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Effect of seven-day administration of carprofen
or meloxicam on renal function in clinically healthy
miniature pigs
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ABSTRACT: Carprofen or meloxicam are nonsteroidal anti-inflammatory drugs (NSAIDs), which may elicit a
variety of renal disturbances. Prior to this study, the effects of carprofen or meloxicam on renal function in pigs
were unknown. A total of 21 clinically healthy Goettingen miniature pigs (36.9 + 7.22 kg) were divided into three
groups based on what they were administered — carprofen, meloxicam or saline. First, blood was collected from
the jugular vein and urine by ultrasound-guided cystocentesis. Serum urea (U) and creatinine (CR), fractional
clearance of sodium (FCNa), urine gamma-glutamyltransferase (GGT) and alkaline phosphatase (ALP) activities,
urine protein/creatinine ratio (UP/UC), urine gamma-glutamyltransferase/creatinine ratio (GGT/CR) and urine
alkaline phosphatase/creatinine ratio (ALP/CR) and urine analysis — urine specific gravity (USG) and sediment
microscopy were assessed before and seven days after daily intramuscular administration (IM) of saline (1.5 ml per
animal), carprofen (2 mg/kg) or meloxicam (0.1 mg/kg). All animals had identical housing, feeding and unlimited
water intake and had not undergone surgery or been administered any medication for three months prior to this. All
pigs served as control groups for an experimental study of fracture healing using transplantation of mesenchymal
stem cells and scaffolds. The data were analyzed using a one way ANOVA and a Mann-Whitney test (P < 0.05).
In pigs receiving carprofen, serum urea and creatinine were significantly decreased, compared to the control (P <
0.01) or meloxicam (P < 0.05) groups. In animals receiving meloxicam FCNa was significantly increased (P < 0.05)
and urine specific gravity significantly decrease (P < 0.05) compared to the pretreatment values. Two carprofen-
treated pigs had a slight increase in renal tubular epithelial cells upon urine sediment examination. Intramuscular
administration of carprofen or meloxicam in healthy miniature pigs for seven days causes no clinically important
changes in selected renal parameters (without azotemia). However these changes indicate mild damage of renal
tubules. Despite these findings, meloxicam or carprofen are recommended for analgesia in healthy pigs.
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Most surgeries require high-quality analgesia.
Due to damaged tissues, surgery often leads to
inflammation (Lemke, 2004). In such cases anti-
inflammatory analgesics are the best option. Non-
steroidal antiinflammatory drugs (NSAIDs) are a
good alternative to analgesia. Depending on the
area of tissue damage and the duration of the pain-
ful process, NSAIDs must often be administered
for long periods of time. In small animals (dogs
and cats) carprofen and meloxicam are used for

these purposes very often. There are many reports
in the literature documenting both their adverse
and beneficial effects (Curry et al., 2005; Luna et
al., 2007). However, information regarding the ap-
plication of meloxicam or carprofen in pigs is scant
(Swindle, 2007).

Carprofen and meloxicam are NSAIDs whcih
cause analgesia by suppressing the formation of
prostaglandins through inhibition of cyclooxy-
genase 1 and 2 (COX-1 and COX-2). Prostanoids
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generated by COX-2 play an important role in in-
flammatory and painful reactions to tissue damage
(Ferreira, 2002; McCrory and Lindahl, 2002). Apart
from their positive effects, NSAIDs may also have
numerous negative effects, impairment of kidney
function being among the most severe. Hypotension
and/or anesthesia during surgery leads to increased
tonus of the sympathetic nervous system, resulting
in prostaglandin-dependent changes in renal blood
flow (Dunn and Zambraski, 1980). NSAID-induced
inhibition of prostaglandins production may have
a negative influence on renal hemodynamics and
glomerular filtration rate with subsequent renal
disorder (Oliver et al., 1981, 1983; Zambraski,
1995). Prostaglandins with a protective impact on
the kidney are primarily based on the effectiveness
of COX-1. If the kidney is in a prostaglandin-de-
pendent condition, weaker adverse effects on renal
hemodynamics are anticipated after application of
meloxicam or carprofen compared to other NSAIDs.
COX-2 also plays a major role in physiological kid-
ney function (Harris, 2000). Carprofen and meloxi-
cam are NSAIDs that preferentially inhibit COX-2,
but partially also affect COX-1 (Kay-Mugford et al.,
2000) with potential renal risks.

NSAIDs may cause numerous renal disorders,
including acute renal failure (ARF), chronic renal
failure (CRF), nephrotic syndrome, interstitial ne-
phritis, water metabolism abnormalities, sodium
retention and hypercalcemia (Clive and Stoff,
1984). However, studies on the effects of NSAIDs
on renal function in anesthetized dogs after a sin-
gle-dose administration of carprofen or meloxicam
(Crandelli et al., 2004) did not show any clinically
significant alteration in renal parameters. Similarly,
a study by Lobetti and Joubert (2000) investigat-
ing the influence of NSAIDs on renal function in
anesthetized dogs did not detect adverse effects
after administration of carprofen. Information on
the effects of carprofen or meloxicam on the renal
function of pigs is still missing. Junot et al. (2008)
describe the influence of meloxicam on the renal
function of piglets. While meloxicam was applied
only once during the general anesthesia no devia-
tions from monitored parameters were observed
(urinary flow — UF, glomerular filtration rate — GFR
and renal blood flow — RBF) after administration of
meloxicam compared to the control group.

