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Vitamin-C is one of the typical bioactive substances widely used in the cosmetic and pharmaceutical applications. It is well
known that the bioavailability of vitamin-C decreases with time because it is spontaneously oxidized in the presence of

oxygen,

In this study, vitamin-C inclusion complexes were prepared by formulating vitamin-C with 2-hydroxypropyl-p

-cyclodextrin (HP-B-CD) to protect vitamin-C from being oxidized. Vitamin-C inclusion complexes were prepared by a solvent
evaporation method using a rotary evaporator and various solvents of different dielectric constant such as ethanol, methanol
and distilled deionized water to investigate the effect of solvent polarity on the stability of vitamin-C. To estimate the stability

of inclusion complexes, samples were stored in a 50 mM phosphate buffer solution of pH 7.0 for 24 hours at 25 +

01T

and the degradation rate of vitamin-C was calculated using a high performance liquid chromatography. The stability of
vitamin-C was observed to improve with the increase of solvent polarity.
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Figure 1. Scheme for the redox reaction of vitamin-C.
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2,3-diketogulonic acid (DKG)Z ZajH 1, oju} Ha) BA48
DKGE 4,5,5,6-tetrahydroxy-2,3-diketohexanoic acid (THDH)$}
Z+& 2bo|i} L-threonine acidZ E-3] B th(11).
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(THDH)

Figure 2. Chemical structures of DKG and THDH.

o| X ¢ %‘?Véf?} Vitamin-C9] 2] &4& A7
Ad Qo2 HE HId A3
© el W 1@.01 FOMARL It Vitamin-Co} <A
HPH O 2 ascorbyl palmitate, magnesium
ascorbyl phosphate, sodium ascorbyl phosphate 53 #& 3}
FEE A3 WHe dey, £4 Vitamin-C
wge B%e JUa] dn, 23 ARz 9
@ oW 34N 2o 2 989 A4S 59 A

Aol At} EF FEAY ZHd wa ARz F5471
Ao e A% HAE L AR AT 2AZ S

7} o8 4Feltk(13). o] wrel|k Vitamin-Co A E
A8 WIOW o2 A AAB14), YEFE AASAIS), F7)
v ME3H16), NEZHYAED (cyclodextrin, CD)E o] &
& THERA Ax17) T ohFs o] AEHAH
CD= 6, 7, = 8/f9 = i.’: (glucose) w97t Ak
oz 9% ?—%E AW FFIZE EY Y @i} Aol
wel 242 -, B- 2 v-CDE :rL*“\i‘%‘:]' olge 47 &
a718 AFA F5 (cavity)Z 2z host 5}613'5%0]111, 3
% el AQs A7t ZYS 2 guest A7 £HH

o] iﬁiﬁ}ﬂa% FAge EFE HAdd Wia D9
Y Hee &I AF, FFFE, ddF T e A
o A4 guest —;—X]-t CD

?jt'OFOM ol &= 9l
59 &44e W FTF
A%, #424%, ¥5 W

qUA 4o HAE F o

ol ARAHOE guest wA FEAFAAY FaE F

31513 tgAe] FAEHI AR F5 g §oldtA Ho

2 A9 Aol gEo] FUeHA Ek17-19).

B A7 e CDY FEA2 2-hydroxypropyl-B-cyclodextrin
(HP-B-CD, Fig. 3)% Vitamin-Co] ¥HEHAE SujFEYe
2 AlZ3te Viamin-Co| M-S AT LA SHTk o]
o) Vitamin-C9} HPp-CD 7o) THESA g4 Evle 1: 1
g 7458l(17) Vitamin-C9} HP-p-CDE £3)A)7]= £v)
FANTE WATIEA AzE FHEGAL Vitamin-C <t
AL vl - BAEATL, WA @HH S o] &8t 4 §
A A7) 2 g4g vlwdgeh e, e ¥ 33 SR
FE gug Algsigen] 25TAN Zzte fRAE e

e
o
B
vy

A &3}, van der Waals
I ofux] BAre] W&o 93l
=
[¢]

i mlo o, 2

<

Korean J. Biotechnol. Bioeng., Vol. 21, No. 2

2455, 32.66, 78.3601T}. 3, Vitamin-CS} HP-B-CD 7te} 2w)
2z22:1,15:1,1:1,1:15%21:22 HgA7¥
A TABYAES Azstd Ev w3ld] W Vitamin-Co| ¢F
A9 WalE AT

ROHZC o)

