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ABSTRACT:  

Self-nanoemulsifying self-nanosuspension (SNESNS) represents a new type of oral drug 
delivery system that can be used to overcome the prob.lem of poor water solubility in the 
case of a wide range of pharmaceutical agents. Under the umbrella of the benefits of self-
nanoemulsifying drug delivery system (SNEDDS) and nanosuspensions, SNESNS seeks 
to enhance the dissolution rate, bioavail.ability, and solubility. This twin action permits the 
drugs to circumvent the liver and is transported more rapidly to the systemic circulation 
that increases its bioavailability and effect. The most important one is the abil.ity to load 
drugs that are larger in quantity than traditional SNEDDS that are especially useful when 
dealing with drugs with a high potency or low solubility. Recent literature has concentrated 
on the SNESNS solidification to achieve stability of the formulation and convenience in 
use to patients through the use of carriers such as mesoporous silica or through the use 
of the spray drying method. In addition, targeted and multiple drug delivery (3D printing 
and surface modification) is being explored to attain personalized approaches of drug 

delivery. The progression of formulation tools (including phase diagram mapping and 
statistical optimization) is related to the presence of sufficient drug loading and release 
characteristics. On the whole, SNESNS is an all-encompassing approach and innovative 
concept of the design of the stable and effective oral formulations with effects on a variety 
of treatment fields. 

KEYWORDS: Poo.rly solu.ble dru.gs, SNE.SNS, SNE.DDS, High Drug Load.ing, Dual 
Mecha.nism, Bioavail.ability. 

 

1. INTRODUCTION: - 

The self-nanoemulsifying self-nanosuspension (SN.ESNS) is a new type of oral 
drug deli.very sys.tem whi.ch has emer.ged as a res.ult of the mer.ger of self-
nanoemulsifying drug deli.very syst.ems (SN.EDDS) and nanosus.pension. The formulation 
cont.ains the drug in a two-state form whi.ch is in parti.ally solv.ated and parti.ally micro.nized 
form in a unif.orm oil surfactant-co-surfactant ble.nd. The nanoem.ulsion and 
nanosus.pension that occ.urs spontan.eously with the gastroin.testinal tra.ct will occ.ur when 
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the attaching bod.ily flu.ids to whi.ch the wat.er is mix.ed with. Tha.nks to that, the part.icle of 
dru.gs are prep.ared in the nanos.cale in two fol.ds and in this way, the likel.ihood of 
absor.ption elev.ates [1]. 

The true val.ue of SNE.SNS is its hig.her mer.it over the conven.tional SNE.DDS in 
the high dose poorly wat.er solu.ble drug incorpo.ration prob.lem. SNE.SNS was assoc.iated 
with the improv.ement of solub.ility, dissol.ution rate, and oral bioavail.ability as it gave 
solubi.lised and suspe.nded fract.ions of the drug the cha.nce to coex.ist and bec.ome co 
deliv.ered. The dual path.way is additionally enab.ling a hig.her dos.age, but also absor.ption 
via por.tal vein and the lymph.atic path.way. The addit.ional pat.hs of drug int.ake are 
benef.icial in the case of the most challe.nging drug molec.ules [2]. 

A comp.lex type of drug deli.very sys.tem is the self-nanoemulsifying self-
nanosuspension (SNESNS) that was desi.gned in an atte.mpt to incr.ease the absor.ption 
of dru.gs that are not well solu.ble in wate.rby the orga.nism [3]. It acts upon the crea.tion of 

two kin.ds of dimin.utive carr.iers nanoemu.lsions and nanosusp.ensions at the same time 
when in tou.ch with the diges.tive tra.ct flu.ids. This step.wise proc.ess enha.nces quic.ker 
drug dissol.ution and hig.her absor.ption quan.tity. Comp.ared to the anti-.aging syst.ems in 
the past that are not effec.tive when drug dos.es are high, SNE.SNS is capa.ble of hand.ling 
the huge dos.es effect.ively, thus its usefu.lness in the challe.nging formul.ations. It also 
facili.tates the rele.ase of the drug quicker with bet.ter compl.etion thus enhan.cing the 
effecti.veness of the drug and allo.wing it acc.ess into the bloods.tream via diffe.rent rou.tes 
inclu.ding the lymphatic sys.tem [4]. 

Rese.arch indic.ates that one of the unexp.lored drug deli.very syst.ems is self-
nanoemulsifying self-nanosuspension (SN.ESNS). The liter.ature and research prese.nted 
in most cas.es on scientific liter.ature mai.nly dwe.ll on self-nanoemulsifying drug deli.very 
systems (SN.EDDS), whe.re their mecha.nisms, applic.ations, and limita.tions are hig.hly 
cove.red. In compa.rison, only a few rec.ent stud.ies menti.oned SNE.SNS, but they do that 
in a frame.work of a new stra.tegy [5]. Accor.ding to a rec.ent rep.ort, resear.chers have now 

been inter.ested in a spec.ial dual solubil.ization proc.ess. This was a rece.ntly disco.vered 
find.ing by a rese.arch team. Resear.chers have been condu.cting stud.ies on SNE.DDS 
over a per.iod of more than 10 yea.rs. Compara.tively, scho.lars have not star.ted conducting 
rese.arch on SNESNS. Rec.ent rese.arch hol.ds great poten.tial in succ.ess of SNE.SNS in 
fix.ing parti.cular iss.ues whi.ch incl.udes low drug load.ing in SNE.DDS to water-i.nsoluble 
dru.gs [6]. The abse.nce of experi.mental and clin.ical rese.arch also unders.cores the fact 
that SNE.SNS is a nasc.ent and a promi.sing fie.ld of pharmac.eutical develo.pment. 

1.1. ADVANTAGES OVER TRADITIONAL FORMULATIONS: - 

Self-nanoemulsifying self-nanosuspension (SN.ESNS) systems prov.ide seve.ral 
key advan.tages over stan.dard drug formul.ations, partic.ularly for dru.gs that are not eas.ily 
solu.ble in wat.er or that requ.ire substa.ntial dos.es. 
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1) Enhanced Drug Solubility and Dissolution: 

 Dual Solubilization: SNE.SNS employs both nanoem.ulsion and nanosus.pension 

techn.iques to impr.ove the dru.g's solub.ility. This appr.oach lea.ds to signifi.cantly bet.ter 
solub.ility than conven.tional formul.ations or even typi.cal SNE.DDS. For exam.ple, 
SNE.SNS incre.ased the solub.ility of diace.rein to abo.ut 309 μg/mL, comp.ared to 
approxi.mately 162 μg/mL with SNE.DDS alone. Additi.onally, it enab.les comp.lete and 
rap.id drug rele.ase wit.hin just 15 minu.tes. 

