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               ABSTRACT 

Psoriasis is an extensive skin disease affecting 2-3 per cent of the world’s population. Psoriasis is 

a skin condition that causes inflammation and is characterized by aberrant proliferation and 

differentiation. As an excipient cholesterol and non-ionic surfactant are primarily used to generate 

noisome a non-ionic surfactant-based vesicle. Tacrolimus commonly known as FK-506 or 

Fujimycin is an immunosuppressive drug used primarily to prevent organ discharge after organ 

transplantation by lowering the patient's immune system activity that is the possibility of organ 

discharge. Plaques from psoriasis typically affect the scalp and outer skin surfaces. Less 

frequently, inverse psoriasis can harm more delicate skin such as that on the neck, genitalia, and 

intertriginous areas. Although psoriasis cannot be cured there are several drug options that can be 

used to manage the condition. The aim of this study is to develop and evaluate the tacrolimus 

niosomal gel and evaluate its pharmacological activity for the topical treatment of psoriasis. To 

accomplish this niosomal gel preparation was applied to a single product tacrolimus. Nine batches 

in total were produced by using drug 100 mg and Surfactant: Cholesterol Ratio (0.5: 0.5-1.5) for 

Niosome Preparation Using Film Hydration method. The drug's compatibility with HPMC, SPAN, 

Carbapol, sodium alginate, guar gum, and xanthan gum was pre-evaluated. The sizes ranged from 

67.8 nm to 121.6 nm which was discovered. The formed niosomal batches were evaluated to 

determine the best batch and it became clear that as the formulation's hydrophobicity increased the 

number of vesicles increased due to an increase in cholesterol concentration. Span 20 provided 

drug content 83.1±1.1 to 91.8±2.6 mg; Span 60 provided 90.3±1.6 to 93.9±1.5mg and Span 80 

provided 93.1±1.5 to 85.1±1.0mg. 

The evaluation method was repeated throughout the greater drug content and entrapment 

effectiveness for the NF5 formulation. The NF5 formulation was used to continue forming gel 

formulations. A total of 10 formulations (F1 to F10) were formed and evaluated. The gel-formed 

F5 and F6 formulations were discovered to be the clearest, with the best spreadability and 

uniformity among all the formulations. Out of all the formulation batches tested F6 had the highest 

viscosity 8166 cPs. It was found that batch F-6 had an optimized formulation which is now being 

put through stability and pharmacological tests. Animals were separated into 4 groups for 4 in 

vivo anti-psoriatic trials which were evaluated. Group I is the Negative Control (No Disease), 
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Group II is the Positive Control (Disease but No Treatment), Group III is the Treatment (Blank 

Gel) and Group IV is the Treatment (Best Formulation). Tacrolimus niosomal gel exhibited the 

lowest PASI score of the therapy group. Additionally, when compared to that of the negative 

group. It is clear from the research that the Tacrolimus formulation's niosomal gel which contains 

carbapol 934, 4 mg demonstrated good results for the treatment of psoriasis. 

Keyword: Drug U1Iniosomal U1Idispersion, HPMC, Sodium U1Ialginate, Carbapol U1I934, 

Tacrolimus niosomal gel etc. 

 

INTRODUCTION:  

1. PSORIASIS 

Psoriasis U1Iis U1Ia U1Iwidespread U1Iskin U1Icondition U1Iaffecting U1I2-3 U1Iper U1Icent U1Iof U1Ithe U1Iworld U1I's U1Ipopulation 

U1I[1-5]. U1IIt U1Ican U1Ibe U1Idefined U1Ias U1Iinflammatory U1Iskin U1Icondition U1Icharacterized U1Iby U1Iabnormal 

U1Idifferentiation U1Iand U1Iproliferation. U1IIt U1Iis U1Ian U1Iimmune U1Idisease U1Iin U1Iwhich U1Ienvironmental U1Iand 

U1Igenetic U1Ifactors U1Iplays U1Ivery U1Iimportant U1Irole. U1IThe U1Iname U1Iof U1IPsoriasis U1Iderives U1Ifrom U1Ithe U1IGreek 

U1Iterm U1I'psora,' U1Irepresenting U1I'itch’.[6, U1I7] U1IAs U1Idiscussed U1Iearlier U1Iit U1Iis U1Iinflammatory, U1Idry, U1Inon U1I–

contagious U1Idisease U1Iwhich U1Imay U1Icovers U1Ientire U1Isystem U1Iof U1Iperson. U1IIt U1Ican U1Ibe U1Iidentified U1Iby 

U1Iscaly U1Imarinated U1Ierythematous U1Iplaques U1Idevelop U1Ion U1Iskin U1Iwith U1Isymmetrical U1Imanner. 

U1IPsoriasis U1Ieffects U1Ion U1Icommon U1Isites U1Isuch U1Ias U1Iscalp, U1Ifingers U1Itips, U1Ipalms, U1Isoles, U1Itoes, 

U1Igenitals, U1Iunder U1Ibreast, U1Ielbows, U1Iknees, U1Ishins U1Ihaving U1Ichances U1Iof U1Irelapse U1Iafter U1Isome 

U1Iinterval.[8] U 

1.1 Types U1Iof U1IPsoriasis 

a. Psoriasis U1Ivulgaris U1I(Plaque U1Ipsoriasis) 

• Among U1Iall U1Ipatients, U1Ithe U1Imost U1Icommon U1Isymptom U1Iamong U1Ipsoriasis U1Ieffects U1I58 

U1Ipercent U1I(79) U1Ito U1I97 U1Ipercent U1I(45).[9,10] 

• Inflammatory U1Ired, U1Istrongly U1Idemarcated, U1Ielevated, U1Idry, U1Iplaques U1Iof U1Ivarying 

U1Isizes, U1Itypically U1Icovered U1Iwith U1Iwhite U1Ior U1Isilvery U1Iscales. 

• Includes U1Ithe U1Iscalp U1Iand U1Ithe U1Iregion U1Ibehind U1Iears, U1Iupper U1Iarms U1Iand U1Ishin U1Iflexor 

U1Isurfaces U1I(especially U1Ielbows U1Iand U1Iknees), U1Ihead U1I, U1Ineck, U1Ihands, U1Isoles, U1Iand U1 Inails. 

b. Intertriginous U1Ipsoriasis U1I[11] 

• Affects U1I12 U1Ipercent U1I(105) U1Ito U1I26 U1Ipercent U1I(21) U1Iof U1Iall U1Ipsoriasis U1Icases. 

• Scales U1Iare U1Irelatively U1Iuncommon: U1IDeep-red U1Ior U1Iwhite, U1Ismooth, U1Isharply U1Idemarcated, 

U1Imuddy U1Ipatches U1Ior U1Iinscriptions. 

• Impacts U1Ithe U1Iaxillae,  U1Iantecubital U1Ifossae, U1Iinframammary U1Icreases, U1Iumbilicus, U1Igroins, U1Igenital 

U1Iregion, U1Igluteal U1Icleft, U1Ipopliteal U1Ifossae U1Iand U1Iother U1Ifolds U1Iof U1Ithe U1Ibody U1Imostly U1Ipredominantly 

U1Iin U1Iflexural U1Ilocations. 

c. Guttate U1Ipsoriasis U1I[12, U1I13] U1I(droplet U1Ipsoriasis) 

• Affects, U1Iand U1Igenerally, U1Ibetween U1I0.6 U1Ipercent U1I(45) U1Iand U1I20 U1Ipercent U1I(8) U1Iof U1Ipeople 

U1Iwho U1Iare U1Idiagnosed U1Iwith U1Ipsoriasis. U1IThis U1Ioccurs U1Iduring U1Iinfancy U1Iand U1Iadolescence. 

• Reddish, U1Idrop-like U1Ipapules U1Iand U1Iinscriptions, U1Iincluding U1Iprimarily U1Ithe U1Itrunk, U1Ilegs 

U1Iand U1Iarms. 
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• Emergence U1Iis U1Icorrelated  U1Iwith U1Irespiratory U1Itract U1Istreptococcal U1Iinfection, U1Iand 

U1Iprevious U1Iskin U1Irash. 

d. Pustular U1Ipsoriasis[14, U1I15] 

• Impacts U1I1.1 U1Ipercent U1I(45) U1Ito U1I12 U1Ipercent U1I(105) U1Ithroughout U1Iall U1Ipsoriasis U1Icases. 

