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Effect of stigmasterol in liposome bilayer on the stabilization of
encapsulated ascorbic acid

Dong-Uk Lee', Hye-Won Park', and Seung-Cheol Lee"*
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Abstract The effect of stigmasterol (SS), a phytosterol, in the liposome bilayer on the stability of encapsulated ascorbic
acid (ASA) was evaluated. Liposomes, consisting of phosphatidylcholine (PC) and SS, and ASA were encapsulated by the
dehydration/rehydration method. The average particle size of the liposome increased with increasing SS content. SS
significantly increased the stability of encapsulated ASA. For example, ASA remaining in the liposomes of 100:0, 90:10,
and 70:30 (PC:SS, w/w) ratios was 34.12%, 49.88%, and 58.58%, respectively, after storage for 8 days at 4°C, while only
7.66% ASA remained in the buffer under the same conditions. These results indicated that SS in liposomes increased the

stability of encapsulated ASA.
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XA T AARE A ZFolE BQITKFig. 1). SS< AulelA
LDL Z¥ZHE e W a3y} glon oA 328 =
EAZHES HEN DY AFAR YA ATh(CabralZ Klein,
2017). 3, ASAE HIE C2 2 U2 F4dYihza] AA
oA datstel FEbA FA G4 BEAA 59 o8 A 7w
S e ZAo® B EATH(Armrigoni®t De Tulino, 2002). &t
ASAE &% 7 ajlel| wiztate] Aol 7h Foll AbstE e
7397} Wrh(Herbig®} Renard, 2017). ASAS} 7+S dalsial= 2]
F3 sPEE AdGeA wie T8 Aol o5 s B

s3] 9% FEeR g¥do] FHEIL Uth(Tran 5, 2019).
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FAF 715 T sse AEE Ao FHAA £A4

ASAS] Pl WIAE FFS A skt ath
ELTET

Alet

E Ao AF8E L-ASA, ascorbate oxidase (AAO), 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT), egg
yolk L-a-phosphatidyl choline (PC, 60% pure), phenazine metho-
sulfate (PMS), SS< Sigma Chemical Co. (St Louis, MO, USA)
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ASAE XFg BEHLS /ATl Wl ot Az
SH(Kirby2} Gregoriadis, 1984; Lee 5, 1999). =, PCS} SS&
100:0, 90:10 2 70:30 (wiw)e] H]- &2 250 mgo] HEZ ko] 50
mL T F43Td Y2 F 10mLY chloroform:methanol (2:1,
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(A) cholesterol

(B) stigmasterol

Fig. 1. Structure of (A) cholesterol and (B) stigmasterol.
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mLe] SFHTE 718l 1.0g e &3 I Hde] 2o A
= o] &3] gallE u7iR] 52 M)A multilamellar
vesicle (MLV)S W3t} ©] £9L 6,000 psi 4 olA 5mL/
min®] #%2Z French® Pressure Cell Press (FA-078, SLM
Aminco, Urbana, IL, USA)°l 23] F3A1Z1 ¥, 20mLe] ASA
|40 mM/H,0)S H7ste] 5471% 8tk olF 2mLe] &
FrE 718l 3AA /A3 vesicle FEIS] B EES A
et BEE] Wi 2HEA ¥ ASAE AAS] 9
& PCS buffer (0.134M NaCl, 20mM Na,HPO,, 10mM cit-
rate, pH 3.5) 18 mLE 7}3te] 3]24g & 4°CellA] 12,000xg= 40
B7F A4 BEske JAHES 42 F, oAl PCS buffer 20 mL
£ 718l 2e 20N 94 BElEe] IHAES AU o] I
HES PCS bufferd] EAHAIA AEE ] 83T
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ASA7} R E 212 AR Z7)e YEEA7)(LS230, Beck-
man Coulter Inc., Brea, CA, USA)S o] &35to] =431t}
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(EC 1.1033)2 o]-&3l] Beutlere] M (1984)0] wa} 2418151
o} ol 2jEF EHE ASAE =FA717] {8t Triton X-
100 (0.03 g/mL)S &3+ MTT/buffer (MTT, 7.5mM; phosphate,
0.2 mM; citric acid, 0.2 M; EDTA, 2.0mM, pH 3.5)2 #2353
th ASA B4 33 whEog o|Fojyon I Hugks 2
Z2 FAEA ek HYE YERATL