 High Drug Loading: SNE.SNS can accomm.odate lar.ger drug quant.ities, mak.ing it 

an effec.tive solu.tion for formul.ations that requ.ire high dos.es. It hel.ps to over.come the 
solub.ility limita.tions obse.rved in tradit.ional SNE.DDS and standard suspen.sions [7]. 
 

2) Enhanced Oral Bioavailability: 

 Improved Absorption: SNE.SNS signifi.cantly enha.nces the absor.ption of dru.gs 

admini.stered ora.lly. For inst.ance, it incre.ased the relative bioavail.ability of Rhe.in to 

210% comp.ared to an aque.ous suspe.nsion, due to its abil.ity to trans.port the drug 
thro.ugh both the por.tal vein and the lymphatic sys.tem. 

 Diminished Food Impact: Formul.ations utili.zing phospholipid-based SNE.SNS can 

miti.gate the effe.cts of food on drug absor.ption. This resu.lts in more stable drug 
concent.rations wit.hin the body, help.ing pati.ents adh.ere to the.ir treat.ment regi.mens. 
 

3) Flexibility and Effectiveness: 

 Suitable for Complex and Natural Compounds: SNE.SNS is effec.tive in deliv.ering 

mixt.ures of natural prod.ucts or nutrace.uticals with vary.ing solub.ility prof.iles. This can 
lead to improved therap.eutic resu.lts comp.ared to conven.tional formul.ations [8]. 

 Swift and Complete Drug Release: SNE.SNS facili.tates rap.id and compreh.ensive 

drug rele.ase, whi.ch is partic.ularly cruc.ial for medica.tions that requ.ire pro.mpt act.ion 
to be effec.tive. 
 

2.  Objectives of the Study: - 
This review aims to pres.ent and expl.ain. The main aims of this stu.dy are:  

 To give a detailed insi.ght into the work.ing of SNE.SNS, focu.sing on its dual 

solubil.ization mecha.nism & how it is diffe.rent from earl.ier syst.ems like SNE.DDS and 
nanosusp.ensions. 

 To sum up, the latest rese.arch find.ings show SNE.SNs are benef.icial beca.use of the.ir 

enha.nced solub.ility, rap.id drug rele.ase, and absor.ption. 

 The.re has not been much publi.shed rese.arch on SNE.SNS in compa.rison to the 
exten.sive publi.shed rese.arch on SNE.DDS. 

 Enha.nce knowl.edge on Formul.ation strat.egies, applic.ations, and clin.ical sco.pe of 
SNE.SNS for furt.her rese.arch 

 We want to help scien.tists, stud.ents, and teac.hers by giv.ing a cle.ar and sim.ple 

over.view that will supp.ort the.ir fut.ure research, teac.hing, and formulation 
develo.pment. 
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3. FORMULATION STRATEGIES AND OPTIMIZATION: - 
In ord.er to deve.lop a successful SNE.SNS formul.ation scientists sel.ect and mix 

vari.ous excip.ients with gre.at care, i.e. ingred.ients that aid the dissol.ution of a drug, its 
stabi.lity and enhanced absor.ption. It also foll.ows the step-.by-step met.hod to opti.mize the 
formul.ation to avo.id fail.ure in the stabi.lity, drug rele.ase and bioavail.ability. 
 

3.1 Formu.lation Strat.egies- 
 Self-nanoemulsifying self-nanosuspension (SN.ESNS) sho.uld be elabo.rated with the 

pro.per plan.ning and a care.ful cho.ice of ingred.ients so that effec.tive distri.bution, as 
well as absor.ption of the drug, may take pla.ce. The aim will be to come up with a very 
str.ong form that can deli.ver the medi.cine in both dissol.ution and suspe.nsion sta.te 
and trans.form in the approp.riate dispe.rsion on cont.act with wat.er. 
 

 Sele.cting Excip.ients: The scree.ning proc.ess in the fir.st step is to sel.ect the best 

oil, wett.ing age.nt and co-surf.actants to under.take the dispe.rsal and stabi.lity. The.se 

addit.ives are cho.sen due to the.ir imp.act on enhan.cing the solub.ility of a medicinal 
prod.uct, and the.ir tend.ency to form a nanoem.ulsion and a nanosus.pension 
spontan.eously with water. The.se components must be distri.buted eve.nly in the body, 
in ord.er to have a succe.ssful work.ing sys.tem in the body [3].  
 

 Dr.ug Loadin.g:When the excip.ients are cho.sen, the drug is entr.aped in the 

formul.ation in two par.ts: a part is disso.lved in the gre.asy pha.se, the rest of the drug 
is a fine suspe.nded atom. High-.shear homogen.ization is usua.lly used to this deg.ree 
to equ.al the suspended drug and achi.eve more warh.eads and drug warh.eads. The 
two-.fold exist.ence nowa.days prom.otes the sys.tem to prov.ide more dru.gs as 
oppo.sed to the tradit.ional sys.tem of SNE.DDS [7]. 
 
 

 Godfather: SNE.SNS will asse.mble two for.ms of nanos.cale carr.iers, one bei.ng a 
nanoem.ulsion of the disso.lved drug and a nanosus.pension of the insol.uble one when 
expo.sed to wat.er, even in the GI tra.ct. The cha.nge at hand is neit.her ene.rgy 
consu.ming nor does it warr.ant any exte.rnal ene.rgy and it is usua.lly confi.rmed 
thro.ugh atom size examin.ation as well as ima.ge techn.iques using transm.ission 
elec.tron micro.scopy. Its concl.usion oug.ht to be a sta.ble, whi.ch is bimo.dal in nat.ure 
and impr.oves the spe.ed and the deg.ree of drug absor.ption. 

 

3.2  Optimization Techniques: 

To formu.late an effec.tive SNE.SNS, resear.chers integ.rate a vari.ety of adva.nced 
des.ign too.ls and thor.ough test.ing: 
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 Experi.mental Des.ign: Trian.gular mixt.ure des.ign, Box-B.ehnken des.ign, and 

resp.onse surf.ace method.ology are some of the statis.tical proce.dures thro.ugh whi.ch 
the resear.chers are able to stu.dy the eff.ect of the vari.ous rat.ios of oil, surfa.ctant, and 
co-sur.factant on the perfor.mance of the formul.ations. The strat.egies are use.ful in 
determ.ining the opti.mal mixt.ure that acqu.ires smal.ler drop.let sizes, unif.orm 

distri.bution, high clar.ity and fast emulsif.ication, whi.ch is essen.tial in the improv.ement 
of drug uptake. 
 

 Analytical Characte.rization: Aft.er constr.ucting the formul.ations, both the scien.tists 
exam.ine key peculia.rities, inclu.ding part.icle size, polydis.persity ind.ex (PDI), zeta 
poten.tial, and in vit.ro dissol.ution as meas.ures of system beha.vior [1]. The.se tes.ts are 
used to iden.tify the most promi.sing formul.ation sin.ce they show its stabi.lity, 
repeata.bility, and effi.cacy in drug rele.ase. 
 