• Coalescing U1Ipustules, U1Ifilled U1Iwith U1Inon-infectious U1Ipus. 

• Either U1Iincludes U1Ispecific U1Iareas U1Isuch U1Ias U1Ipalm U1Iof U1Ihands U1I, U1Ifingers, U1Inail U1Iand U1Ifeet U1Isoles, U1Ior U1Ithe 

U1Iwhole U1Iportion U1Iof U1Ia U1Ibody U1Ijust U1Iafter U1Icause U1Imay U1Ioccur U1Ias U1Ia U1Isingle U1Ievent. 

E. Erythrodermic U1Ipsoriasis[16, U1I17] 

• Affects U1I0.4 U1Ipercent U1I(45) U1Ito U1I7 U1Ipercent U1I(105) U1Iover U1Iall U1Ipsoriasis U1Icases. 

• Fiery U1Iredness U1Iand U1Iexfoliation U1Iof U1Imost U1Iof U1Ithe U1Ibody U1Isurface. 

• A U1Imost U1Isevere U1Iform U1Iof U1Irheumatoid U1Iarthritis, U1Ipotentially U1Ilife-threatening U1Ias U1Iit U1Ican U1Ilead U1Ito 

U1Ihypothermia, U1Ihypoalbuminemia U1Iand U1Iheart U1Ifailure U1Iat U1Ihigh U1Iproduction.[18, U1I19] 
 

 
 

 
 

Fig U1I1 U1ITypes U1Iof U1IPsoriatic U1Iinflammatory U1Iconditions 

A: U1IPlaque U1Ipsoriasis, U1IB: U1IIntertriginous U1Ipsoriasis, U1IC: U1IGuttate 

U1Ipsoriasis U1ID: U1IPustular U1Ipsoriasis, U1IE: U1IErythrodermic U1Ipsoriasis 

Material and Method: 

2. Preparation U1Iof U1Isample U1Istock U1Isolution: 

drug U1Iequivalent U1Ito100 U1Img U1Iwas U1Itransferred U1Iinto U1Ia U1I100 U1Iml U1Ivolumetric U1Iflask U1I(1000 U1Iμg/ml). U1IFrom 

U1Ithis U1I10 U1Iml U1Iwas U1Iwithdrawn U1Iand U1Idiluted U1Iupto U1I100 U1Iml U1Iwith U1Isolvent. U1IFrom U1Ithis U1Ifurther U1I1 U1Iml U1Iwas 

U1Idiluted U1Iup U1Ito U1I10 U1Iml U1Iand U1Iused U1Ias U1Istock U1Isolution[18,19]. 

2.1 Preparation U1Iof U1Icalibration U1Icurve 

From U1Iabove U1Iworking U1Istd. U1Istock U1Isolution U1Iof U1ITacrolimus U1I(100 U1Iμg/ml), U1Ipippete U1Iout U1Ifrom U1Istock 

U1Isolution U1I0.2 U1Ito U1I1 U1Iml U1Iand U1Itransferred U1Ito U1Iseries U1Iof U1I10 U1Iml U1Ivolumetric U1Iflasks U1Iand U1Ifinal U1Ivolume 
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U1Imade U1Iup U1Ito U1Imark U1Iwith U1Idiluent U1Ito U1Iform U1Isolutions U1Iof U1I2 U1Ito U1I10μg/ml U1Iof U1ITacrolimus. U1IThese 

U1Isolutions U1Iwere U1Ithen U1Iscanned U1Iin U1Ithe U1Irange U1Iof U1I1800-400 U1Inm U1Iagainst U1Idiluent U1Ias U1Iblank. U1IThe 

U1Iabsorbance U1Imaxima U1I(λmax) U1Iwas U1Ifound U1Ito U1Ibe U1I291 U1Inm U1Ifor U1ITacrolimus U1Iand U1Ithen U1Icalibration U1Icurve 

U1Iwas U1Iplotted U1Ias U1Iabsorbance U1Ivs. U1Iconcentration. 

3. FORMULATION U1IAND U1IDEVELOPMENT U1IOF U1INIOSOMES 

3.1 Preparation U1Iof U1Iniosomes U1IFilm U1Ihydration U1Imethod: 

Mixture U1Iof U1Isurfactant U1I(Span U1I20, U1I60, U1I80) U1Iand U1Icholesterol U1I(equivalent U1Ito U1I50 U1Img) U1Iwere U1Idissolved U1Iin 

U1I10 U1Iml U1Iof U1Ichloroform. U1IThe U1Isolvent U1Iwas U1Islowly U1Ievaporated U1Iusing U1Ia U1Irotary U1Iflash  U1Ievaporator U1I(at U1I80 

U1Irpm, U1I60°C) U1Iunder U1Ilow U1Ipressure U1Ito U1Iproduce U1Ithin U1Ilipid U1Ifilm. U1IIn U1Ianother U1Iconical U1Iflask, U1Iweighed 

U1Iamount U1Iof U1Idrug U1I(according U1Ito U1Idose) U 1 I was transferred U1Iand U1Idissolved U1Iin U1Irequired U1Iquantity U1Iof 

U1IPhosphate U1Ibuffer U1Isaline U1I(pH U1I7.4). U1IThe U1Imixture U1Iwas U1Isonicated U1Ifor U1I5 U1Imin. U1Iby U1Ithe U1Ihand U1Iand U1Iagain  

U1Iresonicated U1Ifor U1I5 U1Imin. U1IThe U1Iprepared U1Iniosomes U1Iwere U1Iallowed U1Ito U1Iequilibrate U1Iat U1Iroom U1Itemperature. 

U1INiosomal U1Idispersion U1Iwas U1Ithen U1Ikept U1Iin U1Irefrigerator U1Iat U1I4°C. U1ITotal U1I9 U1Ibatches U1Iof U1Iniosomes U1Iwere 

U1Iprepared U1Iaccording U1Ito U1Ithe U1Ivariant U1Icomposition U1Iof U1Isurfactant U1ISpan U1I20, U1ISpan U1I60 U1Iand U1ISpan U1I80 U1Iwith 

U1Icholesteraol U1Ishown U1Iin U1ITable U1I3.1. U1IThe U1Ibatches U1Iwere U1Ilabelled U1Ias U1INF1 U1Ito U1INF9. U1IAll U1Ithe U1Iprepared 

U1Iniosomes U1Iwere U1Isubjected U1Ito U1Ievaluation U1Ifor U1Ithe U1Iselection U1Iof U1Ibest U1Ibatch U1Iamong U1Ithe U1Iothers[20-22]. 

Table U1I1: U1IFormulation U1Icode U1Iand U1Icomposition U1Iof U1Iniosomal U1Ibatches 

 

Formulation U1Icode Surfactant Drug U1I(mg) Surfactant :cholesterol U1Iratio 

NF1  

 

 
Span U1I20 

100 0.5:0.5 

NF2 100 0.5:1.0 

NF3 100 0.5:1.5 

NF4  

 

             Span U1I60 

100 0.5:0.5 

NF5 100 0.5:1.0 

NF6 100 0.5:1.5 

NF7  

         Span U1I80 

100 0.5:0.5 

NF8 100 0.5:1.0 

NF9 100 0.5:1.5 

EVALUATION U1IOF U1INIOSOMES[109-111] 

 

3.1.1 Optical U1Imicroscopy U1Istudy: 

The U1Iparticle U1Isize U1Iof U1Ithe U1Iniosomal U1Isuspension U1Iwas U1Idetermined U1Iby U1Ioptical U1Imicroscopy. U1IA U1Idrop 

U1Iof U1Iniosomal U1Isuspension U1Iwas U1Iplaced U1Ion U1Ia U1Iglass U1Islide. U1IA U1Icover U1Islip U1Iwas U1Iplaced U1Iover U1Ithe 

U1Iniosome U1Isuspension U1Iand U1Ithe U1Iaverage U1Ivesicle U1Isize U1Iwas U1Imeasured U1Iby U1Ian U1Ioptical U1Imicroscope 

U1I(Motic U1Idigital U1Imicrocope) U1Iand U1Iby U1Iusing U1Ia U1Ipre-calibrated U1Iocular U1Ieye U1Ipiece U1Imicrometer. U1IThe 

