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Abstract

Non-invasive vaccine delivery is a top priority for public health agencies because conventional immunization practices are
unsafe and associated with numerous limitations. Recently, the skin has emerged as a potential alternative route for non-invasive
delivery of vaccine. Topical immunization (TI), introduction of antigen through topical application onto the intact skin, has many
practical merits compared to injectable routes of administration. One of the possibilities for increasing the penetration of bioactives
through the skin is the use of vesicular systems. Specially designed lipid vesicles are attracting intense attention and can be used
for non-invasive antigen delivery. In the present study, elastic vesicle transfersomes, non-ionic surfactant vesicles (niosomes) and
liposomes were used to study their relative potential in non-invasive delivery of tetanus toxoid (TT). Transfersomes, niosomes
and liposomes were prepared and characterized for shape, size and entrapment efficiency. These vesicles were extruded throug
polycarbonate filter (50-nm pore size) to assess the elasticity of the vesicles. The immune stimulating activity of transfersomes,
niosomes and liposomes were studied by measuring the serum anti-TT IgG titre following topical immunization. The immune
response elicited by topical immunization was compared with that elicited by same dose of alum-adsorbed tetanus toxoid
(AATT) given intramuscularly. The results indicate that optimal formulations of transfersomes, niosomes and liposomes could
entrap 72.4& 3.4, 42.5+ 2.4 and 41.3- 2.2% of antigen and their elasticity values were 124412, 29.3+ 2.4 and 21.4 1.9,
respectively. In vivo study revealed that topically given TT containing transfersomes, after secondary immunization, could elicit
immune response (anti-TT-IgG) that was equivalent to one that produced following intramuscularly alum-adsorbed TT-based
immunization. In comparison to transfersomes, niosomes and liposomes elicited weaker immune response. Thus transfersomes
hold promise for effective non-invasive topical delivery of antigen(s).
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1. Introduction Topical immunization provides an access to the
skin immune system that is dominated by densely
Immunization is one of the most efficient and cost- distributed and potent professional antigen presenting
effective means for the prevention of various diseases. cells called LCs that can be manipulated to orchestrate-
Non-invasive or needle-free delivery has become a specific, robust immune responsétammond et al.,
global priority because the conventional vaccination 2001). approach has potential to induce local as well
route is associated with numerous limitations. Topi- as systemic immunity. Among the various approaches
cal immunization (TI) is a novel vaccination strategy for topical immunization studied, vesicular carriers are
that utilizes topical application of vaccine antigen to gaining wide attention. Some lipid directly lowers the
intact skin to induce an immune respon&égnn et al., skin barrier potential, which resides primarily due to the
2000. This non-invasive immunization strategy could stratum corneum. Hence specially designed lipid vesi-
decrease the risk of needle-born diseases such as hepeles are attracting increasing attention. Various types of
atitis B or HIV, reduces the complications related to surfactant have been used for the preparation of non-
the physical skin penetration and improve access to ionic vesicles having potential for non-invasive bioac-
vaccination by eliminating the need for trained person- tive delivery Handjani-vila et al., 1979; Ballie et al.,
nel and sterile equipmenGfenn et al., 1999; Gupta  1985; Kiwada et al., 1985; Hofland et al., 199The
et al., 2004. The invasive nature of conventional im- most recent development in vesicle design for trans-
munization practice reduces the patient compliance. If dermal bioactive delivery is the use of elastic vesi-
vaccine could be delivered without the use of sharps cles, transfersomes, which differs from conventional
(needles and syringes) immunization practice would niosomes and liposomes by their characteristic fluid
become safer, more acceptable and more suitable formembrane with high elasticity. This feature enables
mass use. transfersomes to squeeze themselves through intercel-
There is an increasing recognition of the skin as an lular regions of the stratum corneum under the influ-
organ of immune system. It has been recognized asence of transdermal water gradie@gyc et al., 1998
a highly immune-reactive tissue containing an abun- Niosomes and liposomes also have potential in topical
dance of antigen presenting cells, especially within the delivery of bioactives.
epidermis. Skin is an immunologically active site and The aim of the work was non-invasive delivery of
a promising vaccination rout€fen et al., 2001 Top- tetanus toxoid using different vesicular carriers, viz.
ical immunization combines the advantages of needle- transfersomes, niosomes and liposomes and to compare
free delivery while targeting the immunologically rich  the respective immune responses by measuring serum
milieu of the skin. Vaccination through the skin may IgG antibody titre. Transfersomes, niosomes and lipo-
be particularly advantageous as the immunocompetentsomes were prepared and characterized for their size,
Langerhans cells (LCs) are found in abundance along shape and entrapment efficiency. The extrusion rate of
the transdermal penetration pathways and these cellsvesicles was determined to estimate the elasticity value
aligned specifically along the minute pores through of the bilayer membrane of vesicles.
which pathogens are likely to invade the body. LCs are
found in close proximity to stratum corneum and repre-
sent a network of immune cells that underlie and cover 2. Materials and methods
25% of the area of total surface ard2a(ll and Cevc,
1995. Epidermal LCs binds cutaneously encountered 2.1. Materials
antigen and then process it. Carrying processed anti-
gen they migrate from the epidermis into lymphatic Soya phosphatidylcholine (SPC), cholesterol (CH),
vessels and finally into regional lymph nodes. Differ- sodium deoxycholate (SDC), sephadex G-150, 6-
entiation of LCs into dendritic cells takes place during carboxyfluorescein (6-CF) were purchased from sigma
this process and the dendritic cells offer the antigen to (USA). Span-85 was purchased from Himedia, India.
naive CD4" T-cells that have entered the lymph nodes Protein estimation kit (oy BCA method) and ELISA
through the high endothelial venulesupper, 1990; kit were purchased from Genei, Bangalore, India. All
Paul et al., 1998 solvents used were of analytical grade. Tetanus toxoid
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(TT) was obtained as gift sample from Serum Insti- 2.5. Entrapment efficiency

