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Preparation of Hydrated Liquid Crystalline Vesicle Using Mutual Self-Association
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Abstract

An attempt was made to prepare hydrated liquid crystalline vesicles by utilizing a mutual self-assembly between phospholipid
and ceramide. When an edge activator was added to the mixture of phospholipid and ceramide, it was possible to prepare
a vesicle containing a high content of poorly soluble ceramide. In this study, we investigated changes in structural and thermal
behaviors of the hydrated liquid crystalline phase according to the mixed composition between phospholipid, ceramide, and
sodium deoxycholate. Also, both the droplet size of the vesicles with different composition and stability of the vesicle dis-
persion solution were observed. From results of the experiments, by increasing the ratio of ceramide up to 70% in the mixture
between phospholipid and ceramide, a formulation containing 3.5 wt% of ceramide in the vesicle dispersion solution could
be obtained.
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I 32919 HolZe| YT AT A xS} A E 7 A o 37} o 8 EAE V ]l ARGl Algtrtel =5 S
AR o]Folx] glom A 3k AL FE Aletutol =, Al Z g oFe gl 717 otk

2HE B A FoR FAHSITh AR 3 A FellA Azt Alzhrte] == 23 4 (sphingosine)oll A'JAte] e 30 A
Hlo] = 40~60%2] HlES 2Ask Ehdlel FRE FAdste] ZH g 3241 (sphingolipid) 2, B=7d AEA 7 A-gohs Wit 2 <
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2.1. A2 M=

£ Ao AR AXEL soybean©l|A 5=

HHS-A1A B33} S Al S dATELS 2 phosphatidyl choline G’C)
2d320] 95% ©]d2] Emulmetik 930 (Lucas Meyer, USA)= ARE-313131,
o]ZF = oY QXA L] HA-S HPC (hydrogenated phosphatidyl
choline) = 3£7]3}5iTh H]E]'“]'O]':: ceramide NP “J+%-<1 DS-Cera-
mide Y30 (-1t S5, S ARES AREIGITE ©] el sodium de-
oxycholate (°]% SDOCZ ), cholesterol, polysorbate 80, sodium
chloride, sodium dodecyl sulfate (©]$- SDSZ 7)) EF Sigma-Al-
drich (St. Louis, USA) Al&& AF-3F313, lysolecithin> LPC-50H
(FRIE, s=hHE AR3Ith olebe2 (U= €%
99.5% AES AFE3FATE Porcine skine W7 |WElA(E=D)AL] 1
mm 7718 AEE ARSI

23 A AL =xH7}

2.2. ARR7(7]

58} QY WAIE AR A AMESHEE 259 B7)E Z2H g
?19] Sonic & Materials Inc.2] VC505 RS AFE-E1I a1, HA[E <)
2F 27)9F BHshs dlo)A FAakt Sl Otsuka/\} ] Zeta-Po-
tential & Particle Size Analyzer ELSZ-20002. 25 Alg-3Fo] =438k
o} gt TEEEE S8 WY dn17- NikonAke] ECLIPSE E400
POL 22-& A}-8-3}313. WAXD (wide angle X-ray diffraction) =732
BrukerAtS] D8 Advance 225 AHESIAITE 78t A9 47 SAL
TAS] AAFFEAF QFA(DSC) Q-10 B S AFgalo] AL7kA 904
% 50 mL/min 52 % 10 C/minZ 27435l S431 0 FT-IRS
o183t u- f A w7 2] W= JASCO Abe] 4200 BES ARE-5h
Sk ZEizelA ekl 54 gk 5389 A3 BtEk + sD.o]

3l BARAL 5% F5olA student’s rtestE A ST
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2.3. 3} AHH HAIZ M=