U1Iprepared U1Ivesicles U1Iwere U1Istudied U1Iunder U1I40 U1IX U1Imagnification U1Ito U1Iobserve U1Ithe U1Iformation U1Iof 

U1Ivesicles. 
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3.1.2 Drug U1Icontent 

Niosomal U1Isuspension U1Iequivalent U1Ito U1I10mg U1Itaken U1Iin U1Ia U1Ivolumetric U1Iflask U1Iof U1I100 U1Iml U1Iand U1Ivolume 

U1Iwas U1Imade U1Iup U1Iby U1Iphosphate U1Ibuffer U1IpH7.4 U1Iafter U1Ithat U1I1ml U1Iof U1Ithis U1Imixture U1Iwas U1Idiluted U1Ito10ml 

U1Iby U1Iphosphate U1Ibuffer U1IpH U1I7.4 U1Iand U1Ithe U1Ipercentage U1Idug U1Icontent U1Iwas U1Iobserved U1Iat U1I291 U1Inm U1Iusing  

U1IUV U1Ispectrophotometer.[23] 

3.1.3 Estimation U1Iof U1Ientrapment U1Iefficiency 

The U1IEntrapment U1Iefficiency U1Iof U1Iniosomes U1Iwas U1Iestimated U1Iby U1Iultra-centrifugation U1Imethod U1Iwhere 

U1Ithe U1Iniosomal U1Idispersions U1Iwere U1Icentrifuged U1Iat U1I14000 U1Irotations U1Iper U1Iminute U1Ifor U1I90 U1Iminutes. U1IThe 

U1Iclear U1Isupernatant U1Ifrom U1Ithe U1Iresulting U1Isolution U1Iwas U1Idiluted U1Iappropriately U1Iusing U1Iphosphate 

U1Ibuffer U1IpH U1I7.4 U1Iand U1Ianalyzed U1Ifor U1Ithe U1Idrug U1Iconcentration U1Ispectrophotometrically. U1IThe 

U1Ipercentage U1Iencapsulation U1Iefficiency U1I(EE%) U1Iwas U1Icalculated U1Iusing U1Ifollowing U1Iequation.[24] 

Drug U1IEntrapment U1IEfficiency U1I(%) U1Iwas U1Icalculated U1Ias U1Ifollows: 

 

EE U1I% U1I= U1I[(T-C)/T] U1I×100 

 

Where, U1IT U1I= U1Itotal U1Iamount U1Iof U1Idrug U1I(calculated U1Iboth U1Iin U1Isupernatant U1Iand U1Isediment) U1IC U1I= 

U1Iamount U1Iof U1Idrug U1Ifound U1Ionly U1Iin U1Ithe U1Isupernatant. 

4. PREPARATION U1IOF U1ITACROLIMUS U1INIOSOMAL U1IGEL 

The U1Icomposition U1Iof U1ITAC U1Igel U1Iformulae U1Iis U1Idesigned U1Iin U1ITable U1I3.3. U1ITacrolimus U1I(0.1% U1Iw/w) U1Iwas 

U1Idissolved U1Iin U1Ia U1Ihot U1Imixture U1Icontaining U1Ipropylene U1Iglycol U1I(25% U1Iw/w) U1Iand U1Iglycerin U1I(10% U1Iw/w) U1Ias 

U1Imoistening U1Iagent. U1IThe U1Igel U1Iformulations U1Iwere U1Iprepared U1Iby U1Idispersing U1Iweighed U1Iamount U1Iof 

U1Ipolymers U1ICarbopol U1I940, U1IHPMC, U1Isodium U1Ialginate, U1Iguar U1Igum U1Iand U1Ixanthan U1Igum U1Iin U1Iwater U1Iwith 

U1Iconstant U1Istirring U1Iusing U1Imagnetic U1Istirrer U1Iat U1Ia U1Imoderate U1Ispeed. U1IThen, U1Imixture U1Icontaining U1Idrug U1Iwas 

U1Iadded. U1IThe U1IpH U1Iof U1Igel U1Iwere U1Iadjusted U1Iusing U1ITEA. U1IFinally, U1Ipreservatives U1Imethyl U1Iand 

U1Ipropylparaben U1Iwere U1Iadded U1Islowly U1Iwith U1Icontinuous U1Istirring. U1IThe U1Iprepared U1Igels U1Iwere U1Ipacked U1Iin 

U1Iwide U1Imouth U1Iglass U1Icontainers U1Icovered U1Iwith U1Iscrew-capped U1Iplastic U1Ilid. U1IThe U1Icontainers U1Icovered U1Iwith 

U1Ian U1Ialuminum U1Ifoil U1Iand U1Iwere U1Ikept U1Iin U1Idark U1Iand U1Icool U1Iplace U1I[25, 26]. 

Table 2: PREPARATION U1IOF U1ITACROLIMUS U1INIOSOMAL U1IGEL  

        Ingredients                                          Formulations 

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 

Drug U1Iniosomal 

U1Idispersion 

100 100 100 100 100 100 100 100 100 100 

HPMC 2 4 - - - - - - - - 

Sodium U1Ialginate - - 2 4 - - - - - - 

Carbapol U1I934 - - - - 2 4 - - - - 

Xanthan U1Igum - - - - - - 2 4 - - 

Guar U1Igum - - - - - - - - 2 4 

Glycerin 10 10 10 10 10 10 10 10 10 10 
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Methyl U1IParaben 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Propyl U1IParaben 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 

Propylene U1Iglycol 10 10 10 10   10 10 10 10 10 10 

Water U1Iup U1Ito 100 100 100 100 100 100 100 100 100 100 

 

5. EVALUATION U1IOF U1ITACROLIMUS U1INIOSOMAL U1IGEL [28-30] 

5.1 Visual U1Iexaminations 

All U1Iprepared U1Igel U1Iformulations U1Iwere U1Iinspected U1Ifor U1Itheir U1Icolor, U1Isyneresis, U1Iand U1Ipresence U1Iof U1Ilumps 

U1Iby Ivisual U1Iinspection U1Iafter U1Ithe U1Igels U1Ihave U1Ibeen U1Ikept U1Iin U1Ithe U1Icontainers. 

5.1.1 Homogeneity 

All U1Iprepared U1Igels U1Iwere U1Itested U1Ifor U1Ihomogeneity U1Iafter U1Ithe U1Igels U1Ihave U1Ibeen U1Iset U1Iin U1Ithe U1Icontainer. 

U1IThey U1Iwere U1Itested U1Ifor U1Itheir U1Iappearance U1Iand U1Ipresence U1Iof U1Iany U1Iaggregates U1Iand U1Iresults U1Ifor U1Ithe U1Isame 

U1Iwere U1Inoted. 

 

 

Fig. 2: U1ITAC U1Iloaded U1INiosomal U1IGel U1IHomogenity 

5.1.2 Grittiness 

The U1Iformulations U1Iwere U1Ievaluated U1Imicroscopically U1Ifor U1Ithe U1Ipresence U1Iof U1Iparticles U1Iif U1Iany. U1INo 

U1Iappreciable U1Iparticulate U1Imatter U1Iwas U1Iseen U1Iunder U1Ilight U1Imicroscope. 

5.1.3 Spreadability U1Itest 

A U1Isample U1Iof U1I0.5 U1Ig U1Iof U1Ieach U1Iformulation U1Iwas U1Ipressed U1Ibetween U1Itwo U1Islides U1I(divided U1Iinto U1Isquares U1Iof U1I5 

U1Imm U1Isides) U1Iand U1Ileft U1Ifor U1Iabout U1I5 U1Imin U1Iwhere U1Ino U1Imore U1Ispreading  U1Iwas U1Iexpected. U1IDiameters U1Iof U1Ispreaded  

U1Icircles U1Iformed U1Idue U1Ito U1Ipress U1Iwere U1Imeasured U1Iin U1Icm U1Iand U1Iwere U1Itaken U1Ias U1Icomparative U1Ivalues U1Ifor 
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U1Ispreadability. 

5.1.4 pH U1Idetermination 

The U1IpH U1Iof U1Ithe U1Iformulated U1ITacrolimus U1Igels U1Iwas U1Idetermined U1Iusing U1Idigital U1IpH U1Imeter U1I(Systonic). 

U1IReadings U1Inoted. 

