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Comparison of the effects of repeated dose treatments of
lornoxicam and meloxicam on renal functions in rats

Basak PEHLIVAN', Ozgiin CUVAS', Hiilya BASAR', Fatih BAKIR?, Hiiseyin USTUN?, Bayazit DIKMEN"

Aim: We aimed to investigate the renal effects of meloxicam, a preferential cyclooxygenase-2 inhibitor nonsteroidal
antiiflammatory drug, and lornoxicam, a nonspecific cyclooxygenase inhibitor, in rats. We wanted to test the hypothesis that
preferential cyclooxygenase-2 inhibitors have a higher renal safety profile when compared with the nonspecific
cyclooxygenase inhibitors.

Materials and methods: Thirty healthy male Sprague-Dawley rats were included in the study. During the study period, 0.9%
NaCl, 5.8 mg kg-1 meloxicam, or 1.3 mg kg-1 lornoxicam were given in 1 mL volumes once daily by the peritoneal route.
On day 14, rats were placed in metabolic cages and their urine was collected for 24 h. After anesthesia was administered,
blood samples were taken, followed by nephrectomy.

Results: Serum sodium, potassium, creatinine, BUN, urine NAG (N-acetyl-beta-D-glucosaminidase), protein, and density
values increased, while urine volume, sodium, potassium, creatinine values, and creatinine clearance decreased significantly
in both groups when compared with the control. In the meloxicam group, serum potassium, BUN, and urine density values
were greater than those of the lornoxicam group. In the lornoxicam group, serum sodium and urine NAG values were
greater than those of the meloxicam group.

Conclusion: We want to emphasize that meloxicam must be used with caution, similarly to nonspecific cyclooxygenase
inhibitors.

Key words: Nonsteroidal antiiflammatory drugs, renal problems

Tekrarlayan dozda lornoksikam ve meloksikam tedavilerinin rat bobrek
fonksiyonlari iizerindeki etkilerinin karsilastirilmasi

Amag: Bu ¢aligmada, segici siklooksijenaz-2 inhibitorii bir non-steroidal antiinflamatuar ilag olan meloksikam ile non-
selektif siklooksijenaz inhibitorii bir non-steroidal antiinflamatuar ilag olan lornoksikamin rat bobrek fonksiyonlar:
tizerindeki etkilerini kargilagtirmay1 amagladik. Segici siklooksijenaz-2 inhibitorlerinin non-selektif inhibitorlere gore daha
yiiksek renal giivenlik profiline sahip olduklar1 hipotezini stnamak istedik.

Yontem ve gereg: Otuz adet erkek Sprague-Dawley cinsi rat ¢aligmaya dahil edildi. Caligma siiresince 1 mL % 0,9 NaCl, 5,8
mg kg-1 meloksikam veya 1,3 mg kg-1 lornoksikam giinde bir defa intraperitoneal olarak verildi. Ondordiincii giinde ratlar
metabolik kafeslere alindi ve 24 saatlik idrarlar: toplandi. Anestezi uygulandiktan sonra kan érnekleri alindi ve takiben
nefrektomi yapildi.

Bulgular: Kontrole gore her iki grupta serum sodyum, potasyum, kreatinin, BUN, idrar N-asetil-beta-D-glukozaminidaz
(NAG), protein ve dansitesi artarken idrar voliimii, sodyum, potasyum, kreatinin degerleri ve kreatinin klerensi anlaml
olgiide azaldi. Meloksikam grubunda serum potasyum, BUN ve idrar dansitesi degerleri lornoksikam grubuna gore yiiksek
idi. Lornoksikam grubunda serum sodyum ve idrar NAG degerlerinin meloksikam grubundakinden yiiksek oldugu
bulundu.

Sonug: Meloksikamin non-selektif siklooksijenaz inhibitorlerine benzer sekilde dikkatli kullanilmasi gerektigini vurgulamak
isteriz.

