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Using ex vivo incubation of mucosal strips the production of prostaglandins (I z- and E-like PGs) in the rat stomach 
was demonstrated by bioassay. Indomethacin inhibited this PG synthesis 1 and 4 h after oral drug administration. 
Paracetamol stimulated the production of PGs when given by itself but could not prevent the inhibitory action of 
indomethacin. Protection of the stomach by paracetamol against the injuring effect of indomethacin is therefore not 
due to preservation of the production of protective PGs. 
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1. Introduction 

Paracetamol has been shown to reduce the 
gastric injuring side-effect of indomethacin (Van 
Kolfschoten et al., 1982). This protective effect 
occurred after both oral and subcutaneous ad- 
ministration of paracetamol. Moreover, protection 
was seen against gastric erosions induced with 
indomethacin administered either orally or sub- 
cutaneously. It was therefore concluded that the 
protective effect of paracetamol against in- 
domethacin-induced erosions resulted from a 
pharmacodynamic  action on the mucosal cells 
rather than f rom a physicochemical interaction 
between the two drugs. 

It has also been demonstrated that, under cer- 
tain circumstances in vitro, paracetamol stimulates 
the synthesis of E-type PGs in bovine seminal 
vesicles (Robak et al., 1978; McDonald-Gibson 
and Collier, 1979). As several PGs protect the 
gastric wall against the damaging effect of in- 
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domethacin (Robert, 1976), we proposed the hy- 
pothesis that paracetamol protects the stomach 
against indomethacin by stimulating the inhibited 
local biosynthesis of protective PGs (Van 
Kolfschoten et al., 1982). This hypothesis has also 
been proposed for the protective effect of para- 
cetamol against gastric injury induced by aspirin 
but it has been shown that paracetamol cannot 
stimulate the PG synthesis which is inhibited by 
aspirin (Van Kolfschoten, 1981). The erosive activ- 
ity of indomethacin differs from that of aspirin 
(Van Kolfschoten et al., 1982). Moreover the 
inhibition of PG synthesizing enzymes by in- 
domethacin is reversible while it is not in the case 
of aspirin (Stanford et al., 1977). 

In the present study the interaction of in- 
domethacin and paracetamol with regard to the ex 
vivo biosynthesis of PGs by the rat gastric mucosa, 
during 1 and 4 h, was analysed. 

2. Materials and methods 

Male Wistar rats (CPB, TNO, Zeist, The 
Netherlands) were fasted for 24 h with free access 
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to water. Experiments were started with the oral 
administrat ion of indomethacin 8 m g .  k g - I ,  
paracetamol 250 mg .  k g - I  or the combination of 
both drugs. Drugs were suspended in a 4% solu- 
tion of Tween 80 which was also given to control 
rats (5 ml-  kg-1).  The rats were killed by decapita- 
tion 1 or 4 h after drug administration and the 
stomachs were then removed. 

Drug dosages and sampling times were the same 
as before (Van Kolfschoten et al., 1982). In- 
domethacin (8 mg-  kg -  ~ ) caused significant gastric 
damage 1 h after administration, and more damage 
at 4h;  paracetamol reduced this damage signifi- 
cantly. Gastric mucosal tissue was prepared for 
generation of PGs using the method described by 
Whittle (1978). 

The anti-aggregatory activity of PGI~ was used 
to determine its concentration in the supernatants. 
Blood was obtained from an anaesthetized rabbit 
and mixed with sodium citrate (9: 1). Platelet-rich 
plasma (PRP) was prepared by centrifugation at 
200 × g for 20 min at room temperature. PRP was 
aggregated reversibly ~at 37°C with adenosine 
diphosphate (ADP) (5-10/~M).  Aliquots of sam- 
ple or standard were added to the PRP one rain 
before ADP and the percentage inhibition of ag- 
gregation was measured. Aliquots of the super- 
natant  were tested after boiling for PGE-like activ- 
ity on the oil-immersion superfused rat stomach 
strip. Standard curves were made using authentic 
PGI  2 and PGE 2. 

