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Solubilization and Fomulation as Soft Gelatine Capsule of
Biphenyldimethyldicarboxylate

Gee Bae Park*, Chae Kyong Chung and Kwang Pyo Lee'

College of Pharmacy. Chung-Ang University,
*R&D Center. HAN-DOK Pharmaceutical Co.. Ltd.

(Received October 20, 1995)

Biphenyldimethyldicarboxylate (PMC), which has been used to treat hepatitis, is insoluble in
water, therefore it has low bicavailability after oral administration. For the purpose of increasing
the dissolution rate of PMC, the physical mixtures and inclusion complexes of PMC and di-
methyl-B-cyclodextrin (DM BCD) or hydroxypropyl-B-cyclodextrin (HPBCD) in molar ratio of 1: 1
and 1 : 2 were prepared by solvent evaporation method. Mixed micelles of PMC were prepared by
reacting PMC with bile salts (sodium cholate(NaC), sodium glycocholate (NaGC)) and oleic acid
(OA) or palmitoylcarnitine chloride(PCC). Chloroform/water partition coefficient (PC) of PMC
was 36.14 in artificial gastric juice (AGJ) and 33.47 in artificial intestinal juice (AIJ), respectively,
on the other hand octanol/water PC was 63.36. PMC formulation was prepared by reacting PMC
with PEG400-glycerin system(95 : 5, 90 : 10, respectively) and PEG400-PEG4000-glycerin system
(70: 25 : 5, 65: 25 : 10, respectively). Dissolution test was performed in AGJ and ALJ by paddle
method at 37£0.5°C. The dissolution rates of PMC tablets on the market were 5.74% and 8.26%
at AGJ and AlJ, respectively and marketed PMC capsules were 22.14% and 28.64% at AGJ and
AlJ, respectively. The dissolution rates of inclusion complexes of PMC with DMBCD and HPRCD
in a molar ratio of 1: 1 were more fast than those of corresponding physical mixtures. The de-
creasing order of dissolution rates was as follows: PMC-PEG400-PEG4000-glycerin formulation ?
PMC-PEG400-glycerin formulation ) mixed micelles > CD inclusion complexes. The dissolution
rates of PMC-PEG400-glycerin and PMC-PEG400-PEG4000-glycerin formulation were most fast
and the percentage of dissolution was almost 100% within 20 minutes. And their dissolution
rates after 120 minutes were markedly increased as compared with capsules on the market (4.0~
fold and 3.2-fold in PMC-PEG400-glycerin formulation at AGJ and AlJ, respectively, and 4.8-fold
and 3.7-fold in PMC-PEG400-PEG4000-glycerin formulation at AGJ and ALJ, respectively).

Keywords — Biphenyldimethyldicarboxylate, Cyclodextrin inclusion complex, Mixed micelles, PEG
400-glycerin formulation, Dissolution rate
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Table 1 — Solubility of PMC in Buffer Solutions of

Various pH at 26+ 1°C
pH Solubility (ug/mi)
1.2 1.034(+0.221)
3.0 1.759(+0.502)
4.0 1.220(+0.361)
5.0 1.527(+0.481)
6.8 1.969(-+0.740)
9.0 1.803(+0.921)

* Numbers in parentheses denote standard errors (n=5).

Table I1 — Partition Coefficients of PMC in Vaf/ous
Lipid/Water Systems

Lipid/water system
n—S88/5

Partition coefficient
63.358(+1.020)
EFRRIE/RIFYe 36.140(+1.111)
ELEEEE/M-‘JJ"—‘" 33.473(+1.623)

* Numbers in parentheses donote standard errors (n=3)
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Figure 1 — DSC thermograms of PMC(1), DMBCD(2),
1:1 PMC-DMBCD physical mixture(3) and 1:1
PMC-DMBCD inclusion complex(4).

