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Abstract

Liquid Crystal formed from PLO gel containing Ceramide NP

Min Geun Heo
Department of Chemistry, Graduate School

Jeju National University, Korea

Supervised by Professor Kyung—Sup Yoon

The stratum corneum is formed as a cytoplasm with keratin cells and lamella
structures, and among them, the main ingredient of intercellular lipid is
seramide. Ceramide is a lipid that occurs naturally in the skin, and it can be
said that the stratum corneum is the most important ingredient in forming a
lamella structure. The stratum corneum has the advantage of preventing foreign
matter or irritation from the outside and inhibiting moisture evaporation in the
skin, which can be expected to have a positive effect on skin moisturization
and elasticity. However, because ceramide is an insoluble substance, it is not
suitable for direct application to the skin, so it was intended to apply it to the
pluronic lecithin organogel (PLO gel) formulation, which draws constant
attention among drug delivery systems used for skin permeation and absorption.
A solubility experiment on the oil of the ceramide was conducted to select a
suitable oil. Changes in room temperature (25 C), cold temperature (5 C) and
constant temperature (40 C) of PLO gel containing selected oil and Ceramide

were observed, and formation and stability of the liquid crystal were observed

using polarizing microscope and nanozetasizer. In addition, small—angle X-—ray



scattering (SAXS) and wide—angle X—ray scattering (WAXS) were conducted
to check the structure in the PLO gel, and Differential scanning calorimetry
(DSC) and viscosity analysis were also conducted to check the materiality of
the PLO gel.

According to the content ratio of ceramide and lecithin in the PLO gel, there
were differences in the formation of liquid crystals and the size and stability of
the liquid crystals. In addition, through SAXS and WAXS analysis, it was
confirmed that the PLO gel containing no ceramide has a hexagonal structure,

and the PLO gel containing ceramide has a lamella structure.
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Figure 1. Internal structure and arrangement of intercellular lipid.
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Figure 2. Liquid crystal observed by polarized microscope.
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Figure 4. Structure of Poloxamer 407.
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1. 95 4 7]7]

2 Ao PLO gel #AZFE 935tod ABA EF] Ad&/d#|2 A Pluronic F
127 NF (Poloxamer 407, BASF, Germany), #|A|€1 S Z A Lipoid S 75-3
(Hydrogenated Lecithin, L—Tec Pharmachem Co., Ltd., Germany) ¥} A2}
nfo] =2 Al DS Ceramide Y30 (Ceramide NP, Doosan, Korea)& AF&-331
ot Y2 Meadowfoam Seed Oil (Limnanthes Alba (Meadowfoam) Seed
Oil, Kerfoot, United Kingdom)<, %#&Z+ PEG-400 (PEG—-400, SFC
Co., Ltd., Korea)= AME3 L, WH-2l= Sakine 50 (Ethylhexylglycerin,
Sachem, United States)¥} Dowanol* EPH glycol ether (Phenoxyethanol,
Dow corning, United States)E& AH&3Fith FAl4 (DI-Water) & Z&T &

AHgstel AEe QA

PLO gel& #Alxst7] f18te] oA 9 A (Overhead stirrer, SL4000, Global
Lab, Korea) &} =g o]E wHE7] (Hotplate stirrer, HS—20, LK Lab Korea,
Korea)& AH&silth A4 &ls ffsl #@Ar7d (Upright microscope,
Nikon eclipse Ni—U, Nikon, Japan)< AF&st3iow, gxtm7] 9 Aebd 9
=4S Y& yxAetrto] A (Nano ZS System, Malven Instrument Ltd.,

United Kingdom) & AF&3F3it).



2. PLO gel Az "

Poloxamer 407 Phenoxyethanols 5 T2 DI-Waterel] o}A® A (5 ~
600rpm) & Ahgste] & FAIAAFI, 5 CellA dizk 12 h &<k Baste] F
A& oHlske}, Lipoid S 75-3, DS Ceramide Y30, Meadowfoam Seed Oil
< 90 ~ 95 T7HA] 7Hdells= & 25 ColA A3 dZtsto] S FEvlals
th. PEG-400% Saskine 50& 75 CT7HA 7Fg &, ALox Wyzisto] FHl49

el A8 FdrkebAA oA YA (5 ~ 600 rpm)E AFEE] 5 min P £F
9 A AET a3 F=8E FAE AAS] drrekEA oA A (1,800 ~
2,000 rpm)E AFE3] 10 min b =3 ¥ FAHAA PLO gels Alxskitt
(Figure 6).

