
Agents and Actions, vol. 19, 5/6 (1986) 0065-4299/86/060374-02 $1.50 + 0.20/0 
�9 1986 Birkh~iuser Verlag, Basel 

Comparison of the systemic inhibition of thromboxane synthesis, 
anti-inflammatory activity and gastro-intestinal toxicity 
of non-steroidal anti-inflammatory drugs in the rat 

D. P. Carr, R. Henn, J. R. Green and I. Btttcher 

Research Department, Pharmaceuticals Division, Ciba-Geigy Ltd., Basel, Switzerland 

Introduction 

Cyclooxygenase inhibition is now widely accept- 
ed as one of the major properties of non-steroidal 
anti-inflammatory drugs (NSAIDs). This group of 
compounds is diverse in chemical structure yet its 
members share both therapeutic and toxic effects 
which points to a common underlying biochemi- 
cal mechanism. The side-effects most frequently 
associated with NSAID therapy are occult bleed- 
ing and ulcerogenicity. The available evidence 
suggests that inhibition of prostaglandin synthesis 
by NSAIDs impairs the mucosal cytoprotective 
mechanism and renders the epithelial cell layer 
more vulnerable to damage by aggressive luminal 
factors. 
Current research is directed towards developing 
potent anti-inflammatory drugs with significantly 
improved gastro-intestinal tolerability. Following 
this concept, we have compared in rats several 
NSAIDs for anti-inflammatory activity in adju- 
vant arthritis, gastro-intestinal toxicity as mea- 
sured by fecal blood loss, and thromboxane B2 
(TXB2) formation by platelets as an indication of 
systemic cyclooxygenase activity. 

M e t h o d s  

TXB2 levels were measured e x  v ivo  in rat serum 
according to the method of Patrono et  al. [1]. 
Briefly, blood was collected by orbital puncture 
from individual rats (n = 3-6) before, and at l, 4 
and 24 hours after a single oral drug administra- 

tion. The blood samples were allowed to clot at 
37~ for 30min., and then the serum was re- 
moved and frozen. TXB2 levels were assayed later 
using a commercial radioimmunoassay kit 
(Amersham, no. TRK. 780) in thawed serum sam- 
ples diluted 1:40 with assay buffer. At this high 
dilution serum proteins do not interfere with the 
assay so no extraction step is required. 
The compounds studied included the reference 
NSAIDs aspirin, indomethacin, naproxen and 
nimesulide, and a new developmental compound 
CGP 28237 (5-methylsulfonylamino-6-phenoxy- 
1-indanone) which is structurally related to 
nimesulide. 

Resul ts  and discuss ion  

The results are summarized in Table 1. 
For aspirin, the effective anti-inflammatory dose 
range lies close to the threshold dose for increased 
fecal blood loss, resulting in a therapeutic index 
of only 4. In the TXB2 assay, oral aspirin doses of 
100, 30 and even 10 mg/kg inhibited TXB2 gener- 
ation by more than 90% at 1 and 4 hours, and on- 
ly at the lowest dose did the TXB2 level begin to 
recover towards the pre-treatment level at 24 
hours. Much lower doses of aspirin than those re- 
quired for anti-inflammatory effects and ulcero- 
genicity already completely inhibited TXB2 for- 
mation for more than 4 hours, reflecting the well 
known irreversible inhibition of platelet cyclo- 
oxygenase by this drug. 
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Table 1 
Comparison of anti-inflammatory activity, gastro-intestinal toxicity, and systemic inhibition of thromboxane B2 synthesis by NSAIDs 
in the rat in vivo. 

Drug Adjuv. Arthritis ~ GI Blood Loss 2 Therapeutic Index  Thromboxane B23 
ED,0 (mg/kg p.o . )  threshold dose GIB x 3/ED, o Adjuv. EDgo (mg/kg p.o.) 

(mg/kg p.o.) Arth. 

Aspirin 150 600 4 I0 
Indomethacin 0.5 4 8 5 
Naproxen 3 20 7 3 
Nimesulide 0.2 100 500 > 10 
CGP 28237 0.5 O 400 > 800 > 100 

i Adjuvant arthritis test: dose of drug in mg/kg which, when given orally once a day on days 11-14 after adjuvant injection, re- 
duces paw oedema by 40% on day 15. 
2 Gastro-intestinal toxicity test: dose of drug in mg/kg which, when administered once daily for 10 days, causes a threefold increase 
over control in the 10-day cumulative fecal blood loss as measured by 51Cr-labelled homologous erythrocytes (GIB X 3). 
3 Systemic cyclooxygenase inhibition test: dose of drug in mg/kg inhibiting the formation of thromboxane B2 in blood ex vivo by 
90% after a single oral administration. 

Compared to aspirin, the 2 classical NSAIDs in- 
domethacin and naproxen exhibit an approxi- 
mately 2-fold increase in therapeutic index but 
there is still no marked dissociation between anti- 
inflammatory activity and gastro-intestinal toxici- 
ty. In the TXBz assay both drugs inhibited TXB~ 
formation by >-90% with doses _-< 5 mg /kg  p.o. at 
1 and 4 hours after drug administration. These 
doses are close to the active anti-inflammatory 
and ulcerogenic doses o f  these NSAIDs. Within 
24 hours after drug administration TXB2 inhi- 
bition had decreased to less than 50%, reflecting 
the plasma half-life of  these drugs and the revers- 
ible nature of  the cyclooxygenase inhibition. 
Compared to the previously mentioned drugs, 
nimesulide exhibited a pronounced dissociation 
between anti-inflammatory potency and gastro- 
intestinal toxicity, resulting in a more than 50- 
fold increase in the therapeutic index. This potent 
anti-inflammatory compound only caused gastro- 
intestinal side-effects at high doses (=> 100 mg/kg  
p.o.). TXB2 formation was significantly inhibited 
(~80%) with 10 mg/kg  but not with 1 mg/kg.  
A further improvement in the dissociation be- 
tween the anti-inflammatory activity and gastro- 
intestinal toxicity can be seen from the results for 
CGP 28237. This compound is a potent inhibitor 
of  rat adjuvant arthritis (ED,0 0.5 mg/kg)  but it 
caused no increase in gastro-intestinal blood loss 
up to the highest dose tested (400 mg/kg  p.o. for 
10 days). In fact, CGP 28237 was non-ulcerogenic 
in all the test models used so it is not possible to 

calculate a therapeutic index for the compound.  
Interestingly, in the TXB2 assay, doses o f  10 and 
even 100 mg/kg  p.o. failed to produce a signifi- 
cant inhibition of  serum TXB2 within the 24 hour 
observation period in contrast to what had been 
observed with all the other NSAIDs tested. Thus 
there would appear to be an association between 
the compound 's  lack of  inhibition in the TXB2 as- 
say and its outstanding gastro-intestinal toler- 
ability, whereas the biochemical basis for the po- 
tent anti-inflammatory activity of  CGP 28237 re- 
mains to be elucidated. 
In conclusion, these studies have demonstrated 
that the TXB2 assay is a useful adjunct to the 
standard screening procedures for anti-inflamma- 
tory compounds in rats. The method has provided 
valuable evidence for the systemic bioavailability, 
platelet cyclooxygenase inhibition and phar- 
macodynamics of  several reference NSAIDs and 
developmental compounds. Furthermore, from 
the data for CGP 28237, the possibility emerges 
that the absence o f  marked inhibition in the TXB2 
assay may be an additional valuable selection cri- 
teria for potent anti-inflammatory compounds 
with significantly improved gastro-intestinal 
tolerability. 
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