HPC, Alente] =, o =] AEjuloE o] 2
3t NGH wiAE AxE Al 7—%744 242 Table 17} 2tk
3} Y WAIES 78S F3l lyotropic et 4 wldS
A 53k 3 NS rotational isomerization 2 EJ oA E<5of F-ARA]F)
= HwE ek 2wk 3o w {%0121\:]-[16] HPCS} Alghto]=
- S ulgHE E3lsto] A A S 1 g% 148k, o
AEJHO]E 0.1~02 g, &S 0.8 g, o1l UrﬂMt SRR A
e 20 g & WREITE Al 37 vkt 2T HPC, A2t
}O]E, o x] NEJHlo|ElE 22y 2/ dHE =R sl 250 mL 5+ vf
Y Zepade] Wil oee-s FrkekGith Egaa e iR
C«l ﬂii"ﬂ/ﬂ - X]7<1i]— of|#] °”E1‘31]°]F4§ ]‘5&%
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71%3}0% %l a.i | 7}liAl= LEH*’ﬂ/ﬂ Hx ?%—’F 2 mLE ?d%iOI
yolFH, 7 3} IR & ol o] =31 A d(liquid crystal-
line phase)©] A=A A(gel) 2 22> WS 2HA Hck olzlgt o
378l 7‘*3‘@%“ HxE o] gsto] UnR] FRGTE A48] sk
A AR S Thebd, 478t Aol 73] WAl YA FEE ES
of BAEHA FRolt gdlo] ttEoAL) WAIE UAE ¢ F
TUE Ao =2 5] gslo] HAIE H’“}%"“ S vlojAl &4 &
2 & 2 min F¢ 22IE 71slal o] & Aol A A3] 213 HPC/
*ﬂﬂf’}olE«l 53} A wAES HEFHOE AT

2.4. D2 X & 112 (packing) A

Porcine skin &% A& 25 WHA7]7] 3014 Franz cell (A7
1 ecm)2] receiver chamber®ll 2355 (NaCl 0.9%)E A-9-1L dornor cham-
ber AFoef| porcine sking XA TE ©] 3 donor chambere] SDSE
21 A (NaCl 0.9%)°l 5%= &3lst S 16 h g2t X233tk o] %
porcine skin®] WS THFZ *ﬂﬂf‘} o]% SDSE A3t F-Eol =
AetaAl =AY 20 uLE =E5FaL 3 h WSStk ©]%F SDS
0.01% &N FTHFE TAH R AZSelth o] BHE FT-IRS
341 1460~1480 cm' ] 415 53] vH FA3IGITE o]F o] dlo]
E]9] 23} u|igk 1 EE Sk o] 5 nlR o R 2709 peak (1475/
1463)¢] local heightZ AiFeto] Ah2lQl w8 2135} s13iTH29].

oekgol gaiEl Axd HPCol 27 vl E& 78, ole-g/
& 7] &3l E(solvation) xtolel €J3l] HPC #4}2] 27te] o] Lo
A o] frmEth o] A A o]FZ(lipid bilayern) ¥} & F
o] W= WidEE epdel 722, o] AL 7] YA FHE
o] Eof| FA A 8t A wAlZo] dFch HPCSF At
nfo] =5 9 ¢ 19] (FRHIEE HPCOl Algklel =5 10% 4% £
% 7 24 AL 3 AL o R HHo] FAgE A HAIZO]
THEo KL AR Algfulo] = 9] HlE-S 20% = O]HMHPC : Mgk
Hpo]E = 8 : 2), HAIES FHEOIXX|RE AlFlo] A HAIE &
Abello] A AE| R Zojx|i= Hi dAdo] vehdtt webd HpCol Al
ghoto| =5 E3heh 4= 9l BlE2 10% Ul9]ol E¥sta, o5 WA
b FEF g R Fakehd Algintol = ulEE 0.5%¢ &8l

Algirto]=o] geS o] =o]7] S8l of|#] dEHoly 98-S =
SDOCE HPCS} Alettol = £3F A Qo] 7Fetgi=d], Figure 114
H%o] SDOCE H7Fgro A HiAlE tatelo] o]k 2els] det
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Table 1. Formulation of HPC/Ceramide Hydrated Liquid Crystalline Vesicles

