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ABSTRACT 
Thymoquinone (TQ), the principal bioactive quinone associated with Nigella sativa, has attracted 

considerable attention because of its anti-inflammatory, antioxidant, antimicrobial, immunomodulatory and 
wound-healing activities. Its translation into topical products is, however, constrained by poor aqueous 
solubility, lipophilicity, photosensitivity, chemical instability and limited penetration across the stratum 
corneum. Nanotechnology-based topical systems have therefore been investigatedto improve TQ 
solubilization, protection, release and skin deposition. Among these approaches, nanoemulgels are particularly 
attractive because they combine the high drug-solubilizing capacity and interfacial area of nanoemulsions 
with the viscosity, spreadability and residence time of a gel. This narrative review discusses the 
physicochemical and biopharmaceutical challenges of TQ, the rationale for topical nanoemulsion and 
nanoemulgel delivery, selection of oils, surfactants, co-surfactants and gelling polymers, formulation 
approaches, and critical characterization parameters including droplet size, polydispersity index, zeta 
potential, rheology, drug content, release, skin permeation and stability. Published topical TQ systems 
including nanoemulgels, liposomes, ethosomes, lipospheres, nanostructured lipid carriers and hybrid vesicles 
are critically compared. Available evidence consistently indicates improved solubilization, sustained release 
and enhanced dermal delivery relative to conventional TQ preparations; nevertheless, the field remains 
dominated by in-vitro, ex-vivo and animal studies. Standardized formulation protocols, robust stability 
programs, validated skin permeation models and human clinical evidence are major gaps that should be 
addressed before topical TQ nanoemulgels can progress toward clinical translation. 
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INTRODUCTION 
Thymoquinone (TQ; 2-isopropyl-5-methyl-
1,4-benzoquinone) is a major 
pharmacologically active constituent of the 
volatile fraction of Nigella sativa seeds. A 
broad preclinical literature attributes 
antioxidant, anti-inflammatory, antimicrobial, 
immunomodulatory,anticancerandtissue-
protectiveactionstoTQ[18-
29].Theseactivitiesmakeitrelevanttodermatolo
gical problems in which oxidative stress, 
inflammation, microbial burden and impaired 
barrier repair coexist. The pharmaceutical 
development of TQ is considerably more 
difficult than its pharmacological profile 
might suggest. TQ is lipophilic, poorly water-
soluble and susceptible to degradation under 
unfavorable environmental conditions. Its 
poor biopharmaceutical properties have 
repeatedly been identified as barriers to 
reproducible exposure and clinical translation 

[18-24]. Topical administration is attractive 
because it may provide high local drug 
concentration while minimizing systemic 
exposure; however, the stratum corneum is 
itself a formidable barrier to drug penetration 
[30-36].Nano formulation has emerged as one 
strategy to bridge this gap. A range of TQ 
nanocarriers, including polymeric 
nanoparticles, nano structured lipid carriers, 
liposomes, ethosomes, lipospheres, hybrid 
vesicles and nano emulsions, have been 
investigated [1-14,18-20]. Nanoemulgels are 
particularly relevant to lipophilic drugs 
because the drug can be maintained in a 
solubilized oil phase while the final semisolid 
dosage form remains convenient for topical 
application [15-17]. 
The purpose of this review is to integrate the 
available evidence specifically around TQ 
topical delivery and nanoemulgel 
development, with emphasis on formulation 
design, characterization, therapeutic evidence, 
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limitations and future research priorities 
This article was prepared as a narrative 
review. Literature relevant to thymoquinone, 
Nigella sativa,   topical delivery, 
nanoemulsion, nanoemulgel, liposomes, 
ethosomes, lipid vesicles, nanostructured lipid 
carriers, skin permeation and formulation 
characterization was identified from 
PubMed/PubMed Central and publisher 
databases, with emphasis on peer-reviewed 
research and review articles. Foundational 
drug-delivery references were included where 
they remain important for interpretation of 
skin transport, colloidal characterization, 
rheology and release testing. Recent TQ 
topical-nanocarrier studies were given greater 
weight in the critical comparison. This review 
is not presented as a PRISMA systematic 
review and does not claim exhaustive capture 
of every publication. 