 

 Freeze.-Drying: The met.hod of freeze.-drying wher.eby the freeze.-drying proc.ess is 
used to pres.erve the formul.ation of the dry.ing proc.ess to turn liq.uid SNE.SNS into a 
much more sta.ble and conve.nient form of transpo.rtation is also used. The techn.ique 
also boo.sts she.lf life in addi.tion to mak.ing hand.ling more conve.nient, as well as 
facili.tating the produ.ction of patient-friendly dose for.ms such as tabl.ets or powd.ers 
in form of a dispe.nsing age.nt. 
 

4. FUNDAMENTAL PRINCIPLE OF SNESNS FORMATION: 
SNE.SNS syst.ems are formu.lated by blen.ding a poo.rly solu.ble drug into an 

SNE.DDS pre-conc.entrate—a combin.ation of oil, surfa.ctant, and co-surf.actant—at 
concentrations that surp.ass the dru.g\'s solub.ility in that mixt.ure. When this sys.tem 
inter.acts with wat.er and is gen.tly stir.red, it natur.ally crea.tes a two-.phase nanos.ystem. 
 

i. Nanoem.ulsion Pha.se- 

The part of the drug that disso.lves in the oily pha.se is encaps.ulated wit.hin tiny 
drop.lets, lead.ing to the forma.tion of a nanoem.ulsion. The.se nanodr.oplets help 
trans.port the drug effect.ively thro.ugh the GIT, thus enhan.cing its absor.ption. 

ii. Nanosus.pension Pha.se- 

The remai.ning undiss.olved drug gener.ates sma.ll suspe.nded parti.cles, whi.ch are 
rapi.dly broken down into nanos.ized fragm.ents. The surfac.tants and cosol.vents in the 
aque.ous med.ium contr.ibute to further redu.cing the.se parti.cles, ther.eby impro.ving 
the.ir dispe.rsion and bioavail.ability. 
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4.1  Physicochemical Influences on SNESNS Formation: 
 

 Importance of Surfactants and Co-surfactants- 

In ord.er to low.er the interf.acial tens.ion betw.een the oil and wat.er pha.ses, whi.ch 
enab.les the organi.zation to spontan.eously gene.rate the correct drop.lets for dilu.tion. 
The curr.ent sponta.neous emulsif.ication pla.ys a key role in shap.ing a rob.ust 
nanoem.ulsion free from the oblig.ation to add energy. 

 Behavior of Unsaturated Aqueous Layer- 

Whi.le the SNE.SNS frame.work appe.ars in cont.act with the wat.er, an unsatu.rated 
aque.ous lay.er with an undiss.olved drug atom. This lay.er facili.tates fast wear and 
helps bre.ak down the lar.ger drug atom ins.ide the nanos.cale frag.ment, thus facili.tating 
dispe.rsion and dissol.ution. 

 Role of Mild Agitation- 

Kind agita.tion, such as the inherent move.ment of the gastroin.testinal tra.ct, contri.butes 
to a unif.orm distri.bution of the compos.ition and aids in further decre.asing the atom 
size. This mecha.nical aid comple.ments the chem.ical effe.cts of the elut.ing age.nt, 
ther.eby facili.tating the forma.tion of both nanoemu.lsions and nanosusp.ensions. 
 

4.2  Structural Confirmation: 

 Microscopic and Particle Size - 

Transm.ission elec.tron micro.scopy (TEM) and part.icle size anal.ysis offer both vis.ual 
and quanti.tative confir.mation of the system’s bimo.dal structure. The.se analy.tical 
meth.ods clea.rly indi.cate that, upon dilu.tion in aque.ous solut.ions, nanoem.ulsion 
droplets exist toge.ther with nanos.ized suspe.nded drug parti.cles. 
 

4.3  Functional Outcomes: 

 Rapid Drug Dissolution- 

The dual-.phase compos.ition of SNE.SNS enab.les rap.id and comp.lete drug rele.ase. 
For exam.ple, diace.rein formul.ations utili.zing this sys.tem achi.eve full dissol.ution 
wit.hin 15 minu.tes [1].  Such rap.id dissol.ution is partic.ularly advant.ageous for 
therap.eutics that requ.ire immed.iate therap.eutic act.ion. 

 Improved Oral Bioavailability- 

SNE.SNS syst.ems incre.ased drug absor.ption by provi.ding simult.aneous upt.ake 
thro.ugh both the por.tal vein and lymph.atic path.ways. This dual-.route mecha.nism 
incre.ases the chan.ces of poten.tial succ.ess, espec.ially for dru.gs charact.erized by low 
wat.er solub.ility or tho.se that unde.rgo significant first.-pass metab.olism [7]. 
 
 

5. OPTIMIZATION PARAMETERS FOR STABILITY AND EFFICIENCY: - 
 

 Oil/Surfactant Ratio: Gett.ing the oil-to-s.urfactant rat.io just rig.ht is key to mak.ing sure 

the drug disso.lves well and for.ms tiny, sta.ble drop.lets. When this bala.nce is caref.ully 
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mana.ged, it hel.ps prev.ent the drug from sett.ling out and all.ows more of it to be loa.ded 
into the system.—making the formul.ation both effic.ient and safe [10].  

 Drug Loading: The goal is to incl.ude as many dru.gs as poss.ible with.out satur.ation 

in solu.tion. Stay.ing wit.hin this lim.it kee.ps the formul.ation physi.cally sta.ble and 
ensu.res the drug rema.ins effec.tive throu.ghout its she.lf life. 

 Droplet Size and Polydispersity Index (PDI): Idea.lly, the drop.lets sho.uld be very 

small.—under 100 nanomet.ers—with a narrow size ran.ge (PDI bel.ow 0.3). This kind 
of unifo.rmity hel.ps the drug rele.ase quic.kly and abs.orb consis.tently, whi.ch is 
impor.tant for impro.ving how well it wor.ks when tak.en ora.lly. 

 Zeta Potential: A str.ong surf.ace cha.rge, whet.her posi.tive or nega.tive, hel.ps keep 

the parti.cles from clum.ping toge.ther. This charge.-driven repul.sion supp.orts long.-term 
stabi.lity and mak.es the nanoem.ulsion more rob.ust and depen.dable. 

 Emulsification Time: It wou.ld be prefe.rable to use a bri.ef emulsif.ication per.iod, 

which wou.ld indi.cate the cele.rity of the mixt.ure as well as the possib.ility of dispe.rsing 
and relea.sing the medic.ation in contact with aque.ous pressurized med.ia. Rap.id 
emulsif.ication effe.cts in a qui.ck sta.rt of act.ion, whi.ch are partic.ularly benef.icial to 
dru.gs that requ.ire ear.ly cura.tive impor.tance [11]. 

 Thermodynamic Stability: The compos.ition must have a hard.ness excee.ding the 

dura.tion of the separ.ation of the pha.ses or the precipi.tation of the medic.inal prod.uct. 
The achiev.ement of thermodynamic robus.tness ensu.res a long serv.ice life and 
reliable perfor.mance dur.ing stor.age and trans.port. 

