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ABSTRACT - In this study, a comparative dissolution experiment was conducted between an immediate-release
and a controlled-release vitamin C tablet applied with a technology to control the dissolution of vitamin C to maintain
the vitamin C level in the human body. In order to confirm the dissolution rate (%) of vitamin C tablets, HPLC deter-
mination was conducted based on the dissolution test methods in the ‘Korean Pharmacopoeia (No. 2020-88),” ‘Guide-

lines on Specifications of Dissolution Tests for Oral dosage Forms,’

and ‘Standard and Specifications for Health

Functional Foods (No. 2020-63)’ from Ministry of Food and Drug Safety (MFDS). In addition, the dissolution pattern
between the immediate-release tablet and the controlled-release tablet was comparatively analyzed. The analysis
result confirmed that the immediate-release vitamin C tablet was 100% dissolved after 45 minutes, while the con-
trolled-release vitamin C tablet was 100% dissolved after 480 minutes (8 hours). Furthermore, the dissolution rate (%)
at 60 minutes was slower than that of the immediate-release vitamin C tablet. Based on these results, this study con-
firmed that the dissolution rate (%) test and development of controlled-release tablets containing vitamin C as the

main component a re possible.
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Materials and methods

Alef

L-Ascorbic acid EFH-2 Sigma-aldrich (St. Louis,
MO, USA)IA A3t A& AxA] AL s
metaphosphoric acid®} ©] 52 A ZA] AFEEE 2lito]4
2ZHES Junsei Chemical (Tokyo, Japan)ollAl +¢) 315
3, acetonitrile Burdick&Jackson (Muskegon, MI,

USA)lA et

SEXE HE HZ
B Aol AREE £ WlERR C Al (Acerola C)2

£224d9 vElYl C AFBio C plus)S =5 Access
Business Group LLC (Ada, MI, USA)ol|A AlF= AT}

Dissolution properties of vitamin C tablets 115

£y vE Ce 18 9 HEE C 200 mge $HS
AEFoz 1359 184, 19 332 F 600 mgS 433}
stal flow, HIER C, oM RebsSE, 242 EY,
g, Azt e, AxyE, Lot 42
JAER2E S ESAZR2IMEAER S DEYXIE
T2 YEE oo AxHAT. T3, §E2HY H|
Yl C= 1 2 HEW C 500 mg2 AlFsteE AF
o2 1¢d 13 18 AAst=EE et on, HEgRl
C, sHETEHE, AxAE, dxveds], dx
e, A2FAEREL, S|IESAZ2AEdER S O
EU2EY 58 U85E 3 Ade AFolth. F AR
BT AYARA Fhgg-ul g2E ARSE AT
Sy vlEl CBH 8224 Y BlEN CB 9 AA
A= e E87 F4 A4S Hrtsh] SlaE AxES
7} 71(Erweka MultiCheck 6 tablet tester, Erweka GmbH,
Heusenstamm, Germany)E AME-3te] FA|, £, A& &
HAEE SAsIATY. AA= S4Y AA¢ x4
A 25 AzHE7t 2 3 batch AlFel s 742
104 o3 AAs I EA9 o, S EA= HF

AT BASAT

N ofh

A

SEME

HIET C 8&349LS gigerd 8E3A1E Al 29 s
Moz APt om 129 £=F7|(Erweka DT 1612,
Erweka GmbH, Heusenstamm, Germany)E AH&-3}33TH7.
S22 st HAIE GAFE A, £
A 4 900 mL, §EHS] 25 37+0.5°C, HE2
IJAEEE 50 rppmeZE A SAT AAE £ FA
o} 8Ex4Y A BT AXWUS7F b2 3 batch A&
< 7 1244 §E39or $9E GA= 308, 4548,
603, 90 AH AL EE2HEY FA= 60F(1A 7
), 1203-(2A17Y), 240%-(4217F), 360%-(6A17F), 480%-(8A]
Zhell AN-S 13 mLY 2 FH 3k 441721 (3,000 rpm, 10
)k