After analysis of variance of the data, the dif- 
ferences between treatment groups were assumed 
to be real if F-tests revealed probabili ty levels of 
less than 0.05. 

3. Results 

Gastric mucosal tissue of control rats generated 
both  I2-1ike and E-like PGs. Indomethacin 
decreased the formation of PGIz to levels which 
could not be detected by the method used ( <  5 
n g / g  tissue) both 1 h and 4 h after administration. 
PGE~ production was also diminished at both 
times; the decrease seemed to be less at 4 h but the 
influence of time on the effect of indomethacin 
was not significant. Paracetamol itself caused a 

T A B L E  1 

Effects  of i ndome thac in  (8 m g . k g - 1 ) ,  pa race tamol  (250 mg.  
k g -  l)  and  the combina t i on  of the two drugs  on the p roduc t ion  

of PGs by the gastr ic  mucosa.  Mean  p roduc t ion  in n a n o g r a m  + 

S.E.M. (n) per  g of t issue weight.  

T r e a t m e n t  Hours  after admin i s t r a t ion  

1 4 

PGI2 
Vehicle (control) 60= 18 (7) 
I n d o m e t h a c i n  < 5 * (7) 
Pa race t amol  180 ÷ 44 * (7) 

I n d o m e t h a c i n  + 

pa race t amol  < 5 (7) 

PGE2 
Vehicle  (control)  94 + - 19 (6) 
I n d o m e t h a c i n  46 ± 13 * (6) 

Pa race t amol  133 ± 20 * (6) 

I n d o m e t h a c i n  + 
pa race t amol  

44 + 6 (8) 
< 5 * (8) 

152-+26 * (8) 

< 5  * (8) 

107±  16 (7) 

88 ± 29 * (7) 
226--+33 * (7) 

47 + 15 * (6) 67 + 17 * (7) 

* Signi f icant ly  d i f ferent  f rom control  value; P < 0 . 0 5 ;  F-test. 

three-fold increase in PGI  2 formation at both 
times. PGE 2 production was also enhanced by 
paracetamol alone, especially at 4 h. The influence 
of the combination of the two drugs was not 
different from that of indomethacin by itself: a 
decrease of both PGI~ and PGE z production, be- 
low the detection limit in the case of PGI  2. 

4. Discussion 

Indomethacin markedly inhibited PGI 2 synthe- 
sis in the rat stomach thus confirming earlier 
observations of Whittle (1978). In contrast to the 
latter author we found production of considerable 
amounts of PGE 2 which was also inhibited by 
indomethacin. Similarly Konturek et al. (1981) 
and Van Kolfschoten et al. (1981) observed pro- 
duction of both PGI  2 and PGE 2 which could be 
inhibited by aspirin. 

Co-administration of paracetamol with in- 
domethacin resulted in the same inhibition of PG 
synthesis as after indomethacin alone: the sus- 
pected stimulation of the inhibited PG synthesis 
by paracetamol did not occur. Paracetamol how- 
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ever was found to stimulate PG synthesis when 
administered without indomethacin. This is in 
agreement with the observations of Van 
Kolfschoten et al. (1981) who used the ex vivo 
gastric mucosa, and of Robak et al. (1978) and 
McDonald-Gibson and Collier (1979) who used 
bovine seminal vesicles in vitro. The latter authors 
stated that paracetamol renders the elevated PG 
synthesis more vulnerable to inhibition by aspirin 
and indomethacin, resulting in potentiation of the 
inhibitory effect. Our results with mucosal tissue 
and the results of Brune and Peskar (1980), ob- 
tained with measurement of PG synthesis in mac- 
rophages, do not support such a potentiation ex 
vivo. 

