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Lawsonia inermis L. (Lythraceae), popularly known as henna, is an ancient cosmetic and medicinal plant 

widely used across Africa, Asia, and the Middle East. Although several reviews have summarized its 

ethnomedicinal relevance, few have integrated recent mechanistic, toxicological, and biotechnological 

findings. To provide an updated and comprehensive synthesis of the phytochemistry, pharmacological 

mechanisms, ethnomedicinal applications, and safety perspectives of L. inermis, highlighting advances 

from 2020–2025 and identifying future research directions. Data were collected from peer-reviewed jour-

nals indexed in Scopus, PubMed, and Google Scholar using the keywords Lawsonia inermis, lawsone, 

pharmacology, toxicity, and ethnomedicine. Emphasis was placed on recent experimental and analytical 

studies elucidating molecular mechanisms and structure–activity relationships. More than seventy sec-

ondary metabolites have been reported, dominated by naphthoquinones, flavonoids, triterpenes, and 

phenolics. Modern evidence demonstrates that L. inermis exerts antioxidant, anti-inflammatory, antimi-

crobial, hepatoprotective, anticancer, and wound-healing effects primarily through activation of 

Nrf2/ARE signaling, inhibition of NF-κB and COX-2, and modulation of apoptotic and fibrotic pathways. 

Toxicological evaluations indicate a wide safety margin for leaf-based preparations, whereas toxicity is 

mainly associated with adulterants such as para-phenylenediamine (PPD) and excessive dosing. Emerg-

ing industrial applications include green nanocomposites, biosorbents, and natural dyes. This updated 

review extends earlier literature by linking phytochemical diversity to specific molecular mechanisms, 

integrating safety and regulatory data, and outlining translational and biotechnological opportunities. 

Future research should prioritize standardization, pharmacokinetics, and clinical validation to enable ev-

idence-based therapeutic utilization of L. inermis. 

Keywords: Lawsonia inermis; henna; phytochemistry; pharmacology; molecular mechanisms; toxicity; ethnomedicine; safety; bioactive 

compounds  
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1. INTRODUCTION  

Lawsonia inermis L. (Lythraceae) remains one of the most inten-
sively studied ethnomedicinal shrubs in tropical and subtropical 
regions, valued both as a cosmetic dye and as a traditional rem-
edy for infectious and inflammatory disorders (Al-Snafi, 2019; 
Rekik et al., 2019). Numerous reviews have summarized its gen-
eral pharmacology and chemistry; however, most were 
published before 2020 (Al-Snafi, 2019; Borade et al., 2011; 
Chaudhary et al., 2010) and emphasize descriptive rather than 
mechanistic aspects (Batiha et al., 2024; Salma et al., 2024). Since 
then, new analytical, pharmacological, and toxicological studies 

have clarified compound–target relationships and molecular 
pathways underlying its biological effects. 

Recent work (2020–2025) has documented: (i) novel metabolites 
identified through LC-MS and metabolomics (El-Fitiany et al., 
2025), (ii) in-depth mechanistic studies describing Nrf2/ARE-
mediated antioxidant and NF-κB-dependent anti-inflammatory 
effects (Aremu, 2023; Eldeeb et al., 2025), and (iii) toxicological 
reassessments distinguishing natural extracts from para-
phenylenediamine (PPD)-adulterated commercial hennas 
(Moutawalli et al., 2023). These advances justify a contemporary, 
integrated evaluation. 
Therefore, the present review expands upon earlier syntheses 
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by (a) collating phytochemical and pharmacological data from 
2000–2025 with emphasis on mechanistic interpretation, (b) 
highlighting safety and regulatory findings rarely discussed in 
previous reviews, and (c) proposing translational perspectives 
for therapeutic and industrial development. This approach 
demonstrates how L. inermis research has progressed from     
descriptive ethnomedicine toward evidence-based phytophar-
macology. 

