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al the end of the incubation, the dishes were washed 3
times with | mi of PBS and fived with 10% formalde-
hyde PBS at room lemperature for 20 min, and washed
three times with PRS. Then, the cells were coated with
Agua Poly/Mount (Poly science, Waminglon. PA) 10 pre-
venl fading and covered with covenslips. The fixed cells
were observed with an ECLIPSE TS100/100-F for Epi-
Muorescence Observations. The contrast level and bright-
ness of ihe images were adjusied.

28 Dula Analysis

Significan! differences in the mean values were evaluated
using Student’s unpaired J-test. A p-value of less than 0.05
was considered significant.

3. RESULTS AND DISCUSSION

3.1, Characterization and Transfection Efficlency of
Arglo-PEG-BDB

In order 1 determine the CMC of ArglO-PEG-BDR in
water, we monitored Nuorescence intensily as we added
different concentrations of Arg10-PEG-BDR into an ague-
ous dispersion of pyrene. The CMC value of Arg10-PEG-
BDB was 20.9 uM or 83.6 ug/ml. &t room temperature
(Fig. 2).

Particle size and the zeta-polential of ArglO-PEG-
BDB (25 uMYDNA (NP = 42.5/1) complex were about
1500 nm and 42.7 mV, respectively (Table 1). The zeta-
potential of the complex (5 uM, N/P =8.5/1, 27.1 mV)
decreased by about 10 mV compared with that of Argl0-
PEG-BDB micelles (38.0 mV) due 1o the negative charge
of DNA.

We examined the influence of the concentration of
ArglO-PEG-BDB on transfection efficiency by luciferase
activity. The highest transfection efficiency was observed
at the concentration of 5 uM of Argl0-PEG-BDB (N/P =
8.5/1), which is significantly { 1.5-fold) higher than that of

LogC M)

Fig. 2 CMC messureawents of Argl0-PEG-BDR by Buoresconce probe
methad gEng pyTene
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Table L. Paticle size and seta-potenial of Arg 10-PEG-BDE complexad
with o without DNA

Sk Zets-potential
Lipsd concentration snd comples* NP () (mV¥)
A 10-PEG-BDB (25 uM) ND* +38.0
Agg 10-PEG-BDB (5 uMyDNA 85/1 ND? +21.1
AmlDPECG-BDR (23 uMYDNA  42.3/1  ~1500 427

*Comples with 2 pg of INA
IR, wen ot by dynasmc light scuticring method

25 uM (Fig. 3(A)), superficially suggesting that micelle
formation is not necessary for high transfection efficiency.
To examine the distribution of transfection in cells, we
observed the transfection efficiency of Argl0-PEG-BDR
with the plasmid pEGFP-C1 using flow cytometry and flu-
orescence microscopy. 5 uM of Argl0-PEG-BDB showed
about 7-fold higher transfection efficiencies than 25 uM
(Fig. 3RB)). A significantly higher level of GFP protein
was observed in the cells treated with § uM of Argl0-
PEG-BDB than 25 uM, corresponding to the results of
luciferase expression (Fig. 3C)).

The higher concentration of ArglO-PEG-BDB/DNA
could not be used because cytotoxicity was increased with
an increase of lipid concentration.'? The cytotoxicily of
5 pM ol ArglO-PEG-BDB/DNA, therefore, was lower
than that of 25 uM. To clanfy the underlying mechanisms
that dictated the remarkable differences between 5 and
25 uM in lipid-mediated transfection efficiency, the prop-
erties of lipid complexes with DNA were investigated.

3.1, Investigation of the Interaction of
Argl0-PEG-BDE with DNA by FIDA

To examine the imterncion of ArglD-PEG-BDB with
DNA, ArglO-PEG-HDRE and 2 ug rhodamine-DNA was
mixed and characterized using FIDA with a MF20 micro-
plate reader (Olympus Corp. Tokyo, Japan),” A theoratical
probability distibution of photon count numbers s fitted
against the obtained histogram, yielding specific brightness
values @ and concentrations C for all different species in
a sample. Decreased C value and increased @ value were
observed o the concentration of 1~5 uM of Argl0-PEG-
BDR, suggesting that more DNA bound to Argl0-PEG-
BDR in this concentration range (Figs. 4(A, B)). The data
showed that the interaction of 5 uM of Argl0-PEG-BDB
with DNA (N/P = 8.5/ 1) was stronger than that of 25 uM
(N/P = 42.5/1). DNA might help the sell-aggregation of
Argl0-PEG-BDB even al low concentrations of lipid. This
effect may be reflected in the highest transfection efli-
ciency al the 5 pM concentration of Argl0-PFEG-RDB 1o
2 pg DNA. To examine whether this difference of Interac-
tion of lipid with DNA in complexes by the concentration
of lipid comelated with the differences in structural fea-
ture, the complexes were further charactenized by electron
IMICTOSCOpY.
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Fig. 3. Influence of the concemranon of Argl0-PEG-RDE compierad with DNA oa wansfection efboency. Argl0-PEG-BDEVDNA complenes (pre
pared by mixing 2 ug of pCMVoluc or pEGFP-C| with vanious concentrations of Arg 10-PEG-BDE) were dilmed wil somm-free DMEM 10 o final
vobmne of | ml_ Afier mncahation for 3 b at 57 <C w serum-free DMEM, DMEM (1| ml) contmmng 10% FRS wos added, and the cells were further
incubated for 21 b (A) Lucferase activity of varioss concestrations of Agl0-PEG-RDR. (B) GIFP expsession of 5 or 25 M of Ay 10-PEG-BDR
Each value is the mean + 5D of thme separste determanations. () Analvsis of GIP evpression by fuorescence microscopy ( magnification « 100)
5 aM of Arpl0-PEG-BDB (lop) and 25 uM of Argl0-PEG-BDB (bottom) are shown. Scale bar = 50 um

13, The Morphology of Argl0-PEG-BDR/DNA
Complexes Determined by Electron Microscopy
and Microscopy

To reveal the nanostructure of Argl0-PEG-BDB/DNA
complexes under various concentrations of lipid, we
observed the Argl0-PEG-BDB/DNA complex using phase
contrast cryo-TEM. Free DNA papered was observed as
open circular one (data not shown), To observe the lipid
structure, two higher concentrations of Argl0-PEG-BDB
were examined at the same (N/P) mtio as the transfection
experiments. Micellar structures with several nm sizes were
observed af 125 mM of ArglO-PEG-BDB above CMC
(Fig. 5{A)). In ArglO-PEG-BDB/DNA complex (NP =
8.5/1), a net-like structure was observed in which DNA
was imvolved (Fig. S{B)). These nei-like structures may
contribute to high transfection efficiency, but the particle
size of ArglO-PEG-BDB (5 uM. 0.25 mMYDNA (NP =
8.5/1) in water was nol detected by dynamic light scat-
lering method. Surprisingly. in the Arg10-PEG-BRDB/DNA
complex (NP = 42.5/1), heterogencous nanostructures
were observed. Other than net-like structures, large fibrous
nanostructures were visible (Fig. 5(C)). Their panicle size
of Argl0-PEG-BDB (125 mMYDNA (NP = 42.5/1) in
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water was about 1.5 pm by dynamic light scaliering
method, In both cases we can clearly see DNA molecules
around the edge of the net-like structures.

Al a lower magnification, we observed the structure at
the same condition as the transfection by the microscopy.
Cells were exposed for | hto the 5 or 25 uM of ArglD-
PEG-BDB/DNA complex in the absence of serum. Next, the
unfixed cells were visualized by microscopy, I was hardly
observed in S pM of Argl0-PEG-BDB/DNA. bul a large
sgpregation was observed in 25 uM (Figs. 6(A, B)). The
larpe aggregation of 25 uM of Argl0-PEG-BDR/DNA,
therefore, might inhibit the cell intemalization or the
release of DNA from endosomes into cytoplasm.

Increase of lipid concentration appeared to tend to con
vert from net-like structures into a large fibrous one
Previously, we reported that the structure of PEG-BDR
became fiber with the increase of lipid concentration ®
Al higher concentration of Argl0-PEG-BDE, DNA might
induce the fibrous nanostructure by partial neutralization
of Argl0-PEG-BDR, suggesting that DNA may modulate
the net-like structure and fibrous nanostructure of Argl0-
PEG-BDB. The former reflected a stronger inleraction
between DNA and lipid than the latter. To further imvesti-
gaie effect of the difference of nanostruciures of compleses

5
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Fig. 4 Floorescence mdensity distribution smalysis (FIDA) of Amgld
PEG-RDE and 2 up thodumine DINA complex, (A) Brightoess per com-
plex: @ valwe, (1) Fluorescent DNA number: C valse. Exch value is the
mean = 5D of theor sepurnte determunations

on transfection efficiency. cellular uptake mechanism was
subsequently examined.