tute of India, Pune. TT solution contained 3600 LF/ml

(lime flocculation per ml) and a protein concentration Prepared vesicular formulations were separated
of 9.0 mg/ml. from the free (unentrapped) antigen by using a
Sephadex G-150 minicolumn applying centrifugation
technique as described Byy et al. (1978)The method
was repeated thrice with a fresh syringe packed with
Liposomes and niosomes were prepared by the gel each time. The fraction was finally collected which

reverse phase evaporation technique as reported byVas free from unentrapped antigen. The vesicular frac-

Sazoka and Papahadjopoulos (19 slight mod- tion was added with minimum amount of triton X-100
ification. Briefly, SPC and CH (7:3%, wiw) were dis- (0.5%, wi/v) to disrupt the vesicles and liberated anti-

solved in 5-ml diethylether to which 2ml of aqueous 9N Was estimated using a BCA (bicinchoninic acid)
phase, i.e. phosphate-buffered saline (PBS, pH 6.5) Protein assay and percent antigen entrapment was cal-
containing TT (60 LF/ml concentration in final immu- ~ culated.

nization solution) was added. The mixture was soni- o

cated (Soniweld, India) for 5 min at&. Athickemul- ~ 2-6- Measurement of elasticity value

sion was formed which was then kept over a vortex , . .
mixer in order to remove any residual ether. To this = COmparative measurement of elasticity of the bi-

emulsion 3-ml PBS (pH 6.5) was added in order to hy- layer of transfersomes, niosomes and liposomes was
drate the vesicles. Resulting large unilamellar vesicles C&7i€d out by extrusion measuremeBe(gh et al.,
were passed through 0.45 and @ polycarbonate 2001). Bnefl_y, theyesmleswe_re extruded through poly-
membrane (Nucleopore, The Netherlands). Similarly, carbonate filter with a pore size of 50 nm (Nucleo_pc_)re,
TT-loaded niosomes were prepared by dissolving Span The Netherlands) at constant pressure. The elasticity of

85 and CH (1:1%, wiw) in diethyl ether and following vesicle was expressed in terms of deformability index

the same procedure as described above for liposomes Which is proportional tG(rv/rp)? wherej is the weight
of suspension, which was extruded in 10 min through

a polycarbonate filter of 50 nm pore sizgthe size of
vesicle andyp, the pore size of membrane.

2.2. Preparation of liposomes and niosomes

2.3. Preparation of transfersomes

Transfersomes were prepared by method as de-, 7
scribed byPaul et al. (1998)vith slight modifications.