5.1.5 Viscosity U1Istudies 

 

The U1Imeasurement U1Iof U1Iviscosity U1Iof U1Ithe U1Iprepared U1Igels U1Iwas U1Idone U1Iusing U1IBrookfield U1Iviscometer. U1IThe 

U1Igel U1Iwas U1Ievaluated U1Iusing U1Ispindle U1Ino. U1I64. 

5.1.6 Extrudability 

The U1Iprepared U1Igel U1Iformulations U1Iwere U1Ifilled U1Iin U1Istandard U1Icapped U1Icollapsible U1Ialuminum U1Itubes U1Iand 

U1Isealed U1Iby U1Icrimping U1Ito U1Ithe U1Iend. U1IThe U1Iweights U1Iof U1Ithe U1Itubes U1Iwere U1Irecorded. U1IThe U1Itubes U1Iwere U1Iplaced 

U1Ibetween U1Itwo U1Iglass U1Islides U1Iand U1Iwere U1Iclamped. U1I500 U1Ig U1Iwas U1Iplaced U1Iover U1Ithe U1Islides U1Iand U1Ithen U1Ithe U1Icap 

U1Iwas U1Iremoved. U1IThe U1Iamount U1Iof U1Ithe U1Iextruded U1Igel U1Iwas U1Icollected U1Iand U1Iweighed. U1IThe U1Iamount U1Iof U1Igel 

U1Iextruded U1Iwas U1Icalculated U1I(>90% U1Iextrudability: U1IExcellent, U1I>80% U1Iextrudability: U1IGood, U1Iand U1I>70% 

U1Iextrudability: U1IFair). 

5.1.7 Skin U1Iirritation U1Istudies U1IAcute U1Idermal U1Iirritation: 

The U1Iacute U1Idermal U1Iirritation U1Istudy U1Iwas U1Iperformed U1Iin U1Iaccordance U1Iwith U1Ithe U1IOECD U1IGuidelines U 1 I404 

U1 I―Acute U 1 Idermal U1 Iirritation/corrosion‖. U1 IA U1 Ipositive U1 Icontrol U 1 Igroup U1 Ireceived U1I0.8% U1Iw/v U1Iaqueous 

U1Isolution U1Iof U1Iformaldehyde U1Ias  U1Ia U1Istandard U1Iirritant; U1Ia U1Icontrol U1Igroup U1Ireceived U1Iplacebo U1Ipatch U1Iand U1Ia 

U1Itreated U1Igroup U1Ireceived U1ITacrolimus U1INiosomal U1IGel. U1ITacrolimus U1INiosomal U1IGel U1Iwas U1Imixed U1Iin U1Ia 

U1Iminimum U1Iamount U1Iof U1Iolive U1Ioil U1Ito U1Icreate U1Ipaste U1Ipreparation U1Ifor U1Idermal U1Iapplication U1I(2 U1Img/kg). 

U1IAround U1I5 U1Icm U1I× U1I5 U1Icm U1Iof U1Irabbit’s U1Itrunk U 1 I was U 1 I unclipped U 1 I for U 1 I experimental U 1 I use. U 1 I The U 1 I test 

U 1 I article U 1 I was U 1 I then U 1 I applied U 1 I under U 1 I a 2.5 U1Icm U1I× U1I2.5 U1Icm U1Igauze U1Ipatch U1Ito U1Ione U1Iintact U1Isite U1Iper U1Irabbit U1Iand 

U1Iwrapped U1Iwith U1Ian U1Iocclusive U1Idressing. U1IThe U1Ianimals U1Iwere U1Ifitted U1Iwith U1IElizabethan U1Icollars U1Iduring U1Ithe 

U1Iapplication. U1IThe U1Itest U1Iarticles U1Iwere U1Iremoved U1Ifrom U1Ithe U1Itest U1Isite U1Iby U1Igently U1Iwashing U1Iwith U1Isoaked U1Iin 

U1Ilukewarm U1Iwater U1Iat U1Ithe U1Iend U1Iof U1Ithe U1Iexposure U1Iperiod, U1Iprior U1Ito U1Iscoring U1Ifor U1Idermal U1Ireactions. U1INo U1Idermal 

U1Ireactions U1Iwere U1Iobserved U1Iat U1I3 U1Imin, U1I1 U1Ih U1Iand U1I4 U1Ih U1Iafter U1Igel U1Iremoval. U1IThe U1Itest U1Iwas U1Irepeated U1Iwith U1Itwo 

U1Iadditional U1Irabbits U1Ito U1Iconfirm U1Ithe U1Iinitial U1Ifindings, U1I U1Isince U1I U1Ithe U1I U1Irabbits U1I U1Iin U1I U1Ithe U1I U1Iinitial U1I U1Itest U1I U1Idid U1I U1Inot U1I 

U1Iexhibit U1I U1Iany U1I U1Idermal U1Ireaction. 

5.1.8 a. U1IIn U1Ivitro U1IRelease U1Iof U1ITacrolimus U1INiosome U1IGel 

In U1Ivitro U1Irelease U1Istudy U1Iwas U1Iperformed U1Iusing U1IModified-Franz U1Idiffusion U1Icell. U1ITacrolimus U1INiosomal 

U1Igel U1Iformulation U1I(0.045% U1Iw/w) U1Iwas U1Iused U1Iin U1Ithe U1Istudy. U1IPhosphate U1Ibuffered U1Isaline U1I(0.01 U1IM, U1IpH 

U1I7.4) U1Iwas U1Iused U1Ias U1Ia U1Irelease U1Imedium U1I(acceptor U1Icompartment). U1IGel U1Isample U1I(1 U1Ig) U1Iwas U1Iplaced U1Ion U1Ia 

U1Icellulose U1Initrate U1Imembrane U1I(0.1 U1Imm U1Ipore U1Idiameter), U1Iwhich U1Iacted U1Ias U1Ia U1Idiffusion U1Ibarrier U1I(donor 

U1Icompartment). U1IThe U1Iassembly U1Iwas U1Iwater U1Ijacketed U1Ito U1Imaintain U1I32±0.5 U1I

0C. U1IAliquots U1Iof U1Isamples 

U1Iwere U1Iwithdrawn U1Iat U1Idifferent  U1Itime U1Iintervals  U1Iduring U1Ia U1Itime U1Iperiod U1Iof U1I48 U1Ih U1Iand U1Iwere U1Ianalyzed 

U1Iusing U1Ithe U1Ivalidated U1IHPLC U1Iprocedure[31-32]. 

6. Stability U1Istudies 

The U1Ipurpose U1Iof U1Istability U1Itesting U1Iis U1Ito U1Iprovide U1Ievidence U1Ion U1Ihow U1Ithe U1Iquality U1Iof U1Ian U1Iactive U1Isubstance 

U1Ior U1Ipharmaceutical U1Iproduct U1Ivaries U1Iwith U1Itime U1Iunder U1Ithe U1Iinfluence U1Iof U1Ia U1Ivariety U1Iof U1Ienvironmental 

U1Ifactors U1Isuch U1Ias U1Itemperature, U1Ihumidity, U1Iand U1Ilight. U1IIn U1Iany, U1Irationale U1Idesign U1Iand U1Ievaluation U1Iof 
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U1Idosage U1Iforms U1Ifor U1Idrugs, U1Ithe U1Istability U1Iof U1Ithe U1Iactive U1Icomponent U1Iis U1Ithe U1Imajor U1Icriteria U1Iin 

U1Idetermining U1Itheir U1Iacceptance U1Ior U1Irejection. U1IDuring U1Ithe U1Istability U1Istudies U1Ithe U1Iproduct U1Iis U1Iexposed U1Ito 

U1Inormal U1Iconditions U1Iof U1Itemperature U1Iand U1Ihumidity. U1IHowever, U1Ithe U1Istudies U1Itake U1Ia U1Ilonger U1Itime U1Iand 

U1Ihence U1Iit U1Iwould U1Ibe U1Iconvenient U1Ito U1Icarry U1Iout U1Ithe U1Iaccelerated U1Istability U1Istudies U1Iwhere U1Ithe U1Iproduct U1Iis 

U1Istored U1Iunder U 1 I extreme conditions U1Iof U1Itemperature. U1ITo U1Iassess U1Ithe U1Idrug U1Iand U1Iformulation U1Istability, 

U1Istability U1Istudies U1Iwere U1Idone U1Iaccording U1Ito U1IICH U1Iguidelines. U1IAs U1Iper U1IICH U1Irequirements, U1Istability U1Itesting U1Iof 

U1Ithe U1Ioptimized U1Igel U1Iformulation U1Iwas U1Icarried U1Iout. U1IGel U1Iwas U1Ipacked U1Iin U1Iclean, U1Ilacquered, U1Icollapsible 

U1Ialuminum U1Itubes U1Iand U1Idifferent U1Ireplicates U1Iwere U1Iheld U1Iin U1Ia U1Ihumidity U1Ichamber U1Iat U1I25 U1I± U1I2 U1I° U1IC U1Iand U1I60 U1I± U1I5% 

U1IRH. U1IGel U1Iwas U1Ievaluated U1Iat U1Ian U1Iinterval U1Iof U1I0 U1I- U1I6 U1Imonths U1Ifor U1Ialteration U1Iof U1Iappearance, U1IpH, U1Iand U1Idrug 

U1Icontent U1Iand U1Iin U1Ivitro U1Irelease U1Iprofile. 

