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Abstract. The anti-inflammatory, analgesic and antipyre- 
tic properties of the new non-steroidal anti-inflammatory 
agent, meloxicam, were investigated in a variety of animal 
models and compared with the properties of piroxicam, 
diclofenac, indomethacin and several other NSAIDs. 

With respect to the total effect of a single oral dose, 
the anti-exudative effect of meloxicam on carrageenan- 
induced oedema in the rat exceeded that of all the 
NSAIDs included in the comparison. Additionally, 
meloxicam showed the greatest potency of all the 
compounds examined with respect to adjuvant-induced 
arthritis in the rat, the granuloma pouch model and the 
cotton pellet test in the rat. Unlike indomethacin, in the 
carrageenan pleurisy model in the rat, meloxicam caused 
both a dose-dependent reduction in exudate volume and 
also inhibition of leucocyte migration. 

Meloxicam showed a strong and lasting effect on 
inflammatory pain in the rat. Like other NSAIDs, but 
unlike dipyrone, meloxicam had no effect in the hot plate 
and tail clamp tests, which are used to identify weak 
central analgesic effects. Unlike dipyrone and like 
indomethacin, meloxicam had no effect in a model of 
visceral distention pain. 

In common with other NSAIDs, meloxicam had no 
influence on the body temperature of normothermic rats 
in the anti-inflammatory dose range, but did reduce yeast- 
induced fever in the rat in a dose-dependent manner. Like 
piroxicam, meloxicam had a uricosuric effect on rats 
treated with oxonic acid. 

Low-dose meloxicam inhibited both bradykinin-induced 
and PAF-induced bronchospasm in the guinea-pig, but 
had no effect on acetylcholine-induced bronchospasm. 

Piroxicam had greater ulcerogenic effects in the rat 
stomach than meloxicam. 

The therapeutic range of meloxicam in the rat, with 
regard to inhibition of adjuvant arthritis, was several 
times greater than that of piroxicam, indomethacin, 
diclofenac and naproxen. 

Correspondence to: G. Engelhardt 

Key words: Meloxicam - Non-steroid anti-inflammatory 
drugs - Anti-inflammatory activity - Analgesic activity - 
Gastrointestinal tolerance 

Introduction 

Meloxicam is a new non-steroidal anti-inflammatory 
drug (NSAID) with a pharmacodynamic and pharmaco- 
kinetic profile which appears to differ from that of 
conventional NSAIDs. The compound was selected from 
more than four hundred acidic enol carboxamide 
derivatives in a programme to optimise platelet inhibitory 
activity or anti-inflammatory/anti-arthritic activity against 
gastrointestinal tolerability while maintaining a good 
pharmacokinetic profile. We were however, unable to 
separate antithrombotic activity from ulcerogenic 
activity, since both effects are now known to be associated 
with inhibition of constitutive cyclooxygenase (COX-l) 
[11. 

The search for a potent anti-inflammatory/anti- 
arthritic compound with relatively low ulcerogenic 
activity in the rat stomach and a favourable pharmaco- 
kinetic profile was successful. The lead compound 
meloxicam, was found to inhibit preferentially cycloox- 
ygenase-2 (COX-2). In vitro, meloxicam is 3 times more 
effective against the inducible COX-2 of cultivated guinea 
pig peritoneal macrophages than against the constitutive 
COX- 1 of these cells [2]. All other NSAIDs tested in this 
system were more effective against COX-1 than COX-2. 
In the rat in vivo, meloxicam was 14 times more potent as 
an inhibitor of PGE2-biosynthesis in pleural exudate than 
as an inhibitor of intragastric PGE2-biosynthesis. All 
other NSAIDs tested were more potent inhibitors of 
PGE2-biosynthesis in the rat stomach than in the pleural 
exudate [3]. Meloxicam showed a favourable pharmaco- 
kinetic profile which is very similar in rat and man (t/2 
man: 20 h; rat: 16 h; plasma protein binding rat and man: 
99.5-99.7%; C1 rat and man: 0.11 ml/min/kg) [4, 5]. The 
introduction of a methyl group into the N-heteroaryl- 
carbamoyl side chain of the molecule facilitated excretion 
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compared with structurally related compounds .  Only the 
paren t  c o m p o u n d  shows biological activity [6]. 

The aim of these present  studies was to compare 
meloxicam with wel l -known N S A I D s  in relat ion to their 
characteristic pha rmacodynamic  effects. 

Materials and methods 

Compounds 

Meloxicam, piroxicam, tenoxicam, tenidap and naproxen were 
synthesized in the laboratories of Boehringer Ingelheim and 
analytical identity and purity were proven. 

Diclofenac (Ciba-Geigy), indomethacin (Agrar), acetylsalicylic 
acid (Bayer AG), hydrocortisone (Hoechst AG), dexamethasone 
(Roussel-Uclaf), paracetamol (Bayer AG), dipyrone (Hoechst AG), 
aminophenazone (Sigma) and codeine phosphate (Boehringer 
Ingelheim) were commercially obtained. 

Animals  

The animals used were Chbb:THOM(SPF) rats, Chbb:NMRI(SPF) 
mice and DHP-guinea-pigs of our own colony. The animals were 
kept in a 12 h light-dark cycle at 21.5 + 1.0 °C and 60 ± 10% relative 
humidity. The animals were given Altromin-R or Altromin MS3022 
food (Altromin GmbH, Lage/Lippe) and water ad libitum. 

Experimental  conditions 

Unless otherwise stated, the following conditions were employed in 
all experiments. The test compounds were suspended in 1% 
methylcellulose and administered by gavage or given i.v. as 
described. Control animals received a corresponding amount of 
vehicle. Food was withdrawn 16 h before drug administration, and 
during this period animals received only tap water. Experiments 
were carried out at constant room temperature and humidity 
(21.5 ± 0.5 C 60 ± 10% relative humidity). 

Anti- inf lammatory activity 

Inhibition of kaolin-induced oedema of rat hind paw. The animals 
used were male rats weighing between 125 and 150 g. The maximal 
sagittal diameter of the paw was determined [7] with the aid of a 
gauge at a constant pressure of 10-12 g. 