Patient renal function can be monitored by labora-
torytests of blood and urine. Biochemical testsinclude
blood urea (U), creatinine (CR), fractional clearance
of sodium (FCNa), urine gamma-glutamytrans-

ferase (GGT) and alkaline phosphatase (ALP) ac-
tivities, urine protein/creatinine ratio (UP/UC),
urine gamma-glutamyltransferase/creatinine ratio
(GGT/CR) and urine alkaline phosphatase/creati-
nine ratio (ALP/CR) which report on glomerular
filtration and renal failure. Urine analysis includes
urine specific gravity (USG) and sediment micros-
copy with a focus on renal tubular epithelial (RTE)
cells, which are informative with regard to renal
tubular damage. Increases in the above-mentioned
parameters (except USG) indicate possible renal
failure (Osborne et al., 1995).

The purpose of this study was to compare the ef-
fect of administration of carprofen and meloxicam
in miniature pigs on selected serum and urine pa-
rameters that might indicate impaired renal function.
Both above-mentioned NSAIDs were, in contrast to
previous studies, administered for a relatively long
time (one week), which should outline the possibilities
for prolonged NSAID therapy in miniature pigs. Thus,
this analgesia could be used not only for orthopedic
surgery in miniature pigs, but also for other surgical
procedures carried out on these animals.

MATERIAL AND METHODS

Study group of animals

Twenty-one clinically healthy Goettingen mini-
ature pigs — females weighing 36.9 + 7.22 kg (mean
+ SD) and aged 2.3 £ 0.62 years were used for the
study. All animals were clinically normal, had identi-
cal housing, feeding and unlimited water intake and
were free from medication or surgical procedures
for the three months prior to the commencement
of experiments. All pigs served as control groups
for an experimental study (NPV II Research Project
2B06130) on fracture healing using transplantation
of mesenchymal stem cells (MSCs) and scaffolds,
segmental bone defect stabilized by locking com-
pression plate without MSC transplantation. All pro-
cedures were carried out with consent of the Ethical
Committee (No. 46613/2003-1020) of the University
of Veterinary and Pharmaceutical Sciences.

Treatment groups and drug administration

The pigs were divided into three treatment groups:
group CAR - carprofen 2 mg/kg i.m. (Rimadyl;
Vericore Ltd.), group MEL — meloxicam 0.1 mg/kg
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i.m. (Metacam; Labiana Pharm.) and group CON
—saline 0.9% 1.5 ml i.m. per animal (control). Each
pig received drugs intramuscularly once a day for
seven days in the above-mentioned doses. Blood
and urine sample collection in all pigs were carried
out before beginning with drug administration (T0)
and seven days after daily drug administration. All
drugs were applied daily at 2:00 p.m., samples were
collected at 1:00 p.m.

Data collection

Blood was collected by venipucture from v. cava
cranialis. Urine samples were collected aseptically
by ultrasound-guided cystocenthesis. Urine and
blood samples were collected before (T0) and seven
days after medication (CAR, MEL, CON).

Serum blood variables evaluated included serum
urea (U) and serum creatinine (CR). Urine variables
evaluated included fractional clearance of sodium
(FCNa), urine gamma-glutamyltransferase (GGT)
and alkaline phosphatase (ALP) activities, urine
protein/creatinine ratio (UP/UC), urine gamma-
glutamyltransferase/creatinine ratio (GGT/CR) and
urine alkaline phosphatase/creatinine ratio (ALP/
CR). Microscopic evaluation of the urine (performed
by one investigator) was done on urine sediment
stained with the Sternheimer-Malbin stain which
enabled the differentiation of renal tubular epithe-

lial (RTE) cells from other urinary epithelial cells
(Osborne et al., 1995). The finding of RTE cells in
the urine was subjectively scored on a scale of one to
four. A score of one represented one RTE cell/two to
three high power fields (HPF; 400x magnification),
two represented 1-2 RTE cells/HPF, three represent-
ed 2-4 RTE cells/HPF, and four represented more
than five RTE cells/HPF (Vaden et al., 2009).

Statistical analyses

At first, variables of each group of animals seven
days after medication were compared with vari-
ables of the group before medication — at time TO
(CARvs. TO, MEL vs. TO, CON vs. T0). Thereafter,
variables evaluated seven days after medication
were compared with each other (CAR vs. MEL,
CAR vs. CON, MEL vs. CON). All variables were
compared by means of one way ANOVA and the
Mann-Whitney test. In all analyses, a value of P <
0.05 was considered significant.

