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ABSTRACT:  

The use of vaginal microbicides to control STD 

transmission from men to women has received a 

great deal of attention. The purpose of this review 

article is to highlight the history of developing 

vaginal microbicides and review the development of 

early vaginal microbicide formulations, clinical 

efficacy failures, and lessons learned from these 

clinical outcomes. The original vaginal microbicide 

candidates (surfactants, polyanions, acidifying 

agents) had in vitro antiviral activity but had limited 

clinical effectiveness due to poor adherence, 

mucosal irritation, disruption of the vaginal 

microbial flora, and limited efficacy. The challenges 

faced by these products were due in part to the 

complexity of the vaginal environment and the need 

for physiological compatibility between microbicide 

formulation and the vaginal microenvironment. 

This review further identifies advances in 

understanding STD transmission and the 

pathophysiology of the vaginal immune system, 

which have led to the development of new 

antiretroviral-based vaginal microbicides that have 

greater specificity and potency. New drug delivery 

methods, including gels, vaginal rings, films, 

nanoparticles, and combination systems, are also 

reviewed as means by which to improve the 

retention of vaginal microbicides, achieve sustained 

drug release, and improve adherence. The 

conclusion provides an overview of future directions 

in terms of developing multipurpose prevention 

technologies, and user-friendly formulation design 

for vaginal microbicides, which give renewed hope 

for effective vaginal microbicides for STD 

prevention. 

Keywords: Vaginal, Nanoemulsion, Nanoemulgel, 

Immunity, Infection, Techniques, Challenges, 

Strategies, Regulatory, Market  

 

I. INTRODUCTION: 
Human Vagina: 

Contrarytothebeliefthatthevagina hasa 

linear canalextendingdirectlyupsidetothesacral 

promontory, itsactualstructure is morecomplex. 

Manymedical illustrationsand educational materials 

oversimplify the structure, giving the misleading 

impression that objects inserted into the vagina 

could easily fall out. 

It extends from the cervix of the uterus and has 

been primarily studied through cadaver 

dissectionsandimagingtechniques. 

Itshowsacurvedconfiguration:anarrower,bell-

shaped downward portion, a wider, nearly plane 

upward section. 

Thus, startsfrompelviccavity, 

passesthroughthepelvicandurogenitaldiaphragms.T

he bulbocavernosus muscle, pubococcygeus muscle 

function as sphincters at the vaginal opening. 

Thesurfaceofthevaginalwallcontainsrugae—

foldsthat provideelasticity, structure support, and 

greater area. 

Ithasarichvascularnetworksuppliedbybranc

hesofthe inner iliac,uterine, middlerectal, and inner 

pudendal arteries. Venous leakage primarily occurs 

fromthe inner iliac veins, bypassing first-pass 

metabolism, although some drainage also occurs 

via the hemorrhoidal 

veins.Lymphaticchannelsareabundant,and 

innervationisprovidedbythepudendalnerve along 

with fibers from the inferior hypogastric and 

uterovaginal plexuses. 

Although they itself lacks glands, it 

produces fluid from cervical secretions, plasma 

transudation, cellular shedding, with contributions 

from fallopian tubes and endometrium. Women of 

reproductive age secrete about 3–4 g of fluid every 

four hours, postmenopausal secretion drop 

byroughly 50%. Vaginal fluid contains a variety as 
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biological components, 

includingproteins,carbohydrates,enzymes, 

etc.Sexualactivitywould influencetheamount of 

such secretions. 

ThepH maintainedbetween(3.8-

4.2),primarilydueto 

productionoflacticacidproducedby Lactobacillus 

species that metabolizes the glycogen. However, 

they rises during menstruation, after intercourse, as 

semen, vaginal transudate are 

alkaline.Additionally, an epithelium contains 

enzymes that would influence stability, 

effectiveness of drug formulations intended for 

such administration. 

 

 
Figure1: LateralandAnteriorviewofWomen’sGenitalSystem 

 

Drug Delivery through vagina: It is a 

considerable administration for therapeutic, 

pharmaceutical fields, especially in female’s health. 

It is a conventional approach, considering devices 

(such as pessaries, gels, suppositories, rings) 

attempt not to offer just a localised activity but also 

longer therapeutic levels through medication 

reaches the systemic circulation[12]. 

Lowdailydosagesand longer releaseofdrug 

madepossiblethroughvaginal administration. They 

provide several unique advantages, challenges, 

needs as compared to other delivery methods. 