Oedema was induced according to Hillebrecht [8] by a 
subplantar injection of 0.05ml of 10% kaolin (E. Merck) 
suspension in 0.85% NaC1 solution into the rat hind paw. Test 
drugs were administered orally at varying dosages 30min before 
induction of oedema and swelling measured 5 h later. An ID35 (dose 
inhibiting swelling by 35%) was calculated by linear regression 
analysis [9] with 95% confidence limits [10]. 

Inhibition of carrageenan-induced oedema of rat hind paw. Compar- 
ison of potency from A UCs from a single oral dose. The experiments 
were carried out with male rats weighing between 120 and 140 g (10 
animals/group). Oedema was induced [11] by subplantar injection 
of 0.05 ml of a 1% saline solution of carrageenan (Seakam). The 
thickness of the paw was measured as previously described [7]. Test 
drugs were administered orally at various times prior to the 
induction of oedema to obtain a time-response curve. The degree of 
swelling was measured 3 h after induction of oedema and compared 
with that found in control animals. The area under the inhibition/ 
time curve was calculated both alone and relative to the dose. 

Egg white oedema of the rat hind paw. Rats weighing between 120- 
150g were used in this study. Oedema was induced according to 
Wilhelmi and Domenjoz [12] by subplantar injection of 0.1 ml of a 
freshly prepared 10% solution of native egg albumin in 0.85% saline 
solution. Meloxicam (2-16 mg/kg), indomethacin (4-16 mg/kg) and 
hydrocortisone (20-80 mg/kg) were administered orally at 4, 3 and 3 
dose levels, respectively, 3 h before oedema induction, Oedema was 
measured l h after induction. ID3s was calculated by linear 
regression analysis [9] with 95% confidence limits [10]. Ten, 20 
and 20 rats were employed for the meloxicam, indomethacin and 
hydrocortisone groups respectively, 

Anti-exudative effect measured by the granuloma pouch technique. A 
modification of the technique of Selye [13] was employed. Male rats 
weighing between 145 and 170 g were used. 1.0 ml of 1% solution of 
croton oil (Sigma) in sesame oil was injected, under phenobarbital 
anaesthesia in an air pouch of 25 ml. 

Test drugs were administered orally on 14 consecutive days 
starting on the date on which the croton oil was administered. On the 
third day after application of the air pouch, the air was removed by 
puncture. On the 15th day the animals were killed and the amount of 
exudate determined. The ID20 (the dose which inhibited exudation by 
20%) was calculated by linear regression analysis [9] with 95% 
confidence limits [10] from the exudate volumes found. Nineteen to 
20 animals were employed for each drug group. Five, 3 and 5 dose 
levels were used for meloxicam (0.125-2.0 mg/kg), indomethacin 
(0.5-2.0 mg/kg) and hydrocortisone (2.5-40 mg/kg) respectively. 

Adjuvant arthritis in the rat. Male rats with a mean weight of 210 g 
were used. Adjuvant arthritis was induced by subplantar injection 
into the right hind paw of 0.1 ml of a 1% suspension of heat-killed 
mycobacteria (M. butyricum Difco) in paraffin oil [14]. The volume 
of both rat hind paws was measured plethysmographically [15] at 
the beginning of the experiment and on the 21st day after induction 
of arthritis. Various doses of the test drugs were administered orally 
once daily from day 1 to day 21 of the study. The mean increase in 
paw volume of treated animals was compared with that of controls. 
IDs0 values (the dose which inhibited the increase in paw volume by 
50%) were calculated by regression analysis [9] with 95% confidence 
limits [10]. 

Leucocyte migration and exudate formation in carrageenan induced 
pleurisy in the rat. The experiments were carried out in male rats 
weighing between 350 and 400 g. Pleurisy was induced according to 
Vinegar et al. [16] by intrapleural injection of 0.5 ml of a 2% sterile 
solution of carrageenan (Seakam) in 0.9% NaC1 solution under 
ether anaesthesia on the right side of the mediastine between the 4th 
and 5th rib. The test drugs were administered orally 2h before 
induction of pleurisy. 

Twenty-four hours after administration of carrageenan, the 
animals were killed by an overdose of ether, the pleural exudate 
collected and the pleural cavity washed with 2ml of 0.9% saline 
(containing 5 IE heparin/ml). The exudate volume was recorded, 
and the total cell number determined in a Coulter counter. Exudate 
cells were sedimented by centrifugation, resuspended in 0.15 ml of 
homologous rat serum, stained on slides and differential counts of at 
least 200 cells per preparation were determined. Animals with an 
exudate contaminated with erythrocytes were omitted from the 
experiments. 

Granuloma formation. A modified cotton pellet test [17] was 
employed. Cotton pellets (dental wadding rolled into a ball) were 
impregnated with 0.05 ml of a solution of 1% carrageenan in water 
and dried. Male rats weighing between 110 and 125 g were used. 
Cotton pellets weighing 12-14mg were implanted into the 
subcutaneous space in the scapular region (2 pellets on each side). 

Test drugs were administered orally once daily for successive 
days, starting on the day of implantation. On day 8 after 
implantation, the animals were killed by an overdose of ether and 
the granulation tissue and cotton pellets removed. The cotton pellets 
were weighed after drying at 60°C for 24h and the inhibition of the 
increase in dry weight measured. 
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Analgesic activity 

Inflammatory pain in the rat. A modification of the method of 
Randall and Selitto [18] was employed using an analgesimeter 
(Basile). 

For this experiment male rats weighing 100-130 g were used. A 
freshly prepared suspension of 1.12 g freeze-dried yeast (Oetker) in 
18.9 ml of 5.55% glucose solution in water was injected subplantarly 
into the right hind paw under ether anaesthesia. The injection 
volume was 0.1 ml. Three to five doses of each compound were 
tested and groups of 10 rats were used for each dose. The pain 
threshold was measured in g of contact pressure 3 h after subplantar 
administration of the yeast suspension. Test substances were 
administered orally 90, 180 and 360min and 18h before pain 
measurement. An EDa50 (i.e. the dose raising the pain threshold by 
50%) was calculated by linear regression analysis [9] with 95% 
confidence limits [10]. 