o

N
Aqueous phase Dissolve at 5 °C and store at about 18 h at 5 °C
Poloxamer 407
DI-Water
Phenoxvethanol
Yy
Polyol Heat to 75 °C and cool to 25 °C
PEG—400
Sackine 20
.
Oil phase Heat to 90 ~ Mixing A
Lipoid 5753 95 °C and cool 5~ 600 Mixing
DS Ceramide T30 FRI0.S o rpm ;2,000 PLO gel
Meadowfeam Seed [TEHRE. SO o« time : 10 min
0il temperature @ Z5

Figure 6. The manufacturing method of the PLO gel with ceramide.



3. PLO gel Az

3-1. Adtrtol =] 0l galw

E+ Macadamia Nut Oil, Meadowfoam Seed Oil, Jojoba Oil, Florasun—90,
Squalane, CEH 7} AA =t Algnto]l=5 o do A7lstar 90 CT7HA 714
sto] &3lAIZ1 $ 25 CE YZAI AT Algtrtol =7t ey Y9 &5

2 oolum ePgAS BR1ek7] 98l Table 16] Wk 712 28-S Dasksn

Table 1. Solubility for DS ceramide Y30 with different oil phase composition

Content (wt%)
#1-1 #1-2 #1-3 #1-4 #1-5 #1-6
Macadamia Nut Oil 95 - — - — -
Meadowfoam Seed Oil - 95 — — - —
Jojoba Oil - - 95 - - _
Florasun—90 - — - 95 - -

Ingredients

Squalane - - - - 95 -
CEH - - - — — 95
B DS Ceramide Y30 5 5 5 5 5 5

3—2. Algtvtol =& 353k PLO gel A%

o] Adox HAAE Meadowfoam Seed OilS A3, Alginfo]l ==
A7kt AE W PLO geld] Qb4 o9} Agtrto] =5 7bstkA @2 PLO gel
o] ztolE Flstr] &l Table 29 AW wet A3-& Y3t

_10_



Table 2. Formulation for PLO gel with different ceramide and lecithin

Content (wt%)

Ingredients
#3—-1 #3—-2 #3—-3 #3—4 #3-5
Lipoid S 75—3 5.0 — 1.0 3.0 5.0
A DS Ceramide Y30 - - 3.0 — —
CEH / Meadowfoam Seed Oil 10.0/— —=/10.0 <« « “—
PEG—-400 20.0 — - - —
B Saskine 50 0.2 — — — —
Poloxamer 407 15.0 — — — —
C DI—-Water 49.5 — 50.5 48.5 46.5
Phenoxyethanol 0.3 — — — —
3—-3. 44 A PLO gel A%

DS Ceramide Y30 (Mgnto]=) ¢} Lipoid S 75-3 (HA]€l) <] 3teFof ule}

9 B4 f77t dergich olol tEl E o Uobus] 9Is) Aetviel =gl A
W Sgulel B 0y FAe FAs] dd AP ARk ol AP

-}
rlu

off

5 o

Table 3. Formulation for stability of the liquid crystal formed in the PLO gel

Content (wt%)

Ingredients #11-1 #11-2 #11-3 #11-4
Lipoid S 75-3 1.0 3.0 5.0 3.0
A DS Ceramide Y30 3.0 — — 5.0
Meadowfoam Seed Oil 10.0 — — —
PEG—-400 20.0 — — —
B Saskine 50 0.2 — — —
Poloxamer 407 15.0 — — —
C DI—Water 50.5 48.5 46.5 46.5
Phenoxyethanol 0.3 — — —

_11_



3—4. PLO gel®] ¥ HAA A3z

N9 e YT PLO geld ARFAS o, JG O my FeielA 43
o Wslrl BAEAT. AL B PLO gele] WolA Y AR 1w s
7] 9 JREY FFS AAA ABS A old AHs BA Wy

O 2 Table 49 W& AFS A3t PLO gel= A F3A T

Table 4. Formulation for stability in cold temperature of PLO gel

Content (wt%)