Sample H HC1 HC2 HC2Cl HC2P1 HC2L1 HC2S1
HPC 1 0.9 0.8 0.8 0.8 0.8 0.8
Ceramide - 0.1 0.2 0.2 0.2 0.2 0.2
Cholesterol 0.1
Polysorbate 0.1
Lysolecithin 0.1
Sodium deoxycholate 0.1
Ethanol 0.8
D.W. up to 20
Sample HC3S1 HC4S1 HC5S1 HC6S1 HC6S1.3 HC6S1.5 HC6S1.7
HPC 0.7 0.6 0.5 0.4 0.4 0.4 0.4
Ceramide 0.3 0.4 0.5 0.6 0.6 0.6 0.6
Sodium deoxycholate 0.1 0.1 0.1 0.1 0.13 0.15 0.17
Ethanol 0.8
D.W. up to 20
Sample HC6S2 HC7S1 HC7S1.5 HC7S1.7 HC7S2 HC8S2
HPC 0.4 0.3 0.3 0.3 0.3 0.2
Ceramide 0.6 0.7 0.7 0.7 0.7 0.8
Sodium deoxycholate 2 0.1 0.15 0.17 0.2 0.2
Ethanol 0.8
D.W. up to 20

Figure 1. Change in the appearance of Ceramide/HPC vesicle dispersion
solution due to the addition of sodium deoxycholate.
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20]] 015 A2 J¥-S vtk Cholesterol S 713 HC2C1 A
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Figure 2. Change in the appearance of HPC/Ceramide vesicle dispersion
solutions with different edge activators.
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Z AYHC6S2)O.Z 60%2] =& Algfulo|= ggo|w B sl H
AEo] FLHA & HAakEY] Q= BHo R Yehdrh ST Al
njo] =5 80% HEE U] £ HC8S2 Al¥(c) AAF oz FAtalo|
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Figure 3. Polarized microscope image (x400) of (a) HC2, (b) HC6S2,
(c) HC8S2.
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Figure 4. DSC thermogram of hydrated liquid crystalline phase of (a)
HPC, (b) ceramide, (c¢) HPC/ceramide (8/2), (d) HPC/ceramide/SDOC
(8/2/1), (¢) HPC/ceramide (4/6), (f) HPC/ceramide/SDOC (4/6/1.5).

goll SA71 YA S5/ 2 g8 Wol EFS &, A7 WA
A BTk WA sty d4] B4 9 AN WgkE AvE]
ko] AAFEAL AZAIDSC)E AHESI L, Figure 400 7 A5 &
ZFE(thermogram)E WERNSITE. AAIEA Q] 917 &%= 4347
9] gel-fluid *3%10](phase transition) 255 YER=H], 248 0F A
Z o]%S(lipid bilayer)ll4] acyl chain®] ¥F&}4~ FAH59] trans-con-
figulation FEZ 24 JAsE A(well-ordered gel) FENE FXI5ICH}
o] I3 &= o]l A= trans-gauche rotational isomerization 3 Ej =
FAA S Al (disorder fluid) “JE]= WA HrH17]. 4ol 329
WA A7)= AdAolel Bash g AEI(AH) #HO.=, ©] 7] 27]
ZHE A A (degree of crystallinity)S H]w g 4= QUT}
GAEE B HPC(a)9] “Fdo] %% 563 T2 vehta, Mzt
ulo] E(b)i= 59 C A ANA Z=2 pretransition 3] 3.7} VERA|RE

35kt Ml 31 H M 5 F, 2020
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Figure 5. WAXS patterns of hydrated liquid crystalline phase with di-
fferent composition (a) HPC, (b) ceramide, (¢) HPC/ceramide (8/2),
(d) HPC/ceramide (4/6), (e¢) HPC/ceramide/SDOC (4/6/1.5).
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o] vl 37} vektar, o17]¢) SDOC7E ¥ FH7HE 3kl H(d)
& f W& 2EoA Hort dojutar b I3 Fo] ekbet Bro
2 Yelgtl HPC Y5 wj= HPC acyl chain®] ©F3}ra A5
o] wjdo] z="atA 37 (tight packing)©] 7FsakA|uL, Alepato] =7}
E35d HPCS Alghlol = EAE 7F A2 937 o] F(interdi-
gited bilayer)o] #A% 1, SDOC7} A7Fe o]FZ Yol 2531
(free volume)”7} 714 Atk A2 A3 o]FFolu o]F5 Ul A+
o] PO R dElra AR WAF 1F o] R ARE )
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o] Bzo] yehth Alghete] =7t 20% Hl&01%S W= HPCS} Al
giufo| = a7t ) ehdle) A wlds Al & FAdste] A
o7} v J A2 EREAIRE 60% 1S mE= Ao wide] #
AatA] A3 Mg o] AEert dolut A2 thE A ellA] wlavt &
AgE & 4 Utk SDOCE H7IsIE(h), o1413] olF =7} veht
Ak o] gy ghe Wolth ol SDOCYF HPCSH Alghntol=
3t 7383 (compatibility) 2 £ol=H] 7101814 AIRE FAke] 97 vl
ol Y& Fo] Aefuto]=e] FHGE U ojd JE8E =
RO FEECh