Heat-induced pain (hot plate technique') in the mouse. A modification 
of the method of Chen and Beckman [19] was employed, using a 
3mm thick aluminium plate with a surface temperature of 
52.0 ± 0.1 °C as a hot plate. Male mice weighing an average of 20g 
were employed in this experiment. The animals were exposed to the 
hot plate before and after oral administration of the test drugs in a 
range of doses and the reaction time measured. Where the 
individual reaction time after treatment was extended by more 
than 100% of the value before treatment, the animal was classified 
as analgesic. As far as possible, an EDs0 was calculated by probit 
analysis [20] with 95% confidence limits from the percentage of 
animals that were classified as analgesic after receiving the test 
drugs. 

Mechanically induced pain (tail clamp test) in the mouse. Haffner's 
[21] tail clamp method was employed using a Dieffenbach clamp 
which exerted a pressure of 350-400 g on the tail root. 

Male mice weighing 18-24 g were checked before treatment for 
unmistakable defence reactions to the clamp. After treatment, the 
numbers of animals which no longer reacted to the clamp were 
determined at intervals of 30rain. EDs0 was calculated by probit 
analysis [20], with 95% confidence limits on the basis of the 
percentage of mice that did not show nociceptive reactions after 
receiving the test drugs orally in a range of doses. 

temperature of male rats weighing between 120-150g was 
monitored continuously by thermoelements (Philips) and the 
maximal temperature reduction obtained for each animal compared 
to its baseline temperature. 

From the mean temperature depression resulting from oral 
administration of various doses of the test substances, an ID_1.5oc 
(i.e. the dose reducing body temperature by 1.5 °C) was calculated, 
where possible, by linear regression analysis [9] with 95% confidence 
limits [10]. 

Yeast fever in rats 

Yeast fever [23] was induced by subcutaneous administration of 1 g/ 
kg freeze dried baker's yeast (Oetker) as a 20% suspension in 0.9% 
saline solution. Four hours after administration of the yeast, the test 
drugs were administered in methylcellulose by gavage (1.0 ml/100 g). 
Body temperature was measured 2 h later as described for normal 
rats. The ID-1.0oc (i.e. the dose lowering the body temperature by 
1 °C within 2 h) was calculated by linear regression analysis [9] with 
95% confidence limits [10]. 

Uricosuric effect in rats 

Test drugs were administered orally to rats weighing between 140- 
170 g together with 125 mg/kg potassium oxonate (Sigma) in 1% 
methylcellulose at a volume of 1.0 ml/100 g. Potassium oxonate is an 
inhibitor of urate oxidase, and therefore raises the blood level of uric 
acid [24]. Two hours after administration of the test drugs, the 
animals received 4 ml/100 g tap water by stomach tube. Four hours 
later an additional 5 ml/100 g water was given. Urine was collected 
for 24 h following dosing. The uric acid in the urine was assayed by 
the colorimetric phosphotungstic acid method [25] using Boehringer 
Ingelheim Diagnostica reagents. A spectrophotometer was used at 
560 nm for photometric measurement against uric acid standards. 

An EDas0, (i.e. the dose which raises the excretion of uric acid 
by 50%) was calculated from the amounts of uric acid excreted by 
linear regression analysis [9] with 95% confidence limits [10]. 

Effect on bronchospasm 

Visceral pain reflex o f  the rat 

Male rats weighing between 320-350g were anaesthetized by 
intraperitoneal injection of 45 mg pentobarbital-Na/kg. The trachea 
was cannulated and blood pressure recorded from a carotid artery 
via a Statham transducer. Test compounds were injected intrave- 
nously via a catheter in the jugular vein. 

According to the method of Lembeck and Skofitsch [22], a 
10 cm segment of the upper jejunum was ligated. On the distal end of 
the segment a catheter was inserted and connected with an infusion 
pump and a Statham transducer. Dilation pain was provoked by an 
infusion of warmed (37°C) 0.9% saline into the lumen of the 
jejunum segment until a rise of pressure up to 80mmHg was 
obtained in the lumen. 

Test compounds were administered as a solution in 0.9% saline 
i.v. A volume of 0.5 ml/100 g was injected during a period of 60 sec. 
As far as possible an IDs0 was calculated by linear regression 
analysis [9] with 95% confidence limits [10] from the diminution of 
the fall in diastolic blood pressure provoked by the dilation of the 
jejunum segment. 

Antipyretic activity 

Body temperature of normothermic rats. The course of rectal 

Inhibition of bradykinin-induced bronchospasm in the guinea-pig. A 
modification of the method of Konzett and R6ssler [26] was used. 
Guinea-pigs of both sexes weighing between 400 and 800 g were 
anaesthetized with urethane and artificially respirated. Broncho- 
spasm was induced according to Collier and Shorley [27] by i.v. 
injection of 10 ~tg bradykinin(Sigma)/kg in 0.9% saline solution at 
intervals of 30rain. The test drugs were administered intraduo- 
denally (0.2ml/100g in 1% methylcellulose) 30rain prior to a 
second administration of the bronchoconstrietor. An IDs0 (the dose 
which causes a 50% decrease in bronchospasm) was calculated by 
linear regression analysis [9] with 95% confidence limits [10]. 

Inhibition of PAF-induced bronchospasm of anaesthetized guinea- 
pigs. The procedure was as described above. The bronchospasm was 
induced by i.v. injection of 20 ng PAF(Sigma)/kg in 0.9% saline 
solution at intervals of 15 rain. The test drugs were administered i.v. 
(0.05 ml/100 g) in the same vehicle 5 rain prior to administration of 
the bronchoconstrictor. IDs0 was calculated as described above. 

Inhibition of acetylcholine-induced bronchospasm in anaesthetized 
guinea-pigs. The procedure was as described above. Bronchospasm 
was induced by i.v. injection of 20 gg acetylcholine(Hoffmann-La 
Roche)/kg in 0.9% saline solution at intervals of 15 rain. Test drugs 
were administered i.v. in the same vehicle (0.05 ml/100 g) 5 rain prior 
to the administration of the bronchoconstrictor. IDs0 was 
calculated as described above. 
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Ulcerogenic effect on the stomach of the rat 

Male and female rats weighing 130-150 g were used in the study. 
Test drugs were administered orally once daily for three successive 
days. Four hours after the final administration, the animals were 
killed by an overdose of ether and the stomach and the duodenum 
dissected out. EDs0 was calculated by probit analysis [19] with 95 % 
confidence limits from the percentage of animals that showed at 
least one gastric ulcer or one haemorrhagic erosion. 