HIERI C FRAIY

BlERL C o B TAREAE J1E L 74 @
2020-63%) 5 ©] HIER! C 4% Al 3¥& 278k HPLC
(Agilent 1260 Infinity Series, Agilent Technologies Co.,
Ltd., Santa Clara, CA, USA)E AR&3te] 2A13t5itH?.
L-Ascorbic acid %S 5% metaphosphoric acidoll =
of Az 3 F AR A FFEALRE ST
AF B BSAHAA D2 && AAAL %
metaphosphoric acid? 1:12 &3 3t #3233 &
0.45 um PTFE Syringe filter2 ¢33}3}o] A|gEA o2 3}
th. HPLC 242 AE712 AL R3-33=4E71(UVD,
Ultraviolet Detector)?] Diode Array Detector (DAD)E A}



116 Hyo-Jin Yang et al.

gao] 254 nm ol ] FRES LAFICE, AT
< Capcell pak MG II (5 mm, 4.6 mm x 250 mm; Osaka
soda Co., Tokyo, Japan)S AME-3}%, AH2E+ 35°C
2 fFAEAT olFde 0.05M QAo FATF
acetonitrile 2 97:3 &2 &3] AlL3IA L, 5
0.55 mL/mins. 2A3% ok A7]e] 2AcM FEgo
Alggd 7+ 10 uL—— HPLC 7] 1011 %}

HEY Co] HF 55 (%)
= HAH 855 + 7 AFAA Y &EE

(AL 2] AW -yEH)7] 2 7] (ug/mL)}
_ A8 HFH-I(mL)x100x3] Al
(%0) 1 A% HIEH C 3 (mg)x1000(pg/mg)

@

Y 855 B 8EE)AMEAFEF(mL)
He] AlEgd B3l(mL)

A M9

7zt Ao ZAXE SAS 94 A ZZ 1Y (SAS
Institute, Inc., Cary, NC, USA)S A}g&3lo] HEAFEA
(ANOVAYS AN, 7t dloly H+gte] o4 4
A2 Duncan®] t5HIAA W (Duncan’s multiple range
test)S A3 TH(p<0.05).

Results and discussion

&y A
7] {8, FA,
A o] A
11.4+0.1 m
=)

3 AA

m 16 0£1.7 kp Ol MJﬂ %%iéj
é%k—% 1,002.4i9.5 mg, 7= 7.5+0.3 mm,

A5 18.943.9 mm ¥ A== 27.9+£5.5 kp ©ISt} (Table
1). Tk 98 gA % A3 Ao F=HEAA
= Table 28} o). AR754E 718 2 40049 1]
EFRl C 42 FAIFS 80-150%= AXHE 7 ThE 3
batch A|F2 7} 398 EA35F A} S$9s A s
it 214.67+3.86 mg/tablet, £E2HY HA TF> Hd
589.15+5.48 mg/tablet & & F A% thB] z}zb 107.34% 2
117.83%= F AFe] &F BT 7|&d4] A 5o
= g‘l]—?_l 0]'/\}\]—4"

SEMY 2
HPLCE ©]-&3}o] H]F/} C 9 s 43 4%
Fogt 455 JeErAY. &
<] —?— H]E‘r”] C E—fr%—‘.‘ (L-Ascorbic a01d)JJr AlE
o BE FAAEE gAdA 1A fles &9 0}
AThFig. 1). AL EF8N 9] 3.89-67.6 pg/mL &
HRloA 57 s=E 33 74 A3 2R *c}ﬂr?:ﬂ-r(rz)
1.00002.2 2| XAlo] <=
£33 HERIC ZAe] A

3 Jlm

-, 3 batch (ZF 127%)° A

Table 2. Vitamin C contents of immediate-release and controlled-
release type vitamin C tablets (mg/tablet)

Immediate-release type" Controlled-release type”

Batch (mg/600mg) (mg/1,000mg)

1 216.70+7.34* 592.17+7.06°

2 211.2042.65° 585.88+4.72°

3 216.10+1.60° 589.39+4.37°
Average+S.D. 214.67+3.86 589.15+5.48

Y The weight and labeled amount per tablet of vitamin C product
are 600 mg and 200 mg, respectively.