Results and Discussion:   

7. PREPARATION U1IOF U1ITACROLIMUS U1INIOSOMES: 

Three U1Ibatches U1Ifrom U1Ieach U1Isurfactants U1ISpan U1I20, U1I60 U1Iand U1I80 U1Iwere U1Iprepared U1Itaking U1Ivarious 

U1Icompositions U1Iof U1Isurfactant: U1ICholesterol U1Icomposition. U1IFormulations U1Iwere U1Ilabelled U1Ias U1INF1 U1Ito U1INF9. 

U1IThree U1Iratio U1Iof U1Isurfactant: U1ICholesterol U1Iratio U1Ii.e. U1I0.5:0.5, U1I0.5:1.0, U1I0.5:1.5 U1Iwere U1Iused U1Ifor U1Ithe 

U1Iformulation. U1IConcentration U1Iof U1Idrug U1Iwas U1Ikept U1Iconstant U1Ias U1I100 U1Img. 

7.1 EVALUATION U1IOF U1INIOSOMES 

7.1.1 Vesicle U1Isize U1Iand U1ISEM: 

Details U1Iof U1ITacrolimus U1Iparticle U1Isizes U1Iare U1Idescribed U1Iin U1I(Table U1I4.2), U1Iwhich U1Ishows U1Ithat U1IVesicle U1Ishaped 

U1Iwith U1ISpan U1I20 U1Iis U1Ismaller U1Ithan U1ISpan U1I80 U1Iand U1ISpan U1I60 U1Ishaped U1Ivesicle. When U1Idiffusion U1Iwas U1Iagitated  

U1Ivesicle U1Isize U1Iwas U1Ithat. U1IThe U1Iexplanation U1Ifor U1Ithis U1Iis U1Ithe U1Ienergy U1Iexerted U1Iin U1Iagitation U1Ithat U1Iresults U1Iin 

U1Ilarger U1Ivesicles U1Isplitting U1Iinto U1Ismaller U1Ivesicles. U1IThe U1Isize U1Irange U1Iwas U1Ifound U1Ito U1Ibe U1Ibetween U1I67.8 U1Inm 

U1Iand U1I121.6 U1Inm. U1IIt U1Iwas U1Ievident U1Ithat U1Idue U1Ito U1Iincrease U1Iin U1Ithe U1Iconcentration U1Iof U1Icholesterol U1Ithe U1Ivesicle U1Iis U1I 

U1Iincreasing U1Idue U1Ito U1Iincreasing U1Ithe U1Ihydrophobicity U1Iin U1Ithe U1Iformulation. U1IAmong U1Ithem U1Ibatch U1INF6 U1I121.6 

U1Inm U1Ifollowed U1Iby U1INF5 U1I111.2 U1Inm U1Iand U1I100.3 U1Inm. U1IWhereas  U1Ibatch U1INF1 U1Iwas U1Ifound U1Ito U1Ihave U1Ismallest 

U1Iparticle U1Isize U1Iof U1Iniosomes U1I67.8 U1Inm 

Table U1I3: U1IFormulation U1Iniosomes U1Ivesicle U1Isize 

Formulation 

code 

Particle U1Isize 

(nm) 

NF1 67.8 

NF2 69.2 

NF3 72.6 

NF4 100.3 

NF5 111.2 

NF6 121.6 

NF7 98.6 

NF8 98.2 

NF9 97.4 
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 Fig U1I3: U1IScanning U1IElectron U1IMicroscopy U1Iof U1INiosome U1Iprepared 

7.1.2  Drug U1IContents: 

All U1Ithe U1Ibatches U1Iof U1Iniosomes U1Iprepared U1Iwere U1Ievaluated U1Ifor U1Iyield U1Iof U1Idrug U1Icontent, U1Iresults U1Iare U1Igiven U1Iin 

U1ITable U1I4.3. U1IHigher U1Ivesicle U1Isize U1Igiven U1Ihigher U1Idrug U1Icontent. U1INiosomes U1Iformulated U1Iwith U1ISpan U1I20 U1Igave 

U1Idrug U1Icontent U1I83.1±1.1 U1Ito U1I91.8±2.6 U1Img; U1ISpan U1I60 U1Igave U1I90.3±1.6 U1Ito U1I93.9 U1I±1.5 U1Img U1Iand U1ISpan U1I80 U1Igave 

U1I93.1±1.5 U1Ito U1I85.1±1.0 U1Img. U1IAll U1Ithe U1Iassessments U1Iwere U1Idone U1Iin U1Ireplicate. U1IAmong U1Iall U1Ithe U1Inine U1Ibatches, 

U1INF5 U1Ibatch U1Iwas U1Ifound U1Ito U1Ihave U1Imaximum U1Idrug U1Icontent U1Ii.e. U1I99.2 U1I± U1I1.2 U1Img. 

Table U1I4: U1IDrug U1Icontent U1Iof U1Iformulation U1Ibatches U1Iof U1Iniosomal U1Ibatches 

Formulation U1Icode Drug U1Icontent 

Mg 

NF1 83.1±1.1 

NF2 89.6±1.6 

NF3 91.8±2.6 

NF4 90.3±1.6 

NF5 99.2±1.2 

NF6 93.9±1.5 

NF7 93.1±1.5 

NF8 89.9±1.8 

NF9 85.1±1.0 

Data U1Iis U1Irepresented U1Ias U1IMean U1I± U1ISD, U1Iwhere U1IN U1I= U1I2 

 

 Fig U1I4: U1IDrug U1IContent U1Iof U1Idifferent U1Iformulated U1Iniosomal U1Ibatches. 
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7.1.3 Drug U1IEntrapment U1IEfficiency: 

 

The U1Ientanglement U1Iproductivity U1Iof U1Ithe U1Iniosomal U1Idefinitions U1Iwere U1Iestimated U1Iby U1Icentrifugation 

U1Istrategy. U1IThe U1Icomponents, U1Ifor U1Iexample, U1IHLB U1Iworth U1Iand U1IPhase U1Iprogress U1Itemperature U1Iof U1Ithe 

U1Isurfactant U1Iinfluence U1Ithe U1Ientanglement U1Iproductivity. U1ILow U1IHLB U1Iand U1Ihigh U1Ichange U1Itemperature 

U1Iincrement U1Ithe U1Icapture U1Iproficiency. U1IAmong U1Iall U1Ithe U1Idetails, U1INF5 U1I(Span U1I60/cholesterol U1IS/C U1I0.5:1.0) 

U1Iindicated U1Imost U1Iextreme U1Icapture U1Iproficiency U1Iwhen U1Icontrasted U1Iand U1Idifferent U1Idefinitions U1Ias U1Iappeared 

U1Iin U1Ithe U1ITable U1I4.4. U1IIt U1Iwas U1Idue U1Ito U1Iits U1Ilow U1IHLB U1Ivalue U1Iand U1Ihigh U1Itransition U1Itemperature. U1INF5 

U1Iformulation U1Icorresponds U1Ito U1Ithe U1Ihigher U1Idrug U1Icontent U1Iand U1Ientrapment U1Iefficiency U1I98.686% U1Ishown U1Iin 

U1IFig U1I4.13. 