 Robustness to Dilution: When SNE.SNS syst.ems are dilu.ted in enviro.nments simi.lar 

to tho.se of the GI tract, stabi.lity is requ.ired. This robustness guara.ntees syste.matic 
in vivo beha.vior of the formul.ation, mainta.ining its frame.work and prof.ile of release 
throu.ghout diges.tion [12]. 

 Statistical Optimization: Struc.tural and reprod.ucible optimi.zation is made easy by 

usi.ng statistical too.ls such as Des.ign of Experi.ments (DoE) and desira.bility func.tion. 
The.se meth.ods decr.ease the need for tri.al and error, simp.lify the produ.ction sys.tem, 
and ass.ist in determ.ining the most effic.ient formul.ation, toge.ther with a low.er num.ber 
of experi.mental tes.ts [13]. 
 

Table 1.Comparison between SNESNS, SNEDDS and Nanosuspension 

SR.NO. KEY 
FEATURES  

SNESNS SNEDDS NANOSUSPENSION 

1. Formul.ation  Comb.ines 
nanoem.ulsion 
and 
nanosus.pension 

Isotr.opic mixt.ure of 
oil, surfa.ctant, co-
sur.factant; forms 
nanoem.ulsion upon 
dilu.tion 

Collo.idal dispe.rsion of 
drug nanopar.ticles in 
stabi.lizer solu.tion 

2. Drug load.ing  Hig.her drug 
load.ing than 
SNE.DDS due to 
suspended drug 

Limi.ted by drug 
solub.ility in oil 
phase 

Mode.rate; depe.nds on 
drug/st.abilizer rat.io 
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and solubi.lized 
frac.tion 

3. Particle size Bimo.dal 20–.250 nm 
(typi.cally 20–.200 
nm) 

100–.1000 nm (of.ten 
~200.–400 nm) 

4. Stabi.lity Good High   requ.ires stabil.izers for 
stabi.lity 

5. Bioavail.ability rap.id and 
comp.lete 
dissol.ution, 
enhanced 
lymph.atic and 
portal absor.ption 

impr.oves solub.ility 
and bioavail.ability 
over the raw drug 

Impr.oves solub.ility and 
rele.ase, but less than 
SNEDDS./SNESNS 

6. Mecha.nism  Simult.aneous 
forma.tion of 
nanoem.ulsion 
and 
nanosus.pension 
upon dilution 

Sponta.neous 
nanoemulsification 
in GI flu.ids 

Dir.ect deli.very of drug 
nanopar.ticles 

7. Limita.tions More comp.lex 
formulation 

Drug precipitation 
risk 

Phys.ical instab.ility, 
aggreg.ation [1][3][7].  

 

6. Case Studies Demonstrating Applications of SNESNS (Self-
Nanoemulsifying Self-Nanosuspension) Systems in Various 
Therapeutic Areas: 

Seve.ral case stud.ies have alre.ady demons.trated how SNE.SNS can impr.ove oral 
bioavail.ability, therap.eutic effecti.veness, and stabi.lity for a cou.ple of dru.gs and 
natural products. Highl.ights comp.rise its use in enhan.cing the bioavail.ability of 
diace.rein, her.bal extr.acts, and nutrace.uticals, as well as addre.ssing chall.enges such 
as food effe.cts and multi-component deli.very.The.se stud.ies also look into how 
custom.izable and promi.sing SNE.SNS is for drug crea.tion. 

 

6.1. SNESNS for Improving Oral Bioavailability- Rec.ent researches also poi.nt at the 

opport.unity of Self-Nanoemulsifying Self-Nanosuspensions (SN.ESNS) to enha.nce the 
oral adminis.tration of very poo.rly solu.ble dru.gs, whi.ch are scar.cely solu.ble in wat.er. As 
an exam.ple, formul.ation of diace.rein to SNESNS resu.lted in both rap.id and comp.lete 

solub.ility, whi.ch emer.ged into bioavail.ability of approxi.mately 210 and 164 perc.ent 
respec.tively in nor.mal and bloc.ked chylomicron-flowed rats [14] when comp.ared to a 
stan.dard aque.ous suspe.nsion. The drug deli.very system lin.ked with use of this drug was 
that the drug was abso.rbed via both the por.tal vein and lymph.atic sys.tem. Anot.her 
exam.ple is a SNE.SNS made usi.ng phospho.lipids desi.gned aro.und luras.idone 
hydroch.loride; dur.ing lab tes.ts, was sho.wn to have a gre.at dissolution abil.ity and was 
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able to elimi.nate food-r.elated variab.ility in drug absor.ption dur.ing hum.an tri.als in hum.an 
tri.als [15]. 

6.2.SNE.SNS at Her.bal and Nutraceutical Deli.very- SNESNS have alre.ady sho.wn 

gre.at effecti.veness in the deli.very of her.bal extr.acts and nutrace.uticals. As an exam.ple, 
antidepr.essants and cardiopr.otective effe.cts on post-my.ocardial infar.ction depre.ssed 
rats were incre.ased upon the formul.ation of the SNE.SNS St. Joh.ns Wort (Hype.ricum 
perfo.ratum). Nota.bly, the.se bene.fits are seen with low.er dos.age than the usual her.bal 
extr.act [16]. Also, anot.her stu.dy fou.nd that an SNESN usi.ng Spiru.lina, Trib.ulus terre.stris, 
and fish oil had prote.ctive effe.cts on counteracting testi.cular dam.age cau.sed by the 

chemot.herapy drug cispl.atin, provi.ding furt.her evid.ence that it cou.ld be used in the 
suppo.rtive care [17]. 

6.3. SNE.SNS Gut-Br.ain-axis Cogni.tive and Gut-.Brain disor.ders- The most adva.nced 
SNE.SNS is alre.ady bei.ng stud.ied consid.ering how it can help in the improv.ement of the 

hea.lth of the bra.in and the gut. In a spec.ific stu.dy, a freeze.-dried milk kefir.-based 
SNE.SNS with the addi.tion of lico.rice extr.act was used to tre.at the symp.toms simi.lar to 
inflam.matory bowel dise.ase (IBD) in rats. Not only did this formul.ation impr.ove mem.ory 
and cogni.tive perfor.mance but it also incre.ased bala.nce of gut micro.biota and redu.ced 
inflam.mation, whi.ch was bet.ter than kef.ir alo.ne [18]. 