R e s u l t s  

Anti-inflammatory activity 

Inhibition of kaolin-induced oedema of rat hind paw. This 
test measures the maximal activity of a compound,  but 
does not take into account its duration of action. The 
ID35 values show that meloxicam had approximately the 
same activity as piroxicam, indomethacin and diclofenac. 
However, higher doses of  naproxen were required to 
show the same effect (Table 1). 

Inhibition of carrageenan-induced oedema of rat hind paw. 
Comparison of potency from A UCs from a single oral dose. 
The AUCs, corrected for dose of compound (rag) and 
body weight (kg), ofmeloxicam, piroxicam, indomethacin, 
diclofenac, tenidap, naproxen were 264, 144, 84, 59, 33, 
44% inhibition x h/mg/kg respectively. Figure 1 shows 
the AUCs resulting from single oral doses of meloxicam, 
piroxicam, tenidap and naproxen. 

Similar peak effects were observed with all the test 

compounds. However the inhibition/time curves show 
that a single oral dose of meloxicam produces a more 
prolonged effect than the other test drugs. Thus, the area 
under the curve representing the anti-exudative activity of 
1.0 mg meloxicam/kg against hind paw oedema of the rat 
exceeds that of  the other test drugs. 

Egg white oedema of the rat hind paw. Egg white oedema 
of the hind paw of the rat was dose-dependently inhibited 
by hydrocortisone. The ID35 of hydrocortisone was 42.0 
mg/kg. Like indomethacin, meloxicam in doses up to 
16 mg/kg showed no effect against this type of oedema. 

Anti-exudative effect measured by the granuloma pouch 
technique. In this test NSAIDs  exert a lower maximum 
anti-exudative effect than corticosteroids and this is true 
of meloxicam (Figure 2). In terms of ID20, meloxicam 
seemed to be twice as active as indomethacin and eight 
times as active as hydrocortisone (ID20 was 0.50, 1.04 and 
4.29mg/kg for meloxicam, indomethacin and hydro- 
cortisone respectively). However the slope of the dose 
response curve of meloxicam was less steep than that of 
indomethacin and hydrocortisone. Therefore it was not 
possible to calculate the relative potency exactly. 

Adjuvant arthritis in the rat. Table 2 and Figure 3 show the 
effects of  the test compounds on the adjuvant-induced 
primary and secondary inflammatory reactions. 

Meloxicam, like the other NSAIDs  tested, exerted a 
dose-dependent inhibitory effect on both the primary 
reaction induced by the adjuvant and also on the 

Table 1. Effects on hind paw oedema of rats induced by kaolin 5.5 h after oral administration. 

Test substance No. of Dose No. of ID35 
dose range* animals/dose [mg/kg] 
levels [mg/kg] 

95% 
Confidence 
limits 

Regression 
coefficient 

Meloxicam 4 1-8 10 3.35 
Piroxicam 5 0.5-8 10 2.71 
Indomethacin 3 2-8 10 3.42 
Diclofenac 4 2-16 9-10 4.03 
Naproxen 4 2.5-20 15 6.25 

2.93 3.91 34.5 
2.30-3.25 30.8 
2.39-4.49 31.4 
3.01-5.08 20.8 
5.46-7.11 34.1 

* used for calculation. 
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Fig. 1. Percentage inhibition (mean i SE) of carrageenan oedema 
in the hind paw of the rat induced by a single oral dose of test 
compounds. 
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Fig. 2. Anti-exudative effect in the granuloma pouch test in rats 
after oral administration of test compounds. Mean (+SE) exudate 
as a percentage of control. 
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Table 2. Effect on adjuvant-induced primary and secondary inflammatory reactions after daily oral administration of the test compounds for 
21 days. 

Test compound No. of Dose No. of 
dose levels range animals/ 

[mg/kg] dose 

Primary reaction Secondary reaction 

IDs0 [mg/kg/day] Regression IDs0 [mg/kg/day] Regression 
(95% confidence) coefficient (95% confidence limits) coefficient 

Meloxicam 4 0.063-0.5 20 0.17 (0.14-0.21) 38.2 0.12 (0.09-0.14) 45.9 
Piroxicam 4 0.2 1.6 19-20 0.61 (0.49-0.78) 46.8 0.67 (0.50 0.95) 69.0 
Diclofenac 4 0.2-1.6 20 0.97 (0.75-1.36) 29.2 1.24 (0.84-2.68) 47.4 
Naproxen 3 8-32 14-15 14.3 (10.1-18.8) 47.9 11.8 (8.12 14.9) 54.0 
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usual with corticosteroids, dexamethasone significantly 
decreased both the volume of exudate and its cell counts, 
the inhibition of exudate formation being more pro- 
nounced than of cell migration. 

Granulomaformation. Meloxicam showed a dose-depen- 
dent inhibition o f  the increase in dry weight o f  the cot ton 
pellets. I t  appeared to be a more  potent  inhibitor o f  
foreign body  granuloma format ion  than the other 
compounds  tested (Table 4). Diclofenac did no t  demon-  
strate dose dependency. However ,  the differences between 
the dry weight o f  the pellets o f  control  animals and that  o f  
all treated rats were statistically significant. 

Fig. 3. Inhibitory effect on adjuvant-induced secondary inflamma- 
tory reaction (oedema formation) of the hind paw of the rat after 
oral administration once daily for 21 days. 

immunological ly-mediated secondary reaction. The IDs0 
values suggest that  it is more  potent  than the other  drugs 
tested. 

Leucocyte migration and exudate formation in carrageenan 
induced pleurisy in the rat. Table 3 shows the volume of  
exudate and the number  o f  cells in the exudate 24 h after 
induct ion o f  pleurisy. Meloxicam caused a dose-depen- 
dent inhibition o f  exudate format ion  and migrat ion o f  
P M N s  and monocytes .  The oral dose of  piroxicam 
required for equal effects on leucocyte migrat ion was 
about  four  times higher than that  of  meloxicam. In 
contrast ,  indomethacin  showed no influence on leucocyte 
migrat ion into exudate at doses up to 12mg/kg.  As is 

Analgesic activity 

Inflammatory pain in the rat. Table 5 and Figure 4 show 
the ED150 values calculated at different time points after 
oral administrat ion o f  the test compounds .  In the early 
phase (i.e. 90 rain after oral administration),  meloxicam, 
piroxicam and tenidap showed similar effects on inflam- 
ma to ry  pain in the rat. 