2. BOTANICAL DESCRIPTION AND 

DISTRIBUTION  

L. inermis is a perennial, glabrous, branched shrub or small tree 
ranging from 2 to 7 meters in height. Its young branches are 
quadrangular and green, turning red with age. The leaves are 
small, opposite, entire, elliptic to lanceolate, and measure 1.5–5 
cm long and 0.5–2 cm wide. Flowers are small, fragrant, white 
or pink, arranged in large pyramidal panicles, and produce 
small brown globose capsules containing angular seeds (Sen et 
al., 2023). The plant thrives in semi-arid and tropical climates, 
distributed widely across North Africa, the Middle East, South 
Asia, and parts of sub-Saharan Africa (Orwa et al., 2009). It is of-
ten cultivated along watercourses and hedges due to its drought 
resistance and ability to withstand harsh climatic conditions. 
Table 1 highlights the essential morphological features of           
L. inermis which aid in its identification and botanical classifica-
tion. The adaptability of the plant to diverse climates supports 
its wide ethnomedicinal use. 
Beyond morphology, several anatomical and ecological factors 
influence the plant’s phytochemical profile. Glandular tri-
chomes located on young leaves and floral tissues serve as 
major sites of naphthoquinone biosynthesis (Santra et al., 2023). 
The concentration of lawsone and associated flavonoids varies 
with climate, soil pH, and post-harvest drying temperature; 
leaves harvested during peak sunlight contain significantly 
higher pigment and phenolic content (Youl et al., 2024). 
Chemotype studies reveal regional differences: Indian acces-
sions produce higher lawsone (1.4–1.8 %) whereas North-
African strains show greater essential-oil diversity (Elaguel et 
al., 2019). Such variability underscores the need for standardiza-
tion when comparing pharmacological outcomes across studies. 

3. ETHNOMEDICINAL AND TRADITIONAL USES  

The ethnobotanical applications of L. inermis span thousands of 
years: 
Table 2 summarizes traditional uses across different cultures. It 
illustrates the plant’s versatile applications beyond cosmetics, 
highlighting its systemic and gynaecological uses, especially in 
traditional medicine systems. 
Traditional applications can be grouped into dermatological, 
systemic, and reproductive categories, each corresponding to 
experimentally verified pharmacological effects. For instance, 
topical henna pastes used for wounds and burns align with 
modern evidence of enhanced fibroblast proliferation and col-
lagen synthesis (Rekik et al., 2019). Decoctions employed for 
jaundice and liver disorders are consistent with its experimen-
tally demonstrated hepatoprotective action mediated by Nrf2-
driven antioxidant responses (Enoghase et al., 2024). Similarly, 
its historical use for fever and arthritis corresponds with         
observed COX-2 and cytokine inhibition in animal models 
(Oladunmoye and Kehinde, 2011; Tsao et al., 2020). 
Recent ethnopharmacological surveys in Sudan, India, and Ni-
geria (2021–2023) confirm ongoing reliance on henna for both 
medicinal and cosmetic purposes, indicating cultural continuity 
and therapeutic relevance (Okoye et al., 2021; Sen et al., 2023). 
Nevertheless, variations in dosage forms—leaf infusions, pastes, 
or smoke inhalation—pose challenges for scientific validation, 
underscoring the need for harmonized preparation protocols. 

