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Deformability of Phospholipid Nanoparticles Containing Surfactants
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ABSTRACT-This study was aimed to formulate various phospholipid nanoparticles composed of different surfactants and
to evaluate the deformability of the phospholipid vesicles as candidates of useful ultradeformable nanoparticles. In vitro
deformability of the phospholipid nanoparticles was studied using an extruder under a certain pressure. The sizes of phos-
pholipid nanoparticles, passed volumes, and concentrations of the phospholipids in suspensions before and after extrusion
were measured. The deformability indexes were estimated by using passed volumes, sizes of phospholipid nanoparticles and
concentrations of phospholipids. Conventional liposomes, placed under a certain pressure of an extruder, showed no passed
volume indicating little deformability. Similar to conventional liposomes, phospholipid nanoparticles containing surfactants
such as sodium taurocholate, Myrj 45, or Myrj 53 showed little deformability. In contrast, phospholipid nanoparticles com-
posed of Tween 20, Triton X-100, or sodium deoxycholate showed higher deformability indexes than others. Taken together,
the deformability of phospholipid nanoparticles could be significantly affected by the type of surfactants. Moreover, these
results suggest that the deformability of phospholipid nanoparticles could be modulated by surfactants.

Key words—Ultradeformable nanoparticles, Deformability, Surfactants
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2 P EEH TR, o]FFo] A1 (rigidityy F3}
= ZY2EIE A 2] /54 (uidity)E F7H171= AA|
A o f43t B2 (biocompatible membrane softner)©]
A7t=Ee ol Belditt. ujepx] 2/hAE UxgAte FH
U xRN ZETEH ¥ RojARE 27MHE Ui
A T3k A o532 AEEF ¥§ wlg 7FEA
(deformable)e]™ #-3-#o] 33 (adaptable) 532 71t}
ByE upo] EH 27 YegRe 92 quiArt 8
TEE AES oY HP S B3 g ZEHE] g 5
AT Sk 2 F3 27PAE Uerie 228820 BYS
HPEAZEA B ZHSe 538 & JA "ok 27had
YegdAs dut S EF B3] <¢F 108 A= spEF o
AZA) 2719 1710 271 WAF (pore)= T3 T Aok
2 %t} wEbd 200~300nm 2719 27PHE UxgdRe
1A% Tt 7FsE

Z7REE edAt ALl e MEAHAM HRE
e ol H8F U 9E A JHFeE
B0l A= 48 7187 (hydration gradient)®l] o138 Al

< FoE 44 ot AIXEL ¥ 27 e
o] 7] Wi, &3] FlEe] = 2/PAE ied)
A AUF s AxG IF EHOZRE fio] Bo| g
FE R U Aol e 2@ 2 Ao 2 TS|
A ot wex] 27T Ui A A, & Fo3F
AE 4R &L A8 (non-occluded condition)ollA] R4
HEE AEF o T F3A At vl Ayl g xEe ui
HErolU ZFAZe] iR HEEAEA EEe] Hie] X
A e (fusion)=le AE BT Yot

A7 2P Y= gyt 2| EE] 8|3t n
A 294, A, T2E, AP EFRI (cytokine) 2
OFEQ Y F4E U FIdle o= e 2e80
7MY WieQRle B oJF Tl s WY (transcu-
taneous immunization)d|= E3HQl Aoy LAY
In vivo A= 308 ool 7] E3 didont =
Elo|=¢] 50%71 MRS T3k Ao FFHYD E3
FARNE LulldlA] &2 AN 2/PAE YegiAlel 4
v HAEE BT FEC] ¥l FLUd vjE HU #F
(maximum flux)?} 37 23 (skin depositionyS Z7H]7]=
Aog IRIHYT P

a2y B EEE 1 B FES 978 B3 g =
A3} ¥1&9) YiegAlEe] FyHo] & Ao wks) 27paY
Yeizke vl S ZEFojAte] AT . ¥
AR 27PA% WeQdRE 73R QA2+ phospha-
tidyl choline®] FE AME-E o] $tom, ARBYAZ= sodium
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cholate?} 7Fg dutHo]x 2 £l Tween 80 Span 80
5 AREE o7t Uk B Apexe 27PEE Uk
Ax 2 EEH sRWIRE 2 2400 vt YAt 549
M3} e 2o st TR 27hEY YejiAE
Azsle] Qe BAe] WsE AT Hgtrh ZURIY v
ARl 7Hg E 53 #e] fE48L AREY TR A
HEAY) FF BFe 9L Bg AeE YUY 59
g §54E Foste AL ARBEAL H480] E A
o2 7ldiEe] AARAL ol AFellri9t Zo] phosphatidyl
choline® 2 AT ARG FHE HA e
71A A (deformabilityyS &3] Bt