Table U1I5: U1IEntrapment U1Iefficiency U1Iof U1Iprepared U1Iniosomes U1Iformulations 

 

Formulation 

code 

Entrapment U1Iefficiency 

% 

NF1 80.652± U1I1.20 

NF2 85.254± U1I2.30 

NF3 90.582± U1I2.50 

NF4 93.147± U1I1.80 

NF5 98.686± U1I2.30 

NF6 96.258± U1I2.80 

NF7 88.369± U1I2.60 

NF8 87.159± U1I1.60 

NF9 86.357± U1I1.90 

Data U1Iwas U1Irepresented U1Ias U1IMean U1I± U1ISD, U1IN U1I=3 

 

Fig U1I5: U1IComparison U1Iof U1IDrug U1IContent U1Iand U1IDrug U1IEntrapment U1IEfficiency 
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8. FORMULATION U1IOF U1INIOSOMAL U1IGEL U1IFORMULATION. 

 

From U1Ithe U1Iresults U1Iof U1Ievaluation U1Iof U1Ibatches U1Iof U1Iniosomal U1Iformulations, U1Ibatch U1INF5 U1Iis U1Ifound U1Ito U1Ihave 

U1Iwith U1Ioptimized U1Iresults U1Iand U1Isuitable U1Ifound U1Isuitable U1Ifor U1Ifurther U1Iprocess. U1INiosomes U1Iof U1Ibatch U1INF5 U1Iis 

U1Iused U1Ifor U1Ithe U1Iformation U1Iof U1Igel U1Iusing U1Idifferent U1Icompositions U1Ias U1Igiven U1Iin U1ITable U1I3 

8.1 EVALUATION U1IOF U1ITACROLIMUS U1INIOSOMAL U1IGEL U1IFORMULATION: 

8.1.1 Clarity, U1ISpreadibility U1Iand U1IHomogeneity: 

 

All U1Ithe U1Inine U1Ibatches U1Iof U1ITacrolimus U1Inoisome U1Ibatches U1Iwere U1Isubjected U1Ito U1Iprepration U1Iof U1Iniosomal U1Igel. 

U1IAnd U1IGel U1Ipreparations U1Iwere U1Ithan U1Ievaluated U1Ias U1Iper U1Ithe U1Iclarity, U1Iits U1Ispreadability U1Iand U1Ihomogeneity. 

U1IAmong U1Iall U1Ithe U1Iformulations U1Ithe U1Igel U1Iformed U1IF5 U1Iand U1IF6 U1Iwere U1Ifound U1Ito U1Ibe U1Iclearest U1Iwith U1Ibetter 

U1Ispreadability U1Iand U1Iwith U1Iexcellent U1Ihomogeneity. 

Table U1I6: U1IEvaluation U1Iof U1ITacrolimus U1INiosomal U1IGel U1Iformulations 

 

Formulation U1Icode Clarity Spreadability Homogeneity 

F1 good better excellent 

F2 good better excellent 

F3 good good very U1Igood 

F4 good good very U1Igood 

F5 very U1Iclear better excellent 

F6 very U1Iclear Better excellent 

F7 turbid good good 

F8 turbid good good 

F9 turbid average good 

F10 turbid poor good 

8.1.2 Viscosity: 

 

Viscosity U1Iof U1Iall U1Ithe U1ITacrolimus U1Iniosomal U1Igel U1Iformulation U1Iwas U1Ievaluated. U1IFormulation U1IF6 

U1Iand U1IF5 U1Iwere U1Ifound U1Ito U1Ibe U1Ihighest U1Iviscosity U1Iamong U1Iall U1Ithe U1Iother U1Iformulation U1Ibatches U1Ii.e. 

U1I8166 U1IcPs U1Iand U1I8023 U1IcPs U1Irespectively. U1IThis U1Ievident U1Ithe U1Ibetter U1Iretention U1Iof U1Igel U1Iformulation 

U1Ion U1Ithe U1Iskin. U1IFormulation U1IF3 U1Iand U1IF4 U1Ifound U1Ito U1Ibe U1Ileast U1Iviscous U1Iwith U1Iviscosity U1I5106 U1IcPs U1Iand 

U1I5158 U1IcPs U1Irespectively. U1IF6 U1Iwas U1Ireported U1Iwith U1Ihighest U1Iviscosity U1Iand U1Iwould U1Ihave U1Ihigher 

U1Iretention U1Itime U1Ion U1Ithe U1Iskin. 

Table U1I7 U1I: U1IViscosity U1Iof U1INiosomal U1IGel U1Iformulations 

 

Formulation code Viscosity (cPs) 

F1 7870 

F2 6975 

F3 5106 

F4 5158 
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F5 8023 

F6 8166 

F7 6582 

F8 5921 

F9 5236 

F10 5235 

 
 Fig U1I6: U1IViscosity U1Iof U1ITacrolimus U1INiosomal U1IGel U1IFormulations. 

 

8.1.3 Extrudability U1Istudy: 

 

Through U1Ithe U1Itest U1Iit U1Iwas U1Ievident U1Ithough U1Iall U1Ithe U1Iformulations U1Ishowed U1Igood U1Iextrudability U1Iproperties 

U1Ibut U1Iamong U1Ithem U1Iformulations U1IF6, U1IF5, U1IF4 U1Iand U1IF3 U1Ishowed U1Iexcellent U1Iextrudability U1Iproperty. 
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Table U1I8: U1IExtrudability U1Iproperties U1Iof U1Iformulations 

 

Formulation code Extrudability 

F1 ++ 

F2 ++ 

F3 +++ 

F4 +++ 

F5 +++ 

F6 +++ 

F7 ++ 

F8 ++ 

F9 ++ 

F10 ++ 

++ U1I= U1IGood, U1I+++ U1I= U1IExcellent 

8.1.4 Skin U1IIrritation U1Istudy: 

All U1Ithe U1Iplanned U1Iclumps U1Iof U1ITacrolimus U1INiosomal U1IGel U1Iwere U1Iexposed U1Ito U1Iskin U1Idisturbance U1Itest U1Ion 

U1Idermal U1Itissue. U1IApplications U1Iwere U1Imade U1Ifor U1I7 U1Isuccessive U1Idays. U1IFor U1Ievery U1Icreature,  U1Idermal 

U1Ireaction U1Iscores U1Iat U1I1 U1Ih, U1I24 U1Ih, U1I48 U1Iand U1I72 U1Ih U1Iafter U1Ievacuation U1Iof U1Ithe U1Itest U1Imaterials. U1Iadded U1Iand 

U1Iafterward U1Iseparated U1Iby U1Ithree U1Ito U1Iacquire U1Ia U1Imean U1Iaggravation U1Iscore U1Ifor U1Ievery U1Itime U1Ipoint. U1IThe 

U1Ioutcomes U1Iwere U1Icontrasted U1Iwith U1Ithose U1Iof U1Ithe U1Icontrol U1Icreatures U1Iwhich U1Igot U1Irefined U1Iwater. U1IThe U1Imean 

U1Iscores U1Iwere U1Iadded U1Iand U1Iarrived U1Iat U1Ithe midpoint U1Iof U1Ito U1Iacquire U1Ithe U1Iessential U1Idisturbance U1Ifile. U1IUpon 

U1Ioverall U1Imean U1Ivalue U1Iand U1Iobservation, U1Ithe U1Iscore U1Iis U1Iclassified U1Ias U1IA: U1INo U1Ireaction, U1IB: U1ISlight 

U1Ierythema, U1IC: U1IModerate U1Ierythema. U1IAny U1Isign U1Iof U1Iinflammation, U1Ieczema U1Iand U1Ierythema U1Iis U1Inot 

U1Iobserved U1Iat U1Idifferent U1Iinterval U1Ias U1Ishown U1Iin U1Ifig U1I4.15. 