4. PHYTOCHEMISTRY OF LAWSONIA INERMIS  

Phytochemical investigations have identified over 70 secondary 
metabolites in L. inermis, predominantly naphthoquinones, fla-
vonoids, triterpenes, sterols, coumarins, xanthones, and fatty 
acids (El-Fitiany et al., 2025; Mahkam et al., 2014; Okoye et al., 
2021). Lawsone (2-hydroxy-1,4-naphthoquinone) remains the 
principal bioactive constituent responsible for its dyeing prop-
erty and multiple pharmacological actions. Biosynthetically, 
lawsone arises via the shikimate–acetate pathway, with 1,4-
naphthoquinone intermediates produced through polyketide 
cyclisation. 
Structure–activity insights reveal that hydroxyl substitution on 
the quinone ring confers redox activity enabling electron trans-
fer and free-radical scavenging, explaining its antioxidant and 
antimicrobial potency (Mustapha et al., 2024). Triterpenes such 
as betulinic acid and lupeol contribute to anti-inflammatory and 
anticancer effects through modulation of Mitogen-Activated 
Protein Kinase (MAPK) and caspase cascades (Naishadham et 
al., 2013). 
Advances in analytical chemistry, LC–MS/MS, GC–MS, and 
NMR spectroscopy, have refined compound identification and 
quantification. Metabolomic profiling now differentiates 
chemotypes by regional origin and correlates specific metabo-
lite fingerprints with biological potency (El-Fitiany et al., 2025). 
The adoption of green extraction techniques (ultrasound-
assisted, supercritical CO₂) further improves yield and repro-
ducibility (Liew et al., 2022). 

Table 1. Botanical features of Lawsonia inermis 

Characteristic Description 

Family Lythraceae 

Habit Shrub/small tree (2–7 m) 

Leaves Opposite, elliptic-lanceolate, 1.5–5 cm 

Flowers Small, fragrant, white/pink, in panicles 

Fruits Brown globose capsules 

Seeds Angular 

Distribution Africa, Asia, Middle East,  

sub-Saharan Africa 
 

Table 2. Ethnomedicinal and traditional uses of Lawsonia inermis 

Category Applications 

Cosmetic Hair dyeing, nail staining, body art, rituals (Chengaiah et al., 2010) 

Dermatological Wound healing, burns, ulcers, fungal infections (Rekik et al, 2019) 

Systemic Liver tonic, febrifuge, treatment for jaundice, diarrhea, dysentery  

(Al-Snafi, 2019; Buddhadev and Buddhadev, 2016) 

Gynaecological Menstrual regulation, menorrhagia, abortifacient (Aguwa, 1987) 

General Medicine Blood tonic, analgesic for headaches, fever, arthritis pain (Al-Snafi, 2019) 
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Table 3 provides a chemical breakdown of L. inermis. Lawsone 
is the major dye compound, while flavonoids, sterols, and ter-
penoids contribute to its pharmacological versatility. 

5. PHARMACOLOGICAL ACTIVITIES  

Table 4 consolidates the wide pharmacological spectrum of       
L. inermis.  

Recent investigations reveal that the pharmacological spectrum 
of L. inermis extends far beyond traditional wound-healing or 
antimicrobial claims. Modern research integrates biochemical 
assays, molecular docking, and in vivo pathway analyses to clar-
ify mechanistic underpinnings. The following subsections 
summarize major activities with emphasis on mechanisms and 
experimental context. 

5.1. Antioxidant mechanisms 

Henna extracts demonstrate strong free-radical-scavenging ac-
tivity across DPPH, ABTS, FRAP, and ORAC assays, frequently 
exceeding 80 % inhibition at 100 µg mL⁻¹ (Elaguel et al., 2019; 
El-Fitiany et al., 2025). Flavonoids such as quercetin and cate-
chin donate electrons to neutralize reactive oxygen species 
(ROS) while lawsone undergoes reversible redox cycling that 
quenches singlet oxygen. In vivo, leaf extract administration 
significantly increases superoxide dismutase (SOD), catalase 
(CAT), and glutathione peroxidase (GPx) and lowers lipid pe-
roxidation (MDA) (Eldeeb et al., 2025). These findings support 
activation of the Nrf2/ARE pathway, leading to transcriptional 
up-regulation of antioxidant enzymes. 