In brief, .ethf\nolic solution of SPC was mixed with e stydy was carried out under the guidelines com-
SDC (85:15%, w/w) in phosphate buffer (pH 6.5) con- 164 hy CPCSEA (Committee for the Purpose of Con-

taining TT solution (60 LF/ml concentration in final 4| ang Supervision of Experiments on Animal, Min-
immunization solution). The obtained suspension was istry of Culture, Government of India). The animals

pushed through a series of 0.45, 0.22, 0.10, Q®5 \yere kept under standardized condition at the Phar-
polycarbonate filters (Nucleopore, The Netherlands). \4ceutical Departmental Animal Facility of the Dr.
H.S. Gour University, Sagar, MP, India. Each group
2.4. Vesicle morphology and size analysis contains eight animals. The Albino rats (Wistar strain),
8-12-week-old, were used. They were carefully shaved
Prepared vesicular systems were characterized foron dorsum and rested for 24—-48 h. The skin was then
their shape using transmission electron microscope carefully wiped with 70% ethanol prior to applica-
(JEM-200 CX, JEOL, Tokyo, Japan). One percent tion of vesicular formulation. For topical immuniza-
phosphotungstic acid (PTA) was used as negative stain.tion 175-225u| formulation was applied on the shaved
The particle size of the prepared vesicular formula- skin over a 2 cnx 2 cm area and then left to dry. Top-
tions was measured by photocorrelation spectroscopyical immunization was done with TT-loaded trans-
with an Autosizer Il C apparatus (Malvern Instruments, fersomes, liposomes and niosomes containing dose
UK). equivalent to 10 LF. Immune response was compared

Immunization
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with alum-adsorbed TT given intramuscularly. Sec- 2.10. Determination of IgG titre by ELISA
ondary immunization was done on day 28 with for-
mulations containing same dose of TT. Blood samples  Specific anti-lgG antibody level in the serum
were taken on days 14, 28, 42, 56 and 90 through was determined by ELISA as described previously
retro-orbital plexus vein of eye. The collected blood (Esparza and Kissel, 1992Hundred microliters of TT
samples were allowed to clot and then centrifuged to (10wg/ml in phosphate buffer, pH 7.4) was coated to
separate the serum, which were stored 20°C until each well of Nunc-Immuno plate. The plate was incu-
analyzed. bated at 4C overnight. Plate was then washed three
times with PBS tween-buffer. Hundred microliters of
2% BSA was added in each well and plate was incu-
bated for 2h at room temperature and washed three
times with PBS-tween. Hundred microliters of diluted
serum sample was added to each well and incubated for
2 h at room temperature. Plate was washed three times
with PBS tween-buffer. Hundred microliters of di-
luted horseradish-peroxidase-conjugated antiglobulin-
specific anti-rat IgG was added to each well and incu-
bated for 2 h. Plate was again washed three times with
PBS tween buffer and then 100 of substrate solu-
tion 3,3,5,5-tetramethyl benzidine containing hydro-
gen peroxide was added to each well. Plate was incu-
bated in darkness at room temperature for 15 min. The
2.9. In vitro skin permeation study reaction was stopped by adding jpl0of 2 M H,SOy
to each well. The absorbance was measured at 450 nm

The permeation of TT-bearing transfersomes, nio- using a microplate ELISA reader (Lab System Multi-
somes and liposomes through the skin were determinedscan, Finland). Immune response is shown in terms of
by using Franz-diffusion cell as described previously reciprocal antibody titre.
(Fang et al., 2001 The nude rat skin was mounted on
the receptor compartment with the stratum corneum 2.11. Statistical analysis
side facing upward to the donor compartment. Formu-
lation containing 4Qwg of TT was applied on the skin The results were expressed as mg¢atandard de-
in donor compartment. The receptor medium was 5 ml viation. Statistical analysis was carried out by using
PBS buffer (pH 6.5). The receptor compartment was Student’st-test and statistical significance was desig-
maintained at 37C with magnetic stirring at 500 rpm.  nated ap<0.05.
At appropriate intervals 200l aliquots of receptor
medium was withdrawn and immediately replaced with
an equal volume of fresh receptor solution. The samples 3. Results and discussion
from the receptor medium were analyzed for antigen
contents by BCA (bicinchoninic acid) method. Briefly, 3.1. Preparation of vesicular systems and their
BCA working reagent (BWR) was prepared by mix- characterization
ing 50 parts reagent A (sodium carbonate, sodium bi-
carbonate, bicinconinic acid and sodium tartarate in  Liposomes and niosomes were prepared by re-
0.01 M sodium hydroxide) with one part of reagent verse phase evaporation technique because the high-
B (copper sulphate solution).An amount of 0.2ml of est skin penetrating and bioactive carrying capabil-
standard and unknown samples were added to the 2 mlity is frequently associated with such methdgegc
BWR with constant agitation and then kept at°&€7 et al., 1998. Further, this method is also associ-
for 30 min. Absorbance of these solutions was taken at ated with relatively higher encapsulation efficiency
562 nm. of macromolecules such as antigens and peptides

