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Enhanced Dissolution and Duodenal Permeation of Atorvastatin Calcium
Using Bile Salt and 2-Hydroxypropyl-B-Cyclodextrin

Ji Won Choi and In Koo Chun®
College of Pharmacy, Dongduk Women’s University, Seoul 136-714, Korea

Abstract — This study was aimed to increase the solubility, dissolution and permeation rates of atorvastatin calcium (ATC)
using bile salt and/or 2-hydroxypropyl-p-cyclodextrin (HPBCD). From solubility studies, sodium deoxycholate (SDC) among
bile salts studied was found to have the highest solubilizing effect on ATC (4.4+0.4 mg/ml), and the order of increasing sol-
ubility was SDC>sod. cholate>sod. glycocholate>sod. taurodeoxycholate>sod. taurocholate>conjugated hile acid. ATC
solid dispersions were prepared at various ratios of drug to SDC and/or HPBCD, and evaluated by differential scanning cal-
orimetry (DSC), dissolution studies and dissolution-permeation studies. DSC curves showed amorphous state of ATC in the
physical mixture and solid dispersion. Dissolution rates of ATC-SDC solid dispersions and physical mixture were markedly
increased at pH 6.8, but decreased at pH 1.2 with greater proportions of SDC due to the precipitation of SDC, compared
with that of drug alone. On the other hand, dissolution rates of ATC-HPBCD solid dispersion and physical mixture at pH
1.2 were varied with the ratio of drug to carriers. From duodenal permeation studies, it was found that fluxes of ATC (donor
dose: 0.5 mg/3.5 ml) in the presence of 25 mM sodium glycocholate, SDC, sod. cholate and sod. taurocholate (5.7+0.9, 5.6+
0.9, 4.8+0.7 and 4.6+0.9 ug/cmZ/hr, respectively) were enhanced, compared with drug alone (3.4=0.9 ptg/cmz/hr). In the dis-
solution-permeation studies, 1 : 9 : 10 (w/w) ATC-SDC-HPBCD solid dispersion increased the flux 2.2 times, compared with
1:5:4 (w/w) ATC-lactose-corn starch mixture as control. In conclusion, solid dispersions with bile salt and HPBCD were
found to be an effective means for increasing the dissolution and permeation rates of ATC.
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Fig. 2 - HPLC chromatograms of ATC standard solution (10 ug/m/) (A) and a test solution (B) obtained in the dissolution test.
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Table I - Effect of bile salts on the solubility of ATC in water at

30°C
Bile salts Solubility (mg/ml)
No additive (water) 0.13+0.01
0.05% SLS in pH 7.0 buffer 0.48+0.10
Conjugated bile acid 1.27+0.08
Sodium taurocholate 1.76=0.08
Sodium taurodeoxycholate 1.79+0.10
Sodium glycocholate 2.56+0.09
Sodium cholate 2.74+0.18
Sodium deoxycholate 4.36+0.44

The concentration of bile salts was 5 w/v % in water.
Data were expressed as the mean+S.D. (n=3).
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Fig. 6 — Dissolution rates of ATC from drug alone (O), 1: 19 (w/w)
ATC-SDC physical mixture (@), and 1: 9 (w/w) ATC-SDC
solid dispersion (2), 1:19 (w/w) ATC-SDC solid
dispersion (A ) and 1 : 49 (w/w) ATC-SDC solid dispersion
(CJ) at pH 6.8 (A) and pH 1.2 (B) at 37°C.
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SDC-HPBCD solid dispersion ([J) at pH 1.2 and 37°C.
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Fig. 8 — Permeation profiles of ATC (0.5 mg/3.5 m/) through duodenal
mucosa in the presence of various bile salts (25 mM). Data
were expressed as the mean=+S.D. (n=3). Key: O, saline;
@, SDC; A\, sodium glycocholate, A, sodium taurocholate;
[], sodium taurodeoxycholate; B, sodium cholate.

Table II — Permeation parameters for the duodenal permeation of
ATC with different bile salts

Bile salts Flux (ug/cm®hr) Ty (r)

None 3.35+0.93 3.01+0.44
Sodium deoxycholate 5.60+0.86 1.97+0.44
Sodium glycocholate 5.65+0.95 1.07+0.36
Sodium taurocholate 4.64+0.91 3.70+0.10
Sodium taurodeoxycholate 2.72+0.30 2.54+1.58
Sodium cholate 4.81+0.68 1.75+0.70

Data were expressed as the mean=+S.D. (n=3).
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Fig. 9 — Dissolution-permeation profiles of ATC through duodenal
mucosa from 1:5:4 (w/w) ATC-lactose-corn starch
mixture (O), 1:9 (w/w) ATC-HPBCD solid dispersion
(@), 1:19 (w/w) ATC-HPBCD solid dispersion (A ), and
1:9:10 (w/w) ATC-SDC-HPBCD solid dispersion (A ).
Data were expressed as the mean+S.D. (n=3).
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Table III — Dissolution-permeation parameters of ATC through duodenal mucosa using HPBCD and HPBCD-SDC solid dispersions

Preparations Flux (ug/cm?hr) Ty (hr)
1:5:4 (w/w) ATC-lactose-corn starch mixture 4.99+0.50 3.22+0.51
1:9 (w/w) ATC-HPBCD solid dispersion 7.31+1.89 2.84+0.38
1:19 (w/w) ATC-HPBCD solid dispersion 4.07+0.43 3.59+0.55
1:9:10 (w/w) ATC-SDC-HPBCD solid dispersion 10.86+2.61 2.90+0.48

Data were expressed as the mean+S.D. (n=3).
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