3l A o) g2 ks WAXS dElo R Al AE Figure
5] JERASITE HPC(a)t= 20 = 3.4, 5.2, 21.5°014 544 v]=7} o}
Efp=d, 2150004 YEhdes 7Hd g 93 d-spacing 0% $RAksE
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Figure 6. Change in the particle size of HPC/ceramide vesicle with
various mixing ratio between the constituent components (P < 0.05).
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oA aL 2A4telo] P st AElE TulE FXIEHATE Alettel = HlE
< 70%= AA =Y 4§ SDOCE 0.2 g (EFAH2] 20% v]&) 3
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Figure 7. Change in the Zeta potential of various ceramide/HPC vesicle
with various mixing ratio between the constituent components (P < 0.05).

o} HC7S2 HAIE2 Tl YehfiAlE ehiAw 3 nlo]a =2 w]El7}L |
£ ulg F AR Ao 2E YERE L Aol = HI-E-S 80% (HCSS2)
2 3l Aol vAZo] AdE FA=A] Ltk o)k A
X SDOC7} HPCS} Alztrte|=e 2dslh oF o= 347bel 75 Al
2ol 2 AT YARA7PE Ful vieato|2® ZolAE Ae &
<= 9ltk ©]= packing parameter ko] 19 7F7k-&- =& || B8] 0.5~1.0
Ato]9] 2he- ghs Zh= SDOCTE A4 9] o] Fut wljel] f1x1akaA] Hl
A 2] M3 Y(deformability) 2} FENE S £o] WA|Zo] AA & A
7 UEF A 3] wEolvh16,22]. XS Z2 HAIES
dRA7T= I AT Tl ml$- Fost), dubd o= | nfo]A
ZHE] o]e] HAE AV]= I ATl EA N o|Het 22§
Wt xpo] =] HIA|EE 9 4ASET} 7 AoE A
I QltH23,24].

HIAIE IAke] W M3k FAE e g S = T2
A7t =), A4 238 v)& #Hskel SDoc 7 5ol #AIES]
TS v FEFs AR 3 AERAE ST Fi-
gure 75 AT EW SDOCE F7Feli& Wl AERdS ghol tizk 20
mV oo & A8t o E vEhtal, SDOCE H7FekA ekoks
(H, HC1)8} cholesterol s H7FS wW(HC2C1)= AEFAS] #hel 0 4
o] gke = etk HPCE S48 42 phosphatidyl 7] 2} chol-
ine7]ell &l -+ Hat BF A Uil glo] HPC W0 2= Alep Sl
ol 0 ol 77 gho 2 YEANL S8 3= SDOCT| HlAIE
off 7k WIAIE A B & 52 39 ke 9 A Hof it
712)2] Rpeo] B& A 28-skal S GS WA Ak ] qk
4730 =olAAl ¥TH25,26].

&4 TRl Alebrtol= 1 gHEe] WA S-S AE3E w AT
Ul XA 439 packing FEIE E53hs A FT-IRS 0|83+ CH-CH,
scissoring band®] WSFE S8l0] &RIa0TH27]. 717t 3% A
= 3= orthorhombic packing el 270(1475 and 1463 cm™)
o] FaE #FE 5 A, AlghvtolE F-Solut 25 AlHEAI A A
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Figure 8. Verification of improvement of damaged lipid structure by
HPC/ceramide vesicle using FT-IR (P < 0.05).
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