Anahtar sozciikler: Non-steroidal antiinflamatuar ilaglar, renal sorunlar

Received: 09.06..2008 — Accepted: 09.12.2009
1 Department of Anesthesiology and Intensive Care Medicine, Ankara Training and Research Hospital, Ulucanlar, Ankara - TURKEY
2 Department of Biochemistry, Central Biochemistry Laboratory, Ankara Numune Training and Research Hospital, Dikimevi, Ankara - TURKEY
3 Department of Pathology, Ankara Training and Research Hospital, Ulucanlar, Ankara - TURKEY
Correspondence: Ozgiin CUVAS, Cayyolu 8. Cad. Vet-site, Ozkan Apt. No: 11/3, 06810 Cayyolu, Ankara - TURKEY
E-mail: ozguncuvas@e-kolay.net

371



Renal effects: lornoxicam and meloxicam

Introduction

Nonsteroidal antiiflammatory drugs (NSAIDs)
exert their major therapeutic and adverse effects by
inhibition of cyclooxygenase (COX), a key enzyme for
prostanoid synthesis. There are 2 different forms of
COX: the COX-1 isoenzyme is responsible for
homeostatic prostanoid synthesis and the COX-2
isoenzyme is responsible for proinflammatory
prostanoid production (1).

NSAIDs are classified into 4 groups, according to
their relative inhibitory activity on COX-1 and COX-
2: 1) Specific/highly selective COX-1 inhibitors, 2)
Nonspecific/nonselective ~ COX  inhibitors, 3)
Preferential/selective COX-2 inhibitors, and 4)
Specific/highly selective COX-2 inhibitors (2). In
COX-1/COX-2 selectivity assays, most conventional
NSAIDs are shown to be mixed COX-1/COX-2
inhibitors and, indeed, most tend to be more effective
against COX-1 than COX-2. Preferential COX-2
inhibitors include meloxicam, nimesulide, and
etodolac (3). 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 (4).

The kidney is the second most frequent target of
serious adverse effects of NSAIDs. The renal adverse
effects of NSAIDs related to the inhibition of COX are
reduction in renal blood flow (RBF) and glomerular
filtration rate (GFR), sodium-water retention, and
hyperkalemia (5). There is an expectation that
NSAIDs that are more effective against COX-2 than
COX-1 may have fewer side effects in the target
organs than nonspecific NSAIDs, but because COX-
2 has a major role in sodium, potassium, and water
excretion; renin release; ADH-antagonism; and
nephrogenesis, it is not obvious whether COX-2
preferential and specific inhibitors have fewer renal
side effects when compared to the conventional
NSAIDs. In this study, we aimed to investigate the
renal effects of meloxicam, a preferential COX-2
inhibitor NSAID, and lornoxicam, a nonspecific COX
inhibitor NSAID, in rats.

Materials and methods

After the approval of the Institutional Animal
Ethics Committee of Ankara Training and Research
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Hospital, the study was performed on 30 male
Sprague-Dawley rats from the Animal Laboratory of
Hacettepe University (Ankara, Turkey). Ampoules of
lornoxicam (Xefo® Nycomed Pharma, Oslo, Norway)
and meloxicam (Zeloxim® Abdi Ibrahim Drug
Industry, Istanbul, Turkey) were obtained from a local
pharmacy in Ankara. The animals were weighed and
housed in groups of 4 per cage and allowed free access
to water and food (normal sodium chloride diet, 0.4%
NaCl, Bil-Yem, Ankara, Turkey) with a 12 h light-dark
cycle at ambient temperature and humidity. Rats were
acclimatized to the laboratory for at least 7 days prior
to the study.

Our primary goal was reduction of urinary
sodium and potassium excretion. A sample size of 9
per group was required to detect an at least 15%
difference between the control and any of the
treatment groups regarding sodium or potassium
levels with a power of 80% at the 5% significance level,
according to the data from the literature (6). Ten rats
were examined in each group to allow for any
difficulties that could lead to exclusion from the study.