However,  the analgesic effect o f  meloxicam was 
maintained for 6h,  falling by approximately  50% only 
during the next 12h. By comparison,  the effects o f  the 
other drugs tested were much  more  transient. Only 
180rain after a single dose, the analgesic effects o f  
indomethacin  and dMofenac  fell to approximately  50% 
of  the initial max imum effect. The effects of  piroxicam 
and tenidap also showed a more  rapid diminution than 
those of  meloxicam. 

Table 3. Exudate volume and number of cells in the exudate 24 h after induction of pleurisy. 

Test compound Dose n Exudate volume Number of cells x 106 PMNs × 106 Monocytes x 106 
[mg/kg] [ml] 

Controls - 44 5.00 4- 1.31 158.9 4- 31.7 91.2 ± 24.7 53.2 4- 17.6 
Meloxican 4 10 3.34 4- 0.63* 117.2 ± 30.3* 71.5 ± 26.9* 42.5 4- 11.1 

8 10 2,984-1.72' 104.74-15.1" 66.54-19.7" 36.24-11.2" 
Piroxicam 4 8 5.20 4- 1.22 146.4 4- 51.2 88.2 ± 36.3 55.1 4- 14.6 

8 9 4,41 4- 1.05 140.7 + 20.7 85.1 ± 10.5 48.7 + 18.6 
16 8 4,254-1.55 117.54-43.5" 68.24-29.8* 43.04-10.4 

Indomethacin 3 11 4,41 -- 1.24 175.8 -- 44.7 101.5 4- 27.5 71.2 4- 21.4 
6 8 4,82 + 1.23 156.3 ± 45.8 96.7 4- 35.6 57.0 4- 28.7 

12 7 4.28 4- 0.68 156.6 4- 47.9 96.6 4- 29.2 55.7 4- 21.1 
Dexamethasone 0.1 10 2,30 4- 1.22" 103.9 4- 33.9* 64.8 4- 22.5* 36.7 4- 16.4' 

0.3 8 1,43 4- 0.78* 83.1 ± 17.6" 53.3 4- 12.9" 28.3 4- 8.5* 

* p =<  0.05 (compared to control) (t-test). 
Values are means ± standard deviation. 
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Table 4. Antiproliferative activity 
measured by the cotton pellet test in rats 
after once-daily oral administration of test 
substances for 8 days. 

Test compound Dose No. of Pellet weight Inhibition of 
[mg/kg/day] pellets [%]1) increase in dry 

weight [%] 

Control - 120 214.9 4- 60.7 - 
Meloxicam 0.1 80 188.6 + 45.2* 12.2 

0.2 80 172.8 + 63.6** 19.6 
0.4 80 143.9 ± 55.0** 33.0 
0.8 80 127.8 4- 52.9** 40.5 

Piroxicam 2.0 40 170.3 ± 67.3** 20.7 
4.0 40 130.2 4- 54.1"* 39.4 

Diclofenac 2.0 40 160.4 4- 46.7** 25.4 
4.0 40 164.4 ± 68.0** 23.5 
8.0 40 158.3 4- 87.2** 26.3 

Indomethacin 2.0 32 171.1 4- 36.9** 20.4 
4.0 32 178.4 4- 52.9** 17.0 

* p =<  0.01 ** p =< 0.001 (compared to controls by t-test after normalization of data). 
1) pellet dry weight as a percentage of weight of implanted pellet given as means 4- standard 
deviation. 

Table 5. Effect against inflammatory 
pain in rats following a single oral 
administration of the test compounds. 

Test compound ED150 [mg/kg] (95% confidence limits) 
(Dose range after oral administration of test drugs 
mg/kg) 

90 rain 180 rain 360 rain 18 h 

Meloxicam 5.64 6.30 6.14 
(2-16) (5.00 6.36) (5.61-7.11) (5.47-6.93) 

[R.C. : 81.8] [R.C. : 79.2] [R.C. : 78.9] 
Piroxicam 6.06 8.37 13.3 
(4-64) (5.24-6.86) (7.20-9.56) (11.6-15.5) 

[R.C. : 75.6] [R.C. : 108.1] [R.C. : 61.5] 
Tenidap 5.00 7.34 40.1 
(2.5-80) (4.35-5.93) (6.14-8.64) (36.1 45.1) 

[R.C. : 89.4] [R.C. : 121.9] [R.C. : 54.5] 
Diclofenac 2.23 3.87 7.67 
(1-32) (1.91 2.70) (3.40-4.49) (6.67-8.99) 

[R.C. : 71.2] [R.C. : 72.9] [R.C. : 67.9] 
Indomethacin 3.09 7.62 13.0 
(1.5-24) (2.83-3.38) (6.84-8.64) (11.9 14.2) 

[R.C. : 114.8] [R.C. : 100.3] [R.C. : 134.4] 
Naproxen 11.0 13.5 20.3 
(5-40) (9.26 1 2 . 8 )  (10.8-16.6) (16.9-24.4) 

[R.C. : 86.5] [R.C. : 91.0] [R.C. : 90.4] 

15.7 
(12.6-21.4) 
[R.C. : 50.3] 

89 

>80 

>32 

>24 

>40 

R.C. = Regression coefficient. 
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Fig. 4. Inhibition of inflammatory pain in rats following a single 
oral administration (ED150-values). [] Meloxicam, • Piroxicam, A 
Diclofenac, • Indomethacin, O Naproxen, II, Tenidap. 

Heat-induced pain (hot plate-technique) in the mouse. 
P a r a c e t a m o l  showed a dose -dependen t  ant inocicept ive  
effect agains t  hea t - induced  pa in  in the mouse  after oral  
admin i s t r a t ion  [EDs0 (95% confidence limits): 365 (327-  
409)mg/kg] .  However ,  me lox icam and  the o ther  
N S A I D S  tested were ineffective under  the same condi-  
t ions within a re levant  dose  range higher  than  the anti-  
i n f l ammato ry  dose range.  

Mechanically-induced pain (tail clamp test) in the mouse. 
N o n  toxic doses o f  codeine phospha t e  [EDs0:88 (60-130)  
mg/kg]  and  d ipyrone  [ E D s 0 : 2 8 6  (211-369)  mg/kg],  
de mons t r a t e d  dose -dependen t  ant inocicept ive  effects in 
this model .  However ,  me lox icam and  the o ther  N S A I D s  
tested had  no effect at  dose ranges higher  than  the anti-  
i n f l ammato ry  active doses.  