2.8. Preparation of rat abdominal skin membrane

The full-length shaved abdominal skin with the ad-
joining connective tissue was excised with care from
male Wistar rats and to mimic the transdermal water
gradient across the epithelial the subdermis was in con-
tact with the phosphate-buffered saline (pH 6.5) and
stratum corneum faced upward to the donor compart-
ment. Prior to use the skin was inspected for any dam-
age using microscopy after staining with haematoxylin
and eosin.
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(New, 1990. TT-loaded transfersomes were prepared  Bioactive molecules larger than 500 Da normally
by method as described Baul et al. (1998)Trans- do not cross the skin. This prevents non-invasive de-
mission electron microscopy was used to characterize livery of high-molecular-weight bioactive. In order to
transfersomes, liposomes and niosomes. These carri-cross the intact mammalian skin, transfersomes should

ers invariably appeared as unilamellar vesiclég.(1 be capable of passing through pores of diameter less
A-C). than 50nm under influence of suitable transdermal

500 nm

(©)

Fig. 1. Transmission electron microscope (TEM) photomicrograph of transfersomes (A), liposomes (B) and niosomes (C).
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Table 1

Various formulations, their composition, entrapment efficiency, size and deformability index

Formulations Composition Entrapment efficieficy Initial size (nm¥ Deformability indeR
Transfersomes SPC: SDC (85:15%, w/w) 234 196+ 10.2 124.44+ 4.2
Liposomes SPC: CH (7:3%, wiw) 42452.4 221+11.5 29.3+£ 21
Niosomes Span 85:CH (1:1%, w/w) 4122 214+10.7 21.7+ 19

a8 Mean+ S.D. (1=4) (SPC: soya phosphatidylcholine; SDC: sodium deoxycholate; CH: cholesterol).

gradient Ceve et al., 1995 Only properly optimized  ciency for proteins in case of transfersomes has also
and moderately loaded carriers can pass through poresheen reported biPaul and Cevc (199585% entrap-
smaller than their own diameter. Increasing the con- mentof gap junction protein) attbfer et al. (2000§84
centration of membrane softening component beyond and 80% entrapment of interferon and interleukin-2,
certain level or even to the point of bilayer solubiliza- respectively). The entrapment efficiency of liposomes
tion brings no advantages in terms of transcutaneousand niosomes was almost equal, however, slightly less
transportation efficiency. Only optimum ratio of lipid entrapment in case of niosomes estimated may be ac-
and surfactant could lead to flexibility of the bilayer counted to the pore formation characteristics of the
membrane Kofer et al., 200D On the basis of en-  Span 85 in bilayer of the niosomes.

trapment efficiency and deformability index optimum

ratio of lipid, surfactant and cholesterol were taken for 3.2. Measurement of bilayer elasticity

the preparation of transfersomes, niosomes and lipo-

somes (unpublished data). The maximum entrapment The prerequisite for topical immunization is that
efficiency 72. A4 3.4 was found in case of transferso- antigen as well as its carrier/adjuvant must penetrate
mal formulation Table J). Transfersomes revealed sig- through the stratum corneum in order to reach epider-
nificantly higher entrapment efficiency in comparison mis where the immuno-competent cells reside. Lipid
to liposomes and niosomes. The entrapment efficiency vesicle penetration through the skin is a function of
of proteins depends on interaction between the pro- carrier membrane deformability and thus the carrier
tein and lipid bilayer, lipid concentration and number system should be deformable so that it can pass easily
of extrusion as well, if the method involves the ex- through the minute pores present in the skin. Prepared
trusion through membrane filters. Lipid composition formulations were subjected to deformability study by
of the transfersomes was higher in comparison to that extrusion measurement. The results were expressed in
in liposomes and this may result in higher entrapment terms of deformability indexTable 1.