     NANO EMULSION AND NANO 
EMULGEL 

 Nano emulsion 
Nanoemulsions are kinetically stable 
dispersions with droplets typically in the 
submicron range. They differ from 
thermodynamically stable microemulsions 
and must not be defined solely by a single size 
cut-off [37-41]. Their pharmaceutical 
advantages include high loading of lipophilic 
drugs, large interfacial area, optical clarity in 
some compositions, and compatibility with 
multiple routes of administration. 
 Nanoemulgel 
A nano emulgel is produced by incorporating 
a nanoemulsion into a gel matrix [15-17]. This 
hybrid design addresses oneof the practical 
weaknesses of liquid nanoemulsions: low 
viscosity and short residence on the skin. The 
gel network can improve spreadability, non-
greasy feel, local retention and dosing 
convenience while preserving the dispersed 
nano droplet system.For a poorly water- 
soluble compound such as TQ, this designis 
especially logical because the drug remains 
associated with a solubilizing oil phase while 
the final product has the handling properties 
expected of a topical semisolid. 

Figure 1. Schematic architecture of 
thymoquinone - loaded nano emulgel. 

2. THYMOQUINONE: SOURCE, 
CHEMISTRY AND PHARMACEUTICAL 
RELEVANCE 

 Source and chemical nature 
TQ is aquinone-derived lipophilic molecule 
associated with thevolatile oil of Nigella 

sativa. The seed and its constituents have a 
long history of medicinal use, but modern 
pharmaceutical research has focused on TQ as 
one of the best-characterized active 
constituents [21-29]. The molecule's 
hydrophobicity favors partitioning into lipid 
environments, which is useful for 
incorporation into oils, lipid vesicles and other 
nanocarrier systems but problematic for 
aqueous dosage forms. 
 Pharmacological properties relevant to skin 
Topical interest in TQ is driven mainly by 
anti-inflammatory, antioxidant, antimicrobial 
and immunomodulatory activity [18,21-
24].These actions are relevant to 
inflammatory dermatose ,acne, 
psoriasis,wounds and other skin conditions in 
which inflammatory mediators, oxidative 
stress and impaired barrier repair contribute to 
pathology. Importantly, promising 
pharmacology alone does not establish topical 
efficacy; sufficient drug must remain stable in 
the product, be released from the vehicle and 
reach the intended skin layer.  

 
  
 Bio pharmaceutic allimitations 
Poor aqueous solubility, chemical and photo 
chemical instability, and sub optimal 
bioavailability are recurrent limitationsin the 
TQ literature [18-24]. For topical delivery, 
low water solubility can restrict  
Figure 2. Source, chemical structure, and 
major challenges associated with the topical 
delivery of thymoquinone. 
formulation options, while excessive affinity 
for the oil phase can also slow release if the 
vehicle is not appropriately designed. The 
formulation must therefore balance 
solubilization and thermodynamic driving 
force for partitioning into skin. 
3. THE SKIN BARRIER AND 

CHALLENGES IN TOPICAL TQ  
DELIVERY 

The outer stratum corneum is the principal 
resistance to per cutaneous transport [32-36]. 
Drug entry can occur through inter cellular 
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lipid pathways, transcellular route sand 
appendageal structures such as hair follicles. 
Molecular size, lipophilicity, ionization, 
vehicle composition, skin hydration and the 
presence of penetration enhancers influence 
the amount of drug reaching deeper skin layers 
[30-36]. 
For TQ, topical formulation is a balancing 
problem. The drug needs adequate 
solubilization to prevent precipitation, but it 
mustalso partition out of the vehicle. 
Penetration-enhancing excipients such as fatty 
acids, glycols and selected surfactants can 
alter skin lipids or drug activity in the vehicle 
[14,32]. Nano emulsions provide a large 
interfacial area and can carry TQ in a lipid 
phase that is dispersed through water, while a 
gel network can improve residence time and 
patient handling. 
4. FORMULATION COMPONENTS FOR 