Effect on the visceral pain reflex of  the rat. While  d ipyrone  
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Table 6. Effect on yeast fever of the two rat 
hours after oral administration of the test 
compounds. 

meloxicam 429 

Test compound No. of Dose range No. of ID_l.0o c [mg/kg] 
dose levels [ m g / k g ]  animals/dose (95% confidence limits) 

Meloxicam 4 4-16 8-10 9.01 (4.50-19.1) 
Piroxicam 4 2-16 11-12 4.54 (3.69-5.45) 
Diclofenac 4 1 8 12 1.99 (1.56-2.41) 
Naproxen 4 5-40 11-12 8.18 (6.15-10.1) 
Paracetamol 3 80-180 10-12 95.5 (70.5-113) 
Dipyrone 3 10-40 11 23.0 (18.5-30.0) 

Table 7. Urinary excretion of uric acid in 
rats treated with oxonic acid after oral 
administration of the test compounds. 

Test compound No. of Dose range No. of ED150 [mg/kg] 
dose [mg/kg] animals/ (95% confidence limits) 
levels dose 

R.C. 

Meloxicam 4 2 16 6-12 5.85 (3.65 8.64) 28.9 
Piroxicam 4 2-16 6 3.77 (1.02-6.53) 22.5 
Indomethacin 3 4-16 6 8.09 (3.67-16.1) 30.2 

R.C. = Regression coefficient. 

Table 8. Inhibition of bradykinin-induced 
bronchospasm in the anaesthetized guine~i 
pig after intraduodenal administration. 

Test compound No. of Dose range No. of IDs0 [mg/kg] 
dose levels [ m g / k g ]  animals/dose (95% confidence limits) 

Meloxicam 3 0.02-0.8 15-17 0.40 (0.30-0.55) 
Indomethacin 3 0.5-2.0 7-9 1.03 (0.79-1.37) 
Acetylsalicylic acid 3 10-40 10 18.2 (12.3 24.5) 
Clenbuterol 3 0.001 0.004 8 10 0.0026 (0.0019-0.0035) 

[IDs0:75 (52-205)mg/kg] like codeine phosphate [IDs0: 
1.1 (0.5-1.4 mg/kg] showed a dose dependent inhibition 
of the visceral pain reflex of the rat after i.v. administra- 
tion, meloxicam, like indomethacin, was ineffective under 
the same conditions within a dose range higher than the 
anti-inflammatory active doses. 

Antipyretic activity 

Body temperature of normothermic rats. Like the other 
NSAIDs  tested, meloxicam had virtually no effect on the 
body temperature of  normothermic rats in doses up to 
8 mg/kg. In contrast, the analgesic-antipyretics, parace- 
tamol (ID-1.5oc: 175 mg/kg), dipyrone (ID-l.5oc: 72.3 rag/ 
kg) and aminophenazone (ID-m.5oc: 27.3 mg/kg), induced 
a dose-dependent drop in body temperature. 

Yeast fever in rat. The results shown in Table 6 
demonstrate a dose-dependent effect of  meloxicam in 
yeast-induced fever in the rat. In this respect, meloxicam 
showed a relatively low potency, with only about  half the 
activity of  piroxicam against yeast fever. 

Uricosuric effect in rats 

Whereas in man uric acid is the end product of  purine 
breakdown, the rat breaks down uric acid even further to 
allantoin, via the action of urate oxidase. Uricosuric 
activity of  the test compounds was investigated in rats in 

which uric acid blood levels had been raised artificially by 
inhibition of urate oxidase with potassium oxonate. The 
results of  this study are shown in Table 7. 

Meloxicam and the other NSAIDs  investigated 
showed a dose-dependent uricosuric effect. Meloxicam 
had a similar potency to piroxicam and indomethacin. 
The dose-response curves of  meloxicam and indometha- 
cin were steeper than those of piroxicam and therefore 
precise conclusions regarding relative potency on the 
basis of ED150 are not possible. 

Effect on bronchospasm 

Inhibition of bradykinin-induced bronchospasm in the 
guinea-pig. Table 8 summarizes the results obtained in 
this experiment. Meloxicam, like other NSAIDs,  caused a 
dose-dependent reduction of bradykinin-induced broncho- 
spasm in the guinea-pig. On intraduodenal administration, 
meloxicam had a similar potency to indomethacin. How- 
ever, the 3z-selective bronchodilator clenbuterol was 
much more potent than the NSAIDs  tested. 

Inhibition of PAF-induced bronchospasm in anaesthetized 
guinea-pigs. The results are shown in Table 9. 

The /3-agonist clenbuterol caused a dose-dependent 
inhibition of PAF-induced bronchospasm at a very low 
i.v. dose. The effect of  meloxicam was less marked but it 
also inhibited bronchospasm at a relatively low dose. 
More than fifty-fold higher doses of  indomethacin were 
needed to show the same effect. Under identical condi- 
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Table 9. Influence of bronchospasm of 
anaesthetized guinea pigs provoked by i.v. 
administration of 20 ng PAF/kg after i.v. 
administration of the test compounds. 

Test compound No. of dose Dose range No. of IDs0 [gg/kg] 
levels [gg/kg]  animals/dose (95% confidence limits) 

Meloxicam 5 12-1000 8-10 148 (71 350) 
Indomethacin 5 1250-20 000 7-12 7820 
Piroxicam 3 2500-40 000 6-7 >40 000 
Diclofenac 3 2500-10 000 8-9 > 10 000 
Clenbuterol 4 2 16 9 10 7.24 (3.50-32.4) 

Table 10. Comparison of the oral 
therapeutic indices of test compounds with 
respect to their ulcerogenic effects on the 
stomach of the rat and their inhibitory 
effects on the secondary reaction (swelling) 
to adjuvant of rat hind paw, 

NSAID EDs0 ulcer IDs0 swe l l ing  Therapeutic index 
[mg/kg/day] [mg/kg/day] 

Meloxicam 2.47 0.12 20 
(1.64-3.56) (0.09 0.14) 

Piroxicam 1.07 0.76 1.4 
(0.86 1.41) (0.49-1.52) 

Indomethacin 2.35 0.67 3.5 
(1.96-2.82) (0.50-0.95) 

Diclofenac 2.71 1.24 2.2 
(2.38-3.09) (0.84-2.68) 

Naproxen 11.1 11.8 0.9 
(7.84-15.6) (8.12-14.9) 
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Fig. 5. Ulcerogenic effects on the stomach of the rat after oral 
administration once daily for 3 days. 

tions, piroxicam and diclofenac showed no effect on PAF- 
induced bronchospasm even at very high i.v. doses. 