efficiency measured with transfersomé&®ghioka et Transfersomes were most deformable vesicle,
al., 1994. Further transfersomes contains a mixture which can be used to transport bioactive across the bi-
of lipid and membrane softener, e.g. sodium deoxy- ological membrane such as skin. Deformability was
cholate. The lipid is a stabilizing factor and sodium de- found to be maximum with the transfersomal formu-
oxycholate is a destabilizing factdd¢fer et al., 200 lation (124.4+4.2). These deformable vesicles cross
In the preparation method of transfersomes, the vesi- the skin through the virtual pores between the corneo-
cles content are exchanged with the dispersion mediumcytes in the stratum corneur8¢hafer-Korting, 1998
during breaking and resealing of phospholipid bilayer The vesicles deform so as to ooze through the pore
as they pass through the polycarbonate membrane fil-entrance. After slipping into pore entry transfersomes
ters. During the successive extrusion, the protein stayedmove through the constriction with nearly same ve-
inside the transfersomes suggesting that interaction be-locity as outside the pore. After leaving the confin-
tween lipid membrane and protein did not allow free ing section of the pore the vesicle regain its original
displacement of protein. Thus comparatively higher form and penetration process start anew. Two types
lipid concentration and successive extrusion through of transportation routes have been documented in the
membrane filters may synergistically leads to higher mammalian skin: (a) the wide cleft between clusters of
entrapment efficiency of transfersomes in comparison 3—-10 corneocytes, organized in columns; the appear-
to liposomes and niosomes. Higher entrapment effi- ants widths of such pores is quite large; 100 nm. (b)
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Virtual pores (30 nm) between the individual cells in
each corneocyte clusterSchatzlein and Cevc, 1995,
1998. This intercellular track is most important for
the transport of deformable vesicle through the skin.
In comparison to transfersomes, niosomes and lipo-
somes are less deformable. This may be attributed to
the fact that sodium deoxycholate mainly contribute to
the transfersomal deformability whereas cholesterol in
niosomes and liposomes tends to form rigid vesicle.
Consequently, they are less capable of passing through
the barrier with pores smaller than their own diameter. Time (h)
Niosomes and liposomes have almost similar deforma-
bility index but still niosomes has an edge over lipo-
somes, the reason could be membrane'SOftenmg effeCtFig. 2. Percentage cumulative antigen permeation through rat skin

of Span 85, which is a constitutive component of nio-  of T entrapped in transfersomes, niosomes and liposomes. Plain TT
somes. applied topically as a controhE 4).

% Cumulative antigen permeation
>
.

|—o—Tr1 —m—Nio —a—Lipo —e— Plain TI'|

3.3. Invitro skin permeation study tion and fusion of biomolecule-loaded vesicles onto
the surface of skin lead to high thermodynamic activ-
To increase the bioactive transport across the skin, ity gradient of the biomolecule-stratum corneum sur-
penetration enhancers as well as other approaches havéace. (2) The effect of vesicle on stratum corneum may
been attempted. The use of vesicular systems to in- change the bioactive permeation kinetics due to an im-
crease bioactive transport across the skin is the mostpaired barrier function of the stratum corneuroiitou
controversial method. In vitro skin permeation exper- et al., 1994; Fang et al., 20D he action of transfer-
iment was conducted using Franz-diffusion cell and somes as penetration enhancer may predominantly be
permeation behavior was compared with similar size on the intercellular lipid of stratum corneum, raising
of transfersomes, liposomes and niosomes. The exper-the fluidity and weakness of stratum corneum. Ultra-
iment was carried out for 48 h and withdrawn samples deformable character of transfersomes supports their
were analyzed using BCA method. passage through very fine pores in the skin under suit-
After 48-h cumulative permeation of TT was able osmotic gradient. Phospholipids have high affinity
16.4+1.6, 12.5t1.1 and 10.#40.9 in case of for biological membranes. Mixing of the phospholipid
transfersomes, niosomes and liposomes, respectivelyof the carrier system with the skin lipid of the inter-
(Fig. 2. The slow release of the entrapped antigen cellular layers may also contribute to the permeability
could be due to the large molecular size of the anti- of the skin to lipid vesicles@giso et al., 1997; Weiner
gen with poor diffusivity through vesicular membrane. et al., 1989. The presence of unsaturated fatty acid
Further, small amount of antigen release might be in SPC may be responsible for enhanced permeation.
attributed to the release of surface adsorbed anti- The packing nature of unsaturated fatty acids changed
gen. Transfersomal formulation showed maximum the fluidity of stratum corneum lipid structure and fa-
permeation profile, whereas niosomes and liposomescilitated the permeation of bioactivé/dlenta et al.,
shown relatively low permeation characteristics, be- 2000. Topically applied lipid vesicles affect charac-
cause cholesterol affects profoundly their membrane teristics and integrity of the skin permeability barrier.
properties. Incorporation of cholesterol in gel-state bi- In addition, they may extract the lipid from the skin
layer can induce a continuous and permanent transi- or disrupt the order within and between the corneo-
tion to an ordered liquid crystalline state. This may cyte upon binding to the keratin filament. Elastic vesi-
attributed to slow release characteristics through nio- cle can be used to transfer bioactive rapidly into the
somal and liposomal formulations. Two types of inter- deeper layer of the stratum corneum, after which the
action between the skin and vesicles may possibly fa- bioactive can permeate into the viable epidermis. This
cilitate transdermal biomolecule delivery: (1) Adsorp- study is revealing that transfersomes have better bioac-
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Fig. 3. A. Induction of primary serum IgG response following topical application of TT-loaded transfersomes, niosomes and liposomes. Alum-
adsorbed tetanus toxoid (AATT) was given intramuscularly as a controd]. (B) Induction of serum IgG response following topical application

