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SUMMARY 

The absorption of a 75 mg dose of tiopinac, a non-steroidal anti-inflammatory agent, 
given orally as: (a) a solution; (b) capsules containing milled tiopinac; (c) capsules con- 
taining coarse topinac; and (d) capsules containing the sodium salt was evaluated in hu- 
man volunteers. Also, in vitro dissolution studies were performed under different condi- 
tions on the dosage forms under study. The total absorption of tiopinac was complete 
from all dosage forms tested; however, the absorption rate was substantially and signifi- 
cantly affected by the dosage form. The order of the dosage fomns according to decreas- 
ing absorption rate was: (1) solution; (2) sodium tiopinac capsules; (3) milled tiopinac 
capsules; (4) coarse tiopinac capsules. Using maximum plasma levels to reflect absorption 
rate these differences were statistically significant except for the milled vs coarse capsule 
comparison. Time to maximum plasma levels for each formulation were also compared. 
Some of the plasma profiles following the capsule doses exhibited ‘double peaks’, which 
was especially true in the case of the milled tiopinac formulation. This phenomenon was 
believed to be due to several factors: (a) the fact that 3 capsules (25 mg each) were 
administered; (b) ‘gastric-emptying-rate’ controlled absorption; and (c) the rapid distribu- 
tion and elimination kinetics of tiopinac. In vitro dissolution conditions were established 
that correlated in vitro dissolution rate, tiopinac particle size (specific surface area) and in 
vivo absorption rate for the tiopinac acid capsule formulations. The in vitro dissolution 
conditions required modification to correlate the dissolution rate of the acid tiopinac cap 
sules and the sodium salt tiopinac to correspond to their in vivo absorption rates. The 
effects of the dissolution medium and :he dissolution apparatus on in vitro dissolution 
were also presented and discussed. 
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INTRODUCTION 

As a part of Phase I development of a new therapeutic drug, it is important to ascer- 
tain the human bioavailability of the dosage form(s) intended for use in the clinical trials 
and what dosage form parameters alter bioavailability or characteristics thereof. In addi- 
tion, the establishment of a relationship between a bioavailability parameter and a mea- 
surement of in vitro dissolution would be most helpful in establishing an in vitro dissolu- 
tion specification for control of early clinical batches. 

The physicochemical factors affecting drug absorption are generally well known and 
di?cussed in many publications and texts (for example, La&man et al., 1976). Two physi- 
cochemical parameters, surface area and salt form, are assessed in the present study for 
their effect on bioavtiability D+d in viero dissolution. 

Tiopinac (6,l ldihydro-i i’-oxidobs:nzo(b,e)thiepin-3-acetic acid) is a non-steroidal 
anti-inflammatory agent demonstrated to have potent activity in a number of animal 
modets (Ackrell et a., 1978; Rooks et al., 1980). Its bioavailability in monkeys has been 
reported (Kent et al., 1977). This paper will describe the bioavailability of a 75 mg dose 
of tiopinac when given orally as: (a) a solution; (b) capsules containing milled (fine) 
tiopinac; (c) capsules containing coar!ie tiopinac; and (d) capsules containing the sodium 
salt. Also, the in vitro dissolution of the solid dosage forms and its relationship to the bio- 
availability parameters will be reported. 

MATERIALS AND METHODS 

Su&ecrs. Twelve Realthy male vohmteers whose average age was 31 years (19-52 
years) and whose average weight was 75.8 'kg (61 IL86.4 kg) participated in the study. 
AU subjects exhibited normal vital signs and selected laboratory parameters and were 
without evidence of renal, genito-urina.ry or hepatic disease. None had a history of medi- 
cation allergies. The subjects were not allowed to use concomitant medications of any 
type during the course of the trial and were not permitted to consume alcoholic beverages 
between 48 h before and 24 h after admiii:istration of each dose. The subjects were 
required to abstain from any medication or other drugs for two weeks prior to the onset 
of the trial. 