 

Fig U1I7: U1IDermal U1Iskin U1Iirritation U1Istudies U1Ion U1Iskin U1Iat U1Idifferent U1Iinterval U1Iby U1Iof U1Ioptimized U1IF6 U1Ibatch. 

a. Dermal U1Iin U1Isingled U1Igroup U1Ibefore U1Iadministration. b. Dermal U1Iin U1Isingled U1Igroup U1Iat U1I72 U1Ih U1Iafter 

U1Iadministration. c. Dermal U1Iin U1Irepeated U1Igroup U1Ibefore U1Iadministration. d. Dermal U1Iin U1Irepeated U1Igroup U1Iat 

U1I72 U1Ih U1Iafter U1Ilast U1Iadministration. 
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8.1.4 In U1Ivitro U1Irelease U1Istudy 

 

Tacrolimus U1INiosomal U1Igel U1Ibatch U1I6 U1Iis U1Ireleased U1Iin U1Ivitro U1Iand U1Ishows U1Ithe U1Irelease U1Iprofiles. U1ITacrolimus U1Igel, 

U1Ihowever, U1Idemonstrated U1Ia U1Icontrolled U1Irelease U1Iprofile U1I(92.46 U1I± U1I2.16) U1Iover U1Ithe U1I48 U1Ih U1Iperiod. U1IControlled 

U1Irelease U1Iprofile U1Iof U1ITacrolimus U1Iniosome U1Igel U1Imay U1Ibe U1Idue U1Ito U1Islow U1Idiffusion U1Iof U1ITacrolimus U1Iin U1Ithe U1ICarbopol 

U1Imatrix U1Ifrom U1Ilipid U1Iniosome. U1IControlled U1Irelease U1Iphenotype U1Iof U1ITacrolimus U1INiosome U1IGel U1Iwill U1Iavoid U1Ithe 

U1Ifast U1Idelivery U1Iof U1Ithe U1Idrug U1Ito U1Ithe U1Iexfoliated U1Ipsoriatic U1Iskin, U1Iwhich U1Iis U1Isensitive U1Ito U1Iaccelerated U1Iabsorption U1Iof 

U1Idrugs U1Iand U1Ican U1Ithus U1Iavoid U1Itoxicity. 

Tacrolimus U1INiosomal U1Igel U1Ibatch U1IF6 U1Iwhich U1Icontains U1Icarbopol U1I4% U1Ishowed U1Irelease U1Iprofiles. U1ITacrolimus 

U1Igel, U1Ihowever, U1Idemonstrated U1Ia U1Icontrolled U1Irelease U1Iprofile U1I(92.46 U1I± U1I2.16) U1Iover U1Ithe U1I48 U1Ih U1Iperiod. U1IControlled 

U1Irelease U1Iprofile U1Iof U1ITacrolimus U1Iniosomal U1Igel U1Imay U1Ibe U1Idue U1Ito U1Islow U1Idiffusion U1Iof U1ITacrolimus U1Iin U1Ithe U1ICarbopol 

U1Imatrix U1Ifrom U1Ilipid U1Iniosomes. U1IControlled U1Irelease U1Iphenotype U1Iof U1ITacrolimus U1INiosomal U1IGel U1Iwill U1Iavoid U1Ithe 

U1Ifast U1Idelivery U1Iof U1Ithe U1Idrug U1Ito U1Ithe U1Iexfoliated U1Ipsoriatic U1Iskin, U1Iwhich U1Iis U1Isensitive U1Ito U1Iaccelerated U 1 I absorption 

U 1 I of U 1 I drugs U 1 I and U 1 I can U 1 I thus U 1 I avoid U 1 I toxicity. U 1 I Where U 1 I batch U 1 I F9 containing U1Igaur U1Igum U1I2 U1I% U1Ias U1Igelling 

U1Iagent U1Ishowed U1Ilowest U1Idrug U1Irelease U1Iin U1Isame U1Iperiod U1Iof U1Itime. U1 
 

Fig U1I8: U1I% U1ICumulative U1Idrug U1Irelease U1Iof U1ITacrolimus U1INiosomal U1Igel U1Ibatches U1IF1 U1I– 

U1IF10. 

8.1.5 In U1Ivivo U1Iantipsoriatic U1Iactivity 

 Table U1I9: U1IPASI U1IScore U1Iof U1Ianti-psoriatic U1Istudies U1Iof U1ITacrolimus U1INiosome U1IGel U1Iformulation U1Ibatch U1IF6. 

 

 
Groups 

Erythema Scaling Thickness Average U1IPASI 

U1Iscore 

Day 

U1I1 

Day 

U1I11 

Day 

U1I1 

Day 

U1I11 

Day 

U1I1 

Day 

U1I11 

Day 

U1I1 

Day 

U1I11 

Group U1II 0 0 0 0 0 0 0 0 
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Group U1III 1 1 2 2 3 3 2 2 

Group U1IIII 1 1 3 2 2 2 2 1.6 

Group U1IIV 1 0 2 0 3 1 2 0.5 

Group U1IIV U1Ithat U1Icontains U1Ithe U1Itreatment U1Iwith U1Ithe U1Ibest U1Iformulation U1I(F6) U1Iof U1INiosomal U1Igel U1Iof 

U1ITacrolimus U1Ishowed U1Ilowest U1IPASI U1Iscore U1Iamong U1Ithe U1Itreatment U1Igroup. U1IAlong U1Iwith U1Ithe U1Iwhen U1Iit 

U1Iis U1Icompared U1Iwith U1Ithat U1Iof U1Inegative U1Igroup U1Iit U1Iis U1Ifound U1Iin U1Inearest U1Ivalue U1Iafter U1Itreatment U1Ii.e. U1I0.5. 

 

 

Figure U1I4.17. U1IHistopathology U1Iof U1Iskin U1Isamples U1I(200_, U1IH&E U1Istaining). U1INegative U1Icontrol U1I(a), 

U1Ipositive U1Icontrol U1I(b), U1Iblank U1Igel U1I(c), U1ITacrolimus U1INiosomal U1Igel 

Morphology U1Iof U1Ioptimized U1Igel U1Iformulation: 

 

The U1Ioptimized U1Ibatch U1Iof U1Inoisome U1Igel U1Iformulation U1Iwas U1Isubjected U1Ito U1Idetermination U1Iof U1Imorphological 

U1Icharacters U1Iof U1Iit U1Iwhich U1Iis U1Idetermined U1Iby U1ITransmission U1Ielectron U1Imicroscopy U1Ias U1Ishown U1Iin U1Ifig U1I4.18. U1IFrom 

U1Ithe U1Istudy U1Iit U1Iwas U1Ifound U1Ithat U1Iparticles U1Iwere U1Ievenly U1Idistributed U1Iand U1Iwas U1Ispherical U1Iin U1Ishape. 
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Fig U1I9: U1ITEM U1Iof U1ITacrolimus U1INiosomal U1IGel U1IFormulation U1IF6 i. U1Iat U1I0.5 U1Iµm, U1Iii. U1I1 U1Iµm U1Iand U1Iiii. U1IAt U1I2 U1Iµm 

9. . Stability U1IStudies: 

The U1Ioptimized U1INiosomal U1IGel U1Iformulation U1IF6 U1Iwas U1Isubjected U1Ito U1Istability U1Istudies U1Iover U1Ithe U1Iperiod U1Iof U1I6 

U1Imonths. U1IThe U1Iformulation U1Iwas U1Ievaluated U1Ifor U1IDrug U1Icontent, U1IpH U1Iand U1I% U1Idrug U1Irelease U1Iover U1Ithe U1Iperiod. 

U1IThe U1Iformulation U1Iwas U1Iattributed U1Ito U1Ihave U1Iaverage U 1 I93.9 U 1 I± U 1 I1.5 U 1 Img U 1 Idrug U1 Icontent U 1 Iat U 1 Ithe U 1 Istarting U 1 I0 

U 1 Imonth, U1 Iwhich U 1 Ifound U 1 Ito U 1 Ibe U1 I93.8 U1 I±1.8 U1Iat U1Ithe U1I6th
 U1Imonth. U1IThere U1Iis U1Ino U1Isignificant U1Idifference U1Ibetween 

U1Ithe U1Idrug U1Icontent U1Iin U1Imean U1Itime U1Iinterval. U1IThis U1Ijustifies U1Ithe U1Istandardized U1Iparameters U1Iof U1Ievaluation 

U1Iand U1Ithere U1Iis U1Ino U1Iengulfing U1Iand U1Iloss U1Iof U1Idrug U1Icontent. U1IIn U1Ithe U1Iduration U1Iof U1Ithe U1Istudy U1Ithe U1IpH U1Iand 

U1Iphysical U1Iappearance U1Iof U1Ithe U1Iformulation U1Iremained U1Iconstant. U1IAlso U1Ithere U1Iis U1Ino U1Isignificant U1Ichange 

U1Iobserved U1Iin U1Ithe U1I% U1Idrug U1Irelease U1Ifor U1Ithe U1Idrug U1Iformulation. U1IAt U1Ithe U1Iday U1I0 U1Iit U1Iwas U1Ifound U1Ito U1Ibe U1I64 U1I± 

U1I1.24 U1Iand U1Iat U1I6th
 U1Imonth U1Iit U1Iwas U1Ifound U1Ito U1Ibe U1I63.17 U1I± U1I1.9%. U1IThe U1Iresults U1Iare U1Ishown U1Iin U1ITable U1I4.10. 