6.4. SNE.SNS in Multi-Component Delivery-Antiviral- The use of SNE.SNS techn.ology 
is also appl.ied in antiv.iral treat.ment. The study used a curcumin-impregnated SNE.SNS 
thr.oat spr.ay on rats whi.ch were infe.cted with SARS.-CoV-2 and pro.ved to red.uce 
inflam.matory resp.onse [19]. It was also fou.nd to be an effec.tive preve.ntive age.nt as well 
as a treat.ment altern.ative to pharyngitis. Sin.ce SNE.SNS is capa.ble of hous.ing 
hydrop.hilic and lipop.hilic subst.ances, it is espec.ially benef.icial when it com.es to comp.lex 
formul.ations that will requ.ire more than one act.ive consti.tuent. 

6.5. Repro.ductive and Endoc.rine Prote.ction- A nutrace.utical SNESNS conta.ining 
Spiru.lina, Trib.ulus terre.stris and fish oil has been repo.rted to prot.ect agai.nst cisplati.n-
induced testi.cular inj.ury in rats. The formul.ation enha.nces the qual.ity of spe.rm and the 
lev.el of the horm.one, and it also decre.ases oxida.tive str.ess and inflam.mation, whi.ch is 
impor.tant to note that it can be used to supp.ort the reprod.uctive and endoc.rine sys.tem 

[7]. 

6.6. Psyc.hiatric and Antipsy.chotic Dru.gs Adminis.tration- In the unit of psychi.atric 

treat.ment, the SNE.SNS formul.ation of luras.idone hydroch.loride (an antipsy.chotic 
treat.ment) bas.ed on phosph.olipid is via.ble in redu.cing the discre.pancy betw.een int.ake 

of dru.gs depen.ding on nouri.shing [4]. This made it an effec.tive met.hod of delivering dru.gs 
and impro.ving the adher.ence of pati.ents in hum.an rese.arch plac.ing it as an encour.aging 
mode of interv.ention towa.rds therap.eutic outc.omes. The deli.very of dru.gs to can.cer 
pati.ents can occ.ur thro.ugh vari.ous rou.tes, amo.ng whi.ch the part.ners are expe.cted to 
sel.ect the most suit.able one hum.an. 
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6.7.Can.cer Ther.apy and Drug Deli.very- SNE.SNS and nanoemu.lsions with analogous 
syst.ems are com.ing out as effic.ient meth.ods of can.cer ther.apy. Such formul.ations are 
capa.ble of deliv.ering synthetic antic.ancer dru.gs and natural anticancer drugs. 
Indica.tively, nanoemu.lsions of sphingomyelin lac.ed with resver.atrol had high lev.els of 
upt.ake and cytoto.xicity towa.rds non-.small cell lung can.cer (NS.CLC) cells. These initi.ated 
the cell dea.th via mitocho.ndrial path.ways and this can lead to the depar.ture of drug 

resis.tance. Of signif.icance, such syst.ems can ren.der the mitocho.ndrion apt to dru.gs 
opera.ting in this organ.elle [20]. 

6.8. Colo.rectal and Pancr.eatic Can.cer- Cance.rous cel.ls incr.ease exponen.tially furt.her 

into the blo.od cha.in. Rec.ent reviews highl.ight that self-nanoemulsifying syst.ems, such 
as SNE.SNS, are capa.ble of enhan.cing the stabi.lity of the drug, offe.ring contr.olled 
deli.very, and effec.tive targ.eted deli.very in color.ectal can.cer models. Precli.nical rese.arch 
cla.ims to achi.eve hig.her effi.cacy of up to 70 perc.ent and low.er toxi.city over the 
conven.tional appro.aches [21]. This appr.oach to nanoform.ulation is also under stu.dy on 
pancr.eatic can.cer with the goal of overc.oming diffic.ulties of low solub.ility and poor 
bioavail.ability of antic.ancer dru.gs [22]. 

6.9. Posto.perative and sma.rt deli.very- Stud.ies in nanome.dicine indi.cate that SNE.SNS 

and simi.lar vehi.cles wou.ld be use.ful in the local.ized provi.sion of dru.gs follo.wing can.cer 
surg.ery. Such appr.oach can ass.ist in redu.cing the risk of can.cer recur.rence and also 
red.uce side effe.cts cau.sed by the drug sin.ce therap.eutic age.nts are concen.trated at the 
surg.ery site of the drug [23] [24]. 

6.10. Nano.-Drug Deli.very in Cardiov.ascular Dise.ases (CV.Ds)- Most cardiov.ascular 
rese.arch subj.ects und.er investi.gation cons.ider nano.-drug deli.very syst.ems in gene.ral; 
howe.ver, the advan.tages of SNESNS inclu.ding bet.ter dissol.ution, targ.eted deli.very and 
dual path.ways of absor.ption are especially appli.cable to CVD treat.ments. They were 
furt.her devel.oped into ide.as to impr.ove use of the dos.age for.ms in trea.ting the hea.rt 
fail.ure condi.tions, atherosclerosis, hypert.ension, amo.ng others, wher.ein bet.ter 
therap.eutic outc.omes and redu.ced dose variab.ility may be real.ized [25] [26]. 

Table 2. Case Studies on SNESNS (Self-Nanoemulsifying Self-Nanosuspension) 
systems across therapeutic areas. 

SR.NO. CASE 
STUDY 

DRUG/ 
EXCIPIENTS 

PD/PK 
IMPROVEMENTS 

KEY 
FINDINGS/OUTCOMES 

REFERENCES 

1. Oral 
bioavailability 

Diacerein; 
Lurasidone 
HCl 
(phospholipid-
based) 

↑ Solubility, ↑ 
Bioavailability 
(210% in normal 
rats, 164% in 
blocked rats); 
eliminated food-
effect variability 

 

Rapid and complete 
solubility; dual 
absorption via portal 
vein & lymphatic 
system; improved 
dissolution and patient 
adherence 

 [14], [15] 
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2. Herbal & 
Nutraceutical 
Delivery 

St. John’s Wort 
(Hypericum 
perforatum); 
Spirulina, 
Tribulus 
terrestris, Fish 
oil 

Increased 
Pharmacodynami
c effects at lower 
dose; protective 
against cisplatin 
toxicity 

Enhanced 
antidepressant & 
cardioprotective effects; 
reduced testicular 
damage, supportive 
care potential 

[16], [17] 

3. Gut-Brain 
Axis 
Disorders 

Kefir + Licorice 
extract 

Improved 
cognitive 
performance; 
balanced gut 
microbiota; 
reduced 
inflammation 

 

Better outcomes than 
kefir alone; improved 
memory and gut health 
in IBD-like symptoms 

[18] 

4. Multi-
Component 
Antiviral 
Delivery 

Curcumin 
throat spray 

Reduced 
inflammatory 
response; 
preventive & 
therapeutic 
efficacy 

Effective against SARS-
CoV-2 infected rats; 
alternative treatment for 
pharyngitis 

[19] 

5. Reproductive 
& Endocrine 
Protection 

Spirulina, 
Tribulus 
terrestris, Fish 
oil 

↑ Sperm quality, ↑ 
Hormone levels; ↓ 
Oxidative stress & 
inflammation 

 

