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Summary 

The present study illustrates the importance of bioavailability testing whenever 
two active ingredients are combined in the same formulation in order to be 
administered simultaneously. The negative influence of the major spasmolytic drug, 
tiemonium, on the absorption of aspirin was demonstrated in the dog. This activity 
is so important that it was logical to suppose that this effect would be the same in 
man. In order to remove this effect, a special formulation was designed in which the 
two ingredients were released one after the other. Even so, an initial experiment in 
man gave unexpected results which were shown in an in vitro study to be due to 
extraneous factors connected with the preparation of the tablets. The importance of 
such in vitro investigations in avoiding hasty interpretation of in vivo findings is thus 
once again demonstrated. 

Introduction 

Little work has been done on the influence of drugs on gastrointestinal absorp- 
tion of aspirin. Nevertheless, it is known that antacids (Morgan and Truitt, 1964; 
Koch Weser, 1974) and stomach liners (Robert et al., 1980) regulate absorption of 
aspirin, while metoclopramide (Wainscoot et al., 1976) reduce it. 

The aim of this work was to determine the influence of a spamolytic drug, 
tiemonium methylsulfate, on tlhe absorption of acetylsalicyclic acid. Two separate 
studies were done, the first in the dog and the second in man. The results of the first 
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study provided data which led to the elaboration of a special formulation used in the 
second study. 

1. Experiments on the Dog 

The influence of tiemonium on the absorption of aspirin was investigated in the 
dog. Two routes of administration were compared: intravenous and oral. 

(I) Intravenous administration 

Five thorou~bred beagle dogs weighing from 7 to IO kg were used. This group 
was composed of 3 males and 2 females in order to show a possible sex difference in 
results.. Dosages were as follows: Formulation A, 100 mg/kg of lysine acetylsalicy- 
late mixed with ! mg/kg of tiemonium methylsulfate; and Formulation B, 100 
mg/kg of lysine acetylsalicylate alone. 

Each dog received the two formulations one week apart in the following random 
order. 

Dogs Ml * M2 * M3 * F4 ** FS ** 

Weight (kg) *** 8.4 9.2 9.5 7.3 8.6 
1 st administration A B B A 3 
Weight {kg) *** 8.5 9.2 9.4 6.9 8.3 
2nd administration B A A B A 

* Male. 
** Female. 
*** Weight of dogs just before administration (first or second). 

Blood samples (3.5 ml) were taken for salicylate assay at the following times after 
administration: 0.50; 1; 1.50; 2; 3; 4; 6; 8 and 12 h. 

The method used was that of Cid et al. (1971) and consists of pretipitation of 
total blood proteins with Hg”* and simultaneous formation of a colored 
Fe’ “ salicyiate complex which is directly assayed spectraphotometricnlly at 549 
nm. 

Mean blood salicylate concentrations found in the 5 dogs after i.v. administration 
are given in Table 1. 

Analysis of variance performed on blnod salicylate vafues and on elimination 
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constants obtained after smoothing with a data processor showed no statistic~i~y 
significant difference between aspirin administered alone and aspirin plus tiemonium. 
Furthermore, there is no statistical difference between male and female dogs. The 
spasmolytic drug does not therefore seem to affect neither the elimination rate of 
aspirin given intravenously nor the apparent volume of dist~bution and conse- 
quently the clearance of this drug. 

(2) Oral administration 

Procedure 
The same dogs were used as above, each bearing the same number as before. 

Dosages were as follows: Formulation A contains 200 mg of encapsulated acetyl 
salicylic acid mixed with 20 mg of tiemonium in hard gelatin capsule: and Formula- 
tion B contains 200 mg of encapsulated acetyl salicylic acid in hard gelatin capsule. 

The dose administered was adjusted to 200 mg/kg of aspirin and 20 mg/kg of 
tiemonium. 

Each dog received the two formulations one week apart in the following random 
order. 