Table U110: U1IStability U1IStudies U1Iof U1IOptimized U1INiosome U1IGel U1Iformulation 

 

 
Parameters 

Months 

0 1 2 3 6 

Drug U1Icontent U1I(mg) 93.9 U1I± U1I1.5 94.1 U1I± U1I0.50 93.7 U1I± U1I1.2 94.01± U1I0.43 93.8 U1I± U1I1.8 

pH 6.2 6.1 6.2 6.1 6.3 

(%) U1IDrug U1Irelease 64 U1I± U1I1.24 66.17± U1I0.23 65.24± U1I1.24 65.8 U1I± U1I1.8 63.17 U1I± U1I1.9 

i ii 

iii 
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Physical 

 

Appearance 

 

Transparent U1IConsistent U1IGel 

Data U1Iis U1Iexpressed U1Ias U1IMean U1I± U1ISD, U1IN= U1I3 U1Ip<0.05 

CONCLUSION 

• Depending U1Ithe U1Ievidences U1Igiven U1Iin U1Iliterature U1Idrug U1ITacrolimus U1Iwas U1Iselected U1Ifor U1Ithe U1Istudy. 

U1IThe U1Idrug U1Iwas U1Iprocured U1Iand U1Isubjected U1Ito U1Iphysical U1Icharacterisation U1Iand U1Ithrough U1Ispectral 

U1Imethods U1Ilike U1IUV U1Iand U1IIR. 

• Drug U1Iwas U1Istandardised U1Ito U1Icheck U1Ithe U1Ipurity U1Iand U1Ifound U1Ithat U1Ithe U1Icalibration U1Icurve U1Iof U1IUV 

U1Iabsorption U1Iranges U1Iin U1I291 U1Inm. U1IThe U1Idrug U1Isolution U1Iof U1I10 U1Idifferent U1Iconcentration U1Ishowed 

U1Ilinear U1Irelationship U1Iwith U1Ian U1IR2 U1Ivalue U1Iof U1I0.997. U1ICharacterization U1Iof U1Ithe U1Idrug U1Ithrough 

U1IFTIR U1Ishowed U1Icorresponding U1Ipeaks U1Istructural U1Ielements U1Iof U1ITacrolimus, U1Iwhich U1Ialso 

U1Iconfirmed U1Ithe U1Itacrolimus. 

• DSC U1Ithermogram U1Iof U1Ipure U1Idrug U1Iwas U1Iobtained U1Iwhich U1Ishowed U1Ian U1Iendothermic U1Ipeak U1Iat 

U1I130.11oC. U1ITacrolimus U1Imixture U1Iwith U1Ipolymers U1Ilike U1ICarbopol, U1IHPMC U1Iand U1ISPAN U1Iwere 

U1Isubjected U1Ito U1Ithe U1Ianalysis U1Iby U1IFTIR U1Iand U1IDSC U1Ifor U1Itheir U1Iinteraction U1Iwith U1Idrug. U1IThe U1Iresults 

U1Ishowed U1Ithat U1Ithere U1Iwas U1Ino U1Iinteraction U1Ifound U1Ibetween U1Ithe U1Itwo. 

• Niosomes U1Iof U1Ithe U1Idrug U1Itacrolimus U1Iwere U1Iprepared U1Iusing U1Ivarious U1Isurfactant: U1Icholesterol 

U1Iratio U1Iand U1Itotal U1I9 U1Ibatches U1Iof U1Iniosomes U1Iwere U1Iprepared. U1IThe U1Iprepared U1Ibatched U1Iwere U1Ithan 

U1Isubjected U1Ito U1Icharacterization U1Iin U1Iorder U1Ito U1Iidentify U1Ithe U1Ioptimized U1Ibatch U1Ifor U1Ifurther U1Iuse U1Iof 

U1Ipreparation U1Iof U1INiosomal U1Igel. U1IAnd U1Ias U1Iper U1Ithe U1Iresults U1Iof U1Iparticle U1Isize, U1Idrug U1Icontent U1Iand 

U1Ientrapment U1Iefficiency U1Ithe U1INF-5 U1Ibatch U1Iwas U1Ifound U1Imost U1Isuitable U1Iand U1Ifurther U1Iused U1Ifor U1Ithe 

U1Ipreparation U1Iof U1Igel U1Ibatches. 

• Total U1I10 U1Ibatches U1Iof U1Ithe U1Iniosomal U1Igel U1Iwere U1Iformulated U1Iand U1Icharacterized. U1IAs U1Iper U1Ithe 

U1Icharacterization U1Iparameters U1Ibatch U1IF-6 U1Iwas U1Ifound U1Ias U1Ioptimized U1Iformulation, U1Iwhich U1Iis 

U1Ifurther U1Isubjected U1Ito U1Istability U1Istudies U1Iand U1Ipharmacological U1Istudies. 

• The U1Istability U1Istudies U1Ishowed U1Ia U1Inon-changing U1Iparameters U1Iover U1Ithe U1Icourse U1Iof U1Istudy U1Iof U1I6 

U1Imonths. U1IThere U1Iwas U1Ino U1Isignificant U1Ichange U1Iobserved. 

• For U1Ianti-psoriatic U1Istudy U1Ithe U1IPASI U1Iscore U1Iof U1Ithe U1Iformulation U1Iwere U1Idetermined  

U1Iexperimenting U1Ion U1IBalb/c U1Imice. U1IAnd U1Ifound U1Ithat U1Ithe U1Ianimals U1Itreated U1Iwith U1Iformulation 

U1Ishowed U1Ia U1Ilowest U1Iscore U1Iamong U1Ithe U1Itreatment U1Igroups U1Iand U1Ithe U1Iaverage U1IPASI U1Iscore U1Iwas 

U1Ifound U1Ito U1Ibe U1Ireduced U1Ifrom U1I2 U1Ito U1I0.5 U1Iafter U1Itreatment. U1IAlso U1Ithe U1Iblank U1Igel U1Iformulation U1Iwas 

U1Isubjected U1Ito U1Ievaluation U1Iin U1IGroup U1IIII U1Iwhich U1Ishowed U1Ino U1Isignificant U1Ichanges U1Iin U1Ithe U1Iscore 

U1Ibefore U1Iand U1Iafter U1Ithe U1Icourse U1Iof U1Itreatment. 

• This U1Ievident U1Ithe U1Igood U1Ipenetration U1Iof U1Idrug U1Ithrough U1Ithe U1Icorresponding U1Iformulation U1Iand 

U1Iapart U1Ifrom U1Ithe U1IAPI U1Ithe U1Iother U1Iformulating U1Iagent U1Iremains U1Iinactive U1Ifor U1Itheir 

U1Ipharmacodynamic U1Iproperties. U1IAlso U1Ifrom U1Ithe U1Iin-vitro U1Irelease U1Istudy U1Iit U1Iwas U1Ievident U1Ithat 

U1Ioptimized U1Iformulation U1Iof U1ITacrolimus U1Igel, U1Idemonstrated U1Ia U1Icontrolled U1Irelease U1Iprofile 

U1I(92.46 U1I± U1I2.16) U1Iover U1Ithe U1I48 U1Ih U1Iperiod. U1IControlled U1Irelease U1Iprofile U1Iof U1ITacrolimus U1Iniosome 
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U1Igel U1Imay U1Ibe U1Idue U1Ito U1Islow U1Idiffusion U1Iof U1ITacrolimus U1Iin U1Ithe U1ICarbopol U1Imatrix U1Ifrom U1Ilipid 

U1Inoisome. U1IThis U1Ievident U1Ithe U1Iproposed U1Icomposition U1Iusing U1IAPI U1ITacrolimus U1Ican U1Ibe U1Iused U1Ias 

U1Inovel U1Itopical U1Iformulation U1Ifor U1Ithe U1Itreatment U1Iof U1IPsoriasis. 
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