Protected against 
cisplatin-induced 
testicular injury; 
supportive for 
reproductive health 

[7] 

6. Psychiatric / 
Antipsychotic 
Delivery 

Lurasidone 
HCl 
(phospholipid-
based 
SNESNS) 

Eliminated food-
effect variability; 
improved PK 
consistency 

Enhanced adherence 
and therapeutic 
outcomes in psychiatric 
patients 

[4] 

7. Cancer 
Therapy 
(NSCLC) 

Resveratrol in 
sphingomyelin 
nanoemulsion 

↑ Uptake, ↑ 
Cytotoxicity; 
overcame drug 
resistance 

Induced mitochondrial-
mediated cell death; 
effective against 
NSCLC cells 

[20] 

8. Colorectal & 
Pancreatic 
Cancer 

Anticancer 
drugs in 
SNESNS 

↑ Stability, ↑ 
Targeted delivery, 
↑ Efficacy (~70%); 
↓ Toxicity 

 

Improved solubility and 
bioavailability; 
promising in colorectal 
and pancreatic cancer 
models 

[21], [22] 

9. Postoperativ
e / Smart 
Delivery 

Localized 
SNESNS 
formulations 

Localized drug 
concentration; ↓ 
Side effects 

 

Reduced recurrence 
risk post-surgery; 
minimized systemic 
toxicity 

[23], [24] 
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10. Cardiovascul
ar Diseases 
(CVDs) 

Various 
cardiovascular 
drugs 

↑ Dissolution, ↑ 
Targeted delivery, 
dual absorption 
pathways 

Better therapeutic 
outcomes in heart 
failure, atherosclerosis, 
hypertension; reduced 
dose variability 

[25], [26] 

 

6. EMERGING TRENDS IN SNESNSs SYSTEM: 

SNE.SNS syst.ems repre.sent a new appr.oach in pharmac.eutical formul.ation. By 
combi.ning the bene.fits of nanoemu.lsions and nanosusp.ensions, the.se dual-phase 
syst.ems off.er high drug load.ing, fast dissol.ution, and the flexib.ility requ.ired for 

person.alized treat.ments. The.ir uni.que des.ign makes them espec.ially use.ful for 
deliv.ering dru.gs that are lit.tle solu.ble in wat.er or requ.ire accu.rate dos.ing. 

7.1. Personalized Medicine and Multi-Drug Therapy 

SNE.SNS and simi.lar self-nanoemulsifying syst.ems can be custo.mized to meet 
the spec.ific nee.ds of indiv.idual pati.ents. This incl.udes adjus.ting dos.es and combi.ning 
mult.iple medications into a sin.gle dos.age form. For exam.ple, 3D-pr.inted tabl.ets fil.led 
with SNE.DDS or SNE.SNS can be desi.gned to rele.ase dru.gs in a contr.olled, patient-

specific mann.er—an impor.tant step forw.ard for trea.ting comp.lex dise.ases that requ.ire 
mult.iple dru.gs. The.se syst.ems are also well-.suited for drugs that are diffi.cult to diss.olve 
or unst.able, help.ing elev.ate the.ir use in personalized care and impro.ving treat.ment 
outc.omes [27]. 

7.2. Enhancing Targeted Drug Delivery 

SNE.SNS platf.orms enha.nce the deli.very of dru.gs to the.ir spec.ific sit.es wit.hin the 
body by impro.ving solub.ility, stabi.lity, and absor.ption. SNE.SNS is partic.ularly benef.icial 
for dise.ases such as can.cer or neurol.ogical disor.ders, whe.re accu.rate targe.ting is 
essen.tial.  

By emplo.ying nanoca.rriers, SNE.SNS syst.ems can be tail.ored for both pass.ive 
and active targe.ting. For inst.ance, they can be fit.ted with liga.nds and tran.sfer the drug to 
parti.cular tiss.ues or tum.or cel.ls [28]. Cert.ain syst.ems can even rea.ct to exte.rnal stimul.i—
such as pH or temperature—facilitating hig.hly controlled drug rele.ase. This targ.eted 
method.ology aids in minim.izing side effe.cts and enha.nces the over.all effi.cacy of 
treat.ment. 

8. FUTURE RESEARCH DIRECTIONS 
Key research fie.lds invo.lve: 

 Combi.ning SNE.SNS with emer.ging techno.logies such as 3D Prin.ting, sma.rt 

poly.mers, or gene thera.pies. 

 Expan.ding applic.ations of SNE.SNS to the therap.eutic sco.pe, such as biolo.gics, 

pept.ides, and nucl.eic aci.ds (the.rapy + diagno.stics). 
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 Addre.ssing prob.lems in the specif.icity of targe.ting, overc.oming biological barr.iers, 

ensu.ring long.-term saf.ety, and regul.atory compl.iance. 
 

9. LIMITATIONS AND CHALLENGES: - 
Whi.le SNE.SNS (Self-Nanoemulsifying Self-Nanosuspension) syst.ems are 

effec.tive in enhan.cing drug solub.ility and absorption, they also intro.duce significant 
chall.enges that must be reso.lved bef.ore they can be broa.dly util.ized or mark.eted. 
 

9.1. Drug Precipitation and Stability Challenges 

 poten.tial for unwa.nted drug settl.ement: When SNE.SNS syst.ems are dilu.ted in 

aque.ous enviro.nments or trav.erse the diges.tive tra.ct, the drug may precip.itate 
from the solu.tion. This risk can lead to a decr.ease in the amo.unt of drug abso.rbed 
and a reduc.tion in its therap.eutic imp.act. Keep.ing the drug disso.lved and readily 
avail.able is a significant hur.dle. 

 Instab.ility During Stor.age: SNE.SNS formul.ations, espec.ially tho.se in liquid 

form, may deteri.orate over time. Prob.lems like separation, clum.ping, or 
break.down of the form.ula can occ.ur over time, whi.ch can compr.omise the 
prod.uct's effecti.veness and she.lf life [4] [5]. 
 

9.2. Limited Drug Loading and Compatibility 

 Drug Capacity Constr.aints: The abil.ity of SNE.SNS syst.ems to hold dru.gs is 

limi.ted. Goi.ng bey.ond this lim.it can cause instab.ility or the drug to set.tle out, 
redu.cing its effecti.veness [1]. 

 Compo.nent Compati.bility Matt.ers: Choo.sing the rig.ht oils, surfac.tants, and co-

surf.actants is cruc.ial. If the.se compo.nents don't work well toge.ther, it can lead to 
poor mix.ing, instab.ility, or even safety iss.ues [7]. 
 

9.3. Manufacturing and Scale-Up 

 Challe.nging Large.-Scale Produ.ction: Produ.cing SNE.SNS on an indus.trial 

sca.le is not sim.ple. Keep.ing part.icle dimen.sions and product consis.tency unif.orm 
is a tou.gh task. Addit.ional ste.ps, like lyophil.ization or turn.ing the formul.ation into 
a sol.id form, add to the cost and compl.exity [12]. 