 

Advantages: 

 Non-invasiveandSelf-administered 

 NoFirst-PassMetabolism 

 AvoidanceofGastrointestinalProblems 

 Potentialfor therapeuticactivity 

 RichBlood Supply 

 

 

Challenges: 

 AnatomicalandPhysiologicalBarriers 

 LimitedDrugRetentionandAbsorption 
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 InterindividualVariability 

 FormulationChallenges 

 PatientComplianceandAcceptance 

 StabilityandStorageIssues 

 

Needs: 

 AchievedPre-determined&Prolong Release 

 EnhanceDrugRetention&Bioavailability 

 ToCrossEpithelialBarriers 

 MinimizeSide Effects 

 

NANOEMULSIONS 

Nanoemulsions are special tiny particles 

that carry medicine. It is really small, having size 

from10-1,000 nanometers. These are solid balls, 

their region is not organized with a natural 

oilyfeel.Theycouldbe madebyusing 

magneticparticleswhichhelpsto producemedicineat 

the right place in the body.As a wayto transport 

medicine, theyprovide benefits with no unwanted 

harmful reactions. 

"Nanoemulsion"canalso 

meanaMiniemulsion, whichisa 

mixtureofwaterandoilwhich staysstable becausea 

layerofformedwhichissoap-

likesubstancesontheregion. Particle size between 

100-400 nm. Since, it is so small, it looks clear. 

Threemainclassofnanoemulsions: 

(a) O/W, 

(b) W/O, 

(c) bi-continuous,mixofboththatisW/O/W,O/W/O 

. 

Fig. 2:ClassofNanoemulsions 

 

Advantages: 

 ImprovedAbsorptionoflipophilic,lipophobicdru

gs 

 MucoadhesiveProperties 

 MinimalIrritation 

 Physical,ThermodynamicStability 

 Targeted,LocalizedDelivery 

 Substitutefor Nanoparticlesand others 

 Lessamountofenergyisrequired 
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Components: 

Table1:Components 

Components Function Examples 

OilPart To Solubilize lipophilicdrugs Soybeanoil,Oleicacid,Isopropyl myristate, Tea tree 

oil, etc 

AqueousPart Dispersesystem,To 

dissolvehydrophilic drugs 

Water,Buffers,etc 

Surfactants Reduceinterfacial tension Tween80,Span20,Lecithin,etc 

Co-surfactants Enhance emulsification, 

stabilizedroplets 

Ethanol,PEG,etc 

API Therapeuticeffect Hormones,Antivirals,Antifungals,etc 

Additives Stability,adhesion, comfort Chitosan,citricacid,preservatives,etc 

 

MethodsToPrepare: 

1. High-

EnergyEmulsificationTechniques:Thistechni

queusesalotofenergytomake nanoemulsions. 

• Ultrasonication Method: This involves a good 

way making the droplet really small. This 

process using a device known sonicator probe. 

Probe contains crystals madeup of 

piezoelectricquartz.Whenelectric current 

passedthroughit,migrateback,forth.Whentipof 

sonicator touches liquid, they may produce 

vibrations, triggers cavitation. It is 

producedwhen tiny bubble of gas collapse in 

solution. Which helps to forman emulsion. It is 

mostly used for making particle size around 

0.3 micrometers. 

• High-

PressureHomogenizationMethod:Topreparena

noemulsions,high-pressure homogenization 

method used. This method uses a machine 

namely high-pressure homogenizer.Ithelps 

forpreparationofanemulsionswithtinyparticles, 

lessthan1 nanometer. 

 

2. LowEnergyEmulsificationTechniques: 

• PhaseInversionTemperature(PIT)Methods:This

methodusestemperatureto alterphases of 

microemulsion. 

• SpontaneousEmulsificationMethod:Thiscontai

ningthree steps. 

First, anoil is mix witha onetype 

ofsurfactant (lipophilic) is made within a water-

miscible solventsalongwithanothertypeofsurfactant 

(hydrophilic).Then,this intermediate isadded to 

anaqueoussolutionwhile mixing it 

continuouslywitha magneticstirrer, which makesan 

o/w emulsion. Finally, the water is removed by 

heating the resultant under lower pressure. 

 

EMULGELS 

EMULGELS:It is a clear, stable liquid that 

combines water,oil, a surfactant, and a suitable 

gelling agent. It looks same fromanyangle because 

it is optically identical in all direction. 

Thesystemshave lesssurfacetension, 

allowsthemspread easilyover skin, evenget into tiny 

area likewrinkles,tinygaps.Thishelpsthe medicine 

move moreeffectivelythroughtheskin. When a 

geland an emulsion are combined in a single 

product, it is called an emulgel. 