Inhibition of acetylcholine-induced bronchospasm in anaesthe- 
tized guinea-pigs. The fl-agonist clenbuterol caused a 
dose-dependent inhibition of acetylcholine-induced broncho- 
spasm at a very low i.v. dosage. The IDs0 of clenbuterol 
was 8.0gg/kg. Even at very high doses, meloxicam 
showed no effect against this type of bronchospasm. 

Ulcerogenic effect on the stomach of the rat 

The results of  these experiments are shown in Table 10 
and Figure 5. Like other NSAIDs,  meloxicam provoked 
gastricmucosal lesions in a dose-dependent manner. 
However, the ulcerogenicity of  meloxicam in the stomach 
of the rat was lower than that of  piroxicam. On the basis 
of  EDs0 values, meloxicam, indomethacin and diclofenac 
showed similar ulcerogenic potentials in the stomach of 
the rat. In contrast to indomethacin, doses of  meloxicam 
which caused ulceration in the stomach did not cause 

ulceration in the duodenum or the upper part  of the 
jejunum of the rat. 

Therapeutic index in the rat 

The therapeutic index was calculated by the ratio of  
ulcerogenic EDs0/anti-inflammatory IDs0 against the 
secondary reaction of adjuvant arthritic rat (see Table 
10). The therapeutic index of meloxicam was much higher 
than that of  all other NSAIDs tested. 

Discussion 

The data reported here show that meloxicam differs from 
classical NSAIDs  with respect to its anti-inflammatory, 
analgesic and antipyretic properties. Most  significantly 
the gastro-intestinal tolerance in relation to the anti- 
inflammatory potency of meloxicam is much more 
favourable than that of  all other NSAIDs tested. 

The anti-exudative effects of meloxicam, as measured 
in the paw oedema tests, are typical of a cyclooxygenase 
inhibitor. Whilst kaolin-induced and carrageenan-induced 
oedema were inhibited dose-dependently, like other 
NSAIDs [28] meloxicam had no effect on the egg white- 
induced oedema. The more prolonged effect of  meloxicam 
on carrageenan-induced oedema than the other drugs 
tested may be due partly to the longer half-life of  
meloxicam in the rat. There was a good correlation 
between the plasma concentrations of the drugs and their 
acute anti-exudative effects in the rat. In contrast to the 
situation in man, in the young male rat meloxicam has a 
considerably longer plasma half-life [4] than piroxicam [29]. 

Adjuvant-induced arthritis in the rat is a model of 
progressive and destructive joint disease. Since this 
inflammation is immunologically-mediated, it is similar 
to the processes of  rheumatoid arthritis in man in several 
aspects. This model permits differentiation between drugs 
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which have only a symptomatic effect on the acute 
exudation phase and those which also affect specific 
immunological events. 

Conventional NSAIDs inhibit paw swelling caused by 
adjuvant-induced arthritis [30]. In Lewis rats meloxicam 
demonstrates a greater potency against adjuvant-induced 
arthritis than the other NSAIDs tested [31]. 

The fact that meloxicam was considerably more 
potent against adjuvant-induced paw swelling than 
against exudation in non-specific acute models cannot 
be explained only by the longer half-life of meloxicam in 
the rat compared with other NSAIDs. Rather, meloxicam 
appears to be concentrated in adjuvant-inflamed tissue, 
since its concentration in hind paws of adjuvant arthritis 
rats is higher than in the non-inflamed fore legs [32]. 

It is significant that the effect of meloxicam on the 
specific secondary reaction to the adjuvant in the contra- 
lateral paw, in contrast to the other NSAIDs, is more 
marked than on the non-specific primary reaction at the 
site of injection. However, the marked effect of melox- 
icam on the secondary reaction is probably not due to 
immunosuppression, since in rats treated exclusively 
during the early phase of adjuvant arthritis, in contrast 
to cyclophosphamide, meloxicam only showed weak 
effects (data not shown). 

Even under in vitro conditions, and at high concen- 
trations, conventional NSAIDs have little effect on the 
chemotaxis of neutrophils [33]. At very high doses (10 and 
20mg/kg) piroxicam inhibited PMN and monocyte 
migration in carrageenan-induced pleural exudate of the 
rat [34]. The findings reported here confirm these results. 
Meloxicam had a greater influence on these parameters 
than piroxicam, but did not achieve the efficacy of the 
glucocorticoid at a dose which is well tolerated [35]. 

In the cotton pellet test model used in this study, 
glucocorticoids show marked dose-dependent inhibition 
of the growth of granulation tissue [17]. NSAIDs, 
however, cause only moderate inhibition of connective 
tissue regeneration [36]. The antiproliferative activity of 
NSAIDs does not correlate with the antiexudative 
activity. Meloxicam and piroxicam showed stronger 
antiproliferative effects than diclofenac and indometha- 
cin. Unlike glucocorticoids, NSAIDs have no effect on 
existing granulation tissue and only partially inhibit the 
regeneration of connective tissue [37]. 

NSAIDs differ from the centrally acting analgesics 
such as morphine in that their action is mainly peripheral, 
i.e. at or near the site of the pain production [38]. Like 
other NSAIDs, meloxicam shows a good analgesic effect 
on inflammatory pain in the rat hyperalgesia test according 
to Randall and Selitto [18]. Meloxicam had the most 
persistent effects of all the compounds investigated. 

Like all other NSAIDs, tolerable doses of meloxicam 
had no effect on heat-induced pain in the mouse (the hot 
plate technique) or on mechanically-induced pain in the 
mouse (the tail clamp test). Paracetamol (hot plate test), 
dipyrone and codeine phosphate (tail clamp test) demon- 
strated weak central analgesic properties. 