of TT-loaded transfersomes, niosomes and liposomes after booster dosing on day 28. Alum-adsorbed tetanus toxoid (AATT) was given intra-
muscularly (with booster dose on day 28) as a contrei4).

tive transportation profile compared to liposomes and TT-loaded transfersomes, which was significantly less

niosomes. (p<0.05) than that elicited by intramuscularly given
AATT (Fig. 3A). Most vaccines produce their protec-
3.4. Systemic IgG responses tive level of antibodies through boosting regimens. It

was observed that topical immunization similarly in-
We have investigated the humoral immune re- duces memory responses that can be readily boosted.
sponses in albino rats to non-invasively (topically) and After secondary immunization on day 28, transfer-
intramuscularly applied tetanus toxoid. Three differ- somes elicited maximum immune response again on
ent antigen carriers, transfersomes, niosomes and li-day 42. The response was significantly comparable
posomes, were used. Following topical immunization (p<0.05) to that elicited by intramuscular injection of
maximum response was observed after 42 days with AATT (Fig. 3B). The result is consistent with our pre-
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vious studies in which we have topically administered somes and niosomes cannot enter the intact skin spon-
TT-loaded transfersomes, Plain TT, physical mixture taneously because of their low deformability. Trans-
of TT and transfersomes&{pta et al., 20056 Liposo- fersomes are unique carrier and adjuvant exploitable in
mal and niosomal formulation reflected significantly transdermal immunization.
lower (p<0.05) antibody titre value in comparison to The present work is vindicating that protein anti-
transfersomes both after primary and secondary im- gens can be safely delivered non-invasively through
munizations. Lower immune response elicited by nio- the skin using elastic carrier, referred to as transfer-
somes and liposomes may be attributed their unequalsomes. The immune response of transdermal immu-
capability to penetrate intact skin barrier. Further, for nization against TT using transfersomes was signifi-
effective vaccine delivery several variables related to cantly (p<0.05) comparable following secondary im-
the nature of antigen and characteristics of the skin munization to that achieved by intramuscular injection
barrier may be other determinants. The diffusion of of same dose of AATT. For topical immunization trans-
antigen through the stratum corneum is dependent onfersomes have an edge over niosomes and liposomes.
its physicochemical properties and its molecular inter- We can surmise that this difference inimmune response
action with the skin constituents. Transfersomes, nio- elicited by transfersomes, niosomes and liposomes is
somes and liposomes differ in their efficiency to breach due to unequal capability and to the divergent tendency
skin barrier and deliver their payload to immunocom- of these formulations especially in respect to penetra-
petent LCs. Thisresults in the varied degree ofimmune tion across the intact skin barrier.
response elicited by these carriers for TT. High level
of antibody response after boosting indicates presence
of memory B- and T-cell population evoked by pri-
mary immunization. Immune response was found to Acknowledgements
be maintained with very gradual decrease in immune
responses after boosting. The results favor good im-  One of the authors Prem N. Gupta is grateful to
munoadjuvant action of transfersomes and reflect that Indian Council of Medical Research (ICMR), New
it is relatively better than liposomes and niosomes for Delhi, for providing senior research fellowship. Au-
the topical delivery of bioactive (antigen). Niosomes thors are thankful to Serum Institute of India, Pune,
reflected better immune response than liposomes. This!ndia, for providing the gift sample of tetanus toxoid.
may be attributed to permeation enhancement effect of The help and facilities provided by the Head, Depart-
non-ionic surfactant, which constitute niosomes. ment of Pharmaceutical Sciences, Dr. H.S. Gour Vish-
Antigens in conventional delivery systems are un- Wavidyalaya, Sagar, MP, India, are duly acknowledged.
able to penetrate through the intact skin. Classical pen-
etration enhancers are also inefficient to eliminate this
barrier Paul and Cevc, 1995Thus we can infer that
transfersomes-mediated antigen delivery may not be
through pe_netration-enhancement effect. Furthermore, Ballie, A.J., Florence, A.T., Hume, L.R., Muirhead, G.T., Rogerson,
observed immune response may not be exclusively A 1985. The preparation and properties of niosomes-non-ionic
due to better antigen presentation at vesicle surface. A surfactant vesicles. J. Pharm. Pharmacol. 37, 863-868.
unique property associated with transfersomes is their Bergh, B.A.l, Wertz, P.W., Junginger, H.E., Bouwstra, J.A., 2001.
deformability. This property in combination with sen- Elastic_ity of vesicle assess_ed by electron spin resonance, elec-
s . tron microscopy and extrusion measurements. Int. J. Pharm. 217,
sitivity of transfersomes to water gradient across the ;5 ,,
skin makes this carrier a potential system for topical ceve, G., Blume, G., Schatzlein, A., Gebauer, D., Paul, A., 1996.
immunization. The horny region of the skin is associ- The skin: a pathway for systemic treatment with patches and
ated with sparsely distributed pores. These pores actas lipid based agent carrier. Adv. Drug Del. Rev. 18, 349-378.
permeability shunt and locally lower the skin perme- Cevc, G., G_ebauer, _D., Stieber, J., Schaltzein, A., Blume, G., 1998.
. . . . Ultraflexible vesicles, transfersomes, have an extremely pore
ablllty barrier. Furth_er’ these pores are pOter,]tlal sites penetration resistant and transport therapeutic amount of insulin
for deformable bodies, which are strongly driven un- across the intact mammalian skin. Biochim. Biophys. Acta 1368,
der the effect of trans-epidermal water gradient. Lipo- 201-215.