Itisconsideredapromisingway,transportme

dicinewithinit becausetheyshowdualrelease 

mechanism via firstly, through the gel matrix 

Secondly, froman emulsion. Achieving main goal, 

hydrophobic drugs delivers directly within 
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bloodstream through skin. 

 

BenefitsofEmulgels: 

 Avoidingfirstpassmetabolism. 

 Highselectivitytoatargetedsite. 

 Enhancestability. 

 Improvedrugloadingcapacity. 

 

CategoryofEmulgels: 

a. Dependinguponemulsiontype:AsshowninFig

ure3. 

 
Figure3.Dependinguponemulsiontype 

 

b. Dependingupondropletsize:AsshowninFigure4. 

 
Figure4.Dependingupondropletsize 
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EmulgelroleviaVaginalDrugDelivery: 

1) Enhanceddeliveryofdrug: Offersdual-

releaseshowsthat cancontroltherateatwhich the 

released drug into the vaginal environment. 

2) Enhanced stability, shelf life: The Oil part of 

an emulsion can safeguard drug from 

enzymaticdegradationofvaginalenvironment,en

suringdrugremainsafe for longer period. 

3) Easyapplication: Theyaregenerallyeasyfor 

useandspread, leading betterpatient compliance 

and adherence. 

4) OtherSpecificapplication: Itcould beused 

fordeliveryofantifungal,antibacterialdrugs to 

treat various infections. Also helps to deliver 

contraceptive substances for localized action. 

5) Researchanddevelopment: 

Emulgelsareconsideredapromisingareaofresear

chfor developing innovative drug delivery 

systems. 

 

CommonGellingAgentsinEmulgels:AsshowninTable2. 

Table2.CommonGellingAgents 

GellingAgent Type Properties Sensitivity 

Carbopol 934/940/980 Synthetic polymer Highviscosity,cleargel, stable pH-sensitive 

HPMC 

(Hydroxypropylmethylcell

ulose) 

Semi-synthetic cellulose Formssmoothgels,goodfilm- forming 

ability 

MildlypH-sensitive 

SodiumAlginate Natural polysaccharide Formsgelinthepresenceof calcium ions Sensitiveto ions 

Poloxamer 407 

(PluronicF127) 

Syntheticblock 

copolymer 

Thermo-reversiblegel(liquid when cold, 

gel at body temperature) 

Temperature-

sensitive 

GuarGum Natural polysaccharide Biodegradable,thickeningand stabilizing 

agent 

pH stable 
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NANOEMULGELSYSTEMS 

NANOEMULGEL: When nanoemulsion is added 

to a gel, nanoemulgel is formed. The 

nanoemulsions isclear formulationthat 

staysafeovertime.Theykept safebyformingathin 

layer with the use of molecules of co-surfactant, 

surfactant. Particles in nanoemulsions are very 

small, < 400 nanometers in size. This improve way 

of drugs pass through skin both in lab tests and in 

real-world situations. The nanoemulsions are better 

in helping drugs move throughthe layers of skin as 

compared to traditionaltopicaltreatments like 

regular gels and emulsions. 

 

Procedureformakingananoemulgel: 

AsshowninFigure5.Representtheprocedureformakin

g ananoemulgel. 

 

 

 

 
Figure5.Representtheprocedureformakinga nanoemulgel 

 

 

 

Methods used to make nanoemulsions can 

either be low-energy/high-energy emulsification 

techniques[49, 51].Inthehigh-energytechniques, 

mechanicalenergyisaddedtobreakdown the oily 

droplet into tinydroplets that combine with the 

water. These techniques contain 

ultrasonicationmathod and high-pressure 

homogenization method. Low-energy techniques, 

involves solvent displacement, phase inversion 

composition (PIC) methods, phase inversion 

temperature (PIT) methods, require less energy to 

prepare nanoemulsions [21]. The selected 

surfactant either get combined with the oil/water 

part. Depending upon how well it get dissolves, the 

drug can be added to the water oroil part and 

dissolved. Then, one part get added slowly into the 

other with continuous stirring while maintaining 

the temperature that reaches the room temperature. 

An appropriate gelling agent mixed into water by 

constant stirring to makebase ofgel. pH should 

beadjusted,that prepared nanoemulsion 

incorporated into the base in a specific amount 

while keeping it stirred forms nanoemulgel. 
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Advantages:. 