5.2. Anti-inflammatory and analgesic effects 

In carrageenan-induced paw-oedema and formalin pain mod-
els, ethanolic henna leaf extract produced 54–63 % inhibition 
comparable to diclofenac (Tsao et al., 2020). Mechanistic assays 
reveal down-regulation of COX-2, iNOS, TNF-α, and IL-6, with 
suppression of NF-κB p65 nuclear translocation (Batiha et al., 
2024). Molecular docking studies show strong binding affinity 
of lupeol and lawsone to COX-2 catalytic residues, confirming 
structure-based anti-inflammatory potential (Mahkam et al., 
2014). 

5.3. Antimicrobial and antifungal activities 

Henna exhibits broad antimicrobial activity against Staphylococ-
cus aureus, Escherichia coli, Pseudomonas aeruginosa, Salmonella 
typhi, and multiple fungi including Candida albicans (Al-Snafi, 
2019; Matotoka et al., 2023). The mechanism involves disruption 
of microbial membranes and inhibition of bacterial DNA gyrase 
and β-lactamase enzymes. Electron microscopy demonstrates 
cell-wall disintegration after exposure to lawsone-rich fractions. 
Incorporation of henna extract into biopolymer films further 
enhances antimicrobial properties for wound-dressing applica-
tions (Liew et al., 2022). 

5.4. Anticancer and cytotoxic potential 

Cytotoxicity against MCF-7 (breast), HepG2 (liver), and HeLa 
(cervical) cell lines has been attributed to induction of mito-
chondrial-mediated apoptosis (Kamal and Jawaid, 2010; 
Kapadia et al., 2013). Recent studies report cell-cycle arrest at 
G₂/M phase through modulation of p53, Bax/Bcl-2, and caspase-
3/9 (El-Fitiany et al., 2025). Lawsone derivatives isolated in 2023 
exhibited lower IC₅₀ values (22–45 µM) and selectivity toward 
tumor cells. Docking simulations reveal strong interactions with 
topoisomerase II and tubulin-binding domains, suggesting mul-
ti-target cytotoxicity (Diogo, 2025). 

5.5. Hepatoprotective and renoprotective effects 

Administration of hydro-ethanolic henna extract (200 mg kg⁻¹) 
protected rats from carbon-tetrachloride- and lead-acetate-
induced hepatotoxicity, significantly reducing serum ALT, AST, 
ALP, and bilirubin (Enoghase et al., 2024). Histopathology con-
firmed restoration of hepatic architecture. Mechanistically, 
activation of Nrf2/HO-1 and inhibition of TGF-β1 signaling 
prevent oxidative and fibrotic damage. In nephrotoxicity mod-
els, henna normalized creatinine and blood urea nitrogen 
(BUN) while decreasing renal malondialdehyde (MDA), indi-
cating antioxidant-based nephroprotection (Firdous and Fayed, 
2021). 

5.6. Wound-healing and dermatological applications 

Topical gels containing 5–10 % henna extract accelerated 
wound closure in rats versus controls (El Massoudi et al., 2023; 
Rekik et al., 2019). Increased hydroxyproline, collagen, and   

Table 3. Major phytochemical constituents of Lawsonia inermis 

Class Examples References 

Naphthoquinones Lawsone, isoplumbagin, dihydroxynaphthalenes 
(Mahkam et al., 2014;  

Okoye et al., 2021) 

Terpenoids/Triterpenes Hennadiol, lupeol, betulin, betulinic acid (Naishadham et al., 2013) 

Sterols β-sitosterol, stigmasterol, lawsaritol (Youl et al., 2024) 

Flavonoids/Phenolics Gallic acid, tannins, apigenin, luteolin, acacetin (Manivannan et al., 2015) 

Xanthones/Coumarins Laxanthones I–III, lacoumarin (Bhardwaj and Garg, 1977) 

Essential Oils Linalool, α-ionone, β-ionone (Elaguel et al., 2019) 

Fatty Acids Linolenic, oleic, palmitic, stearic (Sharma et al., 2016) 

Trace Elements Fe, Cu, Mn, Mo, Ca, Na, K oxides (Boubaya et al., 2011) 
 