34, Cellular Uptake Mechanism

The difference of nanostructures of complexes may cause
difference in the ability 1o deliver DNA into Hela cells. A1
first, to examine the association of Argl0-PEG-BDB/DNA
complex with cells, we assayed the cell intemalization of
5 or 25 pM of the ArglO-FEG-BDBDNA 3 h after
transfection with serum by flow cytometry (Fig. T(A)).
To remove bind Arg 10-PEG-BDB/DNA on the surface of
plasma membrane, we washed the cells with PBS and
treated them with trypsin® Associsted amount of § or
25 uM of Arg10-PEG-BDB/DNA with the cells was almosi
same, indicated that both concentrations of Arg l0-PEG-
BDB were able to carry similar amount of rhodamine-DNA
into cells.

The cellular uptake pathway is repored o be differ-
enl depending on the density of octaarginine (Arg8) in
liposome containing Arg8.* Hence, there is a possibility
that the cellular uptake mechanism might change depend-
ing on the concentration of Argl0-PEG-BDB. The translo-
cation of Tat and Arg8 peptide are suggested to occur
through macropinocytosis which is dependent on lipidic

(A)

(B)

)

Fig 5. Prae contmast

cryo-TEM analyss of the
of Argl0-PEG-BDB and DNA. (A) 125 mM of ArglO-PEG-BDB.
(B) 0.25 mM of Arg10-PEG-BDR/DNA (NP =E.5/1). (C) 1.25 mM of
Arg 10-PEG-BDE/DNA (NP = 42 5/1) Scale bar = 100 nm
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(A}

Fig. 6. Microscopic analyss of the Argl0-PEG-RDBNA complex
incubated with the cells for | b at 37 *C in serom-froe DMEM. The
wnfized cells were observed with & mecroscope (A) 5 aM of ArglD-
PEG-BDRDNA (NP = 8.5/1) (B) 25 pM of Argl0-PEG-BDBDNA
(NP = 82 5/1). Scale bar = N pm

microdomains. = ** Macropinocytosis is a kind of endocy-
tosis as 2 cellular uptake pathway.” Macropinosomes are
formed by actin-driven ruffling of the plasma membrane,
followed by folding and pinching ofl of iregular-sized
vesicles.™ Macropinocytosis Is inhibited by 5 N-ethyl-
N-isopropyl) amiloride (EIPA), which inhibits Na*/H*
exchange protein.™ To examine the intemalization mech-
anism of 5 and 25 uM ArglO-PEG-BDB/DNA (NP =
8.5/1 and 425/1), we investigaled the effect of EIPA
on the cellular uptake of complexes, using Argl0-PEG-
BDB-NBD (Fig. 7(B)). Argl0-PEG-BDB-NBD (5 and
25 uMyDNA showed about 70% lower inlernalization
efficiency at 50 uM of EIPA than in its absence. This find-
ing suggests that 5 and 25 uM of Argl0-PEG-BDB/DNA
were taken up via 3 macropinocylosis pathway although
their structures were different (Figs. (B, C)). DNA may
he released easily in the cyloplasm because it is reported
that macropinosomes are leaky.” The large fibrous pano-
structure, therefore, might inhibit the release of DNA from
macropinosomes into cytoplasm. At the preseni research
technique, it is difficult 1o examine il further since Lhe
research of CPP should be observed ot unfixed cells.
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Fig 7. (A) Cellutar uptske of § or 23 uM of Argl0PEG BDE/
rhodamine-DNA incubated for 3 b at 37 <C The celly were wreated with
irypean hefore flow cytometry. () Effect of EIPA oa ther celhutor sptake
Cells were pretreated with EIPA (50 M) of 37 “C Jor 3 men. Modinm
was replaced with fresh owdinm contaming 5 or 25 M A l0-PECG
BDB-NBD2 ug DNA_ Cefls were incubated for | h ot 37 *C in serum
DMEM containing FIPA (50 M) Fach value is the mesn + 5D of
fthwee separse detenmoaion

4. CONCLUSIONS

Argl0-PEG-BDH at the concentration below CMC showed
higher transfection efficiency in HeLa cells than that above
CMC. In Argl0-PEG-BDR/DNA complex below CMC. a
nel-like structure was observed. On the other hand, in the
Argl0-PEG-BDB/DNA complex above CMC. heteroge-
nous structures composed of net-like and large fibrous
structures were observed. It 15 very important thal plasmid
[INA is able to help Arg 10-PEG-BDB 1o form supramolec-
ular structures. DNA-assisied Arg10-PEG-BDB  nano-
structure formation may result in concentration-dependent

transfection efficiency,
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Abstract

mewﬁhwymmmwmm.nWmtmuﬂwmn However. liposome/TINA, com-

ﬁuﬂlﬁlbimw P L of these sy has become of womasing wienest. In Sus study,
we 1 the Ik lity of § 1 g IHM 7 dified oty tryd vesicle (DRV) method
ulmuﬂdn&m Mmmwm’dzlm&mmlm;mwmm
SUCTOSE, Iy q ‘d!ﬁ-{NWJV“-. hol i (DC-Chol ) and
1 <dibeoyipbosphutidy bethanol. tU!P!»J.pum o Lyophi I "_')NA pletes were dored a1

'.‘.ﬂ?jlﬂlﬂﬂ)'(uﬂlu abdsty was foll

JIINA ¢ wu mnmcuﬁhnmmliﬂ(‘m

d foe 0 days. Lig

large boss of tmasfection efficiency mmrﬁmd!mm-rmmmmmmmm:mu

ng onder:

of sugan on plasmid DNA was higher in the folk

I sucrose, which was miverse 1o the onder of their glas

IrmIaqm‘nlT.IviIun“mumeWIMIMIMMmMMMW

efficiency and stabdity, wiich aught be concernad hal sucrose stabilized plasamd DNA in | by directly mieracting with plasmad DNA
rather than by witnfying to a high T, sobid.
© 2007 Elsovier B Y. All rights reserved.
K. fr: Catomc b Sucroms. Dehydrats hyd vasache; Tt Sworags wabubny; Lyophalorason
L. Introduction IW-! 1‘llldVlﬂ Zanten, 2M2). Becawse of this problem,
I DNA F have 1o be freshly prepared
Cationic lip dinted fer of DNA is a promis- nmmqrrcmdﬂdawunldﬂuknld:mndmgwmm
ing approach, b of low i genicity and toxicity, casc  them. and make quality control very difficult due to the fact that

of preparation, and potential applications for active targeting.
The disadvantages include poor efficiency of transfection in
viva. Therefore, many cationmic lipid-based transfection reagents
have been developed for the efficient delivery of DINA into cells
t(ian md Hm:_ IWI. Vigneron of al., 1996). Commercially

or les are mined with plas-
m.dm.\,udlmdhfmn large liposome/DNA aggregales in
solution, cspecially u Iu;h DN& concentrations. They form as
a resalt of el fi cationic liposomes and
negatively charged DNA, and are inherently difficult to manip-
ulate, resulting in a decrease of transfoction (Stermberg of al.,

* Correspoading sthee Tel - 181 3 5498 SO048; fav: +8] ) 3408 S000
E muil adidrean yoshe @hosts s jp (Y. Mastani)

CITE-S1TAS - scr front mater © 2007 Elaevier BV, All nghis rescrved.
dou: HL1TH 6. ppharen. 2007, | 2033

preparafion of cationic Hiposome/DNA complexes is & process
that is poorly defined and difficult to control.

To produce stable gene delivery systems that avoid these
probl Iyophil is suitabl tmkwlmmue There
arc many studics about | yophilization of | using
sugars (Anchordoguy ct al., 1997; Iact.ll IIJU Molina ¢t
al, 2004), Disacchandes were used in most studics. Espocially,
sucrose, which has a high glass transition lemperature (T, ). 1
known o be effective to maintain the stability of liposomes,
presumably by forming glasses under the typical freezing con-
ﬁmmdfwtwv!-imtmmﬂll 2001). To develop
Iyophitized lip complexes with pl d DNA vector, we
muhnndaﬁcddrhyhhmnﬁy&mmxk(h“imhud
asac liabk (Permie and Gregonadis,
mmwornmvmmpqmmu
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the lyophilization stage, has boen evaluated for a range of solutes
(Zadi and Gregonadis, 2000; Kawano et al., 2003) and plasmid
DNA[Pﬂrueﬂll 2004). The effects of sugians on the stability of
sizes of | and entrapment cffi-
:mdumuq[ﬂ?mhwehunm&dﬁhﬂl
and Gregoriadis, 2000, Kawano ct al., 2003), bat there have been
i few reports about the cffect of sugars on the stability of plasmid
DNA in liposomes during storage (L et al., 2000).
In this stdy, we cxamined stability of Iyupmlimd
liposome/IINA comg with I lsoma-
lmmndﬂﬂm&mmmﬁﬁn.ﬂmm

a vacuum level below 5 Pa. Shelf iemperature was controlied st
~40°C for 12h, at —20"°C for 12h, ® D°C for §h, & 20°C
for 4h, and at 30°C for 4 b Aler lyophilization, dry mtrogen
was introduced in the drying chamber, and vials of DRVs were
scaled with screw caps in & nitrogen P Water

of formulations obtained were less than 0.5%, as determined by
the Karl Fischer method.