References



82

Ceve, G., Schatzlein, A., Blume, G., 1995. Transdermal drug carrier:
basic properties, optimization and transfer efficiency in the case

of epicutaneously-applied peptide. J. Control. Release 36, 3-16.

Chen, D., Erickson, C.A., Endres, R.L., Periwal, S.B., Chu, Q., Shu,
C., Maa, Y.-F., Payne, L.G., 2001. Adjuvantation of epidermal
powder immunization. Vaccine 19, 2908-2917.

Esparza, |., Kissel, T., 1992. Parameter affecting immunogenicity of
microencapsulated tetanus toxoid. Vaccine 10, 714-720.

Fang, J.-Y., Hong, C.-T., Chiu, W.-T., Wang, Y.-Y., 2001. Effect of
liposomes and niosomes on skin permeation of enoxacin. Int. J.
Pharm. 219, 61-72.

Fry, D.W., White, J.C., Goldman, I.D., 1978. Rapid separation of low
molecular weight solute from liposomes without dilution. Anal.
Biochem. 90, 809-815.

Glenn, G.M., Scharton-Kersten, T., Vassell, R., Matyas, G.R., Alv-
ing, C.A., 1999. Transcutaneous immunization with bacterial
ADP-ribosylating exotoxin as antigens and adjuvants. Infect. Im-
mun. 67, 1100-1106.

Glenn, G.M., Taylor, D.N., Li, X., Frankel, S., Montemarano Alv-
ing, C.A., 2000. Transcutaneous immunization: a human vaccine
delivery strategy using a patch. Nat. Med. 6, 1403-1406.

Gupta, P.N., Mishra, V., Singh, P., Rawat, A., Dubey, P., Mahor, S.,

Vyas, S.P., 2005. Tetanus toxoid loaded transfersomes for topical

immunization. J. Pharm. Pharmacol 57, 1-7.

Gupta, P.N., Singh, P., Mishra, V., Jain, S., Dubey, P., Vyas, S.P.,
2004. Topical immunization: mechanistic insight and novel de-
livery system. Ind. J. Biotech. 3, 9-21.

Hammond, S.A., Guebre-Xabier, M., Yu, J., Glenn, G.M., 2001.
Transcutaneous immunization: an emerging route of immuniza-
tion and potent immunostimulation strategy. Crit. Rev. Ther.
Drug Carrier Syst. 18, 503-526.

Handjani-Vila, R.M., Ribber, A., Rondot, B., Vanlerberghe, G., 1979.
Dispersion of lamellar phases of no-ionic lipid in cosmetic prod-
uct. Int. J. Cosmet. Sci. 1, 303-314.

Hofer, C., Hartung, R., Gobel, R., Deering, P., Lehmer, A., Breul, J.,
2000. New ultra deformable carrier for potential transdermal ap-
plication of interleukin-2 and interferoa: theoretical and prac-
tical aspects. World J. Surg. 24, 1187-1189.