Af Wy

Alef % 217]

XA UxQA Ao AME-E egg yolk phosphatidyl
cholines} F#2~HIEL Avanti (Alabaster, AL, USA)ETE]
FUsisien, AUGAA 5 sodium cholate, sodium deoxy-
cholate, sodium taurocholate, Tween 80, Myrj 45, Myij
53, Brij 35 ¥ Brij 582 Sigma (St. Louis, MO, USA)Z
HE), Tween 20 ¥ Triton X-1002 USB (Cleveland, OH,
USA)ERE 73led AM3It. A 3-8 4 At
2% phosphorous ¥F8, ¥EY-E E&]Hb°]E (ammo-
nium molybdate) ¥ ©}2FH1 4Hascorbic acidyS Sigma (St.
Louis, MO, USA)ZHE FY3I¥2r, 30% H0, &<
Fluka(Switzedand)2 %€, H,SO,= Merck(Darmstadt, Ger-
many)Z2HE FYIATH SFA Az AME NaCl %
EDTAE Sigma (St. Louis, MO, USA)ZHE] 7o,
TESE USB (Cleveland, OH, USA)ZY-E 743t 4
ol ALE 3 L Aok BE FRTE A3 A
z3lgon, 3/ Milli-Q Millipore Co., USAYE 53|
A Azsigrh. 9AE e}t AR 2 THEHE S LS
Lipex Thermobarrel Extruder Northern Lipids Inc., Canada)
9 ZgjzlryolE HAEH S (Nuclepore®, Whatman, USAYS
AgE S en, AAE Uk BaFYAES
Submicron Particle Sizer Nicomp 370, Particle Sizing Sys-
tems Inc., CA, USAYE AM-5le] 24314}

gibt CIX|A 2 ZEF|e| M=

Uwt 2lEEHLe 2EAQL W wet Az3iTh Egg
yolk phosphatidyl choline(PC)# 8| A8 E(Chol)E 10:5
mol/mol H| &2 FRZEXF =91 §, EEZIXFE F¢
AASS gke A2 Holipid film)S FF3Ac}. A€
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Ad H=ol NTE ¢5(140mM NaCl, 10mM TES,
0.1 mM EDTA, pH 7.0y %3 73814 vortexingdle] 22
FEIF 15%%0 Ve dAte] dgAe AFs HFH o
2 02um @EH HEE FAHAA 4AF 2718 200nm
2 gdslsigct.

HHEHHE ERe AXE LRl M=

AREAAE T3 AAE Uezks ojAd 715
| WS o Wl ARG ARSAAE T
g AAF Yxgrke AxEH AHSA 6] wwE E
8l oA AN, E Adode pCcE AFE F
AREEAE EFstE NTE g3A L 718t 283
vortexingsl] AMZEHATH HF XA FEE 1.5%F IR
H, FEEFH R Z 02um BEH YEE o] -3}
U2t 2718 200 nmE FYFEIAL)

QIXIE L Xle] 37| &4

QAE ey xke] Hd YA3LS Submicron Particle Sizer
(Nicomp 370, Particle Sizing Systems Inc., CA, USA)E
AFE-8t dynamic light scattering H'H o2 &3 3199t}

St 258 &%

AZZ AR Ve zte] 7S B8] $18) extruder
(Lipex Thermobarrel Extruder, Northern Lipids Inc., Canada)
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volume ratio)’Z 7 €13}5 T},
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30% H,0.5 A3 & 170°CE 71¥3t H,0,2 AA3h
otk olet e whHo g AXAAA fElE 4] (pho-
sphatey= 0.2% YRS E2HU0lES}l 15% okAFH] AL
7RI 100°CE 7HEsted A7l 3 830 nmoll A B3
EE 248 JAE B4ELe HEHdS A% {9
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A T B FF02 o] QUAF F%H|(relative ratio
of phospholipid concentration)” & “AX|F  FFH]
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T &HE(passed volume ratio)d] 4 Z71E %
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(deformability index)® F3ATE 7| e AE3$H
AR YedAe] A0l e AAE Yzt gt
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&% 3 0¥