Prior 1o the of fection cfficiency, the dry
cake of DRVs was rehydrated with milli-Q water ( | ml of water
wm:n-mmuﬂ.@mmumwm-
tiom sugars from the lip The was

which sugars could whibil aggreg and the

ion activity of pl 1 DNA during preservalion al
temperatures ahove T, We found that DRV/DNA complexcs
with sucrose could be stored cven st 50°C without a large

loss of foction activity. | Itose and were
sclected as excipients becausc their 7, valucs were higher than
that of and therefore, they were expected to exhibit a
greater stabilizing effect.
1. Matertals and methods
2.1. Maierials

3B-{N-(N' N'-Dimecthylaminocthanc)-carbamoyi]  choles-
Im)l(DC—Clnl)wumhldemru &mﬂm:llCo.(Sl.
Louis, MO, USA), and r-diolcoylg dy

|mn;mummlm1\vuumlmlx (Alah

coll MMnﬂan“Mnhmm
w achieve 100 pg DNA/mI (DRV pellet suspension).

2.3 Measurement of size

The mean particke size of the DRV suspended in water
was determined using a light scattering instrument (DILS-7000,
Otsuka Electronics Co. Lid., Osaka. Japan) by a dynamic laser
light scanienng method at 25 + | “C. The reponed particle size
was the sverage value of Iwo measurements.
2.4. Stability test

Vials of DRVs were transferred 1o vessels containing POy
and were stored ot —20, 25, 40 and 50°C for 50 days.

25 M

AL, USA) Lipofectamine 2000 was purchased from lavitrogen
Corp, (Carisbad, CA, USA). The Pica gene luciferase assay
kit was purchased from Toyo Ink Mfg Co. Lud. (Tokyo,
Japan). BCA protein sssay was purchased from Pierce
( Rockford, II...USA). Allwﬂchrtmhnudmnfmqm
grade. The plasmid DNA encoding the luciferase marker gene
(PAAV-CMV-Luc) was supplicd by De. 8. Tanaka in Mt Sinai
School of Medicine (NY, USA). All reagents were of analytical
grude. RPMI 1640 medium and fetal bovine serum (FBS) were
purchased from Life Technologics, Inc. (Grand Island, NY,
USA)

2.2 Preparation of DRV

The preparation method has been reporied  previously
(Perrie and Gregonadis, 2000). Hriefty, lipids (c.g., DC-
Chol:DOPE=32 and 1122 mol/mol) were dissolved in
chloroform and & dricd film was formed by rotary-cvaporation.
Thwmmwhﬂrndmmﬂwwmndmxﬂ
at mom 1l vﬂicklhll\'l

jon was ugh a scrics of poly t

of Ty

A Ty of DRV formulation was measured by using a model
2920 differential scanning calorimeter (DSC) with a refriger-
s couling system (TA Instruments, Newcastle, DE, USA).
Approximately 3 mg of DRV cake was put in an aluminum sam-
ple pan, dried in vacuum at 25 °C for 16 h and sealed hermetically
in a nitrogen atmosphere in order o prevent water sorption dur-
ing sample preparation. DSC traces were measured at a heating
raie of 20°C/min. An cmpty pan was used as a reference sam-
ple. Temperatwre calibration of the nstrument was carmcd out
using indium. Ty valucs reported were obined for first heating
scan. The 7, values and changes in the heat capacity at 7y of
siored samples were similar to those before storage, indicating

that crystallization of ph P in the formulati
did not occur during stability studics.
26. E t efficiency of plaxmid DNA in DRV

The plasmid DNA in the supematant after
tion of the rehydrated DRV susp at 45,000 rpm for 4% min

m:nﬁnnnlhmnmdll.&nﬂﬂjpﬂ[lﬂdlm Hil-
lerica, MA) o yicld about 200-pm-sized vesicles. A sugasfiotal
lipsd (w/w) of §, and 12.5-100 pug of plasod [INA af a charge
ratio of {+/=)of 2 and Isrmmfﬂlyuhdbhvmhu

and the was d 1o polypropylene tubes
|lummmm40mu gth), frozen by i g
in liquid nivrogen for 10min, and Iyophilized (DRVs) using a
Freczevac C-1 lyophilizer (Tozai Tsusho Co., Tokyo, Japan) st

was d as free pl id DNA using a PicoGreen dsDNA
Quantitation Kit *200-2000 assays® (Molecular Probes, Inc.,
OR, USA)

27 Cell culture
Human cervical carcinoms Hel a cells were kindly provided

by Toyobo Co, Lid. (Osaka, Japan) and grown in DMEM sup-
plemented with 10% FHS at 37°C i a humidified 5% OOy
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atmosphere. Cell cultures were prepaned by plating cells in 35-
mm culture dishes 14 h prioe to cach caperiment,

2.8 Tramsfection of cells

The DRV pelict suspension proparcd as describod was diluted
with medium without FBS 1o a final concentration of 2 ug plas-
mid DNA per well. ARer transfection in the mediom without
FBS for 3 b, | mi of the growth modinm containing 105 FBS was
added to the wells and culturing was continued for an additional
2l

29 Expression atsoys

Luciferase expression was measurcd using the luciferase
assay system. Inc was lermi 1 by washing (he plates
three times with cold phosphate-buffered salioe (pH 7.4, PBS).
Cell lysis solution (Pica gene ) was added 1o the cell monolayers,
which were then subjected 1o freczing (—80°C) and thawing st
37 «C, followed by centrifagation at 13.000 rpm for 10 min. The
supernatants were frozen and stored st —80°C until the assays.
Aliguots of 10l of the supernatants were mixed with 100 ul
of luciferin solution (Pica genc) and counts per second (cps)
were d with a ¢ 1 cter (Wallac ARVO SX
1420 Multilshel Counter, Perkin Elmer Life Scence. Japan, Co
Lid., Kanagawa. Japan). The protcin concentration of the super-

was de d with BCA using bovine serum
albumin as a standard. and cps/jug protein was calculaled

210, Statistical analysis

Statistical significance of the datn was cvaluated by Student’s
Hest A p value of 0,05 or less was considered significant. ALl
experiments were repeated ut least two times. Duplicate deter-
minations of luciferase capression valuca typically differed by
less than 10%..

3. Results and discussion

Notably. hiposomes composed of DC-Chol together with

of dearnai of §

1994). It has beea demonstrated that 2 3:2 or 1:]1 molar rabo
of DC-CholVDOPE in liposomes results ia high transfection

(Fachood ot al.. 1995) Rocently, we reponcd thal
DC-CholAXWE liposomes with molar mtio 1:2 showed more
cfficent wransfoction than those with molar mtio 3:2 or 121
in medium with FBS, having transfoction cfficicacy comparns-
bic to that of Lipofectamine 2000, a commercial transfoction
reagenl. Also, these Il;luplcm showed a manmum a1 (+/—)
Zlof 1 (Muitani et ul.. 2007), Therefore,
we selocted two kinds of DRV formulations: the conveational
one (DC-CholMOPE =32, A1-A3) and the noved one (DC-
Chol/DOPE = | 2. B1-B6). and preparcd DRV/DNA comploacs
at sugar’iotal lipid (w/w) of 5. snd charge rado { +/— ) of catiome
lipid (DC-Chal) to DNA of 2 or 16 (Table 1)L

1.1. DRVs withou! sugars

In prefiminary experiments of the preparation of DRVs with-
out sugars, the size was increased to over | pm. For the process
of frecze-drying, fast freczing and addition of sugars in the frocz-
ing state resulted in fess aggregation. This finding agreed with
that reponied by Maolina et al. (2001), Moreover, in this study,
since some preparations of dry cakes of DRV s afier lvophiliza-
tion were neoded o0 perform the subscguent procedures, sugars
were added to the suspeasion of liposomes and plasmid DNA
at a weight mtio of 51 (sugartotal lipds) and mixed before
freczing.

3.2, Ty meusurement of DRV

l-lg | shows representative DSC traces of DRY formulstions
g pl I DNA (# lations B 1-B3) and lyophilized

sugar. The were 1o be T
because they exhibited base linc shifts due o the glass transi-

tion. The T, ﬂhnulmﬂ’(pmmwgntl’*)mhglﬂm

the order: < i .-..-...T‘be!' values
u‘Dlt\'furmlmmm:mmdmﬁwordch1<B’<BJ indi-
cating that the molecular mobility of the foemul

sucrosc was hagher than that of the formulations containing s
mallose or somaliotriose. The Ty values of DRV formulations

DOPE (DC-Chol/TYOPE liposomes) have been classified as
one of the most efficient vectors for the transfection of plas-
mid DNA ino cells (Zhou and Huang. 1994 Farhood et

and lyophilized sugars with and without liposomes are summa-
rized in Table 2. The Ty values of lyophilized sugars with cationic
li {DRV f | ithout DNA ) were shightly lower

al. 1994, 1995) and in clinical trials {(Nabel ct al. 1993, than thosc of the comresponding |yophilized sugars. Is contrast_ a
Tabsie |

