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Quality Properties of Enteric-Coated Soft Capsule Using PEG as a Plasticizer

Joo Hwan Yang, Joon Taek Han, In Ho Oh, and Geum Duck Park
Suheung Co., Ltd.

ABSTRACT

We investigated the applicability of polyethylene glycol (PEG) as a plasticizer in enteric-coated soft

capsules based on determination of quality characteristics according to molecular weight and concentration of en-
teric-coating PEG solution. There was no difference according to molecular weight of PEG, whereas a low PEG concen-
tration in the enteric-coating solution was associated with higher whiteness index and slower disintegration time in
pH 6.8 media. Brittleness was observed in the coating film at seam areas in 5% PEG enteric-coating solution after
2 weeks of storage at room temperature. The enteric-coating properties of PEG were compared with those of acetylated
monoglyceride (AMG) and triacetin, which are enteric-coating plasticizers. Enteric-coated soft capsule containing PEG
as a plasticizer showed a lower whiteness index and faster dissolution profile than AMG and triacetin. Moreover,
enteric-coated soft capsule containing AMG and triacetin as plasticizers showed coating film brittleness at seam areas
after 2 months of accelerated storage [40°C, relative humidity (RH) 75%] but no difference at room temperature
storage (25°C, RH 60%). The present study suggests that concentration of PEG is important to determine enteric-coating
quality, regardless of the molecular weight of PEG. In conclusion, PEG has potential as a plasticizer due to its trans-
parency and storage stability in enteric-coated soft capsules.
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cellulose phthalate(HPMCP), fatty acids, waxes, Shellac
® o] 9rkQ). ©] % HPMCP: AE= e sg]ol] x| 3hg
T2 5270 o3| o= B3l W &0 oA o
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o 2] %’% HPMCP 6.00 g, PEG(400, 4,000, 6,000) 1.06
gs 85% FAd 4 100 go] HESF Ax3o™, PEG
Fry g3k %7}2 ot ' B2 HPMCP 6.00 g2} PEG
(5%: 0.32 g, 10%: 0.67 g, 15%: 1.06 g, 20%: 1.50 g9)&
85% F7ol o] 100 go] H== skt AMG(Ishin-
wells, Seoul, Korea)$} triacetin(Moellhausen S.P.A,
Vimercate, Italy)< 217} Ko 5(10), Yang™} Park(5)9] =
gl Az Wl wlgl HPMCP 6.00 goll AMG(10%, 0.67
2)9} triacetin(15%, 1.06 @)= 2t7+ 85% FA4 ¢l = 100
go] HEF Azt EvlE 488 A8 N> 45 A9
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ston, VA, USA)E A}1-8-3F9] WI CIE(D65/10) =2 53]
HHE S wlon, olu] W we] © E(lightness, L), 4
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-0.07, =0.17°] At}

SSHAIE

Hell 715 o] A= B3AE
H@2)el osf ZHzke] xxiol whet Fed ZHE AdE
S AFHAALY, pH 1.2)7} A3 A2, pH 6.8)
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Table 1. Quality characteristics of enteric-coated soft capsules with different molecular weight of PEG

Non coating PEG 400 PEG 4,000 PEG 6,000

Physicochemical test"

Total weight (mg) 732.37+6.50 757.07+5.99" 760.14+2.69 756.38+4.80

Shell weight (mg) 233.84+5.67 260.37+6.30™° 263.41+3.03 260.24+6.18

Contents weight (mg) 498.53+3.46 496.70+1.89™° 496.73+3.00 496.144+3.13

Hardness (N) 8.30+0.16 9.05+0.13" 9.07+0.16 9.02+0.12

Shell water content (%) 7.60 6.99+0.12"° 6.94+0.12 7.12+0.18
Disintegration test”

Acid stage (pH 1.2) 12.50+0.29 Suitable Suitable Suitable

Buffer stage (pH 6.8) (min) 15.60 19.00£1.00™ 18.67+0.76 18.83+0.29
Whiteness index (WI CIE)” 12.86+0.96 14.91x0.81™ 14.57+0.97 14.23+0.98

])The results are meantSD for 10 capsules in each group for physicochemical test except film water content (n=3).
*Disintegration test was performed during 120 minutes in acid stage and the time was recorded when the contents in capsules
Was disintegrated completely in buffer stage (mean+SD, n=3).

The results were obtained by five times analysis (n=5).
MNot significant between PEG groups.