TQ NANO EMULGEL 
 Oil phase 
The oil phase is selected primarily on the basis 
of TQ solubility, safety for dermal use and 
ability to form a stable nano emulsion. 
Published TQ systems have employed black 
seed/ kalonji oil, oleic-acid-containing 
systems, Labrafil M2125 and other lipidic 
excipients [1-4,10]. Black seed oil is 
conceptually attractive because it is the natural 
matrix associated with TQ and may improve 
loading; however, batch variability and 
oxidation stability should be considered. 
 Surfactant 
Nonionic surfactants such as poly sorbates are 
frequently used in topical nanoemulsions 
because of favorable emulsification properties 
and generally better tolerability than strongly 
ionic surfactants. Tween 80 appears 
repeatedly in TQ nanoformulation studies 
[1,3,4,11]. The minimum effective surfactant 
concentration should be targeted because 
excessive surfactant may increase irritation 
risk and alter drug release. 
 Co-surfactant 
Co-surfactants such as Transcutol P, glycols 
or similar amphiphilic solvents can reduce 
interfacial tension, improve flexibility of the 
interfacial filmanden large the nano emulsion 
region. Khanetal. Used Tween80/ Transcutol 
– P with Kalonji oil in a TQ nano emulsion 
system [3]. The surfactant-to-co-surfactant 
ratio (Smix) is commonly optimized rather 
than fixed empirically. 
 Gelling polymer 
Carbomers, particularly Carbopol 934 and 

940, are widely used in nano emulgels because 
they provide high viscosity at relatively low 
polymer concentration and can form clear gels 
after neutralization [1-4,44,45]. Their 
rheological behavior is sensitive to pH, 
electrolyte content, surfactant load and 
neutralization degree. Therefore, the gel base 
should be optimized together with the nano 
emulsion rather than treated as an independent 
final step. 
5. FORMULATIONAPPROACHES 
 Low-energy methods 
Low-energy emulsification methods exploit 
formulation composition and phase behavior. 
Aqueous micro titration and phase inversion 
approaches can form small droplets without 
intensive equipment when the 
oil/surfactant/co-surfactant ratios are 
favorable. Pseudo-ternary phase diagrams can 
be used to identify nano emulsion regions [15-
17,37-41]. 
 High-energy methods 
High-energy techniques such as probe ultra 
sonication reduce droplet size through 
disruptive mechanical forces. Algahtani et al. 
showed that ultra sonication time significantly 
affected droplet size and PDI in TQ nano 
emulsions [1]. Khan et al. similarly employed 
ultra sonication and design-of-experiments 
optimization [3]. High-energy processing 
offers strong size control but can introduce 
heat, metal shedding from probes and 
degradation risks if not properly controlled. 
 Design of experiments 
Factorialandresponse-
surfaceapproachessuchasBox-
Behnkendesignareincreasinglyusedtoquantify
theeffectsof oil, surfactant/co-surfactant and 
process variables on particle size, PDI, 
entrapment and release [3,6,11]. This is more 
informative than one-factor-at-a-time 
experimentation and can reduce unnecessary 
batch numbers. 
6. CRITICAL CHARACTERIZATION OF 