Figure6.Advantages 

 

UsesofNanoemulgel: 

Table3.UsesofNanoemulgel 

TherapeuticArea Uses 

Antifungal Clotrimazole,miconazoletotreatvaginalcandidiasis 

Antibacterial Metronidazole,clindamycintotreatbacterialvaginosis 

Antiviral Acyclovir,tenofovir totreatherpessimplexvirus(HSV) 

Hormonal Progesterone,estrogentotreatmenopause-related disorder 

Immunomodulators Enhancetheimmunedefense,preventingSTIs,treatingimmune- related 

disorders 
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IMMUNOLOGYOFVAGINALMUCOSALLAY

ER 

IMMUNESYSTEMOFVAGINALMUCOSALL

AYER:Itplaysacriticalroleproviding 

adefenceagainst pathogens, whileserving atarget for 

drugdelivery. However, providing an essential site 

for local immune responses. 

1. ProximityofLymphoidTissues: 

 Mucosa-

AssociatedLymphoidTissue(MALT)systemcon

tainspartofvaginal layer, more specifically: 

o ContainsGenital-

associatedlymphoidtissue(GALT) 

 HavingscatteredBandTlymphocytes,macropha

ges,anddendriticcells 

 Cervix(especiallyhavetransformationzone) 

having manyimmunecells compared with 

vaginal walls. 

 

2. ProductionofCytokines: 

Thesearethoseproteinsthattransmit 

signalswhichhelpsto maintainimmune 

responses, inflammation, healing. Vaginal 

mucosal layer contain: 

 Pro-inflammatorycytokines: 

o IL-1β,IL-6,IL-8,TNF-α 

o Initiatedfrominfection,foreignsubstances 

o Promote newproductionofanimmunecell 

 Anti-inflammatorycytokines: 

o IL-10,TGF-β 

o Regulate,suppressanexcessiveimmuneeffect 

 Chemokinesi.e.MIP-

1α,RANTEShelprecruitleukocytesintolayersurf

aces. 

 

3. ActivityofImmuneCell: 

Avarietyofimmunecellsare activesuchas: 

 EpithelialCells: 

o Providesprotection 

o Secretemucins,defensins,cytokines 

o Possesspatternrecognitionreceptors(PRRs),TL

Rstoindicate pathogens 

 

 DendriticCell(DCs): 

o Helpstocaptureanantigen,migratetowardslymph

nodes 

o PresentantigentoTcellsthattrigger adaptive 

responses 

 

 Macrophages: 

o Phagocytose pathogens 

o Producethe pro-inflammatorycytokines 

 

 LangerhansCell: 

o Specializeddendriticcellssituatedintheepithelial 

layer 

 TLymphocyte: 

o CD4+Tcell: Functionashelpercell, 

supporttheproductionofthe antibody 

o CD8+Tcell:Functionascytotoxiccell, 

killinfectedcell 

 

 BLymphocytes,PlasmaCell: 

o Helpsforthedevelopment ofIgA,IgG 

 

Challenges: 

Since, vaginal layer has a unique 

immunological surrounding developed for 

maintaining security versus pathogens with 

potentialtolerating non-harmful antigen (such as 

semen). 

However,thisbalancecreateschallengesforachieving

effectivelocalimmuneresponses, especially when 

delivering drugs or vaccines. 

 

1. RapidClearance: 

 Self-cleaningnatureofthevaginaleadstorapid 

clearanceofdrugs: 

o Thesecretionsand 

mucusactasflushingoutforeignmaterials. 

o Mildwashing,menstrualflow,andgravityassistin

torapidexpulsion. 

 Thisreducesadherencetimeofdrugformulations,

affectingabsorptionand local immune 

interaction. 

 

2. EnzymaticDegradation: 

 Vaginalmucusandepithelialsecretionscontainpr

oteolyticenzymessuchas: 

o Proteases,esterases,andnucleases 

 Theseenzymescan: 

o Degradepeptides,proteins,andnucleicacids, 

makingbiologics(e.g., peptide drugs, 

DNA/RNA vaccines) particularly vulnerable. 

o Reduceantigenstabilityandbioavailability, 

limitingthegenerationof effective immune 

responses. 

 

3. VariationsofpH: 

 ThepH isnormallyacidic(around3.5-

4.5)becauseofdevelopment oflactic acid by 

Lactobacillus species. 

