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Enhanced Dissolution and Permeation of Biphenyl Dimethyl
Dicarboxylate Using Solid Dispersions
Jee Hyun Moon and In Koo Chun'

College of Pharmacy, Dongduk Women's University, Seoul 136-714, Korea
(Received July 30, 1999)

ABSTRACT—Solid dispersions were prepared to increase the dissolution rate of biphenyl dimethyl dicarboxylate (DDB)
using water-soluble carriers such as povidone, copolyvidone, 2-hydroxypropyl-B-cyclodextrin (HPCD), sodium salicylate or
sodium benzoate by solvent evaporation method. Solid dispersions were characterized by infrared spectrometry, differential
scanning calorimetry (DSC) and powder X-ray diffractometry, dissolution and permeation studies. DDB tablets (7.5 mg)
were prepared by compressing the powder mixtures composed of solid dispersions, lactose, corn starch, crospovidone and
magnesium stearate using a single-punch press. DDB capsules (7.5 mg) were also prepared by filling the mixtures in empty
hard gelatin capsules (size No. 1). From the DSC and powder x-ray diffractometric studies, it was found that DDB was
amorphous in the HPCD or copolyvidone solid dispersions. Dissolution rates after 10 min of DDB alone and solid dis-
persions (1 : 10) in sodium benzoate, sodium salicylate and copolyvidone were 11.8, 23.5, 22.8 and 82.5%, respectively. Dis-
solution rates of DDB after 30 min from 1 : 10 and 1 : 20 copolyvidone solid dispersions were 80.5 and 95.0%, respectively.
For the DDB tablets prepared using solid dispersions (1 : 20), the initial dissolution rate was dependent on carrier material,
and was ranked in order, Kollidon 30 < copolyvidone < HPCD. For the HPCD solid dispersion tablets, dissolution rate
reached 97.4% after 15 min, but thereafter slowly decreased to 80.7% after 2 hr due to the precipitation of DDB. However,
in the case of copotyvidone solid dispersion tablets, dissolution increased linearly and reached 93.4% after 2 hr. Reducing
the volume of test medium from 900 to 300 m! markedly decreased the dissolution rate of the tablets containing 1 : 20
HPCD solid dispersions and 1 : 10 copolyvidone solid dispersion. For 1 : 20 copolyvidone solid dispersion tablets, there was
no significant change in dissolution rate up to 1 hr with different volumes of test medium. Preparation of the copolyvidone
solid dispersion (1 : 20) in capsules markedly delayed the dissolution (31.2 % after 2hr) due to the limited diffusion within
capsules. The permeation rate (13.4 g/cm? after 8 hr) of DDB through rabbit duodenal mucosa from copolyvidone solid dis-
persion (1 : 10) was markedly enhanced, when compared with drug alone or physical mixtures. From overall findings, DDB
formulations containing copolyvidone solid dispersions (1 : 20) could be used to remarkably improve the dissolution rate
in dosage form of powders and tablets.

Keywords—Biphenyl dimethyl dicarboxylate, Solid dispersion, Tablets, Copolyvidone, Dissolution enhancement,
Duodenal permeation
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Table I-Formulation of DDB Tablets Containing Solid Disper-
sions

Formulation No.
FN-1 FN-2 FN-3 FN-4 FN-5 FN-6
DDB 7.5 - - - - -

DDB-copolyvidone SD
(1:5 wiw)

DDB-copolyvidone SD
(1:10 wiw)

DDB-copolyvidone SD
(1:20 wiw)

DDB-PVP SD
(1:20 w/w)

DDB-HPCD SD
(1:20 wiw)

Lactose

Ingredients

- 450 - - - -
- - 5 - - -

- - - 1575 - -

157.5

160.0 140.0 1100 62.0
69.0 515 440 170 170 170
120 120 120 120 120 120
Magnesium stearate 1.5 15 1.5 1.5 15 1.5
250.0 250.0 250.0 250.0 250.0 250.0

SD: solid dispersion, PVP: povidone, HPCD: 2-hydroxypropyl-B-cyclo-
dextrin.
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Table II-Partition Coefficients of DDB in Various Oil/Water
Systems

Qil/water system Partition coefficient
IPM/pH 6.8 buffer solution 32.6(+1.6)
IPM/pH 1.2 buffer solution 44 4(x1.7)

n-Octanol/pH 6.8 buffer solution 25.6(+1.6)
n-Octanol/pH 1.2 buffer solution 22.9(£2.1) -