Ingredients #28—1 #28-2 #28—3 #28—4
Lipoid S 75—3 3.0 — — —
A DS Ceramide Y30 3.0 — — —
Meadowfoam Seed Oil 10.0 — — —
B PEG—-400 20.0 19.0 18.0 20.0
Saskine 50 0.2 — — —
Poloxamer 407 15.0 — — 14.0
C DI—Water 48.5 49.5 50.5 49.5
Phenoxyethanol 0.3 — — —
Ingredients #28—5 #28—6 #28—-7 #28-8
Lipoid S 75-3 3.0 — — —
A DS Ceramide Y30 3.0 — — —
Meadowfoam Seed Oil 10.0 — — —
B PEG—400 20.0 19.0 — 18.0
Saskine 50 0.2 — — —
Poloxamer 407 13.0 14.0 13.0 14.0
C DI—Water 50.5 50.5 51.5 51.5
Phenoxyethanol 0.3 — — —
Ingredients #28—9 #28—10 #28—11 #28—12
Lipoid S 75—3 3.0 — — —
A DS Ceramide Y30 3.0 — — —
Meadowfoam Seed Oil 10.0 — — —
B PEG—-400 18.0 21.0 22.0 20.0
Saskine 50 0.2 — — —
Poloxamer 407 13.0 15.0 — 16.0
C DI—Water 52.5 47.5 46.5 47.5
Phenoxyethanol 0.3 — — —

_12_



Ingredients #28—-13 #28—-14 #28-15 #28-16

Lipoid S 75—3 3.0 — — —
DS Ceramide Y30 3.0 — — —
Meadowfoam Seed Oil 10.0 — — —
PEG—-400 20.0 21.0 — 22.0
Saskine 50 0.2 — — —
Poloxamer 407 17.0 16.0 17.0 16.0
DI—Water 46.5 — 45.5 —
Phenoxyethanol 0.3 — — —
Ingredients #28—17 - - -
Lipoid S 75-3 3.0 - - -
DS Ceramide Y30 3.0 - - -
Meadowfoam Seed Oil 10.0 - - -
PEG—400 22.0 - - -
Saskine 50 0.2 - - -
Poloxamer 407 17.0 - - -
DI—Water 44.5 - - -
Phenoxyethanol 0.3 - - -

_13_



A Zg PLO gel& A2(25 C), W& (5 ), &40 ol o] ®Batar
&]

193, 1 23, 2 Fabe] %Fo] Wt BAsAth A AsE AP A
94s BRI, WA e g selste] Frhsgv,

4=2. A7 L A 54

AP PLO geld] eHg4S 1sl7] 98] 1.0 wte® 3Aste] vw-AlEpAto]
AE AFEsITE & A7 79 (DTS0012, Malvern Instruments Ltd.,
Worcestershire, United Kingdom), PDI (polydispersity index) % A E}z9]
(zeta  potential+= ¥ (DTS1070, Malvern Instruments  Ltd.,
Worcestershire, United Kingdom)Z& ©¢]&3te 3 3] HbE =
Abstaith Ui AERAtol A= w2 3 Al 7)ol ARSI, AREsE Fele

C

He—Ne lasero]¥, &4 332 633 nmo|t}. E =42 25 1
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Figure 7. Variation of scatter angle with measurement distance.

AHEE 7171 KIST SAAEAAE S 4] (ScatterX78 stage, PANalytical,
United Kingdom)& AFE3}3 1, 718 7L X-—ray source : Cu—K alpha
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g £ Ak AFEE V)7 S aERAI ATl AH](DSC 214
Polyma, NETZSCH, Germany)= AFE3le] H2 W99 2x7 HAS s
At 2= 1 A0 E —-60 CollA 90 CTE 714, 90 CTollA -60 T7HA 4
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72t 5wl 90 TA 7FAAA £ o] W, S Fie 10 T/mine® 313
skt

PLO gel?] ARl thst Aess dotrr] 98] HAed 45 W38l
A devHes AR AEHZE Eold oA &ed AHS nEA, A
rubber 59 AV 7E S He Avlolv. AR HRV] HEel wEt A4
flow test®} oscillation test® o] H YTt flow testolA =
of M FHX (Viscosity, 7), A5 (Shear stress, 7)== FH3It}h o]+=
AlE7E el Tk AR WRE e APAE
oscillation testlXi= frequency W3lol] wWE AFLEIE(G ), SHATTE
(G, tangent delta (tan 6 = G “/ G )& A o]l= A5 HAE H
A7V aEAF S H e 98 1T W, S5, A4 g0 EskeE AT
o] Aatatt}t, o] AFolA AFH PLO gelel] W3] oscillation testE ARS8
o AREE 77 @SR A AT 49 AR (ARES-G2, TA instrument
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1. Algbetol=el oo 3w Az