Formulations und dosing. Seventy-five mg of tiopinac (as the acid) was administered as 
a single dose under open-label conditions. The formulations are described in Table 1 and 
consisted of; (A) an oral solution, 200 ml administered; (Is) capsules containing milled 
tiopinac, 3-25 mg capsules administered; (.C) capsules containing coarse tiopinac, 3-25 
mg capsules administered; and (D) capsules containing sodium tiopinac, 3-30.1 mg cap- 
sules administered (equiva!ent to 3-25 mg tiopinac capsules). 

Each formulation was administered orally to each subject on one occasion between 
19.00 and 20.00 h according to the randomization schedule (Table 2). The subjects fasted 
for 12 h prior to each administration. Heparinized venous blood specimens were obtained 
just prior to administration (baseline) and at 15,30,60 and 90 min and 2,4,8 and 12 h 
after administration of tiopinac. The study drug and all blood and plasma specimens were 
protected from direct light during all handling. The blood was centrifuged and the plasma 
frozen prior to assay for tiopinac by gas liquid chromatographic/mass spectrometric (CC/ 
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TABLE 1 

FORMULATIONS 

~o~mu~r~off A, an oral sohr tion 
Tiopinac 
NaH2P04. HzO, USP 
NaaHPO4, USP 
Purified water, USP qs. ad 

Formulation B, a capsule Lot 150 
Tiopinac (milled (fine) material) 
Lactose, spray dried, USP 
Pregelatinized starch, USP 
Magnesium stearate, USP 

Total 

~~~~u~~o~ C, a capsule Lot 156 
Tiopinzk as a coarse material, amount and excipients same as B. 

mglml 
0.375 
0.731 

13.4 
1.0 ml 

mg/capsule 
25.0 

258.5 
15.0 
1.5 

ZGX 

mg/capsule 

Formuhtion D, a capsule Lot 157 mglcapsule 
Tiopinac (the sodium salt, dihydrate equivalent to 25 mg of the acid) 30.1 
Lactose, spray dried, USP 253.4 
Pregelatinized starch, USP ls.o 
M~ne~um stearate, USP 1.5 

Total %iKG 

TABLE 2 

RANDOMlZATtON 

Subject Drug adm~istration 

: 
D C B A 
A B D C 

3 B A C D 
4 D C B A 
5 c D A B 
6 A B D c 
7 B A c D 
8 C D A B 
9 D C B A 

10 C D A B 
11 B A c D 
12 A B D C 

Formulations: 
A = 75 mg, oral solution; 
B = 75 mg, encapsulated milled material; 
C = 75 mg, encapsulated coarse material; 
D = 75 mg, en~p~ula~d sodium salt. 
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MS) techniques. All subjects remained fasted until 4 h after test drug administration. 
Each capsule formulation was administered with 200 ml of water. A one-week interval 
separated each drug administration to ahow plasma levels of tiopinac to attain baseline 
concentrations prior to subsequent doses. 

G’C/MS method for tiopinac in pfasma. Since tiopinac is chemically unstable in the 
presence of light, blood and plasma smples were collected and stored in amber culture 
tubes (16 X 125 mm) and fitted with teflon-lined sc.rew caps. The analysis procedure was 
carried out in the same tubes or in an area protected from direct light with glassware 
wrapped in aluminum foil. 

To 1 .O ml of plasma, 100 ng of internal standard (2JH-Dibenzo a, d cycloheptan-S- 
one-2-propionic acid) in 100 ~1 methanol was added The plasma was diluted with water 
(1 .O ml) and acidified by the addition of 2 N HCI (OS ml). Tiopinac was removed from 
the acidified layer by extracting with 10 ml of hexane containing 30% ethyl acetate. The 
extracts were transferred to another tube and were evaporated at 60°C under nitrogen. 
The residue was dissolved in 3 ml acetonitrile and washed 4 times with 6 ml of hexane, 
centrifuging between each wash. The acetonitrile layer was hen evaporated to dryness at 
60°C under nitrogen. 

After cooling, the residue was taken up in 0.4 ml oT ethereal solution of diazomethane. 