Table 4. Pharmacological activities of Lawsonia inermis 

Activity Findings / Effects References 

Antimicrobial Inhibits S. aureus, E. coli, Salmonella, fungi, dermatophytes (Al-Snafi, 2019; Matotoka et al., 2023) 

Anti-inflammatory Reduced inflammation in animal models (Tsao et al., 2020) 

Immunomodulatory Enhanced phagocytic activity, antibody modulation (Chaudhary et al., 2010) 

Antioxidant Increased antioxidant enzyme levels, reduced lipid peroxidation (Elaguel et al., 2019) 

Hepatoprotective Protection against toxin-induced damage, lead acetate protection (Enoghase et al., 2024) 

Anticancer Cytotoxicity against MCF-7, HepG2, carcinoma cell lines (Kapadia et al., 2013; Kamal and Jawaid, 2010) 

Wound Healing Accelerated wound closure, collagen synthesis (Amrita and Singh, 2001; Rekik et al., 2019) 

Nootropic Enhanced memory and learning (Mir et al., 2019) 

Tuberculostatic Activity against Mycobacterium tuberculosis (Sharma, 1990) 

Molluscicidal Effective against snail vectors (Al-Snafi, 2019) 
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angiogenesis indicate enhanced fibroblast activity. These out-
comes substantiate ethnomedicinal claims and validate henna’s 
use in modern wound-care formulations. 

5.7. Neuropharmacological and cognitive effects 

Aqueous extracts improved learning and memory retention in 
mice exposed to scopolamine, correlating with elevated hippo-
campal acetylcholine and antioxidant enzyme levels (Abaissou 
et al., 2020). The activity likely arises from modulation of acetyl-
cholinesterase and attenuation of neuro-oxidative stress. 

5.8. Industrial and biotechnological applications 

Beyond medicine, henna constituents serve as natural dyes, cor-
rosion inhibitors, and biosorbents for heavy-metal removal 
(Abd-El-Haleem, 2023). Recent nanotechnology studies incor-
porated henna extract into ZnO and Fe₃O₄ nanocomposites 
exhibiting dual antimicrobial and photocatalytic activity, link-
ing phytochemistry with environmental remediation. 

5.9. Integrative summary 

Collectively, these findings indicate that L. inermis exerts multi-
target pharmacological actions mediated by redox regulation, 
enzyme inhibition, and signal-transduction modulation. The di-
versity of molecular targets (Nrf2, NF-κB, p53, COX-2) positions 
henna as a promising candidate for multitarget phytotherapy. 
This schematic diagram illustrates the diverse pharmacological 
effects of L. inermis, including antimicrobial, anticancer, hepato-
protective, antioxidant, and immunomodulatory actions    

Figure 1. The central placement of the plant name reflects its role 
as a multipurpose medicinal species, while the surrounding activ-
ities highlight its multidimensional pharmacological potential. 

6. SAFETY AND TOXICOLOGICAL 

CONSIDERATIONS  

Table 5 underscores the dual nature of L. inermis: while general-
ly safe at traditional doses, higher concentrations and 
adulterated preparations can cause toxicity. Its abortifacient ac-
tivity necessitates caution in pregnancy. 
Toxicological evaluations indicate that L. inermis is generally 
safe at therapeutic doses, yet specific extracts and adulterated 
products present distinct risks. 

6.1. Acute and sub-chronic toxicity 

In mice, oral administration of aqueous or ethanolic leaf extracts 
up to 5000 g kg⁻¹ produced no mortality or behavioral abnor-
malities (Aremu et al., 2022). Sub-chronic dosing (28 days, 400 
mg kg⁻¹) elicited no significant alterations in hepatic or renal 
histology (Enoghase et al., 2024; Firdous and Fayed, 2021). 
However, seed extracts at higher concentrations (≥ 1 g kg⁻¹) 
have produced mild hepatocellular vacuolation and elevated 
serum enzymes (Moutawalli et al., 2023). These effects are re-
versible upon cessation, suggesting adaptive metabolic stress 
rather than irreversible injury. 