Dogs Ml* M2* M3” F4 ** FS ** 

Weight {kg) *** 9.5 10.2 10 8.5 9.5 
1 st administration B A A B A 

Weight (kg) *** 9 9.4 9 7.7 8.5 
2nd administration A B B A B 

* Male. 
** Female. 
*** Weight of dogs just before administration (first or second). 

Blood samples (3.5 ml) were taken for salicylate assay at the following times after 
administration: 0.50; I; 1.50; 2; 4; 6: 8; 12 and 24 h. 

The same method was used as above. 

Mean blood salicylate concentrations and AUC found in the 5 dogs after oral 
administration are given in Table 2. 

In all cases, the micro-encapsulated aspirin is absorbed very slowly but when it is 
added with tiemonium the absorption rate is slower. This iv checked in peak time 
!T ma, ) (approximately 5 h of difference) but the maximum concentration (C,,,,) are 
very close. 
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This is confirmed by the values of the absorption constant (Xr,) of aspirin 
( K, = 0.8034) which is 4.7 times higher than aspirin + tiemonium ( K, = 0.17849). 

However, the amount of absorbed drug is the same as can be seen with the areas 
under the curves (analysis of variance, P = 0.05). It seems that when tiemonium is 
administered by oral route, it reduces the absorption rate of aspirin without 
modified the absorbed amount. Furthermore there is no difference owing to the sex 
of the animals. 

However, the delay observed in aspirin absorption in dogs is so important that it 
was not possible to discard the hypothesis of an identical delay in man. Therefore, in 
view of eli~nating this effect, a special formulation was designed in which the two 
active ingredients are released successively. Tiemonium was placed in the core of a 
tablet and microencapsulated aspirin in the outer layer. The latter drug is thus 
released immediately on arrival in the stomach while release of tiemonium is 
delayed. This formulation was tested in man. 

Il. Experiments in man 

(1) First experiment 

Procedure 

In this first experiment the following formulations were used. 

Formulation A 
Cure 

Tiemonium .......................................... 
Potatostarch ......................................... 
Polyvidone K 90 ....................................... 
Talc ............................................... 
Glycerol palmito-stearate ................................. 

Outer iqer 

encapsulated a~etylsaIi~yli~ acid ............................ 
Potatostarch ........................................ 

Avicel PH 101 ........................................ 
Polyvldone K90 ...................................... 
Talc ............................................... 
Glycerol palmito-stearate ................................. 

f.‘~~r~nul,~tion B 

c ‘on 

Potato starch ........................................ 
r~~ly~~idi)l~e K90 ...................................... 
‘I‘dc .............................................. 

Glycerd palmito StGtriktt? ............................... 
Lactose ........................................... 