Composson of DRY formutation

Formudarion DC.Chal-DNOPYE (mokmad) Churge rutio, lipi VNA (=) Sugw

Al 2 141 Sucre

A 32 1l Incmalune
Ad b = T i Isomaltotrse
m 12 F | Sucmose

A2 ” X laomalse
4] 12 i Taomaluarione
i 2 161 Sucnse

ns 12 (L9 LN TR
B 2 6] lwemalucerins
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Fig. 1 Represcatative DSC cuces of DRY formulation and sugars for fes
heating scan Arrews n e liguse represcet Ty

large decrease in Ty of the DRY/DNA compleses was observed,
s indicated by the Ty values of formulations BI1-B3, as shown
in Fig. 2 The Ty values of the formulations can be exprossed
by the Gordon-Tayloc 1on (Eq. (1)) ing that misci-
bulity of the sugars and the lip Jplasmid DNA compiex is
complete:

kW, T} + W13
W, + kW,

T,= in

where Wy, W, 75, and T2 are the weight fraction and 7, of sugar

=0— A1 Ad A2
L A ]
—— B4 B4 W

. :\_‘_\‘

29 b - -4 - . 4
Secios Ve ke oMo s

lag. 2. Differeace in 75" betwewn DRV formulations und
Irq‘ikdwhmll'mh‘wmhh—(l-n

T, between the formulations and the corresponding sugars (AT, )
wre expressed by the following equation:

-k“':ﬂ"'! - ?"‘!j o4

W+ kW

1§ (not determined) i expected 1o be lower than T3, since Ty
values of the formulations studicd were lower than those of cor-
responding lyophilized sugar. For formulations B1-B3, the 73
valge is considered 1o be the same, since the formulations con-
tain the same of plasmid DNA in lig A small
'a‘: - T: value s conscquently expected for the formulation con-
tmuming the sugar with lower Ty Assurmng that k is oot largely
different between sugars, the smallest difference in 7, between

ATy =T)-T} =

and complex. respactively, and A is a constant. Diffcrences in the & formulation and the ¢ poading lyophilized sugar should
Tubie 2
Ty of DRY formmlations snd lyophalired sugars
Ty o SD. T rC) 5.0,
DRV formulssice®
Al fracrone (DCDOPE - N2)) 0 2 (21 ] 6
A {isomaliose (DCTOPE = V2 544 LIl 7.3 (R}
Al {momalotnos (DO - VIH 1211 12 o2 L&
T (reerose (DO - 172)) 553 0s 504 ns
B2 (isemalbose IDCMOM = 121 07 03 L8] L&
T (iscmaliotriose (DCAOPE - 120 1142 i3 6L6 27
144 (recrmse (DCAOMY = L/2)) M0 04 711 s
NS (isomalwse (DCTE = 120 96 16 545 14
s (isomuliotrioss {DCDOPE = 1721) 1259 L 13 1183 ne
o Lo i
751 i 737 0s
9.1 (%) LA 1o
133 0 (b2 % ] 7
TR 0s TS os
Iomalioss « (OO - 1/2) lols ol 542 1
Isoemabicarioss + (DOTONE < 1) 1200 i 139 03
| ysopbibians wagar
Sucros ™2 w2 T4S 02
Isoemalion oy [ 13 W6 02
Issmaliotrom: 1330 LR} 158 02

Ty values meporied wees obtamed for i beating scan (0= 31
* Sugar. liposome and plasmid DNA uscd in Table 1.
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Tabis 3
Purtacie ure of leposceses afier sebrydration of DRV sored ot - 20°C for 30 days
Tormaawa Dhamcter (oo ) Dhaguerion (%) Diameter (mm) Dhapern (%)
Al r,] &2 I %
A2 I @ 19 n
A ) o 1558 L )
L1} el W E ] 0
m % . N "
n o7 " Y6l “w
L m n 451 L
ns 54 n 1591 L
13 o] o 1130 L

be ohserved for sucrose-hased formulations. Formmlation B1,
however, exlubated a larger difference in Ty than formulation
B2 or B} (Fig. 2). suggesting that the Gordon-Taylor oqua-
tion was not applicable to f 1 B1. This & from
the Gordon—Taylor equation suggests that plasmid DNA may
interact with sucrose more strongly than with isomaltose or
somaltotriose.

3.3, Sige distribution of DRV s
and entrapment efficiency

DRVs stored at —20°C for 50 days were rehydmted. The
size distribytion of DRV/DNA comples suspensions was het-
crogencous, depending on the charge mtio (4/—), but not
depending on sugars (Table 3). The DC-CholVDOPE = 3/2 com-
plex (formulations A 1-A3) showed the smallest size. In the
DC-Chol/DOPE = 112 complex, formulations B 1-B3 with low
cationic charge (+/—) of 2 showed larger size than formulations
B4-B6 with that of 16. It scemed that the charge of DRV was
cmnlmturmnqumh:-mmnnh:utmbmd!h:
[ d agp! Also sugar might affect
mol'i)liw Mulmﬂd.(mllwufmm
with high sucrosc/DNA ratios are capable of maintusining particlc

after reird,

mmi&xuhwlhﬂlmdﬂﬂMHmdﬂﬁ

values with J oncs. To gate the cffoct of
m‘onlyvphlwmufﬂr DRV/DNA complexes, the sta-
hility of pl d DNA wis | ! by g TE afer
ptmmimntﬂm

At —20 and 25°C, fmlm B1-B3 showed 1!: hugh-
cst TE. and then f I HB4-B6 sh o invic TE

higher than those of formulations A 1-A3 (Fig. 3). This finding
mndicated that TE was affected by the cationic lipid ratio in lipo-
somes, and by the charge ratio (+/— ) of cationic lipid to plasmid
DNA, more than by the sugar. Molina et al. (2004) roporied
that pe degrad, of DOTAP lip in terms of TE
wmm“wmwmmn ~20°C, and
the presence of DOPE enhanced degradation under these condi-
tions. To the contrary, formulations B 1-B3 with rich DOPE and
the low charge ratio (+/~), cxhibited high TE. This differcnce
may be due to difference of cationic Hpids.

The TE of 1 o ind d that
the stabilzing cﬁu:l of sugars on DNA was higher in the fol-
lowing onder i < < sucrose, except for
formulation B1. This order of the stabilizing effects of sugars
was inverse lo the onder of their 7, valucs. About the cifects
of the glassy stale on liposome in the frecze-drying state, it

sire during the freezing step, and sugpested that the scp
of individual particles within sugar is ble for

was rey d thut the solute in dry lip may

the protection of cationic lipxd DOTAP/DOPE Immﬂm
during the froezing step of a typical lyophilization protocol.
DRY methods in which lyophil 15 perfi d after

e p by ig the Ty of the dry liposome prepa-
fnm{SwulL. 19946, Cmcll!.. 1997: van Winden and
Crommelin, 19949). On the other hand, in catiomic hpd/DNA

the addition of sucrose to the liposome suspension increase
the entrepment efficiency of DNA in DRVs. Crowe and Crowe
(1993) reported that trehal de and inside liposomes pre-
vented the aggregation of liposomes and stabilized liposomes
to cotrap solutcs. Zadi and Gregoriadis (2000) rop d that a
small amount of sugar outside liposomes disturbs the liposomal
membranc and makes solute outside liposones eater them. In
onr case, free plasmid DNA was not detected in the sup

! during Iyophilization. sample vitrification did not
corrciue with mai of ransft cfficiency (Allison
and Anchordoguy, 2000). It was likely tha sucrose might stabi-
lize plasmid DNA by directly interacting with plasmid DNA
ruther than by vitrifying tw a high 7, solid. Supporting our
inference, it was reported that the cfficacy of transfection of
lipoplexes was enhanced by miving medium and disacchandes
(Tseng et al, 2007).

F lation B1 | a high TE value even during stor-

of any DRV suspensions using 2 PicoGreen Kit The cationic
charge of DRVs was so high that whether plasmid DNA was
entrapped and/or adsorbed oo DRVs was aol clear.

34 Effect of sugars on iransfection efficiency (TE)

In pred Y expe when lyophilired formulations
BI mdnwmua complcies wm:uu:nu!nmmm

lpn‘ﬂ‘CfurSﬂdl}'l.hlnnthunﬂ-fﬂﬂﬂhuﬂkﬁnl

T 1 a2 £

a tion 1

m“&mhm;:n, n[IIrDRVJIJN:\m'n;Iﬂ.

as indicated by the p afier tion { data
ol sh Al formulati h § how cy ity wparcd
with Lipofectamine 2000,

Entrapment of plasmid DNA inside DRVs, rather than a
greater association ot the surface of liposomes, may offer a more
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TE (CPSMug protein

B EEERE

g 3. T ¥ in el a cells

d with DRVINA complex with

afer o varica wemperuures for 50 days. Fach DRVIDNA

——
comples was diluted with medism without FILS 0 2 fmal concentration of 2 pg of plemid DNA in | ml of modius per well. Fach column represcats the mesn

(=20 TE of N5 and 06 at 50°C wan not detected.

controlled approach 1o vesicle T This cryo-
cffect may be desirable when preparing DRV/DNA :onﬂcwn
without aggregation and with cntrapment of DNA.

