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Abstract — To solubilize practically insoluble biphenyl dimethyl dicarboxylate (DDB), which has been used
for the treatment of chronic hepatitis as tablets or hard capsules, the solubilities of DDB in various
hydrophilic, oily and hydrocarbon vehicles, and aqueous surfactant solutions were measured by high per-
formance liquid chromatography. It was found that, among the vehicles studied, polyethylene glycol (PEG)
300 revealed the best solvency, and the solubility reached 17.6 mg/ml at 37<C. The addition of glycyrrhizic
acid ammonium salt (GAA) to DDB-PEG 300 solution (5-20 mg/g) inhibited the formation of precipitates,
and at the concentration of 10 mg/g, any precipitation was not observed even after 2 years at 4. Fur-
thermore, GAA markedly enbanced the permeation of DDB through the rabbit duodenal mucosa in a
concentration dependent manner. The addition of copolyvidone (ca. 1.0%) to DDB-GAA-PEG 300 system (1:
0.5:97.5 w/w) was most effective in preventing the considerable precipitation of DDB-PEG 300 solution (7.5
mg/750 mg) when mixed with water of 300-900 m! at 37C. GAA showed a synergistic effect in the pre-
vention of precipitate formation. This finding suggests that this DDB formulation may form less precipitation
when DDB soft capsules disintegrate and diffuse into the gastrointestinal fluid, resulting in improving the
bioavailability. Dissolution rate of DDB (7.5 mg) from soft elastic capsules of DDB-GAA-PEG 300 system
was rapid. The supersaturation state was maintained for 2 hr at the concentration of 7.35+3.3 mg in 900 ml
of water without precipitation. The total amount of DDB dissolved from this new formulation was 5.3 and 6.1
times higher, when compared to marketed DDB tablets (25 mg) and capsules (7.5 mg), respectively.

Keywords[ ] biphenyl dimethyl dicarboxylate, solubilization, polyethylene glycol 300, glycyrrhizic acid
ammonium salt, copolyvidone, soft capsules, dissolution, prevention of precipitates, permeation enhancement
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Table 1. Effects of various vehicles and additives on the solu-
bilities of DDB at 25T

Additives Solubility (ig/ml)
Hydrophilic vehicles
Water 0.45
Ethanol 484.47
Methanol 1,475.29
Propylene glycol 358.17
Polyethylene glycol 400 2,762.45
Vegetable oils and hydrocarbon
Captex 200 334.67
Captex 300 692.36
Octyl dodecanol 746.30
Corn oil 184.47
Sesame oil 250.32
Soybean oil 334.09
Liquid paraffin 337.22
Captex 200 + Lipoid $ 45 (1 : 1 v/v) 101.64
Captex 200 + Lipoid § 75 (1 : 1 v/v) 764.82
5% Aqueous solubilizers
Lipoid E 80 10.02
Lipoid S 75 139.76
Lipoid § 100 27.68
Poloxamer F-127 5.46
Polyethylene glycol 6000 1.95
Polysorbate 80 25.77

Table II. Effects of co-solvents on the solubilities of DDB at
37 ¢

Co-solvents Solubility (ug/ml)

PEG 300 : Water=0 : 100 2.7
PEG 300 : Water=20 : 80 15.2
PEG 300 : Water=40 : 60 87.3
PEG 300 : Water=60 : 80 1,161.3
PEG 300 : Water=80 : 20 2,560.8
PEG 300 : Water=100 : 0 17,628.4
PEG 300 : MeOH=0 : 100 1,475.0
PEG 300 : MeOH=20 : 80 2,924.6
PEG 300 : MeOH=40 : 60 5,673.0
PEG 300 : MeOH=60 : 40 10,652.1
PEG 300 : MeOH=80 : 20 13,473.2
PEG 300 : McOH=100: 0 17,628.4
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Fig. 1. Dissolution rates of DDB-PEG 300 solutions as a
function of Lipoid S 75 in water at 37C. © : PEG 300
alone, ® : 5% (w/w) Lipoid S 75 in PEG 300, A : 10% (w/
w) Lipoid S 75 in PEG 300, A : 20% (w/w) Lipoid S 75 in
PEG 300.
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Table II. Formulations of various DDB solutions

Quantity added (mg)

Ingredients
FN-1 FN-2 FN-3 FN-4 FN-5 FN-6 FN-7 FN-8 FN-9
DDB 100 100 100 100 100 100 100 100
GAA 50 100 50 100
Kollidon VA 64 100 200 100 100
Kollidon K-30 100
PEG 300 9,900 9,850 9,800 9,850 9,800 9,700 9,800 9,750 9,700

GAA ! glycyrrhizic acid ammonium salt, Kollidon VA 64 : copolyvidone, Kollidon K-30 : povidone K-30