CIEE X AHEYNE eet AXE LegXiel M=
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At tFe AAE UeYAE Az ol
AREEA FoMe FENEY dFA sodium cholate
(CLA), sodium deoxycholate(DCLA), sodium taurocholate
(TCLAYS AME3IRAL, Hlol A AWBEAZE polyoxy-
ethylene ester ¥ ether F+=HE AR5t} Polyoxyethy-
lene ester F-=AZ= Tween 20 (polyoxyethylenesorbitan
monolaurate; Tw 20), Tween 80 (polyoxyethylenesorbitan
monooleate; Tw 80), Myrj 45 (polyoxyethylene-8-stearate;
Mj 45) 2 Myrj 53 (polyoxyethylene-50-stearate; Mj 53y
AHEEI L, ether F- A2+ Brij 35 (Polyoxyethylene-23-
lauryl ether; Bj 35), Brij 58 (Polyoxyethylene-20-cetyl ether;
Bj 58), Triton X-100 (t-octylphenoxypolyethoxyethanol; TX-
100y ARE-SHATH Ad =2 Ad gl PESL Ed=
ElE(Chol)& AME3t Az o AREGAE TR
AAE WedApe] 7HHAEE dFE] A3 dEREeE o]
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o]F ] AFelA AAAH AHEGA| ] ¥]E&-2 phospha-
tidyl choline®} sodium cholate® 6:1 w/w=Z ARE-3t 7397}
F2 HuEch =3 Tw 807} Span 80 AR A7
Al JARA aigiAe] B f5Ad0l Hoivt He dAEH A
AEAY HEE 6:1 wiwd FARE Aoz AFEon
2§ AN pcet 7 AHEAY Bl &S BF 61 w/
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AR Ade B4 Rlelg BTk YAk 27 24E
Ak FEHR A FAAFAAM xS ARRGAE TR

=

J. Kor. Pharm. Sci., Vol. 33, No. 3(2003)



190 ARG - 2773
g A iAol HE] RN B ¢E€o] 21 Ho] A
HEAAAE TS AAE iRl do] fEERT &
A3k Ao E AR FUT

QIX|E LpcIX}e] 77|

AZE ARA =AY Z7)E B 200 nmollA] FA]
Holulx] = 2oz IRIFOH AU F7d w}
2 7 dEE AES 2ot CLA, DCLA, TCLA,
35, Bj 58, TX-100& Tasl= Qx)A Y=gdte] =7
£ 160~180nm% ThE <1AA i=QR}el] vl vlwd =
S AL o, Tw 208 Tw 808 FFsh= XA
ezl 271 190nm AEHT Mj 45, Mj 538 ¥
Fele AAE YA #7le 200nm FEZ ORE ¢
A eiART o7 & AHEge 2o BEEY] IR
71+ 190nm FEE Tweene X3l A2 U=z}
oF fAFIATHTable 1.

=

S 838

AREAEAY FF7F AAE Y=gRe) 7pagel mAe
FES AR {5 °12}7§ =z 9 S sl
Al Boh e 37)e] AFE B3k A=E S8
AF Ealr AHo == °1XI§ Uedate] 14 A% =719
AgE 71 005 um EFHEI0lE B E 3802
AF%‘&%!E} HEH X Alge] X7t LA 9]
el AAZ AEF L HRe AFF 72, B3] AR
WedAe] ¢ AZZE {8 AX 75 FRE o= A
= 2E S ZoE A7 B3 Alxe XE o
=YAtel HiE Z71E 160~210nm AE0)3 FRUA=
30~70 nm o)) wiiel] HFH o2 HABHQ) Ay

Table I-Mean Particle Sizes of Various Phospholipid
Nanoparticles (n=4)

Type of lipid Mean diamete Standard deviation
vesicles (nm) (nm)
PC+CLA 175.0£10.4 55.8+3.9
PC+DCLA 165.1£5.6 45.5%12.8
PC+TCLA 181.4+4.9 67.716.5
PC+Tw 20 190.249.1 42.6£10.7
PC+Tw 80 189.919.0 35.1+17.7
PC+M;j 45 204.6+20.3 68.8121.1
PC+Mj 53 196.816.2 42.040.7
PC+B;j 35 179.4+7.6 30.8+14.2
PC+Bj 58 1774429 37.046.6
PC+TX-100 169.6+5.8 50.3+6.8
PC+Chol 189.2+5.7 38.9+21.4
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Figure 1-Passed volume ratio of various phospholipid nanopar-
ticles (n=4).

(a) Phospholipid nanoparticles containing bile salts.

