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The Relationship of i vitro Dissolution and Intestinal Membrane
Permeability with i vivo Bioavailability
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Abstract — A biopharmaceutics drug classification system for correlation between in vitro dissolution and
in vivo bioavailability is proposed based on recognizing that drug dissolution and gastrointestinal per-
meability are the fundamental parameters controlling the rate and extent of drug absorption. The objective
of this study was to assess whether in vitro dissolution profiles of immediate-release beta-blocker tablets
can be correlated with intestinal membrane permeability and/or in vive bioavailability. In vitro dissolution
of the beta-blocker tablets was examined using KP VII Apparatus II methods at various pH. Intestinal
membrane permeability was determined ¢z vitro using the diffusion chamber method. Bioavailablity param-
eters were cited from literatures. The dissolution profiles did not accurately represent the in vivo bio-
availablity. However, there were good correlations between intestinal membrane permeability and log P (n-
octanol/buffer). The correlations obtained in this study indicated that #n vitro diffusion chamber method
could be used to predict intestinal absorption iz vivo. .

Keywords {1 Beta-blockers, dissolution, intestinal membrane permeability, bioavailability.
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AAOLEE 2790 7128 BENH F5Y Alge) B
28 HEPE WYY 5 Y= M2 A3 (guideline)
& AZW| AT 2R FsTA S,

HEYY

Alek 3 77|

R-(+)-propranolol HC], pindolol HCl, metoprolol
tartrate, atenolol HCI(©]%d ¥ Sigma Co., USA)
S BFFOE ARRSIGICH WYRE FEeR
el AlRE Sl i FY ot BAS
2 FAZ o]83ISith. HPLCE o MHEVEH,
W gh-&(Fisher Scientific, USA), D-2% 3 A(Sigma
Co, USA)= Al¥ES, 74 Milli Q(Millipore
Co., USAYPIA 18 MQ-cmZ F3AI7) 78 AR5
ok 7E AR B 9 1H AISEE TR AN
shsic.

71712% Dissolution Testing System(Hewlett
Packard, USA), HPLC pump(LC-10AD, Shimadzu,
Japan), p-Bondapak C,; column(Waters Co., USA),
Fluorescence detector(RF-10Ay;, Shimadzu, Japan),
Centrifugal evaporator(CVE-200D, Tokyo Rikakikai
Co., Japan), Chemical balance(AJ100, Mettler, Swi-
tzerland), pH meter(model 7, Corning, England),
Vortex mixer(G560, Scientific Co., USA)$} Diffusion
chamber(Precision System Inc., USAYE ARt}

WHSE

A F-oJoRERbAA oA B AF 100~150 g9
Sprague Dawleydl 73 SHE &3 Alas AH=E
o] FF} X% 20~25°C, HE 50~60%2) FEAL
FAoA 257gold ASE & AlE 250~300 g
9] g 3R HAAA ARESIATE A 3 244
Zro]l AU F4-go| PAASFERY Ay AFE

16~2071710ll A A sl

BEAY

tigteld KPVIL §2AI8HZE A2 (paddled] el ot
2 8292 A 19eH 129 A 2%0H 68) ¥
€ 900 miE AE3sto] atenolol™ pindolol A=
50 rpml|A] propranolol®} metoprolol % A= 100
mpmelX €&A1A 5, 10, 20, 30, 45 % 60F-olA]
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fhEol=o| of@ et

gHER= atenolol, pindolol, metoprolol & pro-
pranolol®] A% G.Musch 529 WL thx F
Asto] Table 19 27 et Zh 29 Adss
ool AFAE AAstn ol o]g3k] AHst

%irt.

/5 EtiAIS

Atenolol, pindolol, metoprolol % propranolol
9] n-octanolel] thdt /4 FHiAIFE Cruickshank
5o AA ghe IUE ARSI §EF, B
aet B 9 AAolEEFHY] WS et
et

Mxo|2E m2lole &3

Aol Qoix 2] Aol 855 vERE TEtlERl
YEokexr TASEA(AUC), H 1835 (Cmax)
9 HuEFFE TYAIZHTmax)2 atenolol
metoprolol®] 7$-ol= Regardh 5'¥%] ®1% 2L,
pindolol®] Z-9-¢ll= Roivas 0] Hud e,
propranolol®] 7%= Eldon 5'%) B3t gt& At
£319] f DlAT, 58 2 39 T
o] A& T8Itk (Table IN).