 However,fluctuationisseenbecauseof: 
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o Menstrualcycle 

o Sexualactivity(semenwhichis alkaline) 

o Infections(e.g., inconditionofbacterial 

vaginosis,thepHincreases) 

 AnychangesthataffectpH can be: 

o pH-sensitivedrugsorbiologicsthatareinactivated 

o Impactenzymeactivity 

o Damageimmunebalance,possiblyincreasingsus

ceptibilityfor pathogens 

 

StrategiesinvolvedfortheVaginalImmunity: 

1. UseofAdjuvant: 

Thesearethoseagentsthatadvancestheeffectivenessof

the immuneeffect.The vaginal immunology, 

they: 

 Stimulatedendriticcell, 

Langerhanscellthatsupportpresentationofantige

n. 

 Triggerdevelopmentofcytokine(e.g.,IL-6,TNF-

α,IFN-γ). 

 Examples: 

o TLRagonists(e.g.,CpGoligodeoxynucleotides). 

o Alum,saponins(QS-21)formucosalapplication. 

 

2. Pre-determinedReleaseSystems: 

These help forprolongingtheresidence 

forantigen/drugsatthevaginalcavityand enable 

longer immune stimulation. 

 Hydrogels,microspheres,nanoparticlesarecom

monlyused. 

 Benefits: 

o Reduceenzymaticdegradation. 

o Maintainstabilityover time. 

o Supportaprime-boostresponse. 

 

3. TargetedSystems: 

Ittriggersuptakebymucosallayerthat enhance 

presentationofantigen. 

 Mucoadhesivepolymers(e.g.,chitosan,Carbopol

)improveinteractionwith the vaginal mucosa. 

 Nanocarrierslikenanoemulsions,liposomes,and

dendrimerscanbe engineered for: 

o pH-responsiveness 

o Temperature-sensitiverelease 

o Cellulartargeting 

 

NANOEMULGELFORMULATIONFORIMM

UNEENHANCEMENTSELECTION 

OFACTIVE PHARMACEUTICAL 

INGREDIENT (APIs): 

A. SelectionofAPIas Immunomodulators: 

Increases,regulatestheeffectofimmunesystem.Suitab

letoadvanceslocal immunity. Structures ofAPI that 

can be used as shown in Figure 7. 

 

 

Figure7.StructureofAPIasImmunomodulators Table 4. Immunomodulators 

 

API Role Mechanism Application 

Imiquimod TLR-7agonist Stimulatescytokine 
release(IFN-α) 

HumanPapilloma 
Virus(HPV) 

Curcumin Natural 
Immunomodulator 

Macrophage modulation Immune 
Enhancement 

Chitosan(as 
adjuvant) 

Mucoadhesive, 
immunostimulant 

Enhancesantigenuptake Todeliverthe 
vaccine 
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B. SelectionofAPIasAnti-inflammatoryAgents: 

It controls the inflammation without slowdown the 

immune defence especially important at 

mucosalapplications. StructuresofAPIofAnti-

inflammatoryagentsas shown in Figure 8. 

 

Figure8.StructureofAPIofAnti-inflammatoryagents Table 5. Anti-inflammatory agents 

 

API Class Working Application 

Diclofenac 

Sodium 

NSAID COXinhibition Effectiveinacute 

inflammatorystates 

Dexamethasone Corticosteroid Inhibit pro- 

inflammatory 
cytokines 

Short-termusetoavoid 

immune suppression 

 

C. AntimicrobialAgents: 

Agentsthat 

killthemicrobeswhilesupportingimmunebalance,esp

eciallyat sensitive regions like vaginal mucosal 

layer. Structures ofAPI ofAntimicrobial agents as 

shown in Figure 9. 

 

Figure9. StructureofAPIofAntimicrobialagents 

 

Table6.APIofAntimicrobialagents 

 

API Type Target Microbes Uses 

Clindamycin Antibiotic Gram-positive bacteria Usedtotreatbacterial vaginosis 

TeaTreeOil 

(Terpinen-4-ol) 

Natural Bacteria,Fungi Used inlow 

concentrations 
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FORMULATIONDEVELOPMENTCONSIDER

ATION: 

Theyare hybridsystemsthat combine 

propertiesofnanoemulsionsaspenetration-enhancing 

effect, good adherence and prolong release 

properties provided by gels. In immune 

enhancement,thegoalistodeliver 

immunomodulators,antigens, orbioactives ina 

localized and sustained manner: 

1. CompatibilityofAPIwith Excipients: 

 Solubility&Partitioning: 

o APImustdissolveineitheraqueous/oilpartofnano

emulsion. 

