration of herbal extracts into nanofibers and nanoemulsions addresses the primary 
limitation of many phytotherapeutic agents: low bioavailability and poor aqueous solubility. 

●​ Nanofibers: Materials like silk gelatin (SF/GT) or Zein nanofibers loaded with curcumin or 
Scrophularia striata extract provide a high surface-area scaffold for cell adhesion.1 These 
fibers can simulate the structural components of the ECM, facilitating the horizontal 
migration of keratinocytes across large abrasions.1 

●​ Nanoemulsions: Essential oils from pink pepper (Schinus terebinthifolius) and fixed oils 
from honeydew seeds have been successfully formulated into nanoemulsions to increase 
their penetration and efficacy in promoting mature collagen deposition. 

●​ Bilayer Films: These delivery systems allow for a dual-action approach, where one layer 
provides an antimicrobial shield (often containing cinnamon or clove oils) while the 
second layer stimulates active regeneration and provides a moist environment for 
re-epithelialization.1 

Table 3: Impact of Delivery Vehicles on Herb Performance 
 

Delivery 
Technology 

Herb / Extract Primary 
Enhancement 

Evidence of 
Success 

APCS Hydrogel Astragalus/Notogin
seng 

Stability & 
sustained release 

Significantly 
accelerated closure 
in rats.1 

Zein Nanofibers Curcumin Bioavailability & 
macrophage 
modulation 

Shift to M2 
phenotype and 
Arg-1 expression.1 

Bilayer Film Essential Oils Reduced infection 
& mature collagen 

98.5% closure rate 
within 12 days.1 

PEP-ZnO 
Hydrogel 

Zinc 
Oxide/Bioactives 

Stimuli-responsive 
protection 

Effective healing of 
chronic diabetic 
wounds.1 



Nanostructures Hesperidin/Tea 
Tree Oil 

Biomarker 
modulation 
(IL-1$\beta$, IL-6) 

Reduced local 
edema and 
enhanced repair.1 

Physiological and Pathological Contexts of Skin 
Regeneration 
Understanding the sorting of herbs by efficacy requires an appreciation of the obstacles 
present in the wound microenvironment, including the gut-skin axis, cellular senescence, and 
metabolic reprogramming. 

The Challenge of Cellular Senescence 
One of the most profound insights from recent wound healing research is the role of cellular 
senescence—a state of permanent cell cycle arrest—in impairing regeneration.1 Senescent 
cells secrete a specific set of factors known as the senescence-associated secretory 
phenotype (SASP), which can induce senescence in neighboring healthy cells and create a 
"vicious cycle" of chronic inflammation.1 

●​ RISI Markers: In radiation-induced skin injuries (RISI), markers such as CDKN1A, IGFBP7, 
and CTSL are overexpressed, correlating with impaired healing.1 

●​ Herbal Intervention: Phytoconstituents like berberine (BBR) and specific senolytic 
agents have been shown to modulate these proteins, reducing oxidative damage and 
promoting the migration of keratinocytes to break the cycle of senescence and allow 
regeneration to proceed.1 

Metabolic Reprogramming in the Wound Bed 
The regeneration of tissue is an energetically demanding process. During the metabolic 
response to injury, glucose transporters and key enzymes are upregulated, leading to elevated 
levels of metabolites that drive the pro-inflammatory response and facilitate subsequent 
repair.1 

●​ Lipid and Amino Acid Metabolism: Reprogramming lipid metabolism can increase the 
number of fibroblasts while decreasing the population of macrophages, thereby 
enhancing neovascularization and ECM remodeling.1 

●​ Glycolytic Flux: Exosomes derived from saliva or stem cells have been found to carry 
glycolytic enzymes, which, when transferred to fibroblasts, enhance their glycolytic flux 
and increase the secretion of MMPs necessary for tissue remodeling.1 Herbs that support 
these metabolic transitions, such as Centella asiatica, are inherently more effective in 
complex wound scenarios.1 

The Gut-Skin Axis and the Microbiome 



The skin's status as a barrier organ is supported by a sophisticated ecosystem of commensal 
microorganisms.1 Research has shown a bidirectional signaling relationship between the gut 
and the skin, where imbalances in microbial diversity (dysbiosis) can affect the inflammatory 
state and healing capacity of the skin.1 

Following major trauma or laser ablation, the skin's microbiota alpha-diversity is markedly 
reduced, returning to pre-ablation levels as re-epithelialization completes (typically by day 5).1 
The use of postbiotics—such as the bioactive lysates of Latilactobacillus curvatus 
BGMK2-41—has demonstrated the ability to clear intracellular infections and stimulate 
keratinocyte migration, illustrating the potential for "biome-targeted" herbal and microbial 
therapies in tissue regeneration.1 

Future Directions in Bio-Intelligent Tissue Engineering 
The future of skin abrasion tissue regeneration lies in the convergence of phytotherapy and 
precision biotechnology. The current research trajectory suggests several emerging themes 
that will define the next generation of treatments. 