Parhood, H., Gao, X, Son, K Yang, Y'Y Lars, 18 Hussg, | Rarscos 1,
Botiega. K. Epund, R.M., 1994 Cationic liposomes for direct pene wransder
in therapy of cancer snd other dimeases. Aon. NY. Aced Sci 716, 10

M
Farhood, H., Serbioa, N.. Huaog, L. 1995, The role of duleoyl phos-
4. Conclusion hasdyle theoolamine in cativnic lip disted geoc ransder. Piochim.
Hiophys. Acta LZ35, 289295,
wc developed |,m formulations of liposome (DRVV Gians, L'IH. | . ITIIl A m:-u:-: lipranme magem for eflicen:
of cuils. Hiophys. Ren Commu. 179,
plasmid DNA complea vectors prepared with the DRV method. iy =
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cven at SD°C for 50 days without a large losy of { ydration vesicles. Int ).
efficicncy. This finding sugpests that sucrose might stabilize Pharm. 252,73 79.

plasmid DNA by directly interacting with plasmid DNA rather
than by vitrifying w & high T, solid. Further long-teem stability
studics will be required to detcrmine the shelf life oflyq:hﬂimd
lip /DNA compl at room P These fi

provide new information about the effects of phyﬂ'coch:micﬂ
changes of ponviral vectors during Iyophilization.
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Campiothecin (CPT) has snticancer activity. While saly the lactone form of CP1 is biologically active, this

form exhibits poor squecus
want imp 1o develop the th
Mollrh-ylduﬂyuﬂ.ﬂhhn-n
terol, and olele scid (7:3; 1, molar ratio), by
4-a<{MI12B), 3 S-bis(B12B) and 34 5-trisi

mmmummumudw
macnmd—du-ﬂ,uu“w

of hydl " e
llnok-hllmldiwt H’DIM
seid (T128). The intersetion of CPT with DR in the

stute af lig was eramined. In DB-lip ™
chency of CPT up to 55% and final drug to lpid

—huﬂlqul.ﬂm bt
prepared a1 s feeding ratio of 1/ (w/w) CPTAotal lipid. However, in the

ing mean dismeters of 150 nm, incorporstion efl-
d when the lip were

Py e 4

mumrmﬂmummm-m-iumdmnm

Mareover, we demonsirated that T12B stabilied CPT in liposomes significantly
measured by CPT release, and by steady state fuorescence polarization degree of C

with other DBs as
using intrinsic Buores-

cence of CPT. These findings suggested that in sddition of contribution of phenyl group of DB, dodecyloxy group

sy inleract sirongly with lactone ring of CPT. The capacity o in CPT i ‘tlhnhmbﬂd
in liposomes. T12B may be incory d in the interior of the bil resulting in i of i
bility of CPT. This finding & 2 potential spplicath dh-nihhﬂmdmh
drug delivery,

Koy words  camptothocn, iposome. ortificial lipsd. release lest, incerp fh stabality

Camptothecin (CPT) s a cy al-
memhmlkﬁmﬂmrmmm
nate.”! CPT and some of its analogs have shown a broad
spncln-n of muim sctvity against many sohd tumors in

g colorectal cancer™Y CPT inhibits the
cn.zymeDNA p 1, initially by dent bind-
ing and sub ly by stabili of the complex th N
nmkwhllcmh'ﬂtmnﬂ::ﬁmmxmof
thef‘l’l'lnnweﬂug

a phenyl group. eg . 3.5-hsidodecylony)benzowc acid was
synthesized and added to the liposome formulation, The PE-
Giylated liposomes incorporating CPT were stable in vive."™
However, there was not enough inf about

between CPT and artificial lipid molecules m liposomes.

To develop the therapeutic wtilization of CPT, it is neces-
sary to prepare liposomes with high incorporation cfficicncy
and stability of CPT. This study d d that T
tion of Smol% of 345-ns(dodecyloxyjbenzoic sad m-

efficiency and stability of CPT in lipo-

Of significant wmp for phar 1 fi t
umwnr.:uyulmmrumowvruumu-
tive, this form cxh poar ag The lactone
of CPT is converted 1o carboxylate in a pH-dependent oqui-
libnum.* To overcome the aforementioned solubility pmb-
bﬂnummmmarcrl’.mul

SOMES.

MATERIALS AND METHODS

(SH(+pC in (CPT). 1 (Ch),

have been i pis have boon made
10 prep CPT analogs. The majority of these
analogs were less polent in assays both in vitro and in vivo
than the parent drug. In addition to the synthesis of new de-
nvatives and pro-drug products.® ¥ the development of ade-
Quatc drug carricn is g ion. There arc
many reports about effective I'urmnhﬂm and lulinnm of
CPT in cancer usin, |th\

- Ihcrlwlvy 8"1'8 “Tmmhﬁ“
and mclusion complexes with cychdnm'“ Prr:vbﬂ)rwe
have reported that the stability of CPT loaded polymenic mi-
celles im vive was increased by benzyl estenification of hy-
drophobic scgment of block copalymer.™ '® However, long
circulation of CPT loaded polymeric micelles in vive was not
achicved yet. Other camners such as liposomes were cxam-
incd because release of drugs encapsulated m curmiers de-
pended on carniers. The designed amphipathic compounds
are called artificial lipid which has similar propartics wath
phospholipd o form vesicles. Therefore, artificial lipid with

* To whom be sddressed  oomail’ youhiogihosks

¥ y

water-solubil

In;h pu:rrmmm liquid chromatography (HPLC) grade

1 and ¥ (THF) were purchased from
Wako Pure (hemicals (Tokyo, Japan) Hydrogenated soy-
bean icholine (HSPC, >90% phosphatidyl-
chohine), and oleic acid (OA) were purchased from NOF
Corporation (Tokyo, Japan). 4-a-Dodecyloxy benzoic acid
(M12B) was purchased from Tokyo Chemical Industry
(Tokyo, Japan). 3.5-Bis{dodecyloxybenzoic acid (B128)
and 34 S-tris{dodecyloxy benzoic acid (T128) were synthe-
sized as reported previously™ (Fig. 1), Other chemicals were
of reagent grade.

Preparation of Lipmomes Liposomes incorporating
CPT were preparcd as described cisewhere. '™ Bricfly, HSPC,
Ch, OA, DB and CPT (molar ratio, HSPC:Ch:0A:DB:
CPT=7:3:1:0—3:|; weight ratio, total ipid: CPT=30:1)
were dissolved in methanol/chloroform minture (144 (viv))
The solvent was cvaporated m a rotary cvaporator at $5°C
unider stream of Ny gas. The lipid film contaming the drug
was hydrated with 2.5 ml of sodium phosphate-buficred solu-
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Fig | Chemical Structer of 4.a- Benaone: Acid (A} 3.5-
s dodecylowy temrme Acd (1F), and 345 Tret dodecylony lhemsese Acad
[(m]

tion (pH 6.04, 2.33% KH,PO,: | 44% NaHCO,=4:1 vol-

wme rato) o protect from the of CPT to
carboxylate. The susp was somicatcd for § min and was
by centrifug at 3900rpm for 10min to re-

mlhhgmhumwmw
Size of | was using a dy-
mamic  light e suxc Iy (ELS-800,
Otsuka Electronics, Dnt.l..lq:-lul"S'(. by diluting hipo-
*Ome toan | with water.
D-mﬂ-ﬂm-((.‘ﬂ‘ndblt‘-hﬂhl,m
Clmg tncorporation efficiency was defermined unug the
fug method. Lip ing CPT
mmmﬁ:gcd-li!ﬂ[l'l’mlhl4'(‘ln free

Brcfly, | ml of CPT lipesames was placed in a dialysis tube
(Spectra/Por CE (MWCO 12000 14000, Spectrum Labors-
mhc.ARmdoDmngw;.CA LS. A)) and then sus-
Jed in & temy jacketed Mask contmning
mmofms After vanous bme intervals. aliquots were
withdrawn and assayed for CPT content by fluoropbotometry.
Drug release profiles (peroent refcase versur ime ) were plot-
lﬁi..__ Pol a
chmhd:wd(.‘?T m the | Wi
af(‘!"l wmmdtﬂhm
I We prepared about 10 s of lipid
concentration of MI12B-, BlZB—mTI"E-hpm(HSP('
Ch:DA:MI2ZB:CPT=7:3:1:1:x, HSPC:Ch:0A: BI2B
CPT=T7-3:1:1:x, and HSPC:Ch:0OA:TI2B:CPT=7:3:
1:1:x, molar ratio) squeous suspension with CPT concen-
tration varied from 5.7x10 ' pg/ml w0 0.1 mg/mi (corre-
sponding on x molar ratio). Sicady-staic fluorcscence polan-
zation mcasurcments were performed on F-4500 fluoresconce
spectrophotometer (HITACHI, Flectronics). One-ceatimeter
quarte M cell was used, and the cucita-
mudmumlm:ﬂumﬂlkvudﬂ?m
respectively, The fluor of hip m
Mmmmmmumlpﬂbmlwm
o poom temperture (24 C). L (1) is the intensity of photons
with clectric vectors parallel (porpendicular) to the beam -
rechion.