TQ NANO EMUL GEL 
 Droplet size and PDI 
Dynamic light scattering (DLS) is the most 
common technique for measuring 
hydrodynamic droplet diameter and PDI 
[42,43]. PDI should be interpreted with size 
and raw distribution rather than used as a 
stand-alone quality label. Dilution medium, 
viscosity, scattering intensity and the presence 
of dust can substantially affect results. 
 Zeta potential 
Zeta potential provides information about 
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electro kinetic surface behavior and may help 
explain colloidal stability, but a universal 
absolute-potential threshold should not be 
used mechanically, especially in sterically 
stabilized nonionic surfactant systems 
[42,43]. 
 pH, rheology and spreadability 
AtopicalnanoemulgelshouldhaveapHcompati
blewithskinandexhibitrheological properties 
that allow extrusion from a container, easy 
spreading under shear and sufficient viscosity 
at rest [44,45]. Pseudo plastic and thixo tropic 
behavior is often desirable because the 
formulation becomes less viscous during 
application and recovers after spreading. 

     Drug content and content uniformity 
Drug-content analysis confirms that TQ is 
present at the intended doseand is uniformly 
distributed. The analytical method must be 
selective for TQ in the presence of oil, 
surfactant, polymer and degradation products. 
 In-vitro release 
Franz diffusion cells are commonly used to 
compare drug release from topical semisolids 
[46,47]. When a synthetic membrane is used, 
the experiment primarily assesses release 
from the formulation; it should not be 
described as skin permeation. The receptor 
medium must maintain sink conditions and 
TQ stability. 
 Ex-vivo skin permeation and deposition 
Ex-vivo skin studies can measure flux, 
cumulative permeation and drug retained in 
skin layers, providing stronge revidence of 
topical delivery than synthetic-membrane 
release alone [14,30,31,33,46,47]. However, 
skin source, thickness, integrity, storage, 
receptor composition and extraction recovery 
can strongly affect the result. 

 
  Figure 3. Conceptual pathway of thymoquinone 
release, skin partitioning, penetration, and 
deposition following topical application of 
nanoemulgel. 

 Release kinetics 
Zero-order,first-order,HiguchiandKorsmeyer-

Peppasmodelsareoftenfittedtoreleasedata[48-
50].Modelfittingshould be used descriptively 
and should not substitute for mechanistic 
evidence. 
 Stability 
Physical and chemical stability is particularly 
important for TQ because of its sensitivity to 
environmental conditions. Appearance, phase 
separation, pH, viscosity, drug content, size 
and PDI are useful monitoring parameters. 
Formal shelf-life claims require appropriately 
designed stability studies rather than short 
academic observations [51]. 
7. PUBLISHED TOPICAL TQ NANO 

CARRIERS: CRITICAL COMPARISON 
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8. WHAT THE EVIDENCE 
COLLECTIVELY SHOWS 

Across different carrier platforms, a consistent 
pattern is visible. Encapsulation of TQ within 
lipidic or nanoemulsion systems improves its 
pharmaceutical handling by keeping it in a 
solubilized state and protecting it from direct 
exposure to aqueous environments. Topical 
systems repeatedly report sustained release, 
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greater skin retention or deeper penetration, 
and improved pharmacodynamic activity 
compared with simple TQ dispersions or 
conventional gels [1-14]. 

The strongest evidence for the specific 
nanoemulgel concept comes from the direct 
TQ nanoemulgel studies [1-4]. These studies 
show that both high-energy and low-energy 
approaches can generate stable TQ 
nanoemulsions that can subsequently be 
gelled. They also show that final performance 
depends on formulation composition and not 
merely on achieving a small particle size. 

However, comparison between studies is 
difficult because different oils, surfactants, TQ 
doses, membranes/skin sources, receptor 
media, animal models and outcome measures 
are used. A formulation with smaller droplets 
is not automatically superior if it requires a 
high surfactant concentration, has poor 
release, lacks stability or causes irritation. 
9. ADVANTAGES OF TQ 

NANOEMULGEL 
• Improved in corporation of a lipophilic drug 

into an aqueous-compatible semisolid system. 
• Large interfacial area and potential 

enhancement of release and dermal 
distribution. 

• Possibility of combining solubilization and 
penetration-enhancing excipients within one 
system. 

• Higher viscosity and residence time thana 
liquid nanoemulsion. 