Ao A 2A17F FF B E A R AT A A 18.67~ YL AAEA T PEG 6,0009] M7 s=el w2 -84
19.00% Afelol B B-3)=low, PEG #Atgel W& & AdfE] B T AL T AY S8 ]}\1 o7 Aol
A TES] oA Zpol= gl tH(Table 1). = YEeRNA kAT 20% PEG #7) sXo o8 Z¥d
Ko 51002 484 z¥ & A4y &] 3% w45 ¢ T8 ARG Aol o oR FATS gelet
A3t7] st WAEE SAHEP L, 1 A% ZY A 28 WA EHX0.05).
o FAMZES] T e F7] &E7F wollel whel A xTt Al A, PEG 37t 554 F8A4 AR E 27
L&A E3pAY Iyl IR o] nE2A Fa 9 & AT oA 2417 Ft B3R ¥k AT A A
EEHA GRS W A WAH o] FItET I B 17.83~19.50%% Atolel B Fal| = o] el A& eh 2
shgith & AdelA PEG A e 384 ddiao £ e tH(Table 2). PEG H7F %9 F7tel wef <
A9 745 dolr7] fste] WA EE 543 43 PEG g Nol Aol Fajagte] Wt = P HAX T, Dun-
Ao SV S Far WA =T} v A A A 4 can's multiple range test& &% 7 23 o} PEG #7}
A8 WA U PEG B-Abekol] wpE wl Az o] §-0]2] zjo]= SLeol Hlste] 20% PEG 7t skollA g3l Algto] {24
S Felsiarh o7 WES 3213 tH(/X0.05). ©] A= Pearnchob 5
(29)0] gk -84 FZE Aol 84 H7 A 7k A 9
PEGS| &7l s=7I 2d dEUs 38 SZl 0|xl= *47} Al QIZFg oA a7t wepivke AfE A o
=l T84°] PEGY #7t s=7t &5 ddBEY F1 A
PEG 7} skl @& 484 ddise] 38 4 A F& &olatA st BAlE FIAA7IE How FZE
o] = 21st7] 913 PEG 6,000 g+ tiv] 5, 10, 15, PEG 37} &=l we A 54 43} PEG 5, 10%=
20% w22 Ut A8 ZHAES Ax F AdHE Tt 2 AFESE g4 AdEo] PEG 15, 20%E A&

Table 2. Quality characteristics of enteric-coated soft capsules with different concentrations of PEG 6,000

PEG 5% PEG 10% PEG 15% PEG 20%

Physicochemical test"

Total weight (mg) 755.81+3.43"° 755.79+4.07 756.38+4.80 758.02+3.47

Film weight (mg) 260.13+4.09™° 259.48+4.20 260.24+6.18 263.30+3.33

Contents weight (mg) 495.68+1.81N° 496.31+6.25 496.14+3.13 494.72+2.50

Hardness (N) 9.12+0.20*Y 8.98+0.23% 9.02+0.12* 8.88+0.23"

Film water content (%) 7.24+0.21™ 7.21+0.08 7.12+0.18 7.15+0.05
Disintegration test”

Acid stage (pH 1.2) Suitable Suitable Suitable Suitable

Buffer stage (pH 6.8) (min) 19.50+0.50" 19.50+0.50° 18.83+0.29" 17.83+0.29°
Whiteness index (WI CIE)” 15.68+0.38" 15.600.33° 14.23+0.98" 13.83+0.58"

1)3)See the legend of Table 1.
Values with different letters in a row are significantly different by Duncan's multiple range test (P<0.05).
NSNot significant.
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5% PEG 10% PEG
T

15% PEG 20% PEG

Fig. 1. Comparison of seam area on enteric-coated soft capsules
with different concentrations of PEG 6,000. Each photo was tak-
en at X 60 magnification using digital microscopy. The cracked
seam area on capsules with 5% PEG is indicated by an white
arrow.
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71Ed Bad 8 AdAE
G

(10), triacetin(5)¥} PE 3

AANEe] IH FHE vusty] 98] AMGS} triaceting:
I Y] 10, 17.7% =2 AMEste] 484 A4l E
S FY3AT AMGS} triacetine A3l IEE -84
AARES] T T, AN T WEE T 2 9 FE2
PEG 6,000& AH83to] 9% 484 AdfE 7194
2ko]7F AAtH(Table 3). HEgh 2h2+e] 7hAaA| = I8 d 48
4 A duSs Zet A S ARgeke] WA F2E
g1siele o F8A4 IEAVE LS ExEUSS &

o183 thFig. 2). Aoz Ate 99 £ 456~466
mel i, 28y FAE

41~44 pmolom, 7laA o W {94 Aol ¢l
(data not shown). AMGS} triaceting AF&3}o] ZEH &
84 AANE ArE PYFAHO=E 944, 9

6,000 AHg3te] mE F84 AW« A% 9.02 N

Table 3. Quality characteristics of enteric-coated soft capsules with different plasticizers

