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ABSTRACT

This study aimed to develop a cationic nanovesicular formulation entrapped with
tyrosinase DNA plasmid for topical vitiligo gene therapy using luciferase plasmid
(pLuc) as a model gene. The liposomes (DPPC/cholesterol/DDAB at 1:1:1 molar
ratio) and niosomes (Tween6l/cholesterol/DDAB at 1:1:0.5 molar ratio) were
prepared by freeze-dried emptying liposomes (FDELs) method. The elastic
nanovesicles were prepared by hydrating the lipid or surfactant film by 25% of
ethanol instead of distilled water. The pLuc loaded elastic cationic nanovesicles
exhibited higher plasmid stability than that plasmid loaded non-elastic cationic
nanovesicles kept at 4+2 and 25+2°C for 8 weeks. The deformability indices of the
pLuc loaded elastic liposomes and niosomes were 16.64+2.92 and 20.72+0.82,
whereas the non-elastic nanovesicles gave 9.35+0.09 and 10.08+0.12, respectively.
Transdermal absorptions through stratum corneum (SC) stripping rat skin or with
iontophoresis of pLuc loaded nanovesicles by vertical Franz diffusion cells were
investigated at 37°C for 6 hours. Without the SC stripping technique or iontophoresis,
pLuc from the free and pLuc loaded non-elastic cationic liposomes or niosomes was
not found in all parts of the skin. The pLuc from pLuc loaded non-elastic cationic
nanovesicles with SC stripping and iontophoresis and the pLuc loaded elastic cationic

nanovesicles could be observed in viable epidermis and dermis (VED) and also in the
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receiving solution. The pLuc loaded elastic cationic niosomes and the pLuc loaded
non-elastic cationic niosomes with iontophoresis demonstrated the high delivery of
the plasmid with the fluxes of 2.84+0.04 and 9.60+1.31 pg/cm?h, respectively in
VED and 1.96+0.21 and 8.82+0.28 pg/cm?h, respectively in receiving solution.
Thus, the non-elastic (NE) and elastic (E) cationic niosomes were selected for further
investigations. The pMEL34, a human tyrosinase plasmid was loaded in the selected
NE and E formulations at 100-600 pg/16 mg of the niosomal contents. The maximum
loading amount of 150 pg/16 mg of the niosomal contents was observed. At 8 weeks,
the remaining plasmid in the pMEL34 loaded E kept at 4+2 and 25+2°C were 49.75
and 38.57%, respectively, whereas at 45+2°C, all plasmid were degraded. For
transdermal absorption through rat skin, the fluxes of pMEL34 loaded NE and E in
VED were 0.017+0.01 and 0.022+0.00 pg/cm?/h, respectively, whereas in the
receiving solution, only pMEL34 loaded E was observed. The pMEL34 loaded E
showed the highest tyrosinase gene expression with higher tyrosinase activity than the
free and the plasmid loaded NE of about 4 times. For pAH7/Tyr (P), a human
tyrosinase plasmid, the maximum loading amount in the NE and E was 130 and 100
png/16 mg of the niosomal contents, respectively. The PE demonstrated higher
plasmid stability than the PNE at all temperatures. The PE exhibited high tyrosinase
enzyme activity of 1.66 and 1.50 folds in non-tyrosinase producing (M5) cells and
6.81 and 4.37 folds in tyrosinase producing (BisFio) cells of the P and PNE,
respectively. The E formulation was selected for further studies. The P and trans-
activating transcriptional (Tat, T) peptide of human immunodeficiency virus type 1
(HIV-1) at the T/P ratios of 0.125:1, 0.25:1 and 0.5:1 w/w were loaded in E to obtain
TPE. The PE at P/E ratio of 1:160 w/w and TPE at T/P/E ratio of 0.125:1:160,
0.25:1:160 and 0.5:1:160 w/w/w demonstrated 100% entrapment efficiency. By using
sulforhodamine B (SRB) assay, TP (0.125:1, 0.25:1 and 0.5:1), PE (1:160) and TPE
(0.125:1:160, 0.25:1:160 and 0.5:1:160) complexes showed slight or no cytotoxic
effect. The cells transfected with TPE (0.5:1:160) exhibited high enhancement of
tyrosinase enzyme activity of 11.82, 7.67, 5.07 and 6.29 folds of control, P (4 ng/ul),
PE (1:160) and TP (0.5:1) and melanin production of 13.03, 8.46, 5.36 and 6.58 folds
of control, P (4 ng/ul), PE (1:160) and TP (0.5:1), respectively. The transdermal
absorption study of TPE (0.5:1:160) complexes comparing with the P (0.05 ug/ul),
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TP (0.5:1) and PE (1:160) was performed. The highest cumulative amounts and
fluxes of the plasmid in the VED were observed from TPE complexes of 0.31+0.04
pg/cm? and 1.86+0.24 pglcm?/h, respectively. Only plasmid from PE and TPE
complexes could be found in the receiving solution with the cumulative amounts and
fluxes at 6 h of 0.07+0.01 pg/cm? and 0.40+0.08 pg/cm?h for PE, and 0.10+0.01
pg/cm? and 0.60+0.06 pg/cm?h for TPE complexes, respectively. The elastic
cationic niosomes demonstrated an increase in thermal stability of the plasmid. At 8
weeks of storage, the remaining plasmid of P, PE and TPE kept at 4+2°C and 25+2°C
were 35.00+0.53, 40.35+1.41 and 44.71+0.72%; and 23.20+0.87, 29.69+0.29 and
31.91+0.17%, respectively. At 45+2°C, the remaining plasmid was observed only
from PE and TPE complexes (29.50+0.16 and 28.32+0.36%, respectively), whereas P
was almost degraded at 6 weeks. The vesicular size and the zeta potential values of
PE and TPE complexes were slightly increased but still within the range of stable
dispersion (out of £30 mV). Thirty micrograms of plasmid in P (0.05 pg/ul), TP
(0.5:1), PE (1:160) and TPE (0.5:1:160) were incorporated into 100 mg of the
Carbopol 980 gel. All gel formulations demonstrated the Non-Newtonian,
pseudoplastic behavior. For transdermal absorption study, the highest cumulative
amount and flux of the plasmid in VED at 6 h was observed from the TPE gel of
4.29+0.40 pg/cm? and 25.73+2.40 pg/cm?/h, respectively. Only plasmid from PE and
TPE gel was found in the receiver solution with the highest cumulative amount and
flux in the TPE gel of 1.02+0.05 pg/cm? and 6.13+0.28 pg/cm?/h, respectively. The
primary irritation index (PII) values demonstrated no skin irritation effect of the P,
TP, PE and TPE in both forms of solution and gel formulations. The PE and TPE gel
exhibited thermal stability of the plasmid. At the first and second month, the
percentages remaining of the plasmid from PE and TPE gel kept at all temperatures
were 51.52-77.65% and 51.25-74.81%, respectively, whereas most of the plasmid in P
gel kept at 45+2°C for 2 months was degraded. At the third month, the plasmid was
still observed from all gel formulations kept at 4+2 and 25+2°C of about 12.34-
38.31% and 8.63-36.10%, respectively, whereas at 45+2°C, all plasmid were
degraded. The results of this study indicated the potential application of TPE
complexes for further investigation as an efficient transdermal gene delivery system

for vitiligo gene therapy.
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