The stimulation of the generation of PGI 2 and 
PGE 2 by paracetamol could originate from two 
possible mechanisms. Firstly, paracetamol could 
act as a phenolic cofactor resulting in an increased 
formation of PGs (Robak et al., 1978). Secondly, 
the radical scavenging properties of paracetamol 
could lead to deactivation of noxious free hydroxyl 
radicals which are genrated during PG biosynthe- 
sis and which can destroy PG synthesizing 
enzymes, especially PGI 2 synthetase. Thus para- 
cetamol could prevent enzyme destruction and, at 
the same time, stimulate the step in PG synthesis 
in which the radicals are formed by decreasing 
product inhibition (Kuehl et al., 1979). Our results 
do not allow us to discriminate between these two 
possible mechanisms of action. 

As stimulation of PG biosynthesis is unlikely to 
be the mechanism of action explaining the protec- 
tion provided-by paracetamol against the gastric 
damaging effect of indomethacin and aspirin (Van 
Kolfschoten et al., 1981) other possibilities should 
be considered. Paracetamol might directly activate 
protective factors in the gastric mucosa e.g. mucus 
and bicarbonate secretions. 

Acknowledgments 

The authors are indebted to Dr. F.P. Nijkamp (Rudolf 
Magnus Institute of Pharmacology, Utrecht, The Netherlands) 
for providing the facilities to perform the experiments in their 
laboratory. They also wish to thank Dr. P. Zandberg for his 
contribution to the discussion. 

References 

Brune, K. and B.A. Peskar, 1980, Paracetamol does not poten- 
tiate the acetylsalicylate inhibition of prostaglandin release 
from macrophages, European J. Pharmacol. 68, 365. 

Konturek, S.J., I. Piastucki, T. Brzozowski, T. Radecki, A. 
Dembinska-Kiec, A. Zmuda and R.J. Gryglewski, 1981, 
Role of prostaglandins in the formation of aspirin-induced 
gastric ulcers, Gastroenterology 80, 4. 

Kuehl, F.A., J.L. Humes, M.L. Torchiana, E.A. Ham and R.W. 
Egan, 1979, Oxygen-centered radicals in inflammatory 
processes, in: Weismann Adv. Inflam. Res. (Raven Press, 
New York) p. 419. 

McDonald-Gibson, W.J. and H.O.J. Collier, 1979, Paracetamol 
potentiates acetylsalicylate in inhibiting prostaglandin 
synthesis, European J. Pharmacol. 58, 497. 

Robak, J., A. Wieckowsld and R.J. Gryglewski, 1978, The 
effect of 4-acetaminophenol on prostaglandin synthetase 
activity in bovine and ram seminal vesicles, Biochem. 
Pharmacol. 27, 393. 

Robert, A., 1976, Antisecretory, antiulcer, cytoprotective and 
diarrheogenic properties of prostaglandins, in: Adv. Prost. 
Throm. Res., eds. B. Samuelsson and R. Paoletti (Raven 
Press, New York) nr. 2, p. 507. 

Stanford, N., G.J. Roth, T.Y. Shen and P.W. Majerus, 1977, 
Lack of covalent modification of prostaglandin synthetase 
(cyclo-oxygenase) by indomethacin, Prostaglandins 13, 669. 

Van Kolfschoten, A.A., A. Dembinska-Kiec and M. Basista, 
1981, Interaction between aspirin and paracetamol on the 
production of prostaglandins in the rat gastric mucosa, J. 
Pharm. Pharmacol. 33, 462. 

Van Kolfschoten, A.A., P. Zandberg, L.P. Jager and J. van 
Noordwijk, 1982, The influence of paracetamol on the 
erosive activity of indomethacin in the rat stomach, Agents 
Actions 12, 247. 

Whittle, B.J.R., 1978, Inhibition of prostacyclin (PGI2) forma- 
tion in the rat small intestine and gastric mucosa by the 
ulcerogen indomethacin Br. J. Pharmacol. 64 438P. 