The esterification reaction was carried out for 5 ruin at room temperature. Excess diazo- 
methane and ether were evaporated under nitrogen. The residue was then taken up in 50 
~1 of ethyl acetate and 2-5 ~1 of ethyl acetate 1~1s b?jected onto the gas chromatograph 
connected to the mass spectrometer (a Fhmigan Model 3200 gas chromatograph/mass 
spectrometer with a Model 6000 data system 01 ted with a chemical ionization source, 
methane as the reagent gas and a CC column, 6 B cm X 2 mm i.d. glass colilmn packed 
with 3% SP 2250 on 100/120 mesh Supelcoport) Selected ion monitoring at mass = 299 
for the derivatized tiopinac and at mass = 293 fo.! the derivatized internal standard pro- 
vided the ion mass chromatograms. A blank plar.ma sample processed according to this 
procedure was clean. Calibration curves were con& ticted by adding O-200 ng of tiopinac 
to plasma containing 100 ng of internal stan&lrd and processing according to the 
described procedure. The concentration of tiopir!:rc in the unknown sample was deter- 
mined from this calibration curve. The ratio of the peak area of the ion chromatogram for 
tiopinac over that for the internal standard was bnear as a function of ng of tiopinac 
added per ml of plasma (lo-200 &ml). The coefficient of variation over this concentra- 
tion range varied from 0.8 to 4.1%. 

hameters evaluated. Comparisons among the 4 formulations were made with respect 
to the following parameters: (1) plasma concentrations at all sampling times (Cp 1 h, 
etc.); (2) time to maximum plasma concent.ation (T,,,&; (3) maximum plasma concen- 
tration (Cp,,,,,) disregarding time of occurrence; (4) sequential areas under the plasma 
concentration curve (AUC), computed using the trapezoidal rule; and (5) total area under 
lthe plasma concentration curve, computed using the trapezoidal rule up to 12 h and 
thereafter by integration of an extrapolated exponential decay curve for each subject. 

Data exclusions. The only anomaly occurring in the study was with respect to the 8 
and 12 h plasma concentrations for subject 12, formulation A (oral solution); the 8 h 
tiopinac plasma concentration was slightly lower than the 12 h concentration. It was 
decided to exclude the 8 and 12 h plasma levels from the statistical analysis, along with 
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any parameters involving them. Specifically, the 8 and 12 h plasma concentrations, AUC 
O-12 h, and total area under the plasma curve for subject 12 formulation A, were 
excluded from the statistical analysis. 

Statistical methods. The statistical analysis of the data is that associated with a rep& 
cated Latin Square. The analysis is similar to that described as Plan 5 (Wirier, 1971). Both 
univariate and multivariate analyses of variance were performed using the Statistical Anal- 
ysis System (SAS) GLM procedure (Barr et al., 1976). Sums of squares identified as Type 
IV in SAS were used in constructing the F-ratios. Wilk’s criterion was used in the multi- 
variate analysis, which was done as an attempt to monitor the occurrence of spuriously 
significant results which is a concern when each of the computed parameters and plasma 
concentrations is analyzed individually. The multivariate analysis is a global test which 
controls the Type I error at the nominal level. Univariate analyses of variance were subse- 
quently performed on each computed parameter and plasma concentrations at all sam- 
pling times. Where significant differences were shown to exist, as indicated by P-values 
less than 0.05, multiple comparisons were carried out using Duncan’s new multiple range 
test (Miller, 1966). In view of the one-week interval between successive administrations, 
carry-over effects were not anticipated and were not provided for in the statistical anal- 
ysis. 

Surfuce area determination. The specific surface area of tiopinac contained in the cap- 
sule formulations was determined using the single-point BET procedure (Lowell, 1979; 
Quantasorb, Quantachrom, Syosset, N.Y. 11791). Each value represents the average of 3 
determinations. 

Irr vitro dissolution. The in vitro dissolution apparatus has been described previously 
(Kent et al., 1977). Early dissolution experiments utilized a polyethylene propeller stirrer 
(PPS) (Kent et al., 1977). The later studies utilized the USP paddle method as described 
in the USP XIX, fifth supplement. The stirring rate for the PPS method was 75 rpm while 
the USP paddle method employed 50 rpm. The dissolution medium volume was 0.5 liters 
with the PPS method (unless indicated otherwise) and 0.9 liters with the USP paddle 
method. Temperature of the dissolution medium was maintained at 37°C. The buffer sys- 
tems used were pH 7.0,O.l M phosphate; pH S.9,0.1 M phosphate; pH 5.1,O.l M citrate/ 
phosphate; pH 4.1, 0.1 M citrate/phosphate. Each capsule was located at the bottom of 
the dissolution vessel by use of a stainless steel wire, coiled loosely around the capsule. 