Trl ﬂlhﬁ:‘

L1,

CPT. Then, the incorporation ¢fMiciency was obtained using
two methods: determination of the CPT concentration of the
supcrmatant containing free CPT, and determination of the
of CPT apped in the precipi which was dis-
rupted using chioraform. The moorportion efficiencies esti-
WMHMHWWMWMM
tions in | (hp A) and
m the sup lllﬂ g uupernltntlh
determinad using a F-4010 fluorescence spectrophotometer
(Hitachi Flectronics, Tokyo, Japan) with the cxcitation and
cmission wavclengths of 169 and 437 nm, respectively as de-
scribed previcusly
Incorpamtion efficiency of DB was determined by HPLC
(wavelength at 254nm). A Sthimacdeu LC-10AT (Shimadem
Co., Lul_ Japan) app quipped with a Shimadeu RF-

P "‘"":-,'n
Statisth s The ical significance of the
data was evaluated with Student's 1 test A p value of 0.05 or
less was considered significant.

1 Amab

RESULTS AND DISCUSSION

tion and Ch terization of CPT Incorpo-
rltldl'l..bucnu The mcorporation stability of CPFT m
polymeric miccllcs in vitro and dn vivo was increased by ben-
r)'l .o of hydrophob - of block copoly-
wwhtchmnmnfﬂnnylgﬂw
lrrthPT" ' Therefore, the artificial lipids with a phenyl
group, Di3s were synthesized and added to liposome formu-
lation 0 obtain stabic hposomes imcorporating CPT (DB-
B Basxc formud HSPC  Ch:OA:CPT=7:3:1:

10AXL fNuorescence detector in which the waveiengths were
sct at 254 nm. Scpanation was performed with an YMC-Pack
ODS-AA-302 column (150x4.6mm LD, YMC Co, Lid,
Kyoto, Japan). For M11B and BI2B. the mobilc phase was
composed of 19:1 or 99:1 mcthanol-phosphate-buffered
solution (pHl 3.02), respectively, and the flow ratc was sct al
1.0Omi/min. For TI28, 17:3 (vw/v) mcthanol- THF. The incor-
poration efficiency of drug or DI in the liposomes was cal-
culated as follows
mcorporation efficsendy of drag or DI (%, w'w)
] himhu meEl'1m

drng (TH)
In I’.I'anglel-m In vitro release of CPT from the
5 o was Lt 2

dialysis
nf.ule (PBS, pH 7.4) at 37°C.

I(mhmn}wdmﬂdn}!?( Ch and OA since lipo-
mnhﬁ&“ﬂlhﬁlﬂmﬂdhﬂnm
efficiency of CPT 4 with ones without OA." Here
we preparcd throe kinds of Hposemes incorporating MI2B,
B128 and T12B, reforred as M12B-, BI2B-, and T12B-hipo-
some, respectively. The particle size was not significantly dif-
ferent among all the DB-hposome formulations, and was
shout 150nm. when the hiposomes were prepared at a foed-
ing ratio of 1730 CPT Aotal ipsd
tmuwm.umum
CPT and DB il i st lipo-
mhmﬂmmauSP(‘ﬁﬂﬁDﬂ(‘!'T T:3:4:
0-—3:1 (mol), as shown in Figs. 2 and 3. When the matio of
each DB 1o starting total lipid of M12B-, B128- and T128-
liposomcs was incroased to 153 mol®s, the incorporation cf-
ficiency of MI2B, BI12B and T128 was increased to §4, 61
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Dats we avesage of 2 independed expertments.

and 54%, respectively (Fig 2). Also, incorporation cfficiency
of CPT up o 55% in all liposomes was obtained (Fig. 3).
However, in the optimal formulation, DB (mol%) was
different. Without DB, 26.3% of CPT was incorporated m
liposomes (Control-L). The i CPT 7

ciiciency was obtamed at the formulshons of DB-lipo-

somes: HSPC:Ch:OA:MIZB:CPT=7:3:1:2:1 (molar
ratio. MI2B-L), HSPC:Ch:OA:BI2B:CPT=T7:3:1:1:1
(B12B-L), and HSPC:Ch-OA:TI2B:CPT=7:3:1:067:1

(T128-L), == reflectod about 2-fold increase (55% for M12B-
L and BI2B-L, and 54% for TI12B-L. final drug to lipid
molar ration up to 0.07) cmwwd with Control-L. Among
DB-lip Ti2B d most effective 1o mwrpunr
CPT in Iy since it at the 1] i

Yol 3, Na. 3
.
A *
o +'
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Fig 4, Percent CPT Relessed s 3 Funchien of Teme at 17°C

CPT release Somm the lfposarmes of MIZBL () WIZSL (W) TIZBL (A) =
Corgred L {0) ot S irsmaa) TFT enirapped m Iiposomes sonceniration of 200 up
CF1 wa mennoed by menErne dladyes o derivad B Makites s Motod s
IS 8 WK acullon 8 pH - 74 (I3 X xpressac m S S i devistion of
¥ Iiegendnt experimens. » pein.

group of DBs and lactone ring of CPT over increase of acid-
ity by carboxyl group of DBs.

In Vitre Release  The | tion stability of
CPT 1n MI2B-1, BI12B-1. and TI12B-1. was cxamined from
drug release iest by incubation in PBS at 37 °C, as shown in
Fig. 4. The CPT released from Control-1. was 100% for 3b
while that from MI2B-L, BI2ZB-L and TI12B-L were 363,
22.3 and 20.5%. respectively. The CPT released from M12B-
L. was significantly higher than that from B12B-L and T12B-
L for Sh. CPT incorporated in M12B-1 may be distributed at
the surface of liposomes more than that in BI12B-I and
TI12B-L, therefore CPT was released highly. During 24-h-pe-
nod, MI2B-1, BI2B-L sand T12B-L rcleased 68.8, 69.0 and
54.5%, respectively. Release of CPT among DB-liposomes
was higher T12B<BI2B<MI2B, and T12B-L showed sig-
nificantly lower rolcase than BI2B and MIZB ol 24h
(p<0.05). This result indicated that DBs increased mcorpo-
mtion stability of CPT, and mcorporation stability of CFT
was mcreased with morease of the numbers of dodecyloxy-
group of DBs. Dodecyloxy-group of DHs might induce
a-u;r ning oy inhlipid"’
mmﬁwhk-unwimofuwwmumlh-
Iﬂly Polanzation drgme of intrinsic fluorescence of CPT

i in the was cvalusted. Figure 5 re-
mhdlhnﬂnpd.nmnnckmmCPTmmum

amount. The cucess
tion of CPT in liposomes,

(d-hmshunn].‘menmpmmmoinmm

T The polarization degree values were directly re-
lated to the kind of environment where the CPT was distrib-
uted. Free rotations in DMSO solution were related o the

nmlkmvdunul’ larization degree, pared to the staic
ing that CPT molecule can move
MlIB— BI2B- and TIZB-Ilpmnmn 'l DlI—OI]jn- of

mcnwdmdnudemmmurCFTmllpulmﬂb
cause CPT could not complex with B128B (data not shown),
DHs may distnbute m liposomes, and then CPT may inferact
with DBs and could be incorporated into the micrior of the
bilayers. CPT molecules may be lated in hydrophob
region of membranes. The pr of DB ibuted m-
creased 30% of incorporation cfficiency. These findings sug-
gested that increased CPT incorporation efficiency by DBs
might be due 1o mteraction between phenyl and dodecyloxy

CPT 4 higher § degree
(0.47, 0.45, 0.53, mspccﬁvﬂy)m with Control-lipo-
somes. These results reficcted that CPT molecules were in-
seried deeply into the lipid ilayer of hiposomes. A pro-
nounced decrease in polanzation was observed below about
1 jine CPT im liposomes, revealed di of the lipid bi-
layer in the presence of CPT. Among DB-liposomes. T128-
liposome seeméd 1o have high incorporation stability, result-
ing from protection of disordering property of CPT i lipo-
somes. This resull corresponded with that of release tesi;
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CPT in T12B-1. showed the lowest release smong DB-lipo-
somes. Thmhdmmmdlhl('ﬂmﬂ"ﬂ-l would
be incorp 1 into the micrior of the bilayers by micraction
of dodecyloxy-group of T12B with drugs lactone ring. and
reicase slowly, while CPT m Comtrol-L. would be m contact
with the water/lipid interface, be changed mio the jonized
form, and be relcasod quickly.