CH,OR

OH,C
OR
ROH,C
OR
%/0 RO CH,OR
CH,OR 0

ROHZC%
R = —CH,CH(OH)CH;

Figure 3. Chemical structure of HP-B-CD.
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Figure 4. SEM micrographs of pure materials: vitamin-C (A) and
HP-8-CD (B).
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Figare 5. SEM micrographs of vitamin-C/HP-B-CD inclusion

complexes prepared using a solvent evaporation method: ethanol (A),
methanol (B), and DDI-water (C) were employed as solvents.
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AN #ARETE A2 TE SulE olgate] Suzuy
o2 AMzE THELAY £43 Viamin-CE pH 7.09
50 mM FES] QAFFEFA W) FHAY F We A
S 24417 B 25 £ 01T LEE AAF AHAA
Vitamin-C¢] ZEE 2] W3S A7t (0, 2, 4, 6, 12, 24A|17H
o we} Z33e] Table 15} Fig. 60 L}eh it} HP-3-CD
o ¥HH Vitamin-Co 7§ &4 Vitamin-CH.t} A7+
mE Vitamin-C] F&EFo] FHgkow, Vitamin-Ce} HP-B
€D ZHEFA] Az Y $9h) FALET ¥
$4% ANAFE FIN VieminCe] FEFo] 4
£ % 29T 4 99 34 FA4E S Hes

Az THEFAY Z¢ Viamin-Co] 24A7 & AEE
o] 991%§ 1A FRow, 4AL F9 4 Vitamin-C
o] A&EE (68.32%)3 W3t Vitamin-C7} 11.59% © 2
ELE QC’JQ 4 UAA
Table 1. Percentages of non-degraded vitamin-C at 25 + 0.1 in a 50
mM phosphate buffer solution of pH 7.0 for 24 hours

Substance 2 h 6h 12 h 24 h

Raw vitamin-C  89.00 (1.15)" 80.35 (1.84) 72.30 (2.09) 68.32 (1.81)
Ethanol’ 92.15 (1.50) 83.86 (2.38) 75.05 (2.32) 71.43 (1.55)
Methanol® 92.59 (2.57) 8650 (2.17) 7832 (2.45) 74.56 (2.05)
96.15 (0.83) 91.59 (1.55) 85.66 (2.05) 79.91 (1.99)

“In Standard deviations in parentheses; n = 3.
"Vitamin-C/HP-B-CD  inclusion complexes were prepared using one of
these solvents.

DDl-water®

Percentage of non-degraded vitamin-C

0 5 10 15 20 25

Time (h)
Figure 6. Degradation of pure Vitamin-C at 25 + 0.1C in a 50 mM
phosphate buffer solution of pH 7.0 with a constant vitamin-C
concentration of 1,000 ppm (w/fv). Samples were pure vitamin-C (@)
and vitamin-C/HP-B-CD inclusion complexes prepared using ethanol
(O), methanol (¥), and DDI-water (V) as solvents.

LEE 25 + 01TE FAXZ pH 708 50 mM QAkgh:
B A &5E Viamin-Col &g, WEe 9 33 357/
FE &2 ALS3te ARE EHEFA Q] Vitamin-C 2H 7
123 23 &= 45E Eg @] ofsh AeIyed, 474
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Figure 7. Pseudo first-order plots of vitamin-C degradation at 25 +
01T in a 50 mM phosphate buffer solution of pH 7.0 with a
constant vitamin-C concentration of 1,000 ppm (w/v). Samples were
pure vitamin-C (@) and vitamin-C/HP-B-CD inclusion complexes
prepared using ethanol (O), methanol (V¥), and DDI-water (V) as
solvents.

100

Per centage of non-degraded vitamin-C after 24 hours

2:1 1.5:1 1:1 1:1.5 12

Molar ratio of vitamin-C to HP-B-CD
Figure 8. Effect of the molar ratio of Vitamin-C to HP-B-CD on the

stability of vitamin-C in a 50 mM phosphate buffer solution of pH 7.0
at 25°C after 24 hours.
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Figure 9. Pscudo first-order plots of Vitamin-C degradation at 25 + 0.

1T in a 50 mM phosphate buffer solution of pH 7.0 with a constant

Vitamin-C concentration of 1,000 ppm (w/v). The molar ratios of

Vitamin-C to HP--CD were 2:1 (@), 15 : 1 (0),1:1 (W), 1

(v),and 1:2 (ID.
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Vitamin-C7} §l= 202 Azt= 1, ¥Hi2 Viamin-Co) &
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