2 The weight and labeled amount per tablet of vitamin C product
are 1,000 mg and 500 mg, respectively.

9 Means in the same column with superscript with different let-
ters are significantly different at p<0.05.

Table 1. Physical poperties of immediate-release and controlled-release type vitamin C tablets

Type Batch Weight (mg) Thickness (mm) Diameter (mm) Hardness (kp)”
1 613.0£5.2" 5.1+0.0 11.4+0.1 15.7+1.5
2 616.1£8.0 5.1£0.0 11.4+0.0 17.4+1.2
Immediate-release
3 616.9+6.6 5.1£0.0 11.3+£0.0 14.8+1.3
Average£S.D. 615.3+6.8 5.1£0.0 11.4+0.1 16.0+1.7
1 994.0+4.1 6.4+0.5 15.6+0.2 20.2+1.5
2 1,012.5+5.8 7.5+0.0 18.7+6.5 26.9+8.4
Controlled-release
3 1,001.6+5.5 7.3£0.0 19.5+0.1 31.2+2.9
Average£S.D. 1,002.4+9.5 7.5+0.3 18.9+3.9 27.9+5.5

Y Results are mean value + standard deviation

? kp (kiloponds): the unit of forces associated with 1 kilogram of mass
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Fig. 1. HPLC-DAD chromatograms and UV spectrum of (A) L-ascorbic acid standard and (B) vitamin C tablet sample

Table 3. Dissolution rate of immediate-release type vitamin C tablets (%)

Batch 30 min 45 min 60 min 90 min
1 69.66+8.68 12 92.79+8.70° 105.06+4.68° 108.63+2.10 *
2 86.83+4.10* 106.1542.49° 108.21+2.46* 108.28+2.04°
3 89.53+2.81°? 107.51+£3.26° 110.50+£3.242 110.17+£3.16%
Average£S.D. 82.01+10.78 102.15+8.14 107.92+2.73 109.03£1.00
(RSD%)” (13.14%) (7.96%) (2.53%) (0.92%)

D Results are mean value + standard deviation from twelve measrements (#=12) of each sample.
? Means in the same column with superscript with different letters (a and b) are significantly different at p<0.05.
» RSD (relative standard deviation)% = standard deviation/average x 100

Table 4. Dissolution rate of controlled-release type vitamin C tablets (%)

Batch 60 min 120 min 240min 360 min 480 min
1 28.35+2.15%12 45.254+2.54* 66.99+2.742 86.18+2.53* 100.14+2.13°
2 27.25+2.45* 44.28+3.13* 67.94+3.56* 86.01+3.46" 100.82+2.81*
3 28.944+2.36° 45.35+2.84* 69.14+2.982 87.51+£2.58* 102.71£1.97*
Average+S.D. 28.18+0.86 44.96+0.59 68.02+1.08 86.57+0.82 101.22+1.33
(RSD%)” (3.05%) (1.32%) (1.59%) (0.95%) (1.32%)

D Results are mean value + standard deviation from twelve measrements (#=12) of each sample.
? Means in the same column with superscript with different letters (a and b) are significantly different at p<0.05.
» RSD (relative standard deviation)% = standard deviation/average x 100

HER C §&ES #4413 ZA3E Table 33 2t} & o2 §EEC| FIIACH, 4558 HENA 90% o]’
AAl 308 F HF £EEL 8201 £ 10.78%, 45-£ o] 8£EES Hol7] AIFFIL 603 o] Foll A 100% ©]%F
102.15+8.14%, 603 107.92+2.73%, 905 109.03+1.00% o] 8255 BT 30%0A batch® FEFHXFS] 7o)
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Fig. 2. Changes in dissolution rate (%) by time of immediate-
release and controlled-release type vitamin C tablets
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Fig. 3. Photos of (A) immediate-release and (B) controlled-release type vitamin C tablets according to dissolution time
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