The UV detector of the automated system (Kent et al., 1977) monitored the dissolution 
at 254 nm. Per cent dissolved was determined from the Beer’s law plot generated from a 
set of standards. In addition to the capsule formulations (B, C and D) utilized in the bio- 
availability study, capsule formulations (E and F), equivalent to B and C except for tie- 
pinac of different surface area, were included in the in vitro dissolution portion of the 
study. 

RKXJLTS 

Clinical observations 
Tiopinac when administered in 75 mg oral doses (one solution and 3 capsule formula- 

tions) was well tolerated by all of the 12 healthy male subjects who participated in the 
trial. None expressed subjective complaints nor manifested objective side-effects. None 



demonstrated clinically important laboratory abnormalities which could be related to test 
drug administration. 

&an plasma levels (j,&ml) for each formulation are presented in Tables 3 and 4 with 
statistical analysis. A plot of mean plasma levels vs. time for each formulation is also pre- 
sented in Fig. 1. Statistically significant differences were observed at all sample times 
except 1.5 and 12 h (Table 3). Individual comparisons among the 4 formulations are pre- 
sented in Table 4. The soluticm (A) provided ~~~~~~y higher plasma levels than all 
other formulations at 15 and 30 min. At 1 h the solution (A) and sodium salt capsule (D) 
were comparable and significantly higher than the other two formulations. In general, 
over the early part of the plasma concentration vs. time curve (O-l .S ii’ the solution and 
sodium salt capsule were comparable and presented the highest plwma levels while the 
milled (9) and coarse (C) capsule were com~~ble and presented the lowest plasma 
levels. 

At 2 h and beyond considerable overlap was observed (Table 4). Generally, a reversal 
of the above trend occurred such that the solution (A) presented the lowest levels and the 
coarse capsule (C) the highest levels. The differences between the solution and coarse cap 
sule were hastily ~~~c~t at 4,8 and 12 h. The milled (B) and sodium salt @) cap 
sule were quite similar through the termiual phase of the plasma concentration vs. time 
cume (2-l 2 h). 

The plot of meaxi plasma levels vs. time (Fig. 1) graphically depicts the more rapid 

TABLE 3 

AVERAGED TIOPINAC PLASMA CONCENTRATIONS @g/ml) f,‘OLLOWING SINGLE ORAL 
DOSES 

Time ~ormu~~tio~s a 

(h) 
A B c 

0.25 8.96 0.37 0.05 
0.50 9.08 2.50 0.81 
I -00 4.71 3.05 1.91 
l so 3.08 2.68 2.16 
2.00 1.93 3.22 2.41 
4.00 0.76 1.40 2.13 
8.00 0.27 b 0.28 0.36 

12.00 0.16 b 0.18 0.20 
-- 

a I~ormu~tio~s: 
A = 75 mg, oral solution; 
B = 75 mg, encapsulated miffed; 
C = 75 mg, encapsufated coarse; 
D = 75 mg, encapsulated sodium salt. 

b Data from subject i2, tormulation A, excfuded. 
c S~t~ti~Uy ~n~~~t difference (P G 0.05). 

0 

1.42 
6.56 
5.40 
3.29 
2.95 
1.04 
0.29 
0.18 

P-value 

0.0001 c 
0.0001 c 
0.0001 c 
0.1611 
0.0184 = 
0.0001 c 
0.0075 c 
0.0644 
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TABLE 4 

MULTIPLE COMPARISONS a AMONG MEAN TLOPINAC PLASMA CONCENTRATIONS @g/ml) 

Tie Formulations b 

15 min c : 0.05 B : 0.37 D : 1.42 A : 8.96 
30 min C : 0.81 B : 2.50 D : 6.56 A : 9.08 
Lh c: 1.91 B : 3.05 A: 4.71 D : 5.40 
1.5 h C : 2.16 B : 2.68 A : 3.08 D : 3.29 

2h A: 1.93 C : 2.41 D : 2.95 B : 3.22 

4h A : 0.76 D: 1.04 B : 1.40 C: 2.13 

8h A : 0.27 c B : 0.28 D : 0.29 C : 0.36 
12h A: 0.16c B : 0.18 D : 0.18 c : 0.20 

a Duncan’s new multiple range test - means underlined by the sample fine are not significantly differ- 
entat P c 0.05. 