 HydrophobicAPIs(e.g., curcumin) goes 

inoipart. 

 LipophobicAPIsmayrequireco-solventsor 

surfactants. 

o Poorlysolubledrugsmaycrystallizeorprecipitate,

affecting bioavailability. 

 

 ChemicalCompatibility: 

o AvoidinteractionsbetweenAPIandexcipientstha

tcanleadto degradation: 

 pH sensitivity 

 Hydrolysisoroxidation 

o Useantioxidants(e.g.,tocopherol)orstabilizersif

needed. 

 

 BiologicalCompatibility: 

o Excipientsmust benon-irritating,non-

toxic,andsafeformucosalor dermal application. 

o Commonexcipientsinclude: 

 Oils:Isopropylmyristate,MCT,sesameoil. 

 Surfactants:Tween80,Span20. 

 Gelling agents: Carbopol940,HPMC. 

 

2. StabilityConsiderations: 

 PhysicalStability: 

o Avoidphaseseparation(creaming,coalescence)o

fthenanoemulsion. 

o Optimizedropletsizeandpolydispersityindex(P

DI< 0.3). 

o Addstabilizersorincreasesurfactantconcentratio

nif needed. 

 

 ChemicalStability: 

o ProtectsensitiveAPIs from: 

 Light(useopaquecontainers) 

 Oxidation(addantioxidants) 

 Hydrolysis(maintainoptimalpH) 

 

 

 MicrobialStability: 

o Addpreservatives 

likeparabens,benzylalcohol(ensurecompatibilit

y). 

o Conductmicrobialloadtesting(especiallyformuc

osalproducts). 

 

 RheologicalStability: 

o Gelbaseshouldmaintainviscosityovertimeandte

mperature changes. 

o Importantforprovidingconsistent application. 

 

3. ReleaseProfile: 

 Controlled/SustainedRelease: 

o Nano-

sizeddropletspromotedeeppenetrationintothelay

ers. 

o Gelmatrixtriggersslowdrugdelivery,reducingdo

sing frequency. 

 

 RapidBurstReleaseFollowedbyProlong 

Delivery: 

o Someimmune-enhancingagentsprovidebenefit 

bydirectlystarting from burst release followed 

by prolong delivery. 

 Donewithadjustingconcentrationofgelusinghyb

rid polymers. 

 

 ReleaseofDrug ModificationFactors: 

o Viscosityofgel(higher =slowerrate) 

o Crosslinkingdonebygelpolymers 

o Oil-to-waterconcentrationusedinnanoemulsion 

o Typeofsurfactant,differentconcentration 

 

 Evaluationtobe Performed: 

o InvitrodrugdiffusionstudiesbyusingFranzdiffus

ioncells apparatus. 

o Mathematicalmodeling:Korsmeyer-Peppas,etc. 

 

 

NANOCARRIERS 

ROLEFORIMMUNETARGETING: 

1. EnhancedCellularUptake: 

 NanoscaleAdvantage: 

o Nanocarrierhaving(<400nm)canpenetrateepith

elialbarriers,reach immune cells like 

Langerhans cells, macrophages, dendritic cells. 

o Enhancesthesurfaceareaandincreaserapiddrugr

elease, bioavailability. 
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 Facilitateddiffusiondonebyaprocess via 

Endocytosis: 

o Nanocarriersareefficientlycarriedout 

byphagocyticandantigen- presenting cell 

(APCs) through: 

 Clathrin-mediatedtransport 

 Caveolae-mediatedtransport 

 Macropinocytosis 

 ImprovedIntracellularDelivery: 

o Enablesdeliveryofimmune-

activatingagents(e.g.,cytokines, etc.) directly, 

increasing activation. 

 

2. ImmuneCellswith Interactions: 

 AntigenPresentationEnhancement: 

o Nanocarriersencapsulatesurface-

displayimmunomodulators. 

o Once 

internalizedwithdendriticcells,theyconvertMH

C-IandMHC- II mediated antigen presentation, 

triggering an adaptive immunity. 

 

 ModulationinSecretionofCytokines: 

 Loaded nanocarriers can alters the modulation 

of cytokine profile, promotingeitherpro-

inflammatoryoranti-inflammatorycytokinesas 

needed (e.g., IL-2, IFN-γ, IL-10). 

 TargetingspecificallyImmuneCellTypes: 

 Nanocarrierscanbesurface-

modifiedbyanantibodies,ligands(e.g., mannose 

for macrophage targeting) to improve selective 

targeting. 