The visceral pain reflex model in the rat was originally 
developed for identification of neurokinin antagonists 
[22]. More recent observations suggest that substance P 
receptors in the spinal cord can be inhibited by blocking 

the spinal cyclooxygenase [39]. In the visceral distension 
pain model, opiates and dipyrone, effective against colic 
pain, are also effective. As far as we could observe, even at 
a high parenteral dose meloxicam did not inhibit this pain 
reflex in the rat. 

The effects of NSA1Ds on the body temperature of the 
mammal differ from that of paracetamol or phenazone 
derivatives. Unlike these compounds, NSAIDs do not 
influence the body temperature of the normothermic 
mammal. They are effective only against pyrogen-induced 
fever. The effect of meloxicam on yeast-induced pyrexia 
in the rat is less than that of diclofenac and piroxicam. 
However, these substances do not constitute an alter- 
native to classic antipyretic agents. 

Independently of their anti-inflammatory activity, 
many NSAIDs are able to increase uric acid excretion 
[40]. The uricosuric efficacy of meloxicam in rats, in which 
the uric acid level had been raised through treatment with 
oxonic acid, was less than that of piroxicam. Thus, 
meloxicam is not an alternative to the uricosurics 
currently used in the treatment of gout. 

As early as 1960, Collier et al. [41] found that 
acetylsalicylic acid and other NSAIDs are effective 
inhibitors of bronchospasm induced in the guinea-pig 
by i.v. doses of bradykinin. The bronchospastic effect of 
bradykinin is an indirect effect. Bradykinin-induced 
bronchospasm is mediated by thromboxane A 2 [42]. 

Unlike piroxicam and diclofenac, even very low i.v. 
doses of meloxicam had an effect on PAF-induced 
bronchospasm in the guinea-pig. The inhibition of 
PAF-induced bronchospasm does not involve receptor 
antagonism, but inhibition of indirect events. It has been 
shown that PAF increases the formation of thromboxane 
A 2 [43] and of LTC4 [44] in the lung. Meloxicam 
specifically inhibits bradykinin-induced or PAF-induced 
bronchospasm in the guinea-pig, therefore, by similar 
mechanisms shows no general broncholytic properties 
and has no effect on acetylcholine-induced bronchospasm 
in the guinea-pig, even at very high doses. 

Gastric ulcerogenicity is the dose-limiting side effect 
of all NSAIDs. The difference between the dose required 
to achieve the desired effects and ulcerogenic dose is of 
key importance to the therapeutic use of such a 
compound. The gastric ulcerogenicity of NSAIDs is 
predominantly a systemic effect that also correlates with 
the plasma concentration in man [45]. 

However, the anti-inflammatory potencies of the 
known NSAIDs and their gastrointestinal tolerance in 
patients do not correlate strictly. Large studies have 
shown that indomethacin and piroxicam at therapeutic 
doses have a higher risk of gastrointestinal toxicity than 
most other NSAIDs [46, 47]. 

The ulcerogenic potential of a NSAID can, in 
principle, be estimated in short-term tests in the rat. 
However, the findings of such tests conducted by different 
investigators can rarely be compared since differences in 
the methods greatly affect the results. This is clearly 
shown by the very different data available on the 
ulcerogenicity of the same substance in the rat stomach, 
e.g. indomethacin [48, 49]. The scale of the ulceration 
depends on the animal strain, age, sex, feeding, frequency 
of administration, evaluation of findings, and calculation 
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of the ED. The NSAID is administered only once by most 
investigators. The method we used to evaluate ulcero- 
genicity is particularly sensitive since the test substances 
are administered on several consecutive days and an 
animal is evaluated as positive even if just a single 
haemorrhagic erosion is identified in the gastric mucosa. 
By this method it was possible to assess the full efficacy 
even of compounds which accumulated due to their i.v. 
longer half-lives. The EDs0 established for meloxicam in 
this test was similar to that of  indomethacin and 
diclofenac, but the ulcerogenicity of  meloxicam is less 
than that of  piroxicam. This was confirmed by the results 
of  subacute and chronic toxicological studies in rats [50]. 

The benefit to risk ratio is a measure of  the value of a 
drug. The ulcerogenicity of  meloxicam in the rat stomach 
is mild when measured against anti-inflammatory efficacy 
in the adjuvant arthritic rat. Since the desired anti- 
inflammatory potency of meloxicam under the conditions 
of repeated single daily oral administration (i.e. steady 
state conditions) to the same species is more than 3 times 
greater than piroxicam, indomethacin and diclofenac and 
about  100 times greater than naproxen, at least in the rat, 
the therapeutic range of  meloxicam is 6-20 times higher 
than that of  the other NSAIDs  tested. 

The pharmacokinetic data for meloxicam in the rat 
and in man have an unusual similarity [4, 5]. Therefore, it 
may be assumed that the pharmacodynamic and toxico- 
logical findings in the rat can be extrapolated to man. 

The pathogenesis of  gastric ulcers caused by NSAIDs 
is complex. There is no doubt that inhibition of 
biosynthesis of  P G E  2 and PGI2 that protect the mucous 
membrane and inhibit acid secretion plays a part  in the 
pathogenesis of stomach ulceration caused by NSAIDs 
[51]. Stable prostaglandin derivatives in animals and man 
provide protection from gastric ulcers caused by NSAIDs 
[52]. The efficacy of the different NSAIDs,  though, as 
inhibitors of  PG biosynthesis in gastric mucosa are not 
always in proport ion to their peripheral efficacy in the 
inflammatory exudate [53, 54]. 

We found that meloixam has a much smaller effect on 
PG biosynthesis in the mucous membrane of the rat 
stomach than in the inflammatory exudate in this species 
and that the resultant increase in gastric acidity is only 
moderate [3]. 

In guinea pig peritoneal macrophages in vitro, 
however, we observed a preferential effect of  meloxicam 
on inducible cyclooxygenase (COX-2) as compared to the 
constitutive enzyme (COX-l).  Piroxicam, tenoxicam, 
tenidap, indomethacin, diclofenac and flurbiprofen in 
this model inhibited preferentially the COX-1 [2]. The 
preferential inhibition of COX-2, therefore, explains the 
high anti-inflammatory potency in relation to the good 
gastro-intestinal tolerance of meloxicam. 

The clear relationship between the COX-2 selectivity 
of  meloxicam in vitro and its enhanced tolerability in vivo 
supports selective COX-2 inhibition as a target for 
therapeutic intervention. 
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