Otiler Irq-er 

Like formul~itioI1 A 

50 ntg 

45 mg 
2 ntg 
2 ntg 
1 mg 

525 mg 
35.5 mg 

20 mg 
1.5 mg 

8 mg 
10 mg 

67.9 m13, 
1.4 mg 
1.4 mg 
0.7 mg 

28.6 mg 

- 
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From the pharmaceutical point of view, the tablets were made as follows. 
~~~u~a~ju~ A: the core was made after a wet maculation of the various 

ingredients by a rotative machine (Musty ~~5~); the outer layer was tableted 
after wet granulation of the different ingredients around the core with the same 
tableting machine. 

Formulation B: the core was made like in formulation A but the outer layer was 
tableted by direct compression directly around the core. 

For the two formulations (A and B), the desintegration time was close to 15 min 
and hardness to 16 kgp. The dissolution rate of aspirin from the two formulations 
evaluated by the basket method in distilled water at 100 ‘pm indicated that 100% of 
aspirin was released in 90 min. 

Eight healthy volunteers were used; all had normal kidney functions. Each subject 
received the two formulations one week apart in the following random order. 

Subject 1 2 3 4 5 6 7 8 

1st administration A B B B A B A A 
2nd administration B A A A B A B B 

Subjects received 3 tablets in the morning without food but they could eat 4 h 
later. 

Blood salicylate was assayed at the following times after ad~nistration: 0.50; 1; 
2: 3; 3.50: 4; 5; 6; 8; 12 and 24 h. 

The method used was a scaled-up version of that used above; 1 ml of blood was 
used instead of 0.2 ml with other reagent quantities being adjusted accordingly. 

Results 
Mean blood salicylate concentrations and AN found after oral ad~nistration 

are given in Table 3. 

Analysis of variance performed on the areas under the curves showed in this 
experiment a statistically significant difference between the two tablets forms. Thus. 
c ,,,*% is quite different, though T,,,,, does not differ significantly. This finding is 
unexpected given that the tiemonium should be released later. 

Therefore, a second dissolution test was undertaken in order to show a difference 
between the two formulations. This dissolution test was performed by the paddle 
method at 60 rpm using distilled water as dissolution medium at 37OC. The results 
obtained are presented in Table 4, 
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TABLE 4 

MEAN DISSOLVED ASPIRIN FROM FO~IJLATIONS A AND B 

Tablet Mean aspirin leveis (ag/ml) 

Time 

- 0.25 h 0.50 h I h 2h 3h 4h 

A (mean) 32.5 43 60.5 92 110.5 130 
A (standard deviation) 0.28 1.37 3.26 12.67 5.42 7.71 

B (mean) 40.9 98.5 192.5 334.5 403 411.2 
B (standard deviation) 8.20 8.94 48.28 41.44 52.25 54.01 

By using the paddle method, the results obtained showed that the tabIets of batch 
A released only 24.75% of their aspirin content in 4 h, whereas those of batch B 
released 78.30% of their aspirin content in the same time. This difference in vitro is 

likely to occur in vivo. 

Procedure 
Formulation. Owing to this difference of the release rate we modified the 

manufacturing process. The core of the two formulations was always made after a 
wet granulation but the outer layer of those was tableted by direct compression, 
after mixing of the different ingredients, around the core. The compression pressure 
was strictly determined: the disintegration time was close to 15 min, hardness 12 kgp 
and in vitro release rate evaluated again with the paddle method. The formulation A 
released 71.2% of its aspirin content in 1.50 h and the formulation B released 71.6% 
of its aspirin content in the same time. Using these new hatches, a second bioavaila- 
bility study was performed in mtn. 

~u~~ect~. The same subjects and the same experimental conditions were used. 
Each subject received the two formulations one week apart in random order. Blood 
salicylate was assayed at the following times after administration: 0.50: 1: 2; 3; 3.50; 
4; 5; 6; 8; 12 and 24 h. 

Saliqlate assay. The method used was the same as above. 

Remits 
Mean blood salicylate concent- %i<ms and AK:,’ found in this second experi- 

ment are given in Table 5. 

The results obtained show that the two formulations A and B are bioequivalent. 
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The two bioavailability parameters, absorbed amount and absorption rate are not 
different. The absorbed amount, determined from the areas under the curves, were 
practically the same (no statistically si~~fi~ant difference at P = 0.05). Similarly, 
T max and GWX were not different at P = 0.05 with the exception of subject 3 who 
gave abnormal values. 

Discussion and Conclusion 

Tiemonium administered by peroral route to animals slows down the absorption 
of aspirin though without reducing the total amount absorbed. This effect is 
reminiscent of that described for rn~~~lopra~de and antispasmodics in general 
which sfows down absorption by i~biting ~~stalti~ movement without affecting 
total amount absorbed (Koffel, 1979). 

The association of tiemonium with aspirin needs a special formulation to separate 
the release of the two drugs in the gastrointestinal tract. This formulation is not easy 
to develop and the results obtained indicate the importance of the tablets’: ( 1) 
manufacturing process (wet granulation or direct compression): (2) pharmaceutical 
parameters (hardness); and (3) determination of release rate of the drug (basket or 
paddle method). 

To complete this study, blood levels of tiemonium might have been determined 
but its very low absorbed amount did not allow accurate assay except in the case of 
the labelled drug. 
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