Table IV. Prevention of DDB precipitates as a function of GAA, povidone and copolyvidone when various PEG 300 solutions were

mixed with water at 37°C

Formulation Volumes Amount (mg) of DDB dissolved
No. tested (ml) 5 10 30 60 90 120 min
FN-1 900 6.59 (0.04) 7.38 (0.20) 6.85 (0.18) 6.68 (0.15) 6.87 (0.15) 6.73 (0.03)
500 6.26 (0.09) 639 (0.48) 656 (0.04) 636 (0.71) 581 (0.71)  5.49 (0.89)
300 655 (0.38) 643 (0.03) 546 (0.74)  3.69 (0.93)  2.89 (0.66)  2.16 (0.45)
FN-2 900 6.84 (0.22) 7.32 (0.27) 7.02 (0.20) 6.90 (0.00) 7.39 (0.26) 6.94 (0.00)
500 6.43 (0.03) 676 (0.30)  6.94 (0.08)  6.77 (0.36)  6.52 (0.66)  6.02 (1.02)
300 6.94 (046) 665 (0.18)  6.15 (0.76)  4.54 (1.05)  3.69 (L06)  2.78 (0.73)
FN-3 300 6.72 (045) 651 (0.18)  5.04 (0.35)  3.18 (0.91) 231 (051)  1.83 (0.41)
FN-4 300 701 (0.16) 694 (0.23) 629 (0.54)  5.68 (0.35)  5.38 (043)  4.98 (0.44)
FN-5 300 6.81 (0.72)  6.60 (0.43) 623 (0.42)  6.66 (0.93) 581 (0.65)  5.54 (0.59)
FN-6 300 7.12 (0.33) 7.25 (0.27) 6.84 (0.05) 6.72 (0.21) 6.44 (0.39) 6.15 (0.27)
FN-7 300 6.77 (0.29) 697 (0.49) 578 (0.14)  4.35 (0.14)  3.51 (0.23) 278 (0.14)
FN-8 900 6.98 (0.08)  7.26 (0.13)  7.14 (0.08)  7.01 (0.11)  7.37 (0.23)  7.27 (0.06)
500 696 (0.15) 679 (0.04) 748 (0.13) 7.8 (0.31)  7.35 (0.18)  7.51 (0.27)
300 7.05 (0.44) 685 (0.32)  7.02 (0.11)  6.72 (0.12)  6.78 (047)  6.64 (0.16)
FN-9 300 6.87 (0.07) 6.52 (0.61) 6.31 (0.54) 6.00 (0.80) 6.00 (0.64) 6.12 (0.61)

Values in parentheses represent the standard deviations of three determinations.
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o] vi-¢- At & g8 FollA GAAL AV sErt 0,
0.3, 05, 0.7, 1.0 @ 2.0%% Z7142 DDBY L35
Zyzb 2.7, 5.5, 74, 9.1, 140 2 21.8 pg/ml2 Zr}E|sich
0|23k Ao ZHE] GAA(S mg/gy= PEG 300 4] DDB
o] 7h-gsla et A3 YA JAgo] 9l il FollA
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Table V. Precipitation of varous DDB solutions and su-
pernatant DDB contents in the absence and presence of GAA
at 47T

Formulation Formula® Precipitation DDB content
No. (mg) 1 month 19 months (%) after 13
months
A-0 DDB 200  +1” +20 62.2
A-1 DDB 200 o +14 78.5
GAA 50
B-0 DDB 150 - +5 91.7
B-1 DDB 150 - +1 94,1
GAA 50
C-0 DDB 100 - +3 97.3
C-1 DDB 100 - - 99.7
GAA 50
D-0 DDB 50 - - 09.5
D-1 DDB 50 - - 100.2
GAA 50

“PEG 300 was used to make total weight of 10 g.

®Numerical plus values indicate the relative extent of crystal
formation.

“No precipitation.
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Table VIel= donor cellell pH 7.2 SAkqlabed 2baol o
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DDBe] @A) MA=Ee] 7] AFAslgden 302-d ol
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T2 2
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Fig. 2. Photograph of DDB soft elastic casules.
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S5 Zoke g o & ek
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259} GAAS) §-70l B2 Aol Sl Ao Ve
o]% donor solution®= DDB¢| $-&5 %7} AANER &
e o]3t2 Zr4Fv]2bE receptor solution®] £-2 &
AR o] B Bl B ok 8% 5 7]
o2 47tsl DDBS) Alo)A4 A3t Eohe ol w=o)
£ e PR,

Table VIII- donor solution® DDB&] AAAMZEe] B3}
o) 1A= ake wWAs7] 9lske] 40% PEG 3002 donor
solution.2.2 L7 receptor solution &= 40% PEG 3002