)

{2}

> Exo

(&)

(4}

Endo <

[ O I O N0 PO U5 I Y L5 RO IS G 2 % 0 PO 5 LA o O % 1 £ e Y <
5 g = - N T

S

x0T

Figure 2 — DSC thermograms of PMC(1), HPBCD(2),
1: 1 PMC-HPBCD physical mixture(3) and 1: 1 PMC-
HPBCD inclusion complex(4).
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Figure 3 — Dissolution profile of PMC and commercial
products of PMC in artificial gastric juice.
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Figure 4 — Dissolution profile of PMC and commercial
products of PMC in artificial intestinal juice.

key: ®: PMC, =:. PMC tablet(TR Co), A: PMC
tablet(TP Co), ¥: PMC capsule(J Co)

% DISSOLVED

0 T T T T T
] 20 40 60 80 100 120

TIME(MIN)

Figure 5 — Dissolution profile of PMC-CDs physical
mixture(1: 1 and 1: 2 molar ratio) in artificial gas-
tric juice.

key: ®: 1:1 PMC-DMBCD, =: 1:2 PMC-DMBCD,
A:1:1PMC-HPBCD, ¥; 1:2PMC-HP
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Figure 6 — Dissolution profile of PMC-CDs physical
mixture(1 : 1 and 1 : 2 molar ratio).
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Figure 7 — Dissolution profile of PMC-CDs inclusion
complex(1 : 1 and 1: 2 molar ratio) in artificial gas-
tric juice.
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Figure 8 — Dissolution profile of PMC-CDs inclusion
complex(l : 1 and 1:2 molar ratio) in artificial in-
testinal juice.

Key: ®: 1:1 PMC-DNBCD, =m; 1:2 PMC-DMBCD,
A; 1:1PMC-HPSCD, ¥; 1: 2 PMC-HPBCD
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Figure 9 — Dissolution profile of PMC-PEG-glycerin
system in artificial gastric juice.
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Figure 10 — Dissolution profile of PMC-PEG-glycerin
system in artifical intestinal juice.

Key : ®: PMC-PEG400(95%)-glycerin(5%), m: PMC-
PEG400(90%)-glycerin(10%), A: PMC-PEG400(70%)-
PEG4000(25%)-glycerin(5%), ¥: PMC-PEG500(65%)-
PEG4000(25% )-glycerin(10%)

Table Il — Percentage Dissolved of Mixed Micelles of PMC in Artificial Gastric Juice and Artificial Intestinal

Juice as Function of Time

Mixed micelles Dissol.

% Dissolved

of PMC media 5 min 10 min 30 min 60 min 120 min
PMC : NaC : OA AGJ 33.20(0.19) 32.34(1.40) 30.33(0.44) 26.31(0.44) 21.32(0.12)
(1:1:0.5) ALJ 12.97(0.91) 14.92(1.28) 18.46(1.40) 20.53(1.04) 22.66(0.61) ’
PMC : NaC : OA AGJ 22.09(2.17) 22.21(2.86) 22.50(2.04) 20.55(1.44) 17.28(1.44)
(1:1:0.5) ALJ 8.89(0.81) 11.17(0.61) 15.43(0.32) 17.87(0.39) 19.37(0.64)
PMC : NaGC : OA AlJ 16.81(0.61) 20.26(0.65) 20.63(0.84) 20.38(0.95) 20.15(0.96)
(1:2:05) AlJ 12.49(0.30) 16.63(0.06) 24.91(0.30) 30.27(0.30) 31.66(0.30)
PMC : NaGC : OA AGJ 27.29(1.59) 26.27(0.90) 27.33(1.49) 25.87(1.16) 22.54(0.46)
(1:3:05) AlJ 9.91(0.90) 11.74(0.77) 15.55(0.77) 17.75(0.82) 19.82(1.03)
PMC : NaGC : PCC AGJ 4.11(2.00) 6.94(0.74) 8.41(0.44) 9.01(0.31) 958(0.29)
(1:1:0.5) AlJ 2.90(0.46) 3.13(0.93) 4.55(1.21) 5.04(1.40) 5.44(1.55)

* AGJ: artificial gastric juice, ALJ: artificial intestinal juice
* Numbers in paretheses denote standard errors (n=3)

J. Kor. Pharm. Sci.,, Vol. 26, No. 1(1996)



8 w7l - A A - o) FR

% DISSOLVED

o] 20 40 60 80 100 120

TIME(MIN)

Figure 11 — Dissolution profile of PMC, commercial
products of PMC and PMC-PEG-glycerin systems in
artificial gastric juice.

Key: 0: PMC, m; PMC tablet(TR Co), &; PMC
tablet(TP Co). ¥: PMC capsule(J Co), ©: PMC-PEG
400(95%)-glycerin(5%), ®. PMC-PEG400(90%)-glyce-
rin(10%). ®: PMC-PEG400(70%)-PEG4000(25%)-
glycerin(5%), 0. PMC-PEG400(65%)-PEG4000(25%)-
glycerin(10%)
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Figure 12 — Dissolution profile of PMC, commercial
products of PMC and PMC-PEG-glycerin systems in
artificial intestinal juice.