6 74 2YdEe] gk DS Ceramide Y309 &3EE Uolr ottt Algwto]
EZ Macadamia Nut Oil, Meadowfoam Seed Oil, Jojoba Oil, Florasun—90,
Squalane, CEHell 22} 5%% d7pste] 7k 8l G A/ ATl vk sk Rk Algtet
oj=el @dS 80 ~ 85 T7HA 7HEsldl= wf, e8] GallHA] 2+ So] oF
v elet = ATk 28] wEel 90 T7HA 2xE Fo] 7hds)
al, 2] lo] gelato] A2olx M3 ¥z 5 Wsts
Atk Agtete] =7k §-3)® Jojoba Oil#} CEH, Squalane 1 Ux} #zofA]
Atetol =7F s ol «dy EeEHAY EFEY nWoR edo] Afojrtet
A7 dojd As Felsklth. Macadamia Nut Oil, Meadowfoam Seed
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Macadamia Nut Oil Florasun 90 Meadowfoam Seed Oil

Figure 8. Oil melting stability of ceramide.
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2. Algtrto]l == /-3 PLO gel A% A3}

Agtutol =gl AAE ode H7sk] PLO geld AXsAS o, Axd
PLO gel® 1443 Aeviol=5 &8hA o2 PLO gel#e] zolE #elsd}
Atk Aetrto]l =8 Ff8kA @& PLO gel? A4 watale] BRE3t Ao|X)
RE Algpeke] =7F A7bE A PLO geld] Aol wiAle] Zh7hefA = A& el

At Aol 2 FU HWFZ FE2 PLO gelEo] A7t Ao wpef

O2FAE Aol YEbEARE AE Yo AREo] AFEuAY, Aol 2

£ A oy gskth Aol EaAgs A \Ay

Z A RA Agtetel =7t bl wel WA sy e

ol g = Qdth FLolME #3-33 #3—-4 AFS ALsta o2 PLO gel
2 FAReIA #3-3%

oo

Sl RS2 P RS RS

et
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#3-1 #3-2 #3-3 #3-4 #3-5

ORI WAL N AL

a) 'i i

= e
b) ' ' .'
c)

Figure 9. State of the PLO gel containing ceramide according to
temperature and time. a) 25 C, day 1, b) 40 C, week 1, ¢) 40 T,

week 2
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Aol =5 HgAog #AZAEy] sk Wy T 3 Wy o ® HFH| Ao
AbgEo] gt HAEANAS E3 PLO gelo] H7bE Aghntolto] | =

TEA 54E GotEith AFviel=E @RehA o PLO gel (#3-1,
#3-2)2 A=l ol FHE ol FA ofal wAtEol glal, AletEkel =) A
7 EA RG] FeE B4 (#3-3 ~ #3-5), FEH= A A7t
BWHAoR 1~ 12 pm?l 21s g1einh 28 F7hE = ARprte] =9} 2

AR FFol woldsS Fusk AW FRAAL A b Fohses A

golstith dxpx oz Agtvulo]l =7t Hrrge uwgl Aol FAHH= AS g
Qg 4 St (Figure 10).
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Figure 10. Polarized microscope image (X200) of #3. a) #3—1, b)
#3—-2, c) #3—3, d) #3—4, e) #3-5
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3. 94 FA PLO gel A= A7}

s

3—1. AAH3}

ry

Algtetol =5 H7bsle] PLO geld AZdRS o, Alghrtol =9} gl g
Zle] W& g4 ¥ PLO gel el 5= A Aols EAslth. A2
oA 2 Fa FZ diFE2 PLO gelgo] Azt Ao mel BEIaxFaAs
Aol YebEth kARt A o AEEQ HEo|y el Lo st
th 2o A= 1 Fakel #11-3 AlYo] A% HA AT 2 T3} o] F &
+ PLO gelE°] EIAF3H WA Z1& SASAARL, #

| g aase) 4 dge Adolety AzHrh YedAs e, e

o

e M dojubx] Fgkal, PLO geld] A% 74 &le g8 e 2

Eo] FUA ALY Ak ZS F9l5kAth(Figure 11).
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a)

b)

c)

d)

e)