Hofland, H.E.J., Bouwstra, J.A., Geest van der, R., Bodde, H.E.,

P.N. Gupta et al. / International Journal of Pharmaceutics 293 (2005) 73-82

Kupper, T.S., 1990. Immune and inflammatory process in cuta-
neous tissue: mechanism and speculations. J. Clin. Invest. 86,
1783-1789.

New, R.R.C., 1990. Introduction and preparation of liposomes. In:
New, R.R.C. (Ed.), Liposomes: A Practical Approach. Oxford
University Press, Oxford, pp. 1-104.

Ogiso, T., Niinaka, N., lwaki, M., Tanino, T., 1997. Mechanisms for
enhancement of lipid disperse system on percutaneous absorp-
tion, Part Il. Int. J. Pharm. 152, 135-144.

Paul, A., Cevc, G., 1995. Noninvasive administration of protein anti-
gen: transdermal immunization with bovine serum albumin in
transfersomes. Vaccine Res. 4, 145-164.

Paul, A., Cevc, G., Bachhawat, B.K., 1998. Transdermal immuniza-
tion with an integral membrane component, gap junction protein,
by means of ultradeformable drug carrier. Transfersomes Vaccine
16, 188-195.

Sazoka, F.C., Papahadjopoulos, D., 1978. Procedure for the prepa-
ration of liposomes with large aqueous space and high capture
by reverse-phase evaporation. Proc. Natl. Acad. Sci. U.S.A. 75,
4194-4198.

Schafer-Korting, M., 1993. Topical glucocorticoids: what has been
achieved? What is still to be done? Curr. Probl. Dermatol. 21,
192-201.

Schatzlein, A., Cevc, G., 1995. Skin penetration by phospholipid
vesicles, transfersomes, as visualized by means of the confocal
laser scanning microscopy. In: Cevc, G., Paltauf, F. (Eds.), Phos-
pholipids: Characterization, Metabolism and Novel Biological
Application. AOCS Press, Champaign, pp. 191-209.

Schatzlein, A., Cevc, G., 1998. Non-uniform cellular packing of the
stratum cornium and permeability barrier function of intact skin:
ahigh-resolution confocal laser scanning microscopy study using
highly deformable vesicles (transfersomes). Br. J. Dermatol. 138,
583-592.

Touitou, E., Junginger, H.E., Weiner, N.D., Nagi, T., Mezei, M.,
1994. Liposome as carrier for topical and transdermal delivery.
J. Pharm. Sci. 83, 1189-1203.

Valenta, C., Wanka, M., Heidlas, J., 2000. Evaluation of a novel
soya-lecithin formulation for dermal use containing ketoprofen
as a model drug. J. Cont. Rel. 63, 165-173.

Spies, F., Junginger, H.E., 1991. Transdermal delivery of estra- Weiner, N., Williams, N., Birch, G., Ramachandran, C., Shipman, C.,

diol from non-ionic surfactant vesicles and visualization effects
of these vesicles on human skin in vitro. Proc. Int. Symp. Contr.
Rel. Bioact. Mater. 18, 155.

Kiwada, H., Niimura, H., Kato, Y., 1985. Tissue distribution
and pharmacokinetic evaluation of the targeting efficiency of
synthetic alkyl glucoside vesicles. Chem. Pharm. Bull. 33,
2475-2482.

Flynn, G.L., 1989. Topical delivery of liposomally encapsulated
interferon evaluated in a cutaneous herpes guinea pig model.
Antimicrob. Agents Chemother. 33, 1217-1221.

Yoshioka, T., Sternberg, B., Florence, A.T., 1994. Preparation and
properties of vesicles (niosomes) of sorbitan monoesters (Span
20, 40, 60 and 80) and a sorbitan triester (Span 85). Int. J. Pharm.
105, 1-6.



	Non-invasive vaccine delivery in transfersomes, niosomes and liposomes: a comparative study
	Introduction
	Materials and methods
	Materials
	Preparation of liposomes and niosomes
	Preparation of transfersomes
	Vesicle morphology and size analysis
	Entrapment efficiency
	Measurement of elasticity value
	Immunization
	Preparation of rat abdominal skin membrane
	In vitro skin permeation study
	Determination of IgG titre by ELISA
	Statistical analysis
	Results and discussion
	Preparation of vesicular systems and their characterization
	Measurement of bilayer elasticity
	In vitro skin permeation study
	Systemic IgG responses

	Acknowledgements
	References