PEG 6,000 AMG Triacetin

Physicochemical test"

Total weight (mg) 756.38+4.80™° 758.81+4.04 759.33+3.75

Film weight (mg) 260.24+6.18"° 261.18+2.75 262.5242.06

Contents weight (mg) 496.14+3.13% 497.63+3.47 496.81+3.20

Hardness (N) 9.02+0.12*" 9.44+0.20" 9.32+0.18"

Film water content (%) 7.12+0.18" 7.16+0.20 7.23+£0.13
Disintegration test”

Acid stage (pH 1.2) Suitable Suitable Suitable

Buffer stage (pH 6.8) (min) 18.83+0.29" 19.83+0.76 20.17+0.76
Whiteness index (WI CIE)” 14.23+0.98° 21.36+0.59" 36.07+0.70"

D3See the legend of Table 1.

“Values with different letters in a row are significantly different by Duncan's multiple range test (P<0.05).

NSNot significant.

A. non-coated soft capsule B. enteric-coated soft capsule

Fig. 2. Scanning microscopic photo-
graphs of non-coated and enteric-coated
soft capsule using PEG 6,000. A, non-
coated soft capsule; B, enteric-coated soft
capsule. Each photo was taken at X500
magnification. The even coating layer is
observed picture B compared to picture
A.
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Fig. 3. Average release profile of quercetin from enteric-coated
soft capsules with different plasticizers (n=18). PEG 6,000
(closed circle), AMG (closed square) and triacetin (closed tri-
angle). "P<0.05, " P<0.01.

i
>

S Abgete] AR E A8 dAf G vhadAl Y] A=
7F ol e wkar ZhaeAl 7 e14 Abol= flAtH(Ta-
ble 4). A& A 443t o] F-5E F8&4 AT o]
FHRle] AR Aake Bglon, o= dutHoR S E

o] #joll oF 3~4A3t I7Fety] Wl Ao weltt

FEY s IE JiAN wE MEYUtHY =el
Zzke) ThaaA ' Alxd A8 ddMEe] At dd
HlALE 9]8he] F227(25°C, dilHE 60%) 2 7HEx1
(40°C, o5 75%)00 A 270d st Badt 5 Adle
o] 44 R S de AAlsklth ez A
873 A E ] el Sole T = gllent
A A e ddfEe] At uE 2
oAM= ddAE v 2

i
1o

Z 70

="H -
 AAe] Zebg] Aol A egkom AAR

T

2~
=l
o] A8 A g It F5ol A7 W Wl 2

o=
BolH PEGS €3 AMG$} triacetino] A& 84 o
25

AR 47 Aole pa Ae muo] wepd 47
o] REo] 9o wel v ol F7en 44
o7k ad Ao F4H

Table 4. Result of sensory evaluation for non-coated and enteric-coated soft capsules with different plasticizers

1h 2 h 3h 4 h 5h
Non coating 2.1340.79*"? 2.16+0.85" 1.66+0.75 1.25+0.44% 1.09+0.30™°
PEG 6,000 1.3120.53° 1.28+0.58° 1.19+0.47° 1.06+0.25° 1.06+0.25
AMG 1.47+0.67° 1.50+0.67° 1.44+0.72 1.2240.42% 1.16£0.37
Triacetin 1.38+0.55° 1.44+0.67° 1.31£0.54 1.28+0.46" 1.09+0.30

"The results are mean+SD (n=8) and five point rating scale (1: odorless, 3: slight odor, 5: strong odor and unpleasant feeling).
Values with different letters in a column are significantly different by Duncan's multiple range test (P<0.05).

NSNot significant.
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Fig. 4. Comparison of seam area on enteric-coat-
ed soft capsules with different plasticizers and
storage conditions. Each photo was taken at X 60
magnification using digital microscopy. After 2
months at AS storage, the cracked seam areas on
capsules with AMG and triacetin are indicated by
white arrows. RS, room temperature storage; AS,
acceleration storage.

Table 5. Result of disintegration test for enteric-coated soft capsule using different plasticizers with different storage conditions for

2 months
Disintegration test' PEG 6,000 AMG Triacetin
Room temperature storage
Acid stage (pH 1.2) (min) Suitable Suitable Suitable
Buffer stage (pH 6.8) (min) 19.17+0.76" 19.33+0.76 20.67+1.04
Acceleration storage
Acid stage (pH 1.2) (min) Suitable 23.00+1.00 23.00+2.00
Buffer stage (pH 6.8) (min) 19.50+0.50°” 20.50+0.50" 21.50+0.50"
1)See the legend of Table 1.
Values with different letters in a row are significantly different by Duncan's multiple range test (P<0.05)

NSNot significant.
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