• Potentialforsustainedorcontrolledreleasedepe
ndingonformulationcomposition. 

• Convenient  non-invasive topical 
administration and avoidance of 
gastrointestinal first-pass exposure. 

• Compatibility with conventional 
pharmaceutics characterization tools and 
scalable emulsification methods 

10. LIMITATIONS AND SAFETY 
CONSIDERATIONS 

Nanoemulgels also have important 
limitations. High surfactant concentrations 
may cause irritation; some co-solvents can 
disrupt the skin barrier excessively; physical 
stability may be sensitive to temperature and 
dilution; and chemical stability of TQ can still 
be affected by light, oxygen and pH. DLS data 
can be over interpreted, and apparent 
enhancement in synthetic-membrane release 
should not be equated with improved clinical 
efficacy. 
Nanocarriers safety depends on the complete 
formulation rather than TQ alone. Irritation, 

sensitization, long-term dermal tolerability, 
microbial quality and preservative 
effectiveness are relevant to a final topical 
product. The literature remains substantially 
preclinical, and this is a major limitation when 
translating promising animal or ex-vivo 
findings to human use [18-20]. 
11. RESEARCHGAPS 
• Fewdirecthead-to-

headstudiescomparingTQnanoemulgelwithco
nventionalTQgelunderidenticalconditions. 

• Lackofstandardizeddefinitionsandtestingcond
itionsacrossnanoemulsion/nanoemulgelstudie
s. 

• Limitedlong-
termchemicalstabilitydataspecificallyquantif
yingTQdegradationproducts. 

• Insufficientcorrelationbetweenin-
vitrorelease,ex-
vivoskindepositionandpharmacodynamicresp
onse. 

• Limited data on repeated- dose derma 
irritations and sensitization. 

• Very limited human clinical evidence for 
topical nano-TQ formulations. 

• Needforscalablemanufacturingandquality-by-
designapproachesdefiningcriticalmaterialand
processattributes. 

• Needforvalidatedanalyticalmet
hodscapableofdistinguishingint
actTQfromdegradationproducts
incomplex semisolid matrices. 

12. FUTUREPERSPECTIVES 
Future TQ nanoemulgel research should move 
from proof-of-concept toward reproducible 
pharmaceutical development. Quality-by-
design frameworks can define how oil level, S 
mix ratio, surfactant burden, Sonication 
energy and polymer concentration affect 
critical quality attributes. Stability-indicating 
HPLC methods should be preferred for 
advanced studies. Ex-vivo permeation should 
be complemented by drug-deposition 
measurements because the therapeutic target 
for many skin diseases lies within the skin 
rather than in systemic circulation. 
For clinical translation, simplified 
formulations using well-characterized, 
pharmaceutically acceptable excipient are 
preferable to highly complex systems. 
Human-relevant skin models, irritation testing 
and controlled clinical studies will be 
necessary to establish whether the formulation 
advantages observed in vitro and in animals 
translate into meaningful therapeutic benefit. 
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13. CONCLUSION 
Thymoquinone is a pharmacologically 
attractive but pharmaceutically challenging 
lipophilic molecule. Nanoemulgel technology 
offers a rational approach to topical TQ 
delivery by combining the solubilization and 
interfacial advantages of a nanoemulsion with 
the residence time and handling properties of 
a gel. Direct TQ nanoemulgel studies and 
related topical nano carrier research 
demonstrate improved drug release, dermal 
penetration or deposition and enhanced pre 
clinical therapeutic effects. Nevertheless, 
current evidence is dominated by formulation 
studies, ex-vivo experiments and animal 
models. Future work should prioritize 
standardized formulation design, chemical 
stability, robust skin-deposition methods, 
safety assessment and human clinical 
evaluation. On the basis of current evidence, 
TQ-loaded nanoemulgel is best considered a 
promising topical delivery platform with 
strong preclinical rationale but incomplete 
clinical validation. 
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