Liposomal CPT delivery sy may be p g o
cancer therapy, We have reporied presently to apply this PE-
Gylated formulation in vvo to evaluate anticancer cffect ™

CONCLUSIONS

By incory of antificial lipid DB,

n.nxptlilm cffr_u:u:y of CPT in h]IlKIlB nI:lth
By, we o 1 45 e

sad (T128) stabilized sipnificantly CPT in lm al
about one third of M12B smount compared with other DHs
us d by CPT rel These findings sugpested that
incorporation stability of CPT in hposomes was increased,
likely duc o the micraction between lacione ring of CPT and
dodecyloxy group more than phenyl group of DB, resulting

m CPT d imto the

of the bilayers.
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In vivo antitumor activity of camptothecin incorporated in liposomes
formulated with an artificial lipid and human serum albumin

Masato Watanabe *, Kumi Kawano *, Kazunori Toma ®, Yoshiyuki Hattori *, Yoshie Maitani **
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Abstraci

Camplottecn (CPT) b & snng snstuner agent, but it use Rk by #s low wobibilty and the mstbiity of fe xtive cone form. To
omlhﬂ’rwinMmmtmwwvﬁh”-ﬁ-ﬁmlmwnﬁmﬂmhﬂl
delimon of 3,5 el ddwcvho xy jher x3d (DB} to pal yel yl g by and by comtng the vurface of the hpowomes with
Iroenam mlﬂwl(m HSA-DR-1) HRA-DD-L M& entrappes] CPT with about B0% effcemcy and with 2 pertick sse of sbad
150 e HSA DB-L showed swnued drug relesse sl sorage stsbibty, Pharmacokinet s ctalion in mice dhowal St | v, itgection of TISA-DDL
(2.5 mghg) lad w0 pruksnged circdlation i the plesm; fie sme undar the curve was 22-61 higha thin $ut of (PT solution. The timar growh in
mice with subarenans traspltaton of coon 26 tamor cells was wgnificantly inhibieed afier s sngle | v. mpection of ISADBL = & dow of
15 myg'hg wilhout sy wgnificant body werght ks, HSA-T-1. memssal the scoumulation of CPT in tamor thsee s gnificantly (9 6-fold) mare

efficienly than CPT sokibon 24 h afler iv. Thee find

CPT CPT ddivery by mowel i formmalas ons is 4
© X% Fleevier 0.V All rights reserved

uggest that HEA DAL could serese the tainlay and fhe smumos effect of
wl appmach for effedve Featnen of cances

Koyword . Camptah Lpoaae, A effo; HAA, Cobm 3 memer
1. Lnitr od e ton rapid CPT lactone nng opening. This was probably due 1o
preferential HSA binding 1o the cartoxylate form resulling in 2
Campothecm (CPT) isa Iy geyviotonk aka-  change i Be lactonecarboxylake m!bﬂm Thus duh:nh

loid imlsted from te Chinese plin Camprodheca accum inala
[1] CPT and some of its analogs have shown a broad spoctnem
of mtitumor activily against many swolid mars in xemogmils,
including colosectal cancer [2,3] CPT mhibits the ensyme
DNA topoisomennse I, initially by noncovaken! bindfing and
subsequently by sabilization of the comples through s nuclkeo-
philic stnck by the ensyme = the scyl positin of he CPT
lactone ring [4] Under physiological condiions, Le., st pH 7
o1 above, the lactone ring readily opens to yield the inactive
carbouylate foem of the drug, and this conversion is m pH -
dependent equilibrium [5] (Fig. 1(A)) Moreover, the presence
of human serum abumin (HSA) in the blood or serum showed

* Cormepondng astion Tel/Bix <41 1 4490 008
E-med addwss yostoe@hesi 3o gp (V. Mamani).

Q1683459 - see Post wttier © 2008 filuevier BV AT aghe reservad
o 1000 1N janmar] 2008 (0 OY

"

equilibrum owad the ph b
bw fom [6]. OdylhnkmeintwofCPl' is biokgically
active; however, this form exhibits poos aquecus solubility.
To overcomo these stsbility and of CPT,
wveral spproaches have boen investigaed In addition © the
synthesis of new derivatives and pro-drug producs [7,5], the
devel of ad drug lon & gaining ncressing
mm;ummmm-nm“
s whilation of CPT in cancer therapy by wsing drug delivery
chnobogies such m Kl [9.10}, poly
melu[ll 121 uuluoewuldum [lu], microspheres
[13,14]. About liposomes, the protection of e botone form
of CPT by hposomes has boenknown [9]. Low solubidity of CPT
n waber or lipids, however, wan Emtted 0 develop liposomal
CPT. Safer and more w storsolubie CPT derivatives, there forg,

P
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(A)

active

(L]
C M0

[ [ 4]
Fig 1 Swomweof

wire utad 10 be ntrapped o the hposomal water phaw (15,16],
mum;h-avu, ﬂ-ln-d:d\dm[l?] lrﬁle(l"r

(LFT) snd aputh

i befwors S aove ad matve fose (A ) et sractare of 1.3 besdodecy oy b acad ([M)

Sl kot Al b

{methosyipolyehylone gy
u:l}ﬂﬂl] (PECR000), distoarch phosphataty lohanolams

1 i bedeveloped, high rony(polycthyl
effect will be oblained.
To thi novel CPT I were formulated by the
Mmumml&hllwmmnpﬂlmmﬂyﬂwm
fified & and ng the surface of the

imﬁhm mﬂwwurmm
baded polymer miceles in vivo were produced using bonoryl
polymer [11,12,18,19], preswmably doe 1o be T-% intemcton
of the phenyl group with CPT, lipids with & phenyl group in
Eposomes might interact with CPT and could incorporate CPT
effectively, An andical lipd with & plesyl gop, 3,5bi
(dodecyloxy) bensoic acid (DB), therefore, was synthesized
(Fig. |{H)) and sdded 10 the lipmome fomulstion We ako

Yified li ﬂﬁ ;4. ‘l,ﬂilﬁﬂjfﬂh‘
utmlm‘ becawme they cu p-dvdy debver chemotherapey-
8c agenis 1o tumor stes via the enhanoed permeston and
retention (EPR ) ¢ flect [20-23), Furbermaore, we comted the lipo-
sames by HSA because pre-canting polystynme particles with
HSA enhanced their stability in blood [23].

In the present study, we demonstrated that CPT could be
efficiently incorpomied into the pegybied liposomes by the
wddition of DA, combinesd with coating HSA on the surface of
e liposomes. The drug relesse from the Iposomes, the somge
stability, pharmacokinetios, and in vivo anfitumor activity of
HSA-DB-L were examinad. The liposomal form of CPT dis-
plyad antiumor sctivity agamst mice hearing cdon adeno-
o 26 when adminigered by a single Lv. injection.

L. Materiak and methods

2.1, Materialy

($)+)-Camplothecin (CPT), cholesterol (Ch), high perfor:
mance liquid chromabgmphy (HPLC) gmde acotonitrile and
trictiylamine acetate wore purchmed from Wako Pure Che
mical Industries, L1d. (Omka, Japun), Hydrogensted soyhean
phosphmidylcholine (HSPC, >0ty phosphatidylcholine ), dis-

ghyed )-S000] {H—\'.xMI-d ok wd
qml were purchasied from NOF Copomation (Tokyo, Japan)
HSA was purchased fromn Sigma Chemical Co. (St Losis, MO,
LUSA)L DB ws synfhediand a roporied previausly [24] Otber
chemicak were of reagent grade.

12, Preparation of Bposomes

CPT li (CFT lip ) composed of
mmumm.ﬂmnwmwhnw
fikn bydestion method. Brefly, CPT (1 mg) and lipids (e,
30 mg of tonl lipids for DB-L, HSPCChOA/DRPEG2000=
T3: 1104 (molsr mstio)=19. V4.1/L.01 7739 (mg)) were dis-
solved ina me f chlomfarm: maln '|&I vnh:nluj.
md the solvent was i by ¢ wder
g fow. mlpadﬂn“hyhhlmlh"mLorm
busfferod sclusion(pH 6.0, 233% KHPO, | 48 NaH (D, =4,
volume raio). The lipid mixawe was onicated for 30 min using
an ulbrsonic hath. Excoss CPT was precipitniad snd could be

wlumhimwﬂwmdldm g for

10 min Li age Sieed from 150 ©
MIlnuihlmpolydwuy nduifl)J]motuud.s
d inod using a dy « light g particle sire snalya,

and surface polentish of them were determined by the electro-
h lighs hod (E1LS-800, Orsuka Electrongs
Cn I..ﬂ.Odllq—l- 24°C by diluting liposome suspe mions
10 0 approgriate volume with water.

Cood sed reproduchle recovery of lip in the super-
natant (>R0%) was obtsined, &4 delerminad by s enzymatic
masy using a Phospholipid C-test Wake (Wako Pure Chemical
Induswies, Lad)

Control kg {Controll.) were ed of HSPC, Ch,
OA and PEG2000, Control-L. containing 8 mol% md 19 mol™
DE are horenfler designed an DB-L. and 2DB-L, respectively
DB L5000 had a similar compenition = DB-L, but contained
PEGSO00 nstead of PEG2000. For coating of DB-L with HSA
(HSA-DB-L), the DB-L suspemion (e.g.. 7.5 mg wial Kpide/ml.)
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W Ingacend dose m plama afier 40"

CPT sohawe -
Comtmlt | SO G 2000 13744154
0004

AL OO TR B0 2000
TaL04

HO P OO DY L 2000
fi1208
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[ EHT T

P OROAT Y L 2000
L L 08 +HSA

TiA0
1T1223569
landsn s

HEA L ialla®2

02001
Dianl

10a02

bach valer mpmems the meam 2500 fue 3}
P00, Y00l **ram)

“Prparsd € o fondng mimo of 1730 (CPTAxal iped, ww)
“Ressin ot o dose of 23 mg (FTAY = S5Y mice

was incubated with 4% HSA aquecss solution a1 room tlempe-
rature (20-25 °C) for | b, HSA-DB-L was wed withouw sps-
ration of froe HSA in in vivo expariment.