 

3. Prolong,LocalizedActivation: 

 Mucoadhesivegelbase 

havehigherresidencetime,ensuringlong-term 

interaction with mucosal cells. 

 Prolongreleaseallowshigherimmunestimulation

. 

 

CASE STUDIES 

CASESTUDY:ANTIFUNGALNANOEMULGE

LFORMULATIONS: 

CaseStudy1Example:MenthaspicataOil-

LoadedNanoemulgelfor Candidiasis: 

Background:Candidiasis,especiallyvaginalcandidia

sis, iscommonlycaused byCandida albicans. 

Traditional antifungals often face resistance and 

side effects. Natural oils like Menthaspicata 

(spearmint) oil exhibit strong antifungal activity 

and can be used in nanoemulgel systems for 

improved efficacy. 

FormulationHighlights: 

 Oilpart:Menthaspicata 

essentialoil,whichhasantifungalproperties 

 Surfactantandhelpersurfactant:Tween80andPE

G400 

 Aqueousphase:Water 

 Gellingagent:Carbopol934 

 Process: First, combine water/oil together with 

high energy 

techniquesmakingastablemixture,thenincorpora

teingelbase 

 

EvaluationParameter: 

Measurement being checked to get better 

penetration, particle size that are about 100 

nanometers.Aproperamount 

of30molestakenforproperzetapotential.Testsonrealp

eople show that penetrationworks better thanoilor 

gel. Skin irritationtests show it's safe to useon 

theskin. Labtestsshow it fightsCandida albicans 

fungus. Arat modelchosen, suffering with vaginal 

infection, helped reducing symptoms effectively. 

 

Conclusion: 

Nanoemulgel systems depicts considerate 

signs for treating diseases like candidiasis, 

particularlythosethatemploynaturalagentslike 

Menthaspicataoil. Particularlyincasesthat are 

resistant orrecurrent,these formulationsprovide 

synergistic benefits intermsofefficacy, safety, and 

patient compliance. 

 

CASESTUDY:IMMUNOMODULATORYNAN

OEMULGELSYSTEMS: 

Incorporationofimmunomodulatoryagentslikecurcu

minand polyphenol60: 

1. Curcumin-

LoadedNanoemulgelforImmuneEnhanceme

nt: 

Curcumin,anaturalpolyphenoliccompound

fromCurcumalonga,exhibits effective 

immunomodulatory, anti-inflammatory properties. 

However, curcumin with low aqueous solubility, 

less bioavailability slowdown the therapeutic 

potential. To overcome from this barrier, a 

nanoemulgel system was developed: 

 Formulation:Curcuminisdeliveredthroughanan

oemulsioncontainingoil part in water, which is 

then mixed into a gel base prepared 

fromcarbopol. 

 Application:Thisproductisappliedonthesurface

oftheskin, helpsto manage long-term issues 

like psoriasis, dermatitis. 

 Outcomes: 
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 Itmovesbetterthroughskin,staysthere longer. 

 Ithelpstocontrolbody’simmuneeffect 

byloweringcertainproteins (like IL-10 and 

TNF-α) that cause inflammation. 

 Ittriggerssteadilyandcauses less 

irritationwhenon applicationtothe skin. 

 

2. Polyphenol-

60NanoemulgeltoprovideLocalImmuneSupp

ort: 

Itisaplant-derivedantioxidant 

complex,commonlyknownas freeradicalscavenging 

and immune-supportive effects. 

 Formulation:Polyphenol60encapsulated 

inananoemulsionusing naturaloils (e.g., 

almond, sesame oil) and integrated into a 

thermosensitive gel base. 

 Application:Vaginal/dermalrouteforimmunepr

otection,antioxidant defense. 

 Outcomes: 

 Improvedbioadhesion, 

residencetimeonmucosalsurfaces. 

 Prolongrateover24 hours. 

 Enhancedmacrophageactivation,lymphocytepr

oliferationinvitro. 

 

REGULATORYANDMARKETCONSIDERATI

ONSREGULATORYFRAMEWORKFORVAG

INALFORMULATIONS: 

In vaginal formulation, including creams, 

gels, hybrid systems like nanoemulgels, are 

considered specialized formulation that are 

regulated to ensure safety, efficacy, quality. 

Differentregulatorybodiesi.e.USFDA(USA),EMA(

Europe),CDSCO(India) passedsome guidelines for 

the approval, market authorization. 

1) U.S.FoodandDrugAdministration(FDA): 

 RegulatoryPathways: 

o NDA(NewDrugApplication)insupportofnovelc

hemicalentities. 

o ANDA(AbbreviatedNewDrugApplication)insu

pportofgenerics. 