(b) Phospholipid nanoparticles containing polyoxyethylene esters.
(c) Phospholipid nanoparticles containing polyoxyethylene ethers.
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2 % £48S 2o PC+TCLAE EZF vk}
A= T3 fdo] A UATh 27MAF JrgAle] Bo)
o] 8E°] I PC+CLAS] 53 £48E& 0208 Be 52
o) TH(Figure 1a). Polyoxyethylene ester A€ Hlo]LA 7)
BE84A 5 polyoxyethylenesorbitan esterol £3R= Tween
F ARZAAAE T3 PC+Tw 203 PC+Tw 808 7z}
0.649 0492 43 T3t §HEL Hof 7PiYo] =& )
=9 F4E€ /g & AUk W polyoxyethylene
stearate -l S8k Myrj A% AHEAEA Mj 459 Mj 53
& TR AR YxdAs 53 590 A gt
(Figure 1b). Polyoxyethylene ether 54| 371X ZojM=
PC+TX-100°] 0749 #& 53 8482 B°H, Brij2
St PC+Bj 359} PC+Bj 58 Zkz}F 0429} 0.52¢) E3}
SHES VEM AT Figure 1c). AME3E ABRBAA Zo)A
T BHEC] B2 AR edAE FAsE AL TX-
100>Tw 20>DCLA 0|33, 53 §dho] Qe AL A
ospd CLAZE 71 whe $X158 Byt %3 TCLA, Mj
45, Mj 532 N EEY rRIIRE B3 fdo] A glo]
AR FASIA EF A ALS e Hoew 1}
BT Az QA Yeide S5 435 B o)y
WEHAL B3] Flo] vor) AFsl= A7k folo)
SHE AME Aolg Bt} 28U BE QA Y
YAl Alzko] Xdel] we) folo] Vo= &xe) o] A
A A2 on, ol WEydY Aol AxE Yz}
o o) 5% 9)7] el Row A7)

XA =118

PAE egAte) B B3 4RE BAEY) 93
Bt QAZA QA FIEL FIFE o7 AR 9
A gL HEHYU B3 A9 A vheixt et
I RIS T U 5 F9 AXAL ALl
718t

BENAL A PC+DCLAE HH el £3 & olx)d
SER7E T A 0972 =] Q1A YAyt 9
X} A L =2 EASASS ¢ 4 Uik vk
PC+CLAE WEHQ) T3} F9) FEn)7} 0.622 W& 45
€ Hoj ARE B1ge) AR YAt 9Ryge B
5t Ratw vt mx e AL 228 5 g
(Figure 2a). Polyoxyethylene ester AlE Hlo|&4 AHIA
A T B4 fdo] AU Tw 205+ Tw 80 T4 <=2
Weddzhs 7} 0.92¢) 0.859) QIAF FEHE Ho gy
9] AR t=xp7t Yale] FEol FARIA Wil
T e AL AT+ UK (Figure 2b). T

flo e
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Total amount of Phospholipid
2
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Figure 2-Passed phospholipid ratio of various phospholipid nano-
particles (n=4).

(a) Phospholipid nanoparticles containing bile salts.

(b) Phospholipid nanoparticles containing polyoxyethylene esters.
(c) Phospholipid nanoparticles containing polyoxyethylene ethers.

polyoxyethylene ether A8 FollA= PC+TX-1000] 0.97¢]
2 ARE FEHIE YERoH, PC+Bj 352 PC+Bj 58
T 7k} 0817 0852 B v <Xy Yzt £
3 e A& B & dAtkFigure 2c). CLAS A28k
< A FEHZE BFE 08 oAeIley, dd Uy
A7d AA ARHRE TS UgeS AT F Yt
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T3 FuEe AL T 8380 /P EUE TX-100,
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Ut HE] AAA EARE EoE Aol ol o] 3
7IA] AREGA7E 27PAE edAE Y JFeAe) &
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9] XA FEH Ro7F A Y| WE FE T H
Heo] Kol o) eEHe FFEFE At

7K x|

AAA Y=gdAprt AR e Al FH3] 9%
243} A= AF 271 AlFl vEdsy Yz 2
71yl Al whlasict® webr gzt 277 &5
A =719 A2 B d % ouA)7) eS| F
22 5% quXEF 4y FoIR AL T3 vlgol
7243 do B Ao AZ3 AR ek AE
9A1e] FRe met A =277 Y e AgS B
Q7] g7 T3 8380 dA 2NE 2T AAE &
A3} ouA] HEIAR] G99 (vip) S F3t RABIY
oh Eg A YkegArE HEHRS T U HlE
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o} 7BH A2 PC+Tw 20°] 3 & Ho go 2 §
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10
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Figure 3-Deformability index of various phospholipid nanopar-
ticles.
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PC+DCLA, PC+Tw 80 %°] ¥& 7Pd AFE H{AT
CLAE 23 o] ™ 371 AREAS A2l
£3 2483 7PEASRN £F 7B B $X8 Bt
(Figure 3).

olde) AN B F Yxe) 1079 ABEAAS %
#3F AXA Y=Y £ PC+TCLA, PC+Mj 45, PC+Mj
539 e AEEH R E Y T4 Kol 9%
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7h8 R47h dEEige. &, & AgeM AdggAe) &
7} AAA edAe) FPHAe)] G Fo BE AUG
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