Figure 11. State of the PLO gel in which the liquid crystal formed
according to temperature and time. a) 25 C, day 1, b) 40 T, week 1,
c) 40 T, week 2,d) 5 C, week 1, e) 5 T, week 2
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PLO gelolX @A %= A9 Alztvio]=e} Aol Safu]o] w2 WEtE

[¢]

Bastglh Aetvtol o) dARI] gupe] FHE5E Aol FHHUm, At
vlol =g} dARY FFust BEA w o] P A AL FAsAL

P
W, 4 gFE d9e "e A FErE webdsta A7)0 AAE AE &R

& 5 gtk e BAEE e BEACE 1 ~ 12 4mo] A7]%
93 e F7bel wheb 20 pmZbA AR AS FAlstedrh aea 2 Fat A

ol wheh o] FErt Bebgsi Aol Al Ag skl th (Figure 12).

Figure 12. Polarized microscope image (X400) of #11. a) #11—1, b)
#11-2, c) #11-3, d) #11—-4
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4. PLO gel®] Y2 AN &z A7

4—=1. B d3sk &2

AZE PLO geld W2oA 9] bgd3 s e & wigts 3%,
Hluwstleh, A2 2 9 F2 diF29 PLO gelso] AEoluy A=
gojubx] ¢k AJ7Fe] Ate] wlel BIASH A= Aol Ve o=
2 FaF AT Aol A FA MAEIL Y AL, Fe3
A WAL Qojux] kA PEG-4003 Poloxamer 4079 ko] uhe
#28—-1 ~ #28-9% A% A FA& f8 wEo 2 Fo] AHMAIL 1 F
#28-3 ~ #28-9% PLO gel® Aol wWslol FEAJo] vebygty.
#28—4 ~ #28-9°X &= AAEe7F dojd F& I8l o= PEG—-400,
Poloxamer 407 3%k 7F2A, DI—Water &% =7}o] w2} o}zl Poloxamer
4078 =l 7IdEr= S 4 QST iR #28-10 ~ #28-172
PEG—400¥ Poloxamer 4072 3tgko] Z71307]

Fe1g 98 WEO] & Fol AAHI, gyl B S FAT £

i
kv
I

R=)
Sl
o%

fo
=
>
i)
oy
Jdo
>

xS

t}. PEG-400¥ Poloxamer 4079¢ &% W3le= A3 oA Fadt
5 HAFA ATE WA wWsle] A #FAdT= AS & S 3
(Figure 13,14).

FE

b
3}
t}

ij’,

#28-5 #28-6 #28-7 #28-8

Figure 13. Phase separation of the PLO gel in which the liquid crystal
formed at 5 C, day 1.
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#28-7 #28-3

#28-12 #28-13 #28-14 #28-15 #28-16 #28-17

#28-T #28-8

#28-10 #28-17

#28-1 #28-2 #28-3 #28-4 #28-5

#28-10 #28-11 #28-12 #28-13 #28-14 #28-15 #28-16 #28-17

Figure 14. State of the PLO gel with different composition according to
temperature and time. a) 25 C, day 1, b) 25 C, week 2, ¢) 40 C, week 2
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4—-2. YA EAtol A F74

Azx" PLO gel W9 dzk=L7]el AlepdolE S48 Hdde &9

-

Foict.
Figure 155 #28—19 YAl 4 3 5 24 292 A% wolF1 9
o =4¥ Q9A/E 300 ~ 1,000 nmAA W Bl lxk 272 b

o

—

A= Aoz FAaEar, AePd7F [ -301 mV ol #e A 37 wE
of 2 S Zte AS AT F ATk 2= AR Aol mek YAt
A717F AAE Ae A AAT AetAd e Angks F& HsvE As
t}(Table 5-7).
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— wintonsity:  SUev{diami: b) Moan (mV) Area (%) $tDov (mV)
Peak ;1152 549 3786 2o 925
Peak2 1345 264 5066 ) oe
Cond 3560
Peak 3: 5224 188 4616
ality : Refer to quality report
Size Distribution by Intensity o
Qe e v s 40000:
15 300000 A
° /N 3 200000 sl
A 8 f \
5 \ / \ / N\
B+ 100000 /s \)
oL NN .
0 pre—
01 1 10 100 1000 10000 100 0 00 200
) Appar Zeta Pots
‘ Record 175 PLOGel #26-1 1 Record 176 PLOgel #28- 17‘ Record 202 PLOgel #28-11 Record 203 PLOgel #2612
Record 177: PLOga! #28-1 3 — 204: PLOgel #2813