Rats were divided into 3 groups (n = 10 in each
group): group C (control), group M (meloxicam), and
group L (lornoxicam). Drug doses were taken from a
previous study that investigated the effects of
lornoxicam and meloxicam on inflammation and
hyperalgesia in rats. These doses were 1.3 mg kg™ and
58 mg kg' for lornoxicam and meloxicam,
respectively (7). Drugs were diluted in 0.9% NaCl and
administered intraperitoneally (ip) in 1 mL volumes
once daily during the study period of 14 days. The
same volume of 0.9% NaCl was injected ip into the
control animals. On day 14, rats were placed
individually in metabolic cages and their urine was
collected for 24 h. After this stage, the rats were
weighed  and  then  anesthetized  with
ketamine:xylazine (9:1) (Ketalar® 50 mg mL’, Pfizer,
Istanbul, Turkey; Alfazyne® 2%, Alfasan Int.,
Woerden, Holland), and blood samples were taken by
cardiac puncture with 16-gauge needles to avoid
hemolysis of the blood samples.

After the blood samples were taken, nephrectomy
was applied by laparotomy. Kidneys were fixed in 10%
formalin and embedded with paraffin, and 4 um
slides were cut and stained with hematoxylin and
eosin, then examined on a light microscope (Olympus
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BH-2 Optical Co Ltd., Japan). Changes in the
tubulointerstitial and glomerular compartments were
assessed blindly and recorded descriptively and
semiquantitatively. Tubular atrophy, degeneration,
necrosis, glomerular proliferation, interstitial
inflammation, edema, and fibrosis were investigated.

In urine samples, density (Boehringer Mannheim
densitometer, Mannheim, Germany); volume and
protein (Bayer Clinitek 500, Leverkusen, Germany);
sodium, potassium, and creatinine (Hitachi 912
autoanalyzer, Mannheim, Germany); and N-acetyl-
beta-D-glucosaminidase (NAG) (Roche Cobas Mira
Plus autoanalyzer, Basel, Switzerland) were measured.

Blood samples were centrifuged at 3000 x g for 3
min and the serum was separated. Serum sodium,
potassium, blood wurea nitrogen (BUN), and
creatinine were measured (Hitachi 912 autoanalyzer,
Mannheim, Germany). Creatinine clearance values
were calculated (C., = U, x V / P; Ug: urine
creatinine mg dL", V: volume of urine mL min™', P
plasma creatinine mg dL™).

All of the data were analyzed with SPSS 11.5
software (SPSS Inc., Chicago, Illinois, USA).
Descriptives were calculated as mean + SD. One-way
analysis of variance (ANOVA) was used to determine
significant differences among groups. The P value was
setat P < 0.05.

Results

There were no significant differences in the
weights of the rats at the beginning and the end of the
study (beginning: 300 + 15.64, 296 + 19.19, 305 +
10.80, P = 0.633; and end: 303 + 12.70, 298 + 27.11,
306 + 11.79, P = 0.645; in groups C, M, and L,
respectively). Weight gain was observed in all rats, but
the difference was not significant when compared to
the baseline values of the 3 groups (P = 0.678, P =
0.676, and P = 0.679 in groups C, M, and L
respectively).

Serum sodium, potassium, creatinine, and BUN
values increased and creatinine clearance decreased
in groups M and L when compared with the control
group. In group M, serum potassium and BUN values
were significantly higher than group L. In group L,
serum sodium values were significantly higher than
group M (Table 1).

In urine analysis, urinary protein was observed in
groups M and L. Urinary sodium, potassium, and
creatinine values decreased and NAG values and
density of urine increased in groups M and L when
compared with the control group. The urine volume
was less in groups M and L than in group C (Table 2).
The density of urine was higher in group M than
group L, and the NAG values were higher in group L
than group M. Hematuria (+++) was seen in 2 rats in
groups M and L.

Table 1. Serum analysis of rats in groups C, M, and L.