 RelevantGuidelines: 

o GuidanceforIndustry: 

 VaginalMicrobicides–

DevelopingProductstoPreventHIV Infection. 

o ScalingUpandChangesAfterApprovalforSemis

olidProducts. 

o ICHGuidelines(Q1–

Q10)forSafety,Quality,Effectiveness. 

 KeyRequirements: 

o Invitrodrugrelease,permeationstudy. 

o Localizedtolerability,irritationtesting. 

o Reproductive,developmentaltoxicitystudy. 

o Specificguidance insupportofsafetyfor 

excipient invaginal application. 

 

2) EuropeanMedicinesAgency(EMA): 

 Rulesthat controlthemedicinesthat 

aremeanttobeused forhumansisthe Directive 

2001/83/EC. 

 RelevantGuidelines: 

o Rulesthatinvolvedclinicaltestingofmedicines,w

orklocallyonbody. 

 ICHguidelinesonsafety,effectiveness,qualityof

medicines(ICHQ1to Q12). 

 KeyRequirements: 

o VaginalpHcompatibility. 

o Evaluationfor localadverseeffects. 

o Specificbiocompatibilityassessments. 

o Clinicaltrialstailoredvaginalmucosaladministrat

ion. 

 

3) CentralDrugsStandardControlOrganization

(CDSCO), India: 

 Framework: 

o DrugsandCosmeticsAct,1940andRules, 1945. 

 RelevantGuidelines: 

o ScheduleY–

Theseareguidelinesinvolvedtodoclinicaltrials,g

etting approval for new medicines. 

o BA,BEstudyguidelines. 

o MedicalDevices,2017(thesearehavingrulesthat 

applyifformulation used with a special device). 

 KeyRequirements: 

o Need 

forpermissionfromDrugControllerGeneralofIn

dia(DCGI) to get allowance for new API. 

o Mandatorystabilitystudiestropicalconditions(Z

oneIV). 

o Preclinicalsafetydataspecificto 

mucosalapplication. 

o Emphasisonlocalirritation,toxicity,andreproduc

tivesafetystudies. 

 

MARKETEDTRENDSFORVAGINALFORMU

LATIONS: 

Marketed vaginal formulation has faced 

significant extension because of more awareness on 

women's health, advancing the 

formulationtechnologies, and the demand for 

localized, non- invasivetreatments. 

Markettrendsareshaped 

bybothtechnologicalinnovationandchanging 
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consumer expectations. 

1) MarketGrowth: 

 Globallyvaginaldrugdeliverymarket 

belongstoincrease at aCAGRof6–8% over the 

next 5–7 years. 

 Marketeddrivers: 

o Risingincidenceofbacterialvaginosis, 

vaginalinfections,hormonal imbalances, and 

menopausal conditions. 

o Increasingdemandfortargeteddeliverysystemss

uchas nanoemulgels, rings, films. 

o ExpansionofOTC(Over-the-

Counter),prescription-basedwomen’s 

healthcare products. 

 Emergestheeconomies,specificallyinAsia-

PacificandLatinAmerica,are showing rapid 

adoption due to improved healthcare access, 

awareness campaigns. 

 

2) PreferencesforConsumers: 

 Non-invasive,self-

administeredproductsarepreferred,especiallyfor

chronic or recurring vaginal conditions. 

 Keyconsumer demands: 

o Easeofuse(applicator-basedgels,softgels,pre-

filledsystems). 

o Lowersthesideeffects,reducedsystemicexposure

. 

o Fastonsetofaction,longretentiontime. 

o Naturalorherbal-basedingredients,hormone-

freeoptionsare increasingly favored. 

 Rising interest in personalized vaginal health 

products, including pH- 

balancing,microbiome-friendly,andmulti-

functionalformulations(e.g., antifungal + anti-

inflammatory). 

 

3) Innovationand Competition: 

 New startups and biotech firms are joining the 

field with innovative solutions 

likemucoadhesivenanocarriers,temperature-

sensitivegels,andsmartdelivery systems. 

 Pharmacompaniesarefocusingon: 

o Managingthe 

lifeofhormonaltreatmentsbycreatingbetter 

vaginal versions of these medicines. 

o Changingexistingdrugsto 

bedelivereddirectlytothevagina,which helps 

keep patents active longer. 

 Partnershipsbetweenuniversitiesandcompanies

arehelpingtocreate advanced products. 
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