Figure 15. Example of a nano zetasizer measurement graph of #28—1.

a) particle size, b) zeta potential

Table 5. Particle size and zeta potential analysis results at 25 C, day 1

Particle Size

Zeta Potential

Sample Lom PDI v

#28—1 845.5 0.979 —50.7
#28—2 925.3 0.927 —47.9
#28—3 1,058.0 1.000 —49.1
#28—4 591.1 0.928 —47.7
#28-5 399.2 0.983 —41.5
#28—6 561.7 0.868 —42.4
#28—=7 786.3 0.734 —40.0
#28-8 469.5 1.000 —48.7
#28-9 319.7 0.872 —43.8
#28—10 742.0 0.887 —45.4
#28—11 616.0 0.980 —47.6
#28—12 434.4 1.000 —47.6
#28—13 683.8 0.728 —44.1
#28—14 705.3 0.920 —45.0
#28—15 521.7 1.000 —47.4
#28—16 627.0 0.931 —44.0
#28—17 696.7 0.656 —46.7
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Table 6. Particle size and zeta potential analysis results at 25 C, week 1

Particle Size Zeta Potential
Sample PDI
d.nm mV

#28—1 1,739.7 1.000 —46.6
#28—2 2,238.3 0.968 —47.7
#28—3 2,318.0 1.000 —49.1
#28—4 2,187.7 1.000 —48.9
#28—5 1,055.2 0.953 —44 .4
#28—6 1,529.3 1.000 —42.6
#28="7 331.5 0.767 —43.7
#28—8 1,848.0 1.000 —44.4
#28—9 1,099.7 0.885 —44.1
#28—10 4,011.0 0.914 —45.2
#28—11 2,505.3 1.000 —44.2
#28—12 1,370.3 0.991 —44.3
#28—13 952.4 0.809 —45.9
#28—14 1,431.3 1.000 —44.8
#28—15 1,438.7 1.000 —44.9
#28—16 3,483.0 1.000 —46.5
#28—17 1,503.3 0.993 —47.1

Table 7. Particle size and zeta potential analysis results at 5 C, week 1

Particle Size Zeta Potential
Sample PDI
d.nm mV

#28—1 1,598.3 0.859 —49.5
#28-2 2,213.0 0.851 —48.5
#28—3 2,469.7 0.910 —48.5
#28—10 2,254.7 0.863 —48.6
#28—11 2,5681.0 0.982 —47.9
#28—12 1,960.3 0.895 —47.3
#28—13 2,150.0 0.970 —46.9
#28—14 3,116.3 1.000 —47.2
#28—15 2,445.7 0.914 —47.3
#28—16 1,540.3 1.000 —46.8
#28—17 865.5 0.960 —45.5
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Figure 16. Polarized microscope image (X400) of #28 at 25 C, day 1.

a) #28—1, b) #28—2, ¢) #28—3, d) #28—4, e) #28-5, [) #28-6, g)

#28-=7, h) #28-8, 1) #28-9, j) #28-10, k) #28-11, 1) #28—12, m)
#28—-13, n) #28—14, o) #28—15, p) #28-16, q) #28-17
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1)

Figure 17. Polarized microscope image (X400) of #28 at 25 T, week 1.
a) #28—1, b) #28-2, c) #28-3, d) #28-10, e) #28—-11, ) #28—12,
g) #28—13, h) #28—14, 1) #28—15, j) #28—-16, k) #28—-17
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Figure 18. Polarized microscope image (X400) of #28 at 5 C, week 1.
a) #28—1, b) #28-2, c) #28—-3, d) #28—-10, e) #28—-11, f) #28—-12,
g) #28—13, h) #28—14, 1) #28—15, j) #28—-16, k) #28—17
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5. SAXS / WAXS #4]

flo

Aetelol S8 T PLO geld W TS Akl =g #4357
PLO gelte] o] Selshgleh. 4 1A q & (x ) et HALE(Q
)% el 93, o719 q & HF() I AREE(0) ] e B
o el 5 Ark