Z3 o D
g2lZz& 37|

2 AellM Axd 2xFe 718 dolA I WS o
8 d=Ar1z S4se] 2 AAE Fig 20 YERAITE PC,

PC:SS (90:10), PC:SS (90:10) 2] &2 ¥+t Fh(mean)> ZH2z
7.28, 6.00, 10.86 pmelArt. Ax7F E F3xA ko] hEFS
2 ¢ F43] AHEEE $Hk(median) o2 BH1E31S wl, PC

Z$HE 442 umelH AAL] 75%7F 6.65um ool A
o} SS7t g-E BlER] 7S, PCSS (90:10)2] 7+ 4.90
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Rhim 5(1999)2 Lee 5(2005)2 |E&H9] AR ol Fel
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Johnson(1973)& IAE A9 10%0] FHZHE e 2E
% BHAL 30% 27T BaEgch AXE o]F= o
A ZFY2EES A FER JEE AT v Ed
2= Zgo) os) AAF AlES P 7Itkde Meyerst Smit,
2009). SS& ZHZHEH HAAH R F27F FARSH @R A
ARzl A 9] Bhaapel o] F AT Rl AN Zol7} Wtk uhEhA
SS2 QIAA o]FFe] AP REA FzHEY FAE 9
FgFo g gxfe] AVE IV AR {5Er
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T oA ASAS] AL F&3] Holxitt. Fig. 39 v
ERdl blel o] goce] EAE wl ASAE A% 8UAol 7.66%5F
o] IEFAI, 10449 BF A8l ) 25°ColM = ds +
3] 2bglE|o] gdoa] 4UA ol oln] Y FElo] ASAE &
SR AT Bl EZEFS UFo] ZHE ASAQ AL I
AT 40 AFE 739, PCERF Y ¥ THE ASA
E A% 8dAd =85S ul 34.12%7F ABHEA ko, A
& 209400 623%7F JEAATE SSE TS ElEFo] 2
ASA9] AL B& ZU1sldtl. PC:SS (90:10)2] 7%, A 8
Al 49.88%7F =S, 208l = 11.89%7F =33
PC:SS (70:30) B EFelM = EE ASAY] eHgAe] tiA= &
e e n3lem, A% 20449 14.89%7F FESI3ITE 25°C
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Fig. 2. Size distribution of ASA encapsulated liposome composed of (A) PC, (B) PC:SS (90:10, w/w), and (C) PC:SS (70:30, w/w). PC,
phosphatidylcholine; SS, stigmasterol.
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Fig. 3. Stability of ASA in PCS buffer (pH 3.5) during storage at (A) 4°C and (B) 25°C. (O) naked ASA. ASA encapsulated in liposome
composed with () PC; (A) PC:SS (90:10); and () PC:SS (70:30).

o At ZHfole g 280l BEEo] X E ASAY < 7P B2 ASA9] HA0] F7kseE AS ERISITE Rhim
AL ZTMFHLL, o]F X E ASAE FE3] 4tsbEo] A 51999y BlZHe FHZHE T S7HETS T3E ASA

49 o] RE FEEA 5% Wl ASATF ZE3Hc) o] QFg/do] R BAsIom, ol FHZHEC] %
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5000 FHZHES FEF] F548S ARt By
St SS= FH&HEF TR e ZHRO|E g T
3 Jom ole we| A FA 7IHe Zog AZE 2
A7} thd Zole AA T pH 5.0, 4°C, 2 2k 2714
ZY=HEC] 10% FHEAS W EHE ASAS] °F 50% W<
7} 22 tHRhim 5, 1999).
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o]&}x] FEATHRhim 5, 1999). & Ao A]»@L%P SSE ¥~
&3 FARHA PCY *WO] 2R 4 22 25°CME
-—lj—é ASAoﬂ Eﬂo}oq — _,7_5,_ = L]—E]—l}]?(] X ©° ]’M‘:}.

o
il

2

SS& A=A *Eﬂiiﬁ Al Folst AddS e
g2 QAES PC SSE AL, ASAE /Al Y
o o] Ewlz <, ASAS] QHE4 % AT Bl EEe 3
# A7) SS ShEko] EUEkE Zlslglon, SSv R
ASAS] S AT dE B0, dF&Ao EAls=
ASAE 4°ColA 8UZF AR 7.66%7F FHESEAI T, 100:0,
90:10, 70:30 (PC/SS)E ¥ |XEF ETHE ASAE 2 =
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