 Rigorous Qual.ity Che.cks: Thor.ough test.ing is cruc.ial to guara.ntee the prod.uct's 

saf.ety and effecti.veness. This incl.udes chec.king particle dimen.sions, surf.ace 
cha.rge characte.ristics, and drug cont.ent. All testing meth.ods must be depen.dable 
and prop.erly valid.ated. 
 

9.4. In Vivo Performance and Predictability 

 Predi.cting Real-.World Perfor.mance: It's diffi.cult to pred.ict how the SNE.SNS 

drug deli.very system will beh.ave in the body bas.ed only on lab tes.ts. The diges.tive 
process, absor.ption, and poss.ible drug precipi.tation in the gastroin.testinal tra.ct 
make drug perfor.mance even more compli.cated [5][12]. 
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 Imp.act of Food on Drug Absor.ption: SNE.SNS can red.uce how much food 

affe.cts drug absor.ption, but it doe.sn’t rem.ove the effect compl.etely. Pati.ents' 
respo.nses can sti.ll vary depen.ding on what they eat, whi.ch is a conc.ern [4]. 
 

 

10. CONCLUSION: - 
The rev.iew highl.ights that SNESNS sho.ws gre.at poten.tial as a cuttin.g-edge oral 

drug deli.very solution that tack.les the chall.enges of water solub.ility and drug load.ing 
hea.d-on. By combi.ning the bene.fits of nanoemu.lsions and nanosusp.ensions, 
SNE.SNS boo.sts solub.ility, dissol.ution, and bioavail.ability, outperf.orming tradit.ional 
appro.aches. 

Alth.ough sti.ll in its ear.ly sta.ges with limi.ted clin.ical data, conti.nued rese.arch and 

innov.ative formul.ation techn.iques are lik.ely to furt.her enha.nce SNE.SNS. This 
posit.ions it as a game-c.hanger for devel.oping more effective, targ.eted treat.ments for 
vari.ous clin.ical applic.ations. SNE.SNS effect.ively addre.sses the limita.tions rela.ted to 
poor wat.er solub.ility and high drug load.ing of pharmaceutical compo.unds, mak.ing it 
a promi.sing techn.ology. Ongo.ing rese.arch and adva.nced formul.ation strat.egies, 
such as solidif.ication meth.ods and person.alized deli.very techn.iques, will furt.her 
ref.ine SNE.SNS techn.ology. This techn.ology impr.oves drug solub.ility, dissol.ution 
rat.es, and bioavail.ability more effect.ively than tradit.ional syst.ems, mak.ing it a 
signif.icant tool in the develo.pment of more effec.tive and targ.eted therapeutics. 

 

11. REFERENCES: - 
 

1. El-L.aithy HM, Basal.ious EB, El-Ho.seiny BM, Adel MM. Nov.el self-nanoemulsifying self-
nanosuspension (SN.ESNS) for enhancing oral bioavail.ability of diace.rein: 
Simult.aneous por.tal blo.od absor.ption and lymph.atic delivery. Interna.tional jour.nal of 
pharmac.eutics. 2015 Jul 25;490.(1-2):146-54. 

2. Kha.lil HM, Mahm.oud DB, El-S.hiekh RA, Bakr AF, Bose.ila AA, Meha.nna S, Nag.gar 
RA, Eli.wa HA. Antidep.ressant and cardiopr.otective effe.cts of self-nanoemulsifying self-
nanosuspension loa.ded with Hyper.icum perfo.ratum on post-my.ocardial infar.ction 
depre.ssion in rats. AAPS PharmS.ciTech. 2022 Aug 26;23(7):243. 

3. ElSh.agea HN, ElKas.abgy NA, Fah.my RH, Basal.ious EB. Freeze.-dried self-
nanoemulsifying self-nanosuspension (sn.esns): A new appr.oach for the prepar.ation of 
a hig.hly drug-.loaded dos.age form. AAPS PharmS.ciTech. 2019 Jul 22;2.0(7):258. 

4. Basal.ious EB, Ahm.ed MA. Phospholipid-based self-nanoemulsifying self-
nanosuspension (p-S.NESNS) as a dual solubil.ization appr.oach for develo.pment of 
formul.ation with dimin.ished food eff.ect: Fast./fed in vivo pharmaco.kinetics stu.dy in 
hum.an. Euro.pean Jour.nal of Pharmac.eutical Scie.nces. 2017 Nov 15;10.9:244-52. 

5. Red.dy MR, Gubbi.yappa KS. A compreh.ensive rev.iew on supersa.turable self-
nanoemulsifying drug deli.very system. Sys.tem (BCS). 202.1;4:5. 

Journal Of Technology || Issn No:1012-3407 || Vol 16 Issue 1

PAGE NO: 108



6. Al Ashm.awy AZ, Aly.ami MH, Eis.sa NG, Bal.ata GF, El Nah.as HM. Oral bioavail.ability 
enhanc.ement of doxaz.osin mesylate: Nanosus.pension ver.sus self-nanoemulsifying 
drug deli.very syst.ems. ADM.ET and DMPK. 2024 Feb 13;12.(1):167-76. 

7. Abde.l-All SR, Shak.our ZT, Abouhu.ssein DM, Reda E, Sal.lam TF, El-He.fnawy HM, 
Abdel.-Monem AR. Phytoch.emical and biolo.gical evalu.ation of a newly desi.gned 
nutrace.utical self-nanoemulsifying self-nanosuspension for prote.ction and treat.ment of 
cispl.atin indu.ced testi.cular toxi.city in male rats. Molec.ules. 2021 Jan 14;2.6(2):408. 

8. Schm.ied FP, Bernh.ardt A, Eng.el A, Kle.in S. A customized scree.ning tool appr.oach for 
the develo.pment of a self-nanoemulsifying drug deli.very sys.tem (SN.EDDS). AAPS 
PharmS.ciTech. 2021 Dec 27;2.3(1):39. 

9. Naz.zal S, Smal.yukh II, Lavren.tovich OD, Khan MA. Prepar.ation and in vit.ro 
characte.rization of a eute.ctic based semis.olid self-nanoemulsified drug deli.very 
sys.tem (SN.EDDS) of ubiqu.inone: mecha.nism and prog.ress of emulsion forma.tion. 
Interna.tional jour.nal of pharmac.eutics. 2002 Mar 20;235.(1-2):247-65. 

10. Beg S, San.dhu PS, Bat.ra RS, Khur.ana RK, Sin.gh B. QbD-.based syste.matic 
develo.pment of nov.el optim.ized sol.id self-nanoemulsifying drug deli.very syst.ems 
(SN.EDDS) of lovastatin with enha.nced biopharmaceutical perfor.mance. Drug deli.very. 
2015 Aug 18;22.(6):765-84. 