b Formulations: 

A = 75 mg, oral solution; 
B = 75 mg, encapsulated milled; 
C = 75 mg, encapsulated coarse; 
D = 75 mg, encapsulated sodium salt. 

c Data from subject 12, formulation A, excluded. 

absorption of tiopinac from the solution and encapsulated sodium salt dosage forms as 
compared to the milled and coarse capsule formulations, Another interesting observation 
is the ‘double peak’ character of the plasma profile for the milled capsule formulation and 
the ‘sustained absorption’ character of the plasma profile for the coarse capsule fortnukt- 
tion. These curves will be fomented on further in the Discussion. 

Various computed bioavailability parameters are presented and statistically analyzed in 
Tables 5 and 6. The mean Cpm,, was greatest following the solution dose (10.6 pglml) 
followed by the sodium salt capsule (7.10 lug/ml) and these values were significantly dif- 
ferent from each other and the two acid capsules. Mean Cpmax following the milled cap- 
sule (4.25 &mi) and the coarse capsule (3.78 &ml) was not ~~~~~~y different 
(Table 6). 

T max was earliest following the solution (22.5 min) followed by the sodium salt cap 
sule (5 1.3 min) but these differences were not statistically significant. T,, following the 
milled capsule (90.0 mm) was significantly different from the solution but not the sodi- 
um salt capsule. The coarse capsule provided the most prolonged I’,,, (158 min) and this 
was significantly longer than all of the other fo~u~ations (Table 6). It should be pointed 
out that in plasma profiles exhibiting a double peak the Tmax corresponding to the highest 
c m8x was selected for computer analysis. 

Sequential AUC was evaluated over the O-l-, 2-, 4- and 12-h intervals. The solution 
(A) AUC was always the largest followed by the sodium salt capsule (D), followed by the 
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10. 

2 4 6 10 12 

TIME (hr.) 

Fig. 1. Mean tiopinac plasma levels vs. tia..e following a 75 mg oral dose of: (A) a solution (0); (B) 3- 
2S-mg capsules containing milled tiopin#ac (0); (C) 3-25mg capsules containing coarse tiopinac (A); 
and (D) 3-2S-mg (acid equivalent) capsules containing sodium tiopinac (0). 

TABLE 5 

VARIOUS BIOAVAILABILITY PARAMETERS CALCULATED FOLLOWING SINGLE ORAL 
DOSES OF TlOPlNAC 

Parameter I~ormulations a P-value 

A B c D 

T (min) max 22.50 90.00 157.50 51.25 0.0001 d 
Cpma, (fig/ml) 10.56 4.2s 3.78 7.10 0.0001 d 
Area. total b 17.41 c 15.91 15.86 17.28 0.1103 
Area, O-l h 6.82 1.79 0.79 4.17 0.0001 d 
Area, O-2 h 10.02 4.70 2.96 7.90 0.0001 d 
Area, O-4 h 12.71 9.31 7.49 11.89 0.0001 d 
Area, O-12 h 15.62 c 13.SR 13.60 15.49 0.0120 d 

a Formulations: 
A = 75 mg, oral solution; 
B = 75 mg. encapsulated milled; 
C = 75 m& encapsulated coarse; 
D = 75 mg, encapsulated sodium salt. 

b Areas are in units of (&ml) - h. 
’ Data from subject 12, formulation A, excluded. 
d Statistically significant difference (P < 0.05). 