6.2. Reproductive and developmental effects 

Early experimental reports (Aguwa, 1987) and subsequent ani-
mal studies indicate that L. inermis extracts can have uterotonic 
and abortifacient effects: Aguwa (1987) reported dose-
dependent pregnancy termination in rodents, while later exper-
imental work showed pregnancy loss accompanied by 
increased serum estrogen and decreased progesterone after hy-
droalcoholic root extract (Esteki and Miraj, 2016), and uterotonic 
activity, estrous cycle disruption and reduced uterine/ovarian 
weights after seeds extract (Agabna et al., 2016). 

6.3. Dermal and allergic reactions 

Natural henna rarely causes dermatitis; most reported allergic 
responses result from adulteration with para-phenylenediamine 
(PPD) used to intensify color (Nadjib et al., 2013). Contact-patch 
testing confirms that pure henna is hypoallergenic, whereas 
“black henna” containing PPD triggers severe erythema and 
blistering. Regulatory bodies in the EU restrict PPD concentra-
tions in skin products to < 2 %, and unapproved mixtures pose 
ongoing consumer risks (Al-Enezi and Aldawsari, 2022). 

6.4. Hepato- and nephrotoxicity mechanisms 

At supra-therapeutic doses, naphthoquinones such as lawsone 
can undergo redox cycling to generate semiquinone radicals, 
producing oxidative stress in hepatocytes and renal tubules 
(Revathi et al., 2025). Co-administration of antioxidants (vitamin 
E, N-acetylcysteine) mitigates these effects, confirming an ROS-
mediated mechanism. 

6.5. Human safety and regulatory status 

Henna is approved for cosmetic use in many regions but not for 
systemic therapeutic claims. The United States Food and Drugs 
Administration (U.S. FDA) allow its application solely as a hair 
dye (Sienkiewicz-Szłapka et al., 2025). Clinical reports show that 
topical use of 5–10 % henna preparations is safe even on com-
promised skin, provided products are free of PPD and heavy-

 
Figure 1. Pharmacological activities of Lawsonia inermis 

Table 5. Toxicological and safety considerations of Lawsonia inermis 

Aspect Observation / Findings References 

Reproductive Toxicity Abortifacient activity of roots in rodents (Aguwa, 1987) 

Hepatotoxicity/Nephrotoxicity High doses of L. inermis seed extract have been reported to cause elevations in 

liver enzymes (AST, ALT, ALP) and mild histopathological changes in the liver, 

kidney, and gut, but without evidence of necrosis, hemorrhage, or overt organ 

dysfunction 

(Moutawalli et al., 2023; 

Revathi et al., 2025) 

Allergic Reactions Dermatitis from adulterated products (PPD) (Nadjib et al., 2013) 

General Safety Leaf-based extracts relatively safe; no overt toxicity at 400 mg/kg (Enoghase et al., 2024) 
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metal contamination (Niazi et al., 2022). Nevertheless, henna 
should be avoided in individuals with G6PD deficiency, as law-
sone can induce oxidative haemolysis in neonates and 
susceptible adults (Saghi et al., 2023). 

6.6. Toxicokinetics and future safety needs 

Limited pharmacokinetic data exist. Lawsone demonstrates 
rapid dermal absorption with conjugation to glucuronides and 
renal excretion (Nair et al., 2024). Future research should quan-
tify systemic exposure after topical and oral administration to 
define precise safety margins. 

6.7. Summary of safety profile 

Overall, leaf-based preparations are considered low-toxicity 
when used appropriately. Safety concerns stem primarily from 
adulterants, excessive doses, or genetic predispositions (G6PD 
deficiency). Establishing standardized extract specifications and 
quality-control protocols will be essential for therapeutic devel-
opment. 

