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Design and Gastrointestinal Permeation of Non-aqueous Biphenyl Dimethyl
Dicarboxylate Oral Liquid Preparations
Hye Jin Kim and In Koo Chun’

College of Pharmacy, Dongduk Women's University, Seoul 136-714, Korea
(Received May 2, 2000)

ABSTRACT-In an attempt to develop a non-aqueous liquid formulation of practically insoluble biphenyl dimethy! dicar-
boxylate (DDB), dissolution and permeation studies were performed. Various non-aqueous DDB solutions were formulated
and filled into empty hard capsules. Dissolution rates of a new formulation were compared with those of commercially avail-
able DDB preparations using one and eight dose units. Dissolution rates after 2 hr of DDB tablets (DDB 25 mg), hard cap-
sules (DDB 7.5 mg) and soft capsules (DDB 7.5 mg) on market and new formulation (DDB 7.5 mg) were 6.3, 15.0, 84.5
and 98.0%, respectively. Higher doses (8 units) resulted in a supersaturation within one hr of dissolution, and dissolved
amounts were reduced markedly. Due to the saturation and precipitation, a directly proportional dose-dissolution relationship
was not observed. The addition of copolyvidone and/or glycyrrhizic acid ammonium salt to DDB solution in polyethylene
glycol 300 and 400 inhibited the formation of precipitates during dissolution and markedly enhanced the rabbit duodenal
permeation of DDB. From the site-specific gastrointestinal permeation studies, it was found that permeation rates of DDB
after mixing of non-aqueous DDB solutions with aqueous buffered solutions were faster in the order of rectal < colonic =

ileal = duodenal < jejunal < gastric.

Keywords—Biphenyl dimethyl dicarboxylate, Liquid formulation, Solubilization, Dissolution, Site-specific perme-

ation
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Table I- Formulations of Various DDB Non-aqueous Solutions

Quantity added (mg)

Ingredients
FN-1 FN-2 FN-3 FN-4 FN-5 FN-6 FN-7 FN-8 FN-9
DDB 100 100 100 100 100 100 100 100 100
Copolyvidone 100 100 100 100
GAA 50 50 50 50
PEG 400 9,900 9,750 9,850 9,800 4,900
DGME 9,900 9,750 9,850 9,800 5,000

GAA : glycyrrhizic acid ammonium salt, DGME: diethylene glycol monoethyl ether
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Figure 1-Solubilization of DDB by copolyvidone in water at 37°C.
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Figure 2-Dissolution rates of DDB from one unit of new DDB
capsules (FN-A) containing PEG 300 and glycyrrhizic acid am-
monium salt, and commercially available DDB prepara-tions in wa-
ter at 37°C. Key: @; new FN-A capsules, V; DDB soft capsules
on market, 2 ; DDB tablets on market and O; DDB hard capsules
on market
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Figure 3—Dissolution rates of DDB from eight units of new DDB
capsules (FN-A) containing PEG 300 and glycyrrhiic acid am-
monium salt, and commercially available DDB preparations in wa-
ter at 37°C. Key: @; new FN-A capsules, V; DDB soft capsules
on market, 2; DDB tablets on market and O; DDB hard capsules
on market
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Figure 4-Effect of medium volumes on the dissolution of DDB
soft capsules on market at 37°C. The dissolution medium was wa-
ter. Key: V; 300mi/, 2; 500 m! and O; 900 m/
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Figure 5-Effect of medium volumes on the dissolution of new
DDB capsules (FN-B) containing PEG 300, coplyvidone and gly-
cyrrhizic acid ammonium salt at 37°C. The dissolution medium was
water. Key: V7; 300ml, A; 500 m/ and O; 900 m/

o] IAEAHA(1:20025E DDB(7.5 mgy’} 9413 8249
v 2.3|ESAZ2Y gAEFRYAEY TAEMANER

He A48 39 F 443 Fdo] APHASS 2
3% 8 kP o2 & of AEY JMEIAFE ZEF
H|=2] DDB 71838 &3z wi-¢- & AR A7 &
£ DDBY WIS JAA= EF3= v &3S
Z AztEr.