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TABLE 6 

MULTIPLE COMPARlSONS a AMONG MEANS OF COMPUTED PARAMETERS 

Formulations b 

Tmax (min) A: 22.50 D : 51.25 B : 90.00 c : 157.50 

CPmax (Irglnll) C: 378 B : 4.25 D : 7.10 A : 10.56 

Area, Total c c: 15.86 B : 15.91 D : 17.28 A : 17.41 * 

Area, O-l h c: 0.79 B : 1.79 D : 4.17 A : 6.82 
Area, O-2 h C : 2.96 B : 4.70 D : 7.90 A: 10.02 
Area, O-4 h c: 7.49 B : 9.31 D : 11.89 A: 12.71 
Area. 0 -12 h B: 13.58 C : 13.60 D: 15.49 A : 15.62* 

a Duncan’s new multiple range test - means underlmed by the sample line are not significantly differ- 
ent at P < 0.05. 
b Formulations: 

A = 75 mg, oral solution; 
B = 75 mg, encapsulated milled; 
C = 75 mg, encapsulated coarse; 
D = 75 mg, encapsulated sodium salt. 

c Areas arc in units of rg-h/ml. 
* Data from subject 12, formulation A, excluded. 

milled capsule (B) and lastly the coarse capsule (C) - except for the O-12-h interval. 
These differences were generally statistically significant except for O-l 2-h AUC compari- 
sons (Table 6). 

Mean total AUC did not show statistically significant differences among any of the for- 
mulations. However, the same general trend noted in the sequential AUC analysis was 
observed for total AUC such that the solution total AUC was greatest (17.4 Erg/ml X h), 
followed by the sodium salt capsule (17.3 &ml X h) followed by the milled and coarse 
capsule (15.9 pg/rnl X h). In a previous metabolism study (Mroszczak et al., 1980)it was 
shown that an oral solution dose was completely absorbed as evidenced by equivalent 
total AUCs following intravenous and oral administrations. Hence, one could conclude 
that since all formulations in the present study are equivalent (in total AUC) to the oral 
solution dose, all formulations were completely absorbed. 

Specific surface area 

The mean values and standard deviation for the specific surface area determinations 
for the different lots of tiopinac and the one lot of tiopinac sodium salt are reported in 
Table 7. The tiopinac utilized in formulation C was representative of unmilled material, 
while that used in formulation B was finely milled. That in both formulations E and F 
was between the two extremes. The specific surface area of tiopinac sodium salt (D) was 
extremely high, which was probably due to the precipitation method used in its prepara- 
tion. 
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TABLE 7 

SPECIFIC SURFACE AREAS OF TlOPlNAC AND ITS SODIUM SALT USED IN THE CAPSULE 
FORMULATIONS STUDIED 

Formulation code Lot 

B (fine) 150 
c (coarse) 156 
D (sodium salt) 157 
E Sla 

F 46 

Specific surface area Mean f SD. (m21g, n = 3) 
.- 

o.go3 * 0.004 
0.147 f 0.002 
7.91 f 0.02 
0.346 f: 0.0 
0.64 f 0.01 

100 

90 

so 

70 

B 

= Q 60 

6 
I- 
?I 9 
P 
z! 

40 

30 

.?t 

11 

5 10 15 10 t5 30 

TIME, MIN 

Fig. 2. In do capsule dissolution profiles, PPS method, 37’C, 75 rpm, 0.5 liters, pH 5.9. Formula- 
tions: B, 0; C, *; D, o ; error bars are S.D. 
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In vitro dissoiu tion 
In vitro dissolution results from the PPS method are depicted in Fig. 2. This figure 

includes the complete in vitro dissolution profde at pH 5.9 of the capsule formulations 
used in the bioavailability section. It should be noted that under these conditions the dis- 
solution rate of formulation D, the sodium salt, was less than that of tiopinac formulation 
B containing fmely milled drug. This would not be expected due to the high solubility of 
the sodium salt. A substantial difference in the dissolution rate of formulations B and C 
was observed and expected if the dissolution conditions were to be discriminatory. 

The in vitro dissolution profiles of formulations 11, C, E and F are described in Fig. 3. 
This figure depicts the dissolution profdes utilizing USP paddle method at 50 rpm 0.9 
liters and plI 5.9. In comparison with the PPS method, Fig. 2, the USP method indicates 
a higher dissolution rate for the two formulations included in both procedures. Also, a 

5 10 15 20 25 30 

TIME, MIN. 