The CPT solution was prepared by disolving CPT (130 mg)
in 30 mL of polyethykene glycol 400, propylom glycd and paly-
sorbate K0 (30:50:2, vohume miio) (251

2.3 Dew k aswox kitad with HSA-DB-I

of HSA

The adsorbed HSA was meassad using bicinchonimic scd
(RCA) protan asay roagent (Prerce, Rockiond, 1L, USA) msd
analysed by 1006 SDS-polyscrylanide gol eloctophormsis
(SDS-PAGE) afwr sepamtion of lposomes by ultmoentifuga-
tion{ 1,000 =g, | h,4 ") The gel was stained with Coomassie
brilliant blue (Quick-CBB, Wako Pure Chemical Industios,
Ltd,, Osaka Japan),

240 clay of Iy ng DB

Mouse colon adenocarcimonma 26 (C26) cells (5.0~ 10" cell/
well) were plated into 96-well culture plates | day hefore the
esmumdhwc&ﬁuhlhnn‘t‘mn

The cytotoxicity was then & d using 3 WST-
aw,l&l&um.l.m& Ihpndnl.du-nnu,hn
moto, Japam) The sumber of visble cells was & inad by

methods were simile. The former method was used in the
following expermment. The tosl drug concentestions i lipo-
swomés be fore contrifugation (drug mitial) and n the supematant
ﬂumﬂhﬂh(ﬂm}mﬂ-uﬂ using a
h er (F4010, Hitachi Elcromes,
Tdmlm}mﬁnamudm“vdaglunﬂﬂ
and 437 nm, respectively. The of the drug ppad
hhlimmnaudﬁlﬂdnfdlum.

Incorpor stion efficiency (%)
el C SRR Ve

26, In it drug relsase of CPT Bpoiomes

l-ﬂmd-adCl‘TM&hlmde
. dialysis againg phosphate bufferad

smline (PBS, pH 7.4) ot 37 °C under sink condition. Hriefly,
| mL of CPT liposomes (0A-0.5 mg CPTénL) was placed in a
dalysis tube (SpectraTor CE, MWOD 300,000, Spectrum
Lab Inc., Rancho [x CA, USA) and then
ded in a od, ppckered Mok comtain-
h.,loonl.ntﬂls &ht\mtﬂtiﬂl\d&,d“ﬂ
the madiom wene withd and meayed for CPFT content by

a 2

messurng &w-dwnmummndpﬁl
reader.

2.3, Determination of efficiency of CPT hcorporation e
liposmmes

Dl. ht'upoum effickency was determined using the
hod. CPT ki + were centrifuged af
S’mo-ghlld-l'(‘nqnuhmru-lipmal
CPT. Then, the incomontion ¢ Miciency was oltained using two
ethods: determination of the CFT of e wper-
natant contsinmg froe CPT, and determination of the amount of
i mh wiai disrupled wming
effici i d using bath

7 ¥
17. Sweage viabity souly

The lsctone form of CPT in the HSA-DB-L wa ovalusted
afler storsge ot room tempersiure (20-25 °C) for an extendad
period of time. The lactone and carboxylue fomm of CPT
iposames were then fately d by phase
HPLC analysic.

The HPLC analysis was parformed st mom eemp A
Shimadzu LC- 10AT Mmﬂn Co, Lud, Japan) appamtus
Wmmamﬂimhmﬁuwh
which the excitation snd i elengths were wt a1 369
and 437 mm, resp ely, wat wed S was performed
with & Tosoh TSK-gel ODS-80Ts column (150 4.6 mm LD.).
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Ly 8y of (P 1 pwemomes & ankon ol

onder (Firealaton | MY gl )
Crmmoll. e cwsts sing (FT HERCARUA PRCDOM) Ll gl *
(81 nor aremumamg (PT (HEPCAROA PR 0] 00 mgwl *
(T msbetwas asm

D8 ¢ HS PO OO ADIT G 2000y o0y
HEA-DB-L { HEPC OWON DB 000 « HEA ) ok

* Comcresntos of Igats

The mobile phase wa composed of 2377 (v/v) scetomitrile-
riefylamine scette buffer (1% (v/v), adjustad 10 pH 5.5 with
gheial scetic scid), and the Mlow raie was set o 1.0 mL/min [25].

28 M

of CPT¢ in plasema in mice
CPT lip of CPT solution was in Iy (iv)
sdminisierad 10 male ddY mice (weghing 18-20 g Tokyo
Laboratory Animal Science Co., L3d Tokyo, Japan) va the
benl wil wins at 5 dose of 2.5 mg/kg (0.1-02 mLA0 g body
waght). Al vanous lmes after the administration, blood was
withdrawn using » beparinizad syringe and contrifuged «
15,500 ~g ford min © obain the plasma Plasma was added to
0.1 mL of 0,15 M aquects phosphoric acid followed by mixing
[27) and CPT was extreted with 0 8 mlL of chloroform: metha-
sol (4:1, wolume ratio). This opeeation gave the total concen-
vation of free CPT and CPT acomorted inlo liposomes a5 a
betone form. After contrifugation of the mixtre o 1530 =g
for 4 min, JpLdmwulmlmrwnmty
isjeced mto the HPLC system to & ne e
CPT. The area under the concentration curve (from Ok 10 24 h:

= 8 ungle mjection ot & dose of 1.5 mpkg, and HSA-DS-L
(eg- 25 mg CFTand 2% mg 1ot lipad/mL) s & sngle impction
ol a dosg of |Dor 1S mg/kg, and & repested injcton of 10 my
kg The control group was imected with 0.9% NaQl wlution
(0.1 mLAD g body weight). Tumor volumes and body weights
were mamured of intervals of 8 few days. Tumor volume was
calculatad m follows: volume = 1/2L0; L is the long dismcter
mnd F is the short dismeter of & imor Percent tumor growth
rhibition (T/C%) was calculated from the rel stive tumor volume
o day B fllowing the eguaton T/Ch%= 100« (mem selative
tumot volume of treatad group )/ (mesn relaive lumor volume of
contrd group). The animal experiments were done with ethical
wpproval Mrom our Instiastional Animal Care and Use Commiee.

211 Stansscal amalysis

The resubts were snalysed statictically woing Student "« 1-test.
A Povalwe of 0.05 or kes was comidered sgnificant

3. Resulis
1l Characierizagon af CPT Hposme s

To obtain CPT liposomaes that were stable in vive, liposomes
were prepased using vanious fomulstion by sdding DR = »
Ipdcﬂmlnﬁ:ny!m-dbycnlq with HSA_TI-:
use of DB at a § P had not p dy been

‘mfmth Y of DB was ewleated in cell
cultre. The $50% cell growth inhibitory concentration (IC 4a) of
DB-L and Conwol-L not camuining CPT was 1.1 mg kpid/ml.,
indicating that DB in liposomes was not 1oxic (Tsble 2), Fur

AUC) and ol were calculated using the b p method
(28]

29, Bindiswibution studics i damor-bedaring mive

At | week sfter tamsplantstion of 1.0 = 108 celk, when umor
tize reached sppmximately 100 mm', CX-hearing CDF | fo-
ke mice (6 woeks okf) were injocted via a latoral tail vein with
HSA-DB-L or CPT wlution st a dose of 2.5 mghg = CPT. After
24 h, the mice were mesthatized with diethyl athor. Blood
samples were collecied and then the major organs and umor
were excised, rinsed in physiologic saline, weighed, and froven
o =20 °C. The lisoes were homogenized in $0 ml. of PBES
m-tuluw!fmimln-wwwplmuds-
cribad sbove and the CPT was & inod by

Iy the cy city of CPT-loaded liposomes snd CPT
wihution in DMSO was exsmined. 10, of CPT solution, DB-L
mnd HSA-DB-L showed 0.077, 0.048 and 0.042 pg CPT/mL
Despite of the exigence of PEG2000 in kposcmes, 1Cas values
of DB-L and HSA-DA-L. were lower than that of CPT solution
The CPT lactone ring opened af abodt 20 mis i mdium,
resulting in biokgical inactivity [6]. Incorpomtion of CP'T m
lposomes could maintain active lacione form even m the pre-
wnce of serum, indicating that bip formubstions coud
keep the antinmor effect of CPT.

About Control-1., addition of PEG200 v the lipossmes
incressed incorporsted efficiency of CPT from 30°% o 75%
(data pot shown). The paricle sire and incorporation efficlency
were not significently different amang all the CPT lipsome

Lt and were shout 150 mm and 80%, mespectively,

HPLC.
110 In vivo anSiumor activ@y

The antitsmor activily against 3 solid tumar was evalusted
wits C26 C26 cells (1.0~ 10" cells in 02 mL) were trans-
planted sbcutancoody into the backs of CDF | female mice
(5 weeks dd, Ssnkyo Labo Service Cosporstion, Tokyo, Japaa).
wqmn“ml’whﬂlmm
whem the tumor volume reached spproximaiely 100 mm” (Day
0), by v injection via a lateral il veim. CPT wlution was used

W

My 1 SO MOE of HSA swocimed on e liprasmes lase | HSADEBL
(HEPCAOWOATI FEGTO0 + HE AL, Lase 2 HEA-DB-1 wbow PRODOOO
(HEPCOROANE +HEA )
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