£&d9] g5Fo] Zradle) ule} FAHFYTFo] WolAe
AL ATTEAA] BL3le S5 A R %o o
2} LIAEE SRk DDB %ol Ajolrt Ide-g ek
Atk Fol] o] 88 & e o] £EFYE aEE o A
2 gZdoAe] aF=e] &8 FAVF FSUE 4
g deyzo)ga Az

DDB2| H|$A 8eio| £7| QAT S =nsy

DDB®] H|44 £ Table A} Zho] AR31aL o]&
A0 W E7] oA RS &3 o AdE
Table Tell YERJRITE olollA] He ZAXH 92 DDB H]
4 SAEL F495 SalErjais AAIFQ] HolA A
£33 ZUg 2o FATh g §A 2PYEFT ZEEH
S ke AWEe] Hwd w2 FAEEE YER
B 2% FN47F 7P 4&8th = PEG 400417}
DGMEA KT} E3&57F Z1on 7+ &Ald ZZev|E &
SR E] H7Me FN-6~804¢} o] B3 5
ArFle Aoz Jepgtt. olgfdt £ 72 Hvie] ¢
g 7183 a3(Figare D ARAFAY JAEH(Figure 5)=
olsled DDB Rt} w2 £&4H9 fX9 #H] e
Rog Azt ¥ v 841 PEG 4005+ DGME®]
EHAE AT A-EN9= HA wE FAEEE B
of F9th webAd FN-4¢t FN9E 7K 933 F9d
DDBe| %3 £58 27431 1 ZAA B 2o e

m

o rht 12

Table II-Cumulative Amount (mg/cm?) of DDB Permeated through Rabbit Duodenal Mucosa after Mixing of Non-aqueous DDB
Solutions with Aqueous Buffered Solutions (1.0 mg/3.5ml donor phase) through Rabbit Duodenal Mucosa

. Time (hr)
Formulation No.
0.25 0.5 1 2 4 6 8
FN-1 0.8x0.3 14x03 34108 66t1.1 109x 1.1 17514 214126
FN-2 1.2+0.2 27106 49105 99+1.0 14717 19.1+47 24076
FN-3 1.0£0.1 24+0.1 3717 6.4 +23 99+24 16,0+ 3.6 23453
FN-4 3005 58107 89+1.8 12823 203+3.0 229+55 29.1+£53
FN-5 25106 27102 2809 41£0.1 54107 65+04 8.1x09
FN-6 25120 33+19 66129 10.8 £2.8 126 £2.8 157+14 179104
FN-7 2004 23104 2410.6 37+05 52+1.2 6515 82+ 1.1
FN-8 1.0£03 1.7x0.1 23106 33x+09 62118 7.1x35 10.2+£43
FN-9 1.3x0.6 30£15 6036 112x3.0 153%2.0 199+25 234+40

Data were expressed as the mean * S.D. (n = 3). Non-aqueous DDB solutions equivalent to 1 mg of DDB was added to receptor solutions. Receptor
solution used was 40% PEG 400 aqueous buffered solution (pH 7.4). For formulation codes, refer to Table 1.
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Figure 6—Permeation rates of DDB through vatious absorptive sites
of rabbit gastrointestinal tract after mixing of a DDB solution com-
posed of PEG 400 and copolyvidone (FN-4) with buffered solution.
Key: O; gastric mucosa, @; duodenal mucosa, A; jejunal
mucosa, &; ileal mucosa, V; colonic mucosa and V¥; rectal mu-
cosa
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Figure 7-Permeation rates of DDB through various absorptive
sites of rabbit gastrointestinal tract after mixing of a DDB solution
composed of PEG 400 and DGME (FN-9) with buffered solution.
Key: O; gastric mucosa, @; duodenal mucosa, 2; jejunal
mucosa, A; ileal mucosa, V; colonic mucosa and ¥; rectal mu-
cosa
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Table I1-Steady State Fluxes fer the Permeation a&f DDB
through Various Absorptive Sites of Rabbit Gastidintestinal
Tract

" - - 2
Absorptive sites — F'N_Flux (ug/cm“{hr)nigw
Gastric mucosa 107+£52 74403
Duodenal mucosa 1.3£03 1.4+08
Jejunal mucosa 1.9+0.1 1.8£09
Tleal miucosa 1.8£02 15104
Colonic mugosa 1,5£03 14£02
Rectal mugosa 0602 04£0.1

Data were expressed as the m@an £8D.(n= 3)‘7_
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