Numbers in parentheses denote standard errors (n = 3).
IPM: isopropyl myristate
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Figure 1-Dissolution profiles of DDB (7.5 mg) from physical mix-
tures (PM) and selid dispersions (SD) prepared with various water-
soluble carriers. Key : O; DDB alone, @; 1 : 20 DDB : copolyvidone
PM, &; 1:5 DDB : copolyvidone SD, A; 1: 10 DDB : copolyvi-
done SD, <; 1:20 DDB : copolyvidone SD, 4; 1: 10 DDB : sod-
ium salicylate SD, V/; 1 : 10 DDB : sodium benzoate SD, ¥;1:10: 10
DDB : copolyvidone : sodium salicylate SD.
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Figure 2-Dissolution profiles of DDB tablets containing various

solid dispersions in 900 m/ of water at 37°C. Key : O; Control DDB

tablets (FN-1), @; 1: 20 DDB : copolyvidone SD, A; 1:20 DDB :

povidone SD, A; 1:20 DDB:HPCD SD.
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Figure 3—Comparison of dissolution rates of DDB tablets con-
taining solid dispersions of various drug to copolyvidone ratios in
900 m/ of water at 37°C. Key : O; Control DDB tablets (FN-1), @;
1:5 DDB : copolyvidone SD, A; 1: 10 DDB : copolyvidone SD; A;
1:20 DDB : copolyvidone SD.

02 ZA|TF 60 o)FHEIE 1:5<1:10<1:200] =02
£EE0] SUEIN.2H PN-12] iR AAol Bl 602thellA
9] &£&8o] 747} 43, 54 2 6.0 W= FA3| Zohiart.

0
q
2
10
00
o

0| XA HMe| &0 O|Xl= g
Figure 4= &% A8 &% 900, 500 E 300 m/=
sl AR ARl t3] 8EAEE B Aol
1:20 HPCD XAEAHAE 300 miolA 2475 10.9%=
HAEA SEE0] Ao 1:209] ZEHE A
e Algde 87 s NS A9 Wst
A0 247k Tl 300 mPIA 58.6%E T ARS
A2 = AT 1:10 ZEHE AR ZEE ] &
2 AFde &3 hd wet §&E50] FAsoY
HPCD FAEAHAE e FAHte A4 & 8589
FAEA oPdat 22 A= thE @Al H|sle] ZE
HlE9) Blgo] BE&FE §F0] A& AXPIHZ &
%% DDBY A AL AAFR= a7t v Av= A
< e B3 1:10 o) ZEeME AR A
Ae 93H Wede &3 Halolx Hlwe FUI &3
o] BrElo] Fre] AjF@Ao] ATty AzHE

SEAE =Zio| ZE2HIE THELN Fxe| E&0 0|
e &

Figure 5% 1:20 ZEZ2UE AA|9] &2 v)= 33
AAE2] sAe] YL e T AlFHE 900 miE g
Z790A pme ZVHAF W SEEE A3 SRR
AT 4 A}t 200 pmollA] 30E-F] 100%S] g
2252 Ho FYL 50 pmolHE 308300 49.8%= 7F

J. Kor. Pharm. Sci., Vol. 29, No. 3(1999)



232 A
100 | G
2 Q : O\“O
[o]
£ | SO, :
o - . T
m A by ?\T
8 so0f A ,\A\ °
® A— A
20 | -
Ot 1 1 1 ]
0 200 40 60 80 100 120 140
100 } ' (8) '
O
o 80} I
é?é<.
o ®
8 60t | £
o ry
a
2 40} A
R
20 ﬁ
O‘ I 1 1 1. L 2 ]
0 200 40 80 80 100 120 140
100 } O0—o ©
/ \6 T
v 8o O yTTT——————0
> 1
o]
2 60
el
m @]
2 40t
R .
20 ..‘. .\6
FAA\A A A
0 L 1 1 1 Kl 1 J
0 20 40 60 B8O 100 120 140

Time (min)
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Figure 5—Effect of rotational speed on the dissolution profiles of
DDB tablets containing 1 : 20 copolyvidone solid dispersions. Key :
0; 50 rpm, @; 100 rpm, A; 150 rpm, 4A; 200 rpm.
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Figure 6-Effect of basket method (open symbol) and paddle

method (closed symbol) on the dissolution profiles of DDB tablets

containing copolyvidone solid dispersions at the various drug to

carrier ratios. Key : O; 1:5, A; 1:10, V; 1:20.
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Figure 7-Dissolution profiles of DDB from various dosage forms
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at 37°C. Key : O; Control DDB tablets (FN-1), @; powders, A;
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Figure 8-Permeation profiles of DDB through rabbit duodenal
mucosa from 1 ; 10 copolyvidone physical mixture and solid disper-
sion (mean= SD, n=3). Key : O; DDB alone, @; 1 : 10PM, &;1: 10
SD.
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