7. DISCUSSION AND FUTURE PERSPECTIVES  

The present synthesis demonstrates that L. inermis remains a 
phytochemically and pharmacologically rich species with a 
wide safety margin when properly standardized. Yet despite 
decades of research, most investigations remain descriptive, 
with limited translational integration. The existing literature 
converges on several consistent mechanisms, chiefly antioxi-
dant, anti-inflammatory, and antimicrobial effects, but 
comparatively few studies have verified these pathways in vivo 
or at the molecular target level. 

Earlier reviews primarily catalogued plant uses and constituent 
classes (Batiha et al., 2024; Salma et al., 2024). The current re-
view advances the field by consolidating recent (2020–2025) 
evidence on signaling pathways such as Nrf2/ARE, NF-κB, 
MAPK, caspase, and p53, thereby connecting the phytochemis-
try of henna to specific mechanistic outcomes. For example, the 
demonstration that lawsone and lupeol can directly inhibit 
COX-2 and activate antioxidant genes provides a biochemical 
rationale for traditional anti-inflammatory applications 
(Khantamat et al., 2021; Park et al., 2023). 

Nonetheless, substantial research gaps persist: 

• Standardization and quality control: Variability in law-
sone and flavonoid content across regions hinders 
reproducibility. Adoption of validated chromatographic 
fingerprints and quantification of marker compounds are 
essential for pharmacopoeial standardization. 

• Dose–response and pharmacokinetics: Only a handful    
of studies report plasma concentrations or metabolic 
pathways of henna constituents. Comprehensive pharma-
cokinetic profiling is required to predict bioavailability and 
guide safe dosage ranges. 

• Clinical translation: Despite numerous animal experi-
ments, controlled human trials of L. inermis remain scarce. 
A few small studies have evaluated henna in humans for 
indications such as wound healing (Niazi et al., 2022), and 
inflammatory dermatoses (Niazi et al., 2020), but robust 
trials are limited. Small pilot studies could further explore 
topical henna for chronic wounds, inflammatory skin con-
ditions, or hepatoprotective effects. 

• Safety surveillance: Post-marketing monitoring of com-
mercial henna preparations is limited. Contamination with 
para-phenylenediamine or heavy metals continues to pose 
dermatologic and systemic risks. Harmonized quality-
assurance frameworks similar to those for other herbal 
products are needed. 

• Omics and systems-biology approaches: Integrative 
metabolomics, transcriptomics, and proteomics could elu-
cidate compound synergy and network pharmacology, 
revealing new targets beyond oxidative stress pathways. 

• Industrial and environmental exploitation: The applica-
tion of henna derivatives in nanocomposites, biosorbents, 
and corrosion-inhibiting materials demonstrates untapped 
economic potential that merits further research under sus-
tainable-production frameworks. 

In summary, the research trend for L. inermis is shifting from 
ethnopharmacology toward evidence-based phytomedicine. To 
remain relevant and innovative, future studies should combine 
chemical standardization with mechanistic and translational 
approaches that meet modern regulatory expectations. 

8. CONCLUSION  

Lawsonia inermis (henna) represents a paradigmatic example of 
how a traditional plant remedy can evolve into a candidate for 
modern phytopharmaceutical development. Its broad spectrum 
of activity, encompassing antioxidant, anti-inflammatory, anti-
microbial, hepatoprotective, and wound-healing effects, is now 
supported by mechanistic data linking specific compounds to 
molecular pathways. When used in standardized forms, leaf-
based preparations demonstrate favorable safety profiles, while 
toxicities are largely restricted to adulterated or overdosed  
formulations. 

This updated review contributes to the existing body of 
knowledge by integrating recent chemical and mechanistic dis-
coveries with toxicological insights and industrial applications, 
thereby offering a holistic perspective that surpasses earlier   
descriptive reviews. Continued multidisciplinary research     
encompassing phytochemistry, molecular pharmacology, toxi-
cology, and clinical sciences will be essential to translate henna 
from a traditional multipurpose plant into an evidence-based 
therapeutic and biotechnological resource. 
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