11. Shi.yan S, Sury.ani RP, Muly.ani LN, Prat.iwi G. Stability stu.dy of sup.er satur.able 
catech.in-self nano emulsi.fying drug deli.very sys.tem as antidi.abetic ther.apy. 
Bioint.erface Res Appl Chem. 2022 Oct 15;12(5):5811-20. 

12. Buya AB, Belo.qui A, Memv.anga PB, Pré.at V. Self-nano-emulsifying drug-d.elivery 
syst.ems: From the develo.pment to the curr.ent applic.ations and chall.enges in oral drug 
deli.very. Pharmac.eutics. 2020 Dec 9;12(.12):1194. 

13. Buddh.adev SS, C. Gar.ala K, S S, Rahama.thulla M, Ahm.ed MM, Farh.ana SA, Pas.ha 
I. Qual.ity by des.ign aid.ed self.-nano emulsi.fying drug deli.very syst.ems develo.pment 
for the oral deli.very of Benid.ipine: Improv.ement of biopharmaceutical perfor.mance. 
Drug Deli.very. 2024 Dec 31;31(.1):2288801. 

14. Calla.ghan N, Bow.er M. Lear.ning thro.ugh soc.ial netwo.rking site.s–the crit.ical role of 
the teac.her. Educat.ional Med.ia International. 2012 Mar 1;49(1):1-7. 

15. Agra.wal YO, Hus.ain M, Pat.il KD, Sod.gir V, Pat.il TS, Agnih.otri VV, Maha.jan HS, 
Sha.rma C, Ojha S, Goy.al SN. Verap.amil hydroch.loride loa.ded sol.id lip.id 
nanopar.ticles: Prepar.ation, optimi.zation, characte.risation, and asses.sment of 
cardiopr.otective eff.ect in experi.mental mod.el of myoca.rdial infar.cted rats. 
Biomed.icine & Pharmaco.therapy. 2022 Oct 1;154.:113429. 

16. Bhar.dwaj K, Sha.rma A, Kum.ar R, Tya.gi V, Kum.ar R. Impro.ving oral bioavail.ability of 
her.bal dru.gs: a focused rev.iew of self-emulsifying drug deli.very sys.tem for col.on 
can.cer. Curr.ent Drug Deli.very. 2024 Mar 1;21(.3):389-402. 

17. Niu X, Wang X, Niu B, Li G, Yang X, Wang Y, Li G. Novel IMB.16-4 comp.ound loaded 
into sil.ica nanopar.ticles exhi.bits enha.nced oral bioavail.ability and incre.ased anti-.liver 
fibr.osis in vit.ro. Molec.ules. 2021 Mar 11;26.(6):1545. 

18. Sri RM, Sange.etha S. Formul.ation Des.ign, Optimi.zation, and Evalu.ation of Solid Lip.id 
Nanopar.ticles Loa.ded With an Antiv.iral Drug Tenof.ovir Usi.ng Box–B.ehnken Des.ign 
for Boos.ting Oral Bioavail.ability. Adva.nces in Pharmaco.logical and Pharmac.eutical 
Scie.nces. 2024;2024. 

Journal Of Technology || Issn No:1012-3407 || Vol 16 Issue 1

PAGE NO: 109



19. Garg A, Bhal.ala K, Tom.ar DS. In-.situ sin.gle pass intes.tinal permea.bility and 
pharmacokinetic stu.dy of devel.oped Lumefa.ntrine loa.ded sol.id lipid nanopar.ticles. 
Interna.tional jour.nal of pharmac.eutics. 2017 Jan 10;516.(1-2):120-30. 

20. Ram.os Doca.mpo E, García-F.ernández J, Már.mol I, Morín-.Jiménez I, Igle.sias Bale.ato 
M, de la Fue.nte Fre.ire M. Mechan.istic Insi.ghts into Sphingo.myelin Nanoemu.lsions as 
Drug Deli.very Syst.ems for Non-.Small Cell Lung Can.cer Ther.apy. Pharmac.eutics. 
2025 Apr 2;17.(4):461. 

21. Nor.een S, Maqb.ool I, Sal.eem A, Mahm.ood H, Rai N. Rec.ent insi.ghts and applic.ations 
of nanocarriers-based drug deli.very syst.ems for colonic drug deli.very and can.cer 
ther.apy: An upda.ted rev.iew. Crit.ical Revi.ews in Oncology/Hematology. 2025 Feb 
4:10.4646. 

22. Parv.een N, She.ikh A, Abour.ehab MA, Karw.asra R, Sin.gh S, Kesha.rwani P. Self-
nanoemulsifying drug deli.very sys.tem for pancr.eatic can.cer. Euro.pean Poly.mer 
Jour.nal. 2023 May 25;190.:111993. 

23. Zhou JJ, Feng YC, Zhao ML, Guo Q, Zhao XB. Nanotechnology-driven strat.egies in 
postope.rative can.cer treat.ment: innova.tions in drug deli.very syst.ems. Front.iers in 
Pharma.cology. 2025 Apr 30;16:.1586948. 

24. Huda S, Alam MA, Sha.rma PK. Sma.rt nanocarriers-based drug deli.very for can.cer 
ther.apy: An innov.ative and devel.oping stra.tegy. Jour.nal of Drug Deli.very Scie.nce and 
Techn.ology. 2020 Dec 1;60:.102018. 

25. Deng Y, Zha.ng X, Shen H, He Q, Wu Z, Liao W, Yuan M. Applic.ation of the nano.-drug 
deli.very sys.tem in treat.ment of cardiov.ascular dise.ases. Front.iers in bioengi.neering 
and biotechnology. 2020 Jan 31;7:489. 

26. Jang H, Kim N, Jin SG. Develo.pment of a Carvedilol-Loaded Sol.id Self-Nanoemulsifying 
Sys.tem with Incre.ased Solub.ility and Bioavail.ability Usi.ng Mesoporous Sil.ica 
Nanopar.ticles. Interna.tional Jour.nal of Molec.ular Scie.nces. 2025 Feb 13;26.(4):1592. 

27. Kulk.arni VR, Kazi M, Sha.hba AA, Radha.npuri A, Maniru.zzaman M. Three-di.mensional 
prin.ting of a container tab.let: a new para.digm for multi-drug-containing bioac.tive self-
nanoemuls 

28. ifying drug-d.elivery syst.ems (Bio-.SNEDDSs). Pharmac.eutics. 2022 May 18;14(5):1082. 
29. Jang H, Kim N, Jin SG. Develo.pment of a Carvedil.ol-Loaded Sol.id Self-Nanoemulsifying 

Sys.tem with Increased Solub.ility and Bioavail.ability Usi.ng Mesoporous Sil.ica 
Nanopar.ticles. Interna.tional Jour.nal of Molec.ular Scie.nces. 2025 Feb 13;26.(4):1592. 

Journal Of Technology || Issn No:1012-3407 || Vol 16 Issue 1

PAGE NO: 110