A14-8lo GAAZ} DDBS] Alo|x1A} &2t S3}o]] w]x)= o
2 7 E3 dxolc}t. DDBY PEG 300 -2 (1.0 mg/g)s
DDBRA] 175 ug al3ks #3ted GAA O, 12 5mM &
4-31= donor solutionol] H7}5 A% GAAL] HrlExe
Z7 el mpE} 42473l AX £33 FH vt AR5 FThE
GAAS] =S A 9-8 #hele &= glgich.
DDB HZEZMIo] 2EEM

o] olFol| A A% DDB 42 A7, Al A&7}
A2 Aol e L5488 P37 A2 Fig 30 et

Table VI. Permeation rates (Mg/cm”) of DDB (1.0 mg/3.5 ml donor phase) through rabbit duodenal mucosa into receptor solution (pH

7.4 buffer)

DDB solutions

Time (hr)

05 1

4 6 8 10

DDB solution
in CHCl.-MeOH
1 :4vh)
DDB solution
in PEG 300
DDB solution
in 95% PEG 300 and
5% Lipoid S 75
DDB solution
in 90% PEG 300 and
10% Lipoid S 75
DDB solution
in 80% PEG 300 and
20% Lipoid § 75
DDB solution
in 95% PEG 300,
5% Lipoid § 75
and 5mM GAA.

7.47(1.23y7  6.07(0.97)
2.80(0.76)  2.80(1.19)
1.87(0.65)  2.10(0.26)
3.38(0.87)  4.67(1.33)
5.48(3.09)  4.47(2.74)

17.49(2.16)  16.44(2.65)

7.00(2.28)

2.33(1.98)

2.33(0.45)

3.97(0.69)

5.29(4.02)

14.81(3.71)

3.56(3.38)  6.88(0.88)  3.67(0.08)  4.16(2.49)

326(2.76)  4.58(1.99)  521(1.15)  6.61(2.96)

222(0.93)  2.84(148)  3.09(1.07)  4.70(1.11)

2.93(1.88) 3.03(1.46) 2.33(0.17) 4.78(1.53)

5.79(3.77) 6.57(3.96) 2 7.82(3.38)

13.88(3.28)  15.97(2.44) - 18.19(3.14)

Isotonic phosphate buffer solution (pH 7.2) was used as a donor phase. The DDB solution equivalent to 1.0 mg as DDB was added to

the donor phase
“Data were expressed as the mean=+S5.D. (n = 3).
"Not determined.

Table VII. Permeation rates (Lg/cm’) of DDB (1.0 mg/3.5 ml donor phase) through rabbit duodenal mucosa into receptor phase con-

taining 40% PEG 300

DDB solutions Time (hr)
0.5 1 4 6 8
DDB solution 20.55(0.75)” 22.08(3.17) 18.88(1.58) 17.31(2.41) 18.72(2.81) 21.60(4.69)
in CHCl;-MeOH
1:4vh)
DDB solution 19.76(1.44) -21.70(4.94) 20.94(1.63) 20.46(1.39) 20.62(1.99) 19.32(3.37)
in PEG 300
DDB solution 20.46(1.91) 21.51(0.39) 21.77(0.28) 21.86(9.58) 18.71 (2.16) 23.04(1.60)

in PEG 300 #nd
5 mM GAA

Isotonic phosphate buffer solution (pH 7.2) was used as a donor phase.

“Data were expressed as the mean+S.D. (n=3).
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Table VIIL. Effect of PEG 300 and GAA on permeation rate (ug/cm’) of DDB (175 pg/3.5 ml donor phase) through rabbit duodenal

mucosa into receptor phase

DDB solutions Time (hr)
0.25 0.5 2 4 6 8
DDB solution 397(3.04)  3533.01)  3.80(3.11)  5.62(3.39)  690(3.16) 1021(4.12)  12.41(1.92)
in PEG 300
DDB solution 3.97(0.64) 5.73(4.83)  635(250)  843(4.64) 1043(241)  10.92(223)  11.61(6.75)
in PEG 300 and
1 mM GAA
DDB solution 9.25(0.82) 11.11(0.01)  12.07(1.65) 15.60(3.09)  18.10(3.13)  19.92(3.40)  21.48(1.45)

in PEG 300 and
5 mM GAA

40% PEG 300 was used as the vehicle for both the donor and receptor phases.

“ata were expressed as the mean+S.D, (n=3).
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Fig. 3. Comparison of dissolution rates of marketed DDB
tablets and hard capsules with soft capsules in water at 37T.
O hard capsules (7.5 mg), ®: soft capsules (7.5 mg), A:
tablets. Each point represents the mean-~8.D. of three deler-
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