Gene-Loaded Hydrogels and spatiotemporal Control 
The development of "smart" hydrogels that can deliver genetic payloads to target specific 
phases of healing is a burgeoning field.1 By bypassing the stratum corneum and protecting 
genetic material from enzymatic degradation, these hydrogels can sustain localized 
therapeutic effects for extended periods.1 This allows for the precise upregulation of growth 
factors like VEGF or the downregulation of inhibitory genes like p53 exactly when needed in 
the regenerative cycle.1 

Stem Cell-Derived Exosomes and Paracrine Signaling 
Stem cell therapy has transitioned from the direct transplantation of cells to the use of their 
secretome, specifically exosomes and extracellular vesicles (EVs).1 These vesicles are safer 
and more stable than whole cells and can be customized to deliver a specific spectrum of 
bioactive factors, cytokines, and microRNAs to the wound site.1 When combined with 
herbal-loaded hydrogels, exosomes can significantly enhance the efficacy of the regenerative 
process by providing the "instructions" for tissue assembly while the herbs provide the 
"protection" and "stimulation".1 

Personalized Wound Care and Bio-Informatics 
The integration of Natural Language Processing (NLP) and bibliometric analysis allows 
researchers to identify emerging trends and high-potential compounds from massive datasets 
of traditional and modern medical literature.1 This data-driven approach will lead to the 
creation of patient-specific scar prediction models based on genetic factors (such as the 



collagen type I/III ratio) and the tailoring of polyherbal formulations to match the unique 
biochemical signature of an individual's wound bed.1 

Table 4: Summary of In Vivo Experimental Results for Herbal Topicals 
 

Treatment Duration Model Key Histological / 
Physical Findings 

APCS Extract 14-21 Days SD Rats Enhanced blood 
vessel and 
granulation tissue 
formation.1 

BFLE (Ethanolic) 14 Days Wistar Rats Upregulation of 
TGF-$\beta$ and 
significantly 
increased tensile 
strength.1 

HdLP (Latex) N/A Murine Shortened healing 
time and organized 
collagen synthesis.1 

Hesperidin Gel 21 Days Wistar Rats Superior pH 
modulation and 
reduction in local 
edema.1 

C. deodara 21 Days Wistar Rats 93.4% wound 
contraction 
compared to 88.3% 
in positive 
controls.1 

Bilayer film 12 Days Swine/Mice 98.5% rate of 
closure with mature 
collagen 
arrangement.1 

STR 
(Scrophularia) 

N/A In Vitro Enhanced P-AKT 
and P-mTOR for 



rapid migration.1 

Nuanced Conclusions on Clinical Sorting and 
Application 
The comprehensive sorting of herbs by their efficacy in regenerating missing skin abrasion 
tissues reveals a clear hierarchy based on their functional roles in the healing cycle. 

1.​ For Volume Restoration and Granulation: The primary recommendation is the use of 
APCS (Astragalus/P. notoginseng) and Baeckea frutescens. These agents 
demonstrate the highest potential for increasing vascular density and filling voids with 
healthy granulation tissue and mature collagen.1 

2.​ For Organizational Integrity and Maturation: Himatanthus drasticus (HdLP) is the 
superior candidate for ensuring that the newly synthesized tissue is well-organized and 
correctly sequenced through the cytokine transition phases, preventing chaotic fiber 
arrangement.1 

3.​ For Compromised/Diabetic Microenvironments: Centella asiatica should be the 
cornerstone of treatment, as its ability to normalize the biochemical stress associated 
with AGEs and stimulate collagen I/III ratios is unmatched in compromised physiology.1 

4.​ For Barrier Integrity and Stem Cell Vitality: Helichrysum italicum is specialized for 
restoring the functional tight junctions of the epidermis and ensuring the long-term 
elasticity of the regenerated site.1 

5.​ For Biome Stabilization and Protection: Nigella sativa, Cinnamomum, and Syzygium 
are essential supporting players. Their integration into advanced delivery systems 
provides the necessary antimicrobial shield to permit the uninterrupted function of Tier 1 
regenerators.1 

The efficacy of these herbal agents is maximized when delivered via bioactive scaffolds such 
as hydrogels and nanofibers, which provide the structural framework and sustained release 
kinetics required for complete tissue regeneration. By addressing the molecular triggers of 
senescence, metabolic stress, and infection, these phytotherapeutic strategies offer a robust 
and evidence-based alternative to conventional wound care, paving the way for bio-intelligent 
and structurally superior tissue repair. 
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