Fig. 3. In vitro capsule dissolution profiles, USP paddle method, 37°C. 50 rpm, 0.9 liters, pH 5.9. For- 
mulations: B, a; C, A; E, X; F. 0; error bars are S.D. 
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pn 7.0 
OSL 

F pH 5.1 
OSL 

I 
a ‘..* PI-I 5.9 

‘0 OSL 

pH41 
0 l.Oi 

J 

I’ig. 4. In vitro capsule dissolution at one time point as a function of pH, sodium salt, and surface area 

of the acid form. PPS method, 37”C, 75 rpm, pH and volume as indicated. Formulations: B, 0; C, A; 

D.o. 

comparison of the variability between methods suggests that the USP method has alightly 
less variabih ty . 

The effect of the dissolution medium pH and the surface area of the formulated tio- 
pinac on in vitro dissolution is shown in Fig. 4. This figure indicates, as would be pre- 
dicted for dissolution of weak organic acids, an increase in per cent dissolved as the pH is 
increased. Also, an increase in specific surface area of the free acid tiophtac resulted in an 
increase in the per scent dissolved following dissolution theory. The formulation contain- 
ing the tiopinac sodium salt (D) was included in this comparison to demonstrate that a 
dissolution rate greater than that of the fine tiopinac acid formulation (B) was not shown 
for the sodium salt (D) until a dissolution medium pH of 4.1 was utilized. This difference 
in dissolution rate at the low pH can be understood based on the solubiity at the micro= 
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Ienvironment of the dissolving particles. However, the rationale for the lower dissolution 
irate of the sodium salt formulation relative to the acid formulation at pHs above this is 
not apparent. 

DWXJSSION 

The plasma levei curves for the fine and coarse capsules (as compared to the solution 
or sodium salt capsule) exhibited unusual characteristics (Fig. 1). Following the solution 
dose (Fig. I A) none of the subjects exhibited a double peak and T,,, occurred at 0.25 or 
10.5 h in all subjects. Hence, in the solution control group, rapid absorption and a smooth 
decline in plasma levels following Cp,, was observed. This eliminates unusual disposi- 
tion characteristics of the drug, such as enterohepatic circulation, for example, as an 
explanation of the double peak. six of the 12 subjects receiving the milled tiopinac cap 
sules (B) exhibited a double peak and T,, ranged from 0.5 to 4 h. Therefore, this clearly 
must be the result of the formulation and method of dosing. In this study, tiopinac was 
formulated into capsules and three 25mg capsules were administered (as a single dose) to 
each subject. Four of the 12 subjects receiving the coarse tiopinac capsules (C) exhibited 
a double peak but 6 of the subjects exhibited a single delayed peak which occurred from 
2 to 4 h post-dosing. Each subject received three 25mg capsules as above. 

It is suggested that the double peak in some of the tiopinac plasma profiles following 
tiopinac (acid) capsules results from ‘stomach-emptying-rate’ control of absorption 
(Clements et al., 1978). The ‘stomach-emptying-rate’ of a solution is normally continuous 
because the dose is homogeneous. This appears to be the case with the sodium salt for- 
mulation which may rapidly dissolve in the stomach. However, the gastric emptying rate 
of the acid formulations given in 3 capsules may be discontinuous. For example, the 
contents of 2 of the 3 capsules may be emptied into the small intestine within 10 min 
after ingestion but emptying of the third capsule may be delayed for an hour (or longer) 
following ingestion. Hence, two absorption surges can occur and double peaking may be 
observed. Relative to other drugs the effect is amplified in the case of tiopinac because 
of the very steep decline of plasma concentrations immediately after peak plasma levels 
(Fig. 1) and because of the pronounced solubility increase that occurs when the contents 
of the acid capsules transit from the stomach (low pH) to the small intestine (high pH) as 
demonstrated by in vitro dissolution in Fig. 4. It should be noted that this model is con- 
sistent with negligible absorption from the stomach. The coarse tiopinac capsules exhibited 
more of :i ‘sustained absorption’ character and this may be explained by the above con- 
siderations along with a much slower dissolution rate (and consequently absorption rate) 
superimposed (as demonstrated in Figs. 2 and 3). 