RESULTS

In pigs receiving carprofen, serum urea and se-
rum creatinine were significantly decreased com-
pared to the control (P < 0.01) or meloxicam (P <
0.05) groups (Figures 1 and 2).
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Figure 1. Box plot showing median (line, value), 25th_75% percentile (box) and nonoutlier maximum and minimum

levels of serum urea in examined groups of pigs

TO = before medication, CON = after administration of saline, CAR = after administration of carprofen, MEL = after

administration of meloxicam

*significant decrease compared to the control (P < 0.01) or meloxicam (P < 0.05) groups
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Figure 2. Box plot showing median (line, value), 25%-75" percentile (box) and nonoutlier maximum and minimum

levels of serum creatinine in examined groups of pigs

TO = before medication, CON = after administration of saline, CAR = after administration of carprofen, MEL = after

administration of meloxicam

*significant decrease compared to the control (P < 0.01) or meloxicam (P < 0.05) groups

In pigs receiving meloxicam FCNa was signifi-
cantly increased (P < 0.05) (Figure 3) and USG sig-
nificantly decreased (P < 0.05) (Figure 4) compared
to the pre-treatment values.

Two carprofen-treated pigs had a slight increase
(scale 1) in RTE cells upon urine sediment examina-

tion compared to other groups including pretreat-
ment values.

There were no changes in urine enzyme (GGT,
ALP) activity and urine GGT/CR and ALP/CR ratio
as an indicator of renal dysfunction. All animals
were without azotemia.
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Figure 3. Box plot showing median (line, value), 25""-75" percentile (box) and nonoutlier maximum and minimum
levels of fractional clearance of sodium (FCNa) in examined groups of pigs

TO = before medication, CON = after administration of saline, CAR = after administration of carprofen, MEL = after

administration of meloxicam

*significant increase (P < 0.05) compared to the pretreatment values
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Figure 4. Box plot showing median (line, value), 25%-75™ percentile (box) and nonoutlier maximum and minimum

levels of urine specific gravity (USG) in examined groups of pigs

TO = before medication, CON = after administration of saline, CAR = after administration of carprofen, MEL = after

administration of meloxicam

*significant decrease (P < 0.05) compared to the pretreatment values

DISCUSSION

To assess the effects of long-term administra-
tion of NSAID, it was first necessary to determine
the suitable dosage for pigs, which had not been
described previously in the literature.

For meloxicam, many authors mention only sin-
gle-administration doses. Fosse et al. (2008) report
a single dose of 0.4 mg/kg administered intrave-
nously (i.v.) for the pharmacokinetic and pharma-
codynamic study of meloxicam in piglets. The same
single dose of meloxicam in adult pigs was used by
Swindle (2007) and Friton et al. (2006) in endotox-
emia therapy and by Hirsch et al. (2003) in masti-
tis-metritis-agalactia syndrome therapy. A similar
dosage (0.3 mg/kg) was administered by Girod et
al. (2000, 2002) in their studies on the antiemetic
effects of meloxicam. However, Reyes et al. (2002),
used meloxicam in their neurological surgeries in
piglets intravenously at the much higher dose of
1 mg/kg. Junot et al. (2008) applied meloxicam at a
dose of 0.2 mg/kg when comparing its adverse effects
to ketoprofen. Since the latter dose is close to the
meloxicam dosage for dogs and cats (Mathews, 1997;
Lascelles, 2000), we chose 0.1 mg/kg for week-long
repeated administration of meloxicam dose.

Carprofen is often used in animals such as dogs,
cats or horses (Mathews, 1997; Lascelles 2000).
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However, only Swindle (2007) reports on its use
with regard to analgesia in pigs. He reported the
dose of 2-4 mg/kg subcutaneously (s.c.), but does
not mention the possibility of repeated adminis-
tration. For the week-long repeated administra-
tion of carprofen in pigs we therefore chose the
lower dose limit — 2 mg/kg. Crandelli et al. (2004)
compared the effect of carprofen and meloxicam
on renal function in dogs. They did not observe
major deviations of selected parameters (GFR,
U, CR) when comparing control and medicated
groups. However, both substances were applied
in single doses. We did not note any increase in
pig serum U or CR in our study after a week-long
medication with meloxicam or carprofen either.
In pigs medicated with meloxicam we observed
increased FCNa, which suggests possible altera-
tions in renal tubular function (Osborne et al.,
1995). However, the anticipated azotemia was not
observed in animals with meloxicam or carprofen
medication.

We believe that azotemia did not develop be-
cause we administered only a low dose of meloxi-
cam (0.1 mg/kg) even though it was administered
repeatedly. After a single application of meloxi-
cam in piglets during anesthesia, Junot et al. (2008)
found only mild changes in UF, GFR and RBEF. Blood
and urine parameters, however, were not recorded.
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The above-mentioned changes observed by Junot et
al. (2008), though statistically insignificant, partial-
ly correspond with our results. In pigs medicated
with meloxicam we noted a significant increase in
FCNa and decrease in urine USG. The lower urine
USG