Table I - HPLC conditions for the determination of beta-blockers

B-Blockers
Parameters
Atenolol Pindolol Metoprolol Propranolol
Column Spherisorb ODS-2 u-Bondapak C,g column (10 _
(5 pm, 4.6 mm X 250 mm) pm, 3.9 mm X 300 mm)
. Acetonitrile-water-
Mobile phase lstz?el;dhey?:nng;n(gg% \Ea_)v)/v Meth?;(? 170())(11)}1\? ‘;{é-)lZPO“ acetic acid-methanol
- ’ ’ (30:65:1:5, v/v)
Flow rate - 1.0 m//min d
Detector «— RF-10Ay; fluorescence detector -
Excitation Amax(nm) 229 224 224 310
Emission Amax(nm) 298 300 300 380
Temperature — Ambient -
Injection volume — 20 W -

Table II — Relationships between the n-octanol/buffer partition coefficient, the permeability coefficient and bioavailability

parameters of 4 beta-blockers in rats”

.. Permeability
Partition . AUC Cmax Tmax
B-Blockers L a) Coefficient .
Coefficient ( X 107 cm/min - g intestine) (umol - hr/D) (umol/l) (hr)

Atenolol 0.015 0.909 £ 0.701 2523 + 224 255 £ 0.177 2.8 = 04
Pindolol 0.82 1.826 T 1.496 1.114 *+ 06239 0.228 £ 0.121° 1.7 0.7
Metoprolol 0.98 1.667 = 1.349 2.282 + 0.506” 0.368 = 0.078" 1.7 £ 0.3Y
Propranolol 20.20 2.525 + 1.406 0.967 = 03187 0.177 £ 0.048Y 15 08Y

Concentration ratio of n-octanol/pH 7.4 phosphate buffer cited from ref. 13)

YValues cited from ref. 14)
“Values cited from ref. 15)
DValues cited ffrom ref. 16)
*Mean * S.D.(n=12~24)
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100
i @ e [ TSI TRONY - SRR
[
T
»
2
2
P
@~ Waler
0 DH12
20 A pHes
° . —_—
° 1 20 30 © so ]
Time (Min)
Mestoprolol
00 4 -
(1]
§ (1)
(]
4
x 40
@~ Water
2 A Q- pH12
1 F -6 pHo8
[ v v v v v g
Q 10 2 30 4« 50 [
Tine (min}

Table III - Time (T, min) to reseach 75% dissolved
amounts of 4 beta-blockers with paddle
method at various pH media

Atenolol  Pindolol Metoprolol Propranolol
pH 1.2 <5 <5 16.2 <5
Water <5 NA. 155 <5
pH 6.8 <5 <5 15.0 <5

N.A. means “not available”
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Fig. 1 —~ Mean dissolution-time profiles of 4 beta-blockers in various media.
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Fig. 2 — Relationships between the permeability coefficient

and the n-octanol/buffer partition coefficient of 4

beta-blockers in rats. y=0.5114x+1.8100 (r=

0.9901), @ : Atenolol, O : Pindolol, ¥ : Meto-

prolol, ¥V : Propranolol
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Fig. 3 —Relationships between Tmax and the n-octanol/
buffer partition coefficient of 4 betablockers. y=
-0.4307x+1.8589 (r=0.9357), @ : Atenolol, O :
Pindolol, ¥ : Metoprolol, ¥ : Propranolol
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Permaability Coefﬁoient(x10'3 cm/min g intestine)

Fig. 4 — Relationships between Tmax and the permeability

coefficient of 4 beta-blockers. y=-0.8063x+

3.3212 (r=0.9047), @ : Atenolol, O : Pindolol, ¥

: Metoprolol, ¥ : Propranolol
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