Group C Group M Group L p
(n=10) (n=10) (n=10)
BUN (mgdL") 20.61 = 1.61 33.18 £9.09 ¢ 244427 <0.001*
Creatinine (mg dL™) 0.60 + 0.04 0.67 +0.08 *** 0.69 +0.06 T 0.016**
Na (mmol L) 137.10 £ 1.91 139.80 + 3.01 **  142.60 £ 1.43 ¥+  <0.001*
K (mmol L") 4.56 £0.19 8.95 + 0.94 ¥4 5.05+0.34 F <0.001*
Creatinine Cr (mL min™)  0.55 +0.16 0.07 +0.05 *** 0.06 +0.04 t <0.001*

*P <0.001, ** P < 0.05 statistically significant difference among the 3 groups.
P < 0.05, a statistically significant difference between group C and group M.
T P <0.05, a statistically significant difference between group C and group L.
1 P < 0.05, a statistically significant difference between group M and group L.

C: Control, M: Meloxicam, L: Lornoxicam.
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Table 2. Urine analysis of rats in groups C, M, and L.

Group C Group M Group L P

(n=10) (n=10) (n=10)
Total Protein (grdl D) 0.12+0.01 0.90 £ 0.21 ** 0.82+0.28 T <0.001*
Creatinine (mg dL) 102.39 + 27.63 40.70 £17.70**  40.50 £ 18.69 t <0.001*
NAG (UL") 5.04+0.94 19.74 £ 1.25** 23.05£2.09 T% <0.001*
Na (mmol L) 70.60 +7.79 60.20 £ 8.74 ** 58.10 £16.75 0.056
K (mmol L") 87.50 + 8.62 44.00 + 6.04 ** 42.80 £6.68 T <0.001*
Density (g mL™) 1015.30 £2.36  1043.70 + 8.06 **+ 1029.60 +4.14+  <0.001*
Volume (mL) 4.63 +0.22 1.66 £ 0.44 ** 1.61 +0.28 <0.001*

* P <0.001, a statistically significant difference among the 3 groups.

** P <0.05, a statistically significant difference between group C and group M.
t P <0.05, a statistically significant difference between group C and group L.
1 P < 0.05, a statistically significant difference between group M and group L.

C: Control, M: Meloxicam, L: Lornoxicam.

There were no pathological changes (tubular
atrophy, degeneration, necrosis, glomerular
proliferation, interstitial inflammation, edema, or
fibrosis) in the 3 groups, except that interstitial
congestion and intratubular red blood cell casts were
observed in the same 2 rats in which hematuria was
seen in groups M and L (Figures 1-3).

Discussion

Every year, millions of people use NSAIDs and are
exposed to their unwanted side effects. The aim of
investigations of NSAIDs is to produce a new
compound with fewer side effects, without reducing
its potential effect. Next to the gastrointestinal tract,

Figure 1. Normal renal tissue in group C (g: glomerulus) (H.E.
x400).
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the kidney is the most frequent target of the adverse
effects of NSAIDs. The renal side effects of NSAIDs
range from mild to life-threatening with a life-long
necessity for dialysis (8,9). Three percent of all cases
of acute renal failure are caused by NSAIDs, and
NSAIDs are implicated as causal agents in up to 30%
of patients with end-stage renal failure (1).

The renal side effects of NSAIDs are related to the
inhibition of prostanoid synthesis. The greater
gastrointestinal (GI) safety of COX-2 specific
inhibitors and meloxicam has been suggested in some
studies, but this does not mean that these drugs have
fewer renal side effects: COX-1 is the responsible
isoenzyme for maintenance of gastric mucosa (10-13).
COX-2 specific inhibitors and meloxicam have less of

Figure 2. Intratubular red blood cell casts (arrow) and interstitial
congestion (double arrow) in group M (H.E. x400).
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Figure 3. Intratubular red blood cell casts (arrow) and interstitial
congestion (double arrow) in group L (H.E. x400).