It is the goal of an in vitro dissolution method to differentiate between dosage forms 
that exhibit different bioavailability characteristics. As discussed previously, the extent of 
bioavailability of the 3 capsule formulations (B, C and D) and the solution (A) were equi- 
valent. However, the overall plasma profile and absorption rate characteristics (Fig. 1 and 
Table 6) were different in each case. Hence, the AUC for early times (e.g. O-2 h) T,,, or 

CP max may be used as a comparative measure of absorption rate. These parameters are 
correlated to the in vitro dissolution response for the tiopinac acid capsule formulations 
(B and C) in Table 8. AdmittcdIy there are only two formulations for this comparison 
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TABLE 8 

IN VITRO DISSOLUTION RESULTS (USP) AT 22 MIN FOR FORMULATIONS B AND C 
COMPARED TO IN VW0 ABSORPTFON RATES AS MEASURED BY AUC, Coma, AND Tmax 

Fcwrmulation $6 dissolved 
at 22 min (USP) 
(Mean f S.D.) 

AUC (O-2 h) Tmax 
(rg-h/ml) (min) 

cPmax 
(*g/ml) 

B 97 * 3 4.10 90.0 4.25 

c 51&S 2.96 157.5 3.78 

25 50 75 1.0 1.25 

S.A. (M’ GM ‘b 

Fig. 5. Relationship between in vitro dissolution (IJSP paddle, SO rpm, pH 5.9) of tiopinac capsules 
and surface area of tiopinac and the absorption rate parameter, AUC (O-2 h). Formulations: B; a; C, 
pi’; E. x; P, 0. 
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which certainly places limitations on its value. However, in the early stages of a drug 
development program this yields valuable information regarding the meaning of the in 
vitro dissolution results and the% corresponding relation to in viva absorption rates. 

Ad~tion~ ~fo~ation is oWined when the specific surface area of the tiopinac is 
included in this comparison (Fig. 5). This figure describes visually the relationship of per 
cent dissolved (in vitro dissolution) to surface area to AUC (O-2 h). AUC (O-2 h) was 
used in this comparison; however, Cp,,, or Tmax could also have been utilized as the 
measure of absorption rate. The information now relates surface area of tiopirtac acid, a 
physical pa~eter, to an in viva adoption p~eter, AUC. This suggests that control 
of tiopinac surface area will provide appropriate in vitro dissolution values and the corre- 
sponding in vivo absorption charactex&rtic. Overall, this data indicates that the in vivo 
absorption rate of tiopinac is dissolution ratecontrolled. 

The fact that the in vitro dirnolution rate (Fig. 4) of capsules of tiopinac sodium salt 
(D) was not greater than the Gopinac acid capsule (B) until an acidic pH of 4.1 was 
reached leads to speculation as to the mechanism by which the salt form yields a more 
rapid absorption rate versus the acid formulation (B). This indicates that tiopinac sodium 
salt formulation @) dissolves rapidly in the gastric environment providing a solution for 
ready transport to and absorption from the upper intestine or possibly finely precipitated 
particles of the acid which mow: into the ~test~~ tract to undergo rapid ~ssolution and 
absorption. This is in agreemen.: w%h the general theory on the rationale for the use of a 
sodium salt of a weak acid for mproved in vivo absorption (Lachman et al., 1976). It is 
important to note, however, thzit an in vitro dissolution method that distinguishes among 
formulations of a weak acid, sur,h as tiopinac, may provide misleading information on the 
predicted in vivo absorption rate of a formation cont~~g the salt of the weak acid, eg. 
tiopinac sodium salt. In vitro dissolution conditions must be modified such that in vitro 
dissolution results will correspcnd to in vivo absorption parameters if a meaningful in 
vitro dissolution test (and specification) is desired. 

CC/MS analysis of all plasma samples were carried out in the Department of Analytical 
and Metabolic Chemistry by Bernard Amos under the direction of Dr. S. Matin. The dis- 
solution experiments were conducted by Mark Yost. Statistical analysis was carried out 
by John Allen of the Department of Biostatistics. Their contribution to this report is 
g~tef~y ac~owled~d. 
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