Key : PMC, ®: PMC tablet(TR Co), A; PMC tablet
(TP Co), ¥: PMC capsule(J Co), ¢: PMC-PEG
400(95%)-glycerin(5%), ®: PMC-PEG400(90%)-glyce-
rin(109%), ®:. PMC-PEG400(70%)-PEG4000(25%)-
glycerin(5%), 0: PMC-PEG400(65%)-PEG4000(25%)-
glycerin(10%)

Table IV — Statistical Moment Analysis for the Dissolution Rate Data in Artificial Gastric Juice and 37°C

For finite time of 120 min

PMC, PMC-CDS system,

For infinite time

PMC-PEG-glycerin system Totaln % MDT VDT Total % MDT VDT
dissolved dissolved

PMC powder 3.33 29.27 6555.19 3.45 33.96 119.652

PMC-DMBCD(1 : 1) 5.03 40.51 1319.07 6.44 75.75 6914.86

phys. mix.

PMC-DMBCD(1 - 2) 451 40.77 1321.75 451 81.07 8053.43

phys. mix.

PMC-HPBCD(L - 1) 5.68 29.83 953.96 6.20 41.95 2738.20

phys. mix.

PMC-HPBCD(1 - 2) 5.20 33.01 1267.54 6.67 74.47 9786.84

phys. mix.

PMC- DA

PMC-DMBCD(1 < 1) 1421 28.88 1055.64 18.19 76.05 12171.0

inc. comp.

PMC-DMBCD(1 - 2) 1458 17.42 679.06 15.60 98.96 2899.09

inc. comp.

PMC-HPBCD(1 - 1) 16.11 92.34 856.74 18.52 22.35 8923.75

inc. comp.

PMC-PEG400(90%)-glycerin

(109%) system 96.09 3.11 11.47 96.11 3.12 11.69
- D(1 :

PMC-HPBCD(1.: 2) 14.36 19.70 812.42 16.91 25.20 1054.61

inc. comp.

PMC-PE %)-glyceri

5%) SysfeflO(QM) glycerin 95.55 3.04 9.32 95.57 3.04 9.55

PMC-PEG400(70%)-PEG4000

(25%)-glyoderin(5%) system 105.92 11.32 12.04 108.52 11.32 12.04
- 65%)-PE

PMG-PEGA00(65%)-PEGA000 105.76 10.87 40.76 105.28 10.92 41.95

(25%)-glycerin(10%) system

J. Kor. Pharm. Sci., Vol. 26, No. 1(1996)
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Table V—Statistical Moment Analysis for the Dissolution Rate Data in Artficial Interstinal Juice and 37°C

PMC, PMC-CDS system,

For finite time of 120 min

For infinite time

0O,

PMC-PEG-glycerin system Total % MDT VDT Total 7% MDT VDT

dissolved dissolved
PMC powder 2.27 46.24 1611.99 3.00 81.65 6389.42
PMC-DMBCD(1:1)
phys. mix 471 40.51 1319.07 5.89 71.07 6414.30
PMC-DMBCD(1:2)
phys. mix 3.98 31.85 1003.26 4.20 3861 185335
PMC-HPBCD(1:1)
ohys. mix 5.89 29.30 882.74 6.15 3499 1629.90
PMC-HPBCD(1:2)
phys. mix 5.72 27.41 1086.29 7.3 7631 126117
PMC-DMBCD(1:1)
phys. mix 1455 21.79 962.21 15.34 3280 1936.05
PMC-DMBCD(1:2)
phys. mix 13.57 15.65 551.89 13.60 1585 57513
PMC-HPBCD(1:1)
phys. mix 13.79 10.69 244.28 13.87 1141 345.35
PMC-HPBCD(1:2)
ohys. mix 17.57 14.43 521.58 17.63 14.85 572.33
PMC-PEG400(95%)-glycerin
(5%) system 96.30 45.92 96.33 6.62 16.89
PMC-PEG400(90%)-glycerin
(10%) system 95.82 34.59 97.66 9.51 567.73
PMC-PEG400(70%)-PEG4000
(25%)glycerin(5%) system 105.51 11.29 10.85 105.51 11.29 10.85
PMC-PEG400(65% )-PEG4000
(25%)glycerin(10%) systern 105.83 17.24 75.31 105.33 17.42 82.77
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