Pﬂ &2

= (4dx/4)sin 8

JHZE S|ME7] 98IA Braggdl 4] AgE T

nA = 2d sind

qa #8 #FAAE Braggd s tidPgs o, A @l dist S 73 5
ATt
d = 2r/q
T ZAA dS F e A WA A 3 A (@l g Aol gigdstd
i 329 S AYE 7 4 Utk
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Small—angle X-ray scattering (SAXS) &4 AAE H3] AFo Uy +
5 #F1g 4 ok 72 SAXS 2#EZoA e 3359 v el whet
gA 1239 wE= gt 72010 /3029 wE axad E 1
V20V 3Y W Y FRE e Zow 48 9k Figure 19914 2
& Ql%o] Aghmlol=E ik &2 PLO gel> ¥ =7} 0.333 nm, 0.557
nm, 0.650 nmollA] YeEh}a, w39 w7 1 /3 20128 dAlug LRE
Zt= g etk a8 Agetol=5 e PLO gel> 0.314 nm,
0.557 nm, 0.912 nm®] FAE 2z, o= 1 : 2 : 39 BlE Ho|F7] wfji
gtdlel P22 F9E AS 4§ Atk A AA T332 q @S Aol ddRS
uj, 93 vE gd 728 T3 AYE 7 F Stk Aol =& sk

& PLO geld] dAtad %9 $7F Al 18.87 nmeolil, Algutel =&
3 PLO gel®] #hde} 43¢ F3F 78] 20.01 nmolt}. o)== d]F-¢ w5

A 2B ~ 25 nMm Y-S & 5 AU
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Figure 19. Small—angle X—ray scattering analysis result graph.
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Wide—angle X—ray scattering (WAXS) #4825 3 +x25 g3t A&
=9 Wids 1T F ok widES AA 2 AYTE 0.46 nm<l A wjd
0.41 nm<Q YA ¥, 0.41 nm, 0.37 nm< APFEA wido] Qlth
Figure 2004 <FHE2] ugE5L2 SAXS 4S5 E& delst Fio]7] ufiof
WAXS #42 3729 dass diHete] A9 wide Flsaitt. 1.501
nm ' ¥=¢ 1.699 nm ! 29 W& 93 S /AT o]= Bragg 329
g gs o, Meprtel =5 ik > PLO geld] dAitard -39 Algtvto]
=5 #F% PLO geld] #hd#elt 73+ 0.418 nm9}t 0.369 nme] A& 7+ A

g 217] WEel AP AL sa Qe RS FaAse
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Figure 20. Wide—angle X—ray scattering analysis result graph.
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6. DSC 574

Algfrto] =5 13 PLO gel?] b5 elstry] 98 d&4]Q1 DSC #4
S APt poloxamer 4073 PEG—4009] §aFo] t}& #28—-1, #28-3,
#28—135 —60 TeollA 90 T7FA 1% heating, 90 Telx -60 T7FA 1%
cooling, —60 TCeollA 90 T7FA 2™ heating 3FYPT £ £5+= 10 C/min
2 SAsAth

Al 7FA A EF 1% heating

K

A2 digF 40 CTAA &5 A2 0 CToA

TEEE S 99T F 3, gFEder 20 €9 -10 C7F &8 2% (Tm :
melting temperature) 9l Z& & 4 3t} 1% cooling FA1S o2k -20 TollA
A7 AAELL -40 TeolMd E%a 5o -30 T7F 4743 2% (Tc
crystalline temperature) 92 <13} t}. heating® cooling®] WhEEWA 1

O] I 77} HoARAY Zhelets WStE RHoFr|E skt diEF 40 T B
o ] 1% heating AR} 2" heating =Ao] HHsHA WstT Tms HolF
yAEo] HluwAozE WEHN AL &l s+ 4 At o]= 1% heating®llA

g olgo] AAHS Yehs Aozt AZEY 1831 PEG-4003

i"i
fn

poloxamer 4079 &= ®H3lo] A#glo] A LA st dojitH]
oF11 ettt AL sk = vk (Figure 21-23).
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Figure 21. #28—1 DSC analysis result. a) 1% heating, b) 1% cooling, ¢)

2" heating
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Figure 22. #28—-3 DSC analysis result. a) 1% heating, b) 1% cooling, ¢)
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Figure 23. #28—-13 DSC analysis result. a) 1° heating, b) 1% cooling, c)

2" heating
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Aetelol S T PLO gelel A4S 83 doluy] g8 Fay #4L
C

T, 25 C, 40 € = Z}Z} 3143}al frequencyE 0.1 ~

#28—1 AP 25 T 40 C 2 Z A= frequency W3} agle] A
FRHYE(G o] SARIEG HET & @S 7HA3 813, tan 69 2827}
AoA Ueus SAS BHojF7] uie] AdE
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