an effect on COX-1, and thus the GI side effects of
these drugs are fewer than those of nonspecific COX
inhibitors. On the other hand, COX-2 has been shown
to be constitutively expressed in the kidney and have
a major role in the maintenance of renal
hemodynamics, renin secretion, and tubular function
(3). This raises the question of whether selective
COX-2 inhibition could avoid development of the
common renal toxicities associated with traditional
NSAIDs, which are caused by nonspecific inhibition
of COX. In addition to comparing specific COX-2
inhibitors with nonspecific inhibitors, different COX-
2 inhibitors with varied levels of COX-2 selectivity
need to be compared to more fully elucidate the
importance of this enzyme in homeostatic renal
function (14).

Meloxicam is an NSAID of the oxicam class, which
shows preferential inhibition of COX-2. Among the
preferential COX-2 inhibitors, the best documented
is meloxicam. The pharmacokinetic characteristics of
meloxicam in rats are similar to those in humans
(elimination half life t1/2f: 15.5 + 6.2 h in rats and
20.4 £ 6.4 in humans). Lornoxicam is a nonspecific
COX inhibitor and an oxicam derivative. The
metabolites of lornoxicam and meloxicam are
inactive, and this is a good characteristic for the safety
profiles of both drugs (15-17).

In animal and human studies that have
investigated the renal side effects of NSAIDs, the
design of each study has been different, and thus it is
difficult to compare results from one study to another.

Short term studies (<3 weeks) of lornoxicam have
found no evidence of nephrotoxicity after
administration of lornoxicam of dosages of up to 8 mg
twice daily in either healthy volunteers or patients
with mild to moderate renal impairment. It is
suggested that the short elimination half life of
lornoxicam might contribute to this result. The t1/23
value of lornoxicam is 3-5 h in humans but 22 h in
rats (17-19).

Harirforoosh et al. have investigated the effects of
NSAIDs with varying extents of COX-2-COX-1
selectivity on wurinary sodium and potassium
excretion in rats. In their study, as compared with a
placebo, rofecoxib, celecoxib, diclofenac, and
flurbiprofen significantly reduced the excretion rate
of sodium and potassium. Rofecoxib and flurbiprofen
significantly reduced the urine flow rate. Meloxicam
had no significant effect on either sodium or
potassium excretion or on the urine flow rate. They
suggested that one plausible explanation for their
finding might be the low concentration of meloxicam
in the kidney as compared with other NSAIDs (6).

A clinical study including 25 patients with mild
renal impairment, who were at risk for NSAIDs-
induced renal failure, documented that meloxicam, at
a recommended dose of 15 mg/day for 28 days, did
not cause further deterioration of renal function (20).
In patients with chronic cardiac failure, another risk
factor for impairment of renal function by NSAIDs,
meloxicam, at 15 mg/day for 7 days, neither caused
renal side effects nor attenuated the diuretic effect of
furosemide (21).

The above results were validated by 2 prospective,
double-blind, randomized trials comparing
meloxicam (7.5 mg) to diclofenac (100 mg, slow
release) (MELISSA trial) and meloxicam (7.5 mg) to
piroxicam (20 mg) (SELECT trial) in patients with
osteoarthritis. Meloxicam was equivalent in both
trials with respect to clinical efficacy. The rate of renal
toxicity of meloxicam, measured as the increase of
creatinine and urea in serum, was significantly less
when compared with diclofenac and piroxicam
(22,23). While this shows a reduced risk of renal
problems with meloxicam, it also shows that the drug
still possesses a considerable risk of renal side effects.

In our study, the drugs doses used were not at the
toxic level and the duration of the study was 14 days;
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thus, these conditions might not have been enough to
produce pathologic changes in the kidney. On the
other hand, abnormalities in serum and urine analysis
that indicated renal dysfunction were present in both
the lornoxicam and meloxicam groups. Urine NAG
values were significantly higher in the lornoxicam
group than the meloxicam group; on the other hand,
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