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This study aimed to develop a high efficiency orally active calcitonin delivery
system using VP sequence of poliovirus and cell penetrating peptide (CPP) as a ligand
for poliovirus receptor (PVR) in gastrointestinal tract and transport carrier,
respectively. Green fluorescent protein (GFP) was used as a reporter protein in the
delivery system development step. Five constructed plasmids encoding protein and
fusion proteins including GFP, N-terminal Tat-GFP (Tat-GFP), C-terminal Tat-GFP
(GFP-Tat), N-terminal VP-GFP (VP-GFP) and Tat-GFP-VP were transformed and
expressed in E. coli BL21 (DE3). Effects of the N-terminal and C-terminal fusion
proteins on the cellular uptake efficiency of these fusion proteins were evaluated.
Tat-GFP fusion protein gave higher cellular uptake than GFP-Tat fusion protein. VP-
GFP enhanced the uptake of GFP into HT-29 and KB cells, but lower than the Tat-
GFP fusion protein. The cellular uptake of Tat-GFP-VP fusion protein was lower
than either Tat-GFP or VP-GFP indicating no synergistic effect of Tat and VP on the
enhancement of the GFP uptake. Since the highest GFP cellular uptake efficiency of
Tat-GFP was lower than 6% which might not be enough for the application in drug
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delivery systems, the strategies of entrapment in nanovesicles and simple mixing were
applied. Neutral, cationic and anionic liposomes and niosomes were prepared by the
freeze dried empty liposome (FDEL) method. The neutral, cationic and anionic
liposomes were composed of DPPC/cholesterol (CHL), DPPC/CHL/DDAB and
DPPC/CHL/DP at the molar ratios of 7:3, 7:2:1 and 7:2:1, respectively, while the
neutral, cationic and anionic niosomes were composed of Tween 61/ CHL, Tween
61/CHL/DDAB and Tween 61/CHL/DP at the molar ratios of 1:1, 1:1:0.05 and
1:1:0.05, respectively. The Tat-GFP fusion protein was loaded in non-elastic
nanavesicles by reconstitﬁtion the lyophilized blank nafiovesicles with the Tat-GFP (1
uM) in phosphate buffer solution (pH 7.0). The loaded elastic nanovesicles was
prepared by reconstitution the lyophilized blank nanovesicles with the Tat-GFP in
phosphate buffer solution containing 25% v/v ethanol. The particle sizes and zeta
potential of the blank and loaded nanovesicles characterized by DLS were in the
range of 50.77+0.89 to 777.83+13.95 nm and (-) 17.3+3.33 to 36.6+2.95 mV,
respectively. The Tat-GFP loaded in elastic anionic niosomes gave the highest GFP
uptake of 14.62+0.07 and 15.32+0.96% in HT-29 and KB cells which was 2.81 and
2.84 folds of the free Tat-GFP, respectively. However, this niosomal formulation
demonstrated obviously cytotoxicity with cell viability of only 37.29+0.67 and
62.48+5.58 in HT-29 and KB cells, respectively. The low toxic elastic anionic
niosomes containing lower ethanol contents or the edge activators such as sodium
cholate (NaC) showed similar uptake efficiency of Tat-GFP in the range of
13.28+0.48 to 15.95+0.78% in HT-29 cell and 12.74+1.31 to 16.62+1.53 in KB cells.
The elastic anionic niosomes containing 1 mol% NaC showed the highest cell
viability of 92.32+3.82 and 96.62+5.96% in HT-29 and KB cells, respectively. For
the simple mixing strategy, the cellular uptake of GFP from the Tat/GFP mixture at
1:1 molar ratio in HT-29 cells after 1 hr incubation was 9.31+0.05% which was 1.79
folds of the Tat-GFP fusion protein. The transdermal transport of the Tat/GFP
mixture was 8.87 folds of the Tat-GFP fusion protein. By using polioviral capsid
peptide VP, the enhancement of GFP translocation by mixing with VP or Tat peptide
at various molar ratios was demonstrated. GFP/VP mixture increased the cellular
uptake of GFP into HT-29 and KB cells in the range of 8.52-8.73 and 8.58-8.92%,
which were 3.89-3.98 and 3.90-4.05 folds of GFP, respectively. For GFP/Tat
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mixtures, the uptake efficiency of GFP in HT-29 and KB cells were in the range of
9.29-10.05 and 9.67-11.19% which were 4.24-4.59 and 4.39-5.09 folds of GFP
respectively.  GFP/VP/Tat mixtures showed similar cellular uptake efficiency to
either VP or Tat indicating no synergistic effect of VP and Tat on the translocation of
GFP into HT-29 and KB cells. The simple mixing strategy was selected for further
investigation with salmon calcitonin (sCT) due to the inadequate data of in vivo
toxicity after oral administration of the niosomal formulation which contained non-
ionic surfactants. The mixtures of Tat/sCT, VP/sCT and VP/Tat/sCT at various molar
ratios were prepared. The physico-chemical interaction between sCT and VP or Tat
of Tat/sCT, VP/sCT and VP/Tat/sCT mixtures was investigated by dynamic particle
sizes determination, DSC thermogram and FT-IR spectrum. The enhancement of in
vitro and in vivo sCT bioactivity by mixing with Tat and/or VP was determined from
the increase of intracellular calcium level and the decrease of serum calcium,
respectively. In vitro calcitonin bioactivity was determined in HT-29 and KB cells.
When mixed with Tat, the in vitro activity of sCT was increased with the maximum
relative intracellular calcium of 116.46+0.57% and 172.14+4.12% at 3:1 and 1:1
molar ratio of Tat/sCT mixture in HT-29 and KB cell lines, respectively. The VP/sCT
mixture at 6:1 molar ratio showed a significant increase of intracellular calcium in
HT-29 cells of 152.07% of the control resulting from the ligand-receptor mediated
cellular delivery of sCT by the interaction between VP and PVR (poliovirus receptor)
in HT-29, the cells harbouring the extracellular domain CD155 which is the receptor
for VP. The oral hypocalcemic activity in rats of sCT and the mixtures (Tat/sCT
mixtures at 3:1 and 1:1; VP/sCT mixtures at 6:1 and 3:1; and VP/Tat/sCT mixture at
6:1:1 molar ratios) which showed the highest sCT activity in HT-29 and KB cells
were investigated. The Tat/sCT mixture at the dose of 50 pg/kg (1:1 molar ratio)
demonstrated hypocalcemic effect with the reduction in the serum calcium level of
about 18-31% of the control and the prolonged activity of over 24 hr. However, the
hypocalcemic eftect was not observed in the VP/sCT mixtures due to the lack of PVR
in rats. The potential of the Tat/GFP mixture for the application in transdermal
delivery was also evaluated by Franz diffusion cell at 37+2°C for 6 hours. The result
showed that the Tat/sCT mixture gave higher cumulative amounts and fluxes both in

the VED and the receiver compartment than the sCT solution. The higher percentage
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remaining of sCT than the sCT solution after the 1 month storage at 4+2, 2542 and
45+2°C was observed, indicating the improved sCT stability of the Tat/sCT mixture.
This study has demonstrated that the Tat peptide, a CPP can efficiently both orally
and transdermally deliver sCT into the cell by the simple mixing strategy. For VP, an
appropriate animal model bearing PVR are needed for the in vivo study. The
application of the Tat peptide and VP for the enhancement of sCT delivery to increase
the in vitro intracellular calcium level, in vivo hypocalcemic activity and the chemical
stability of sCT can be also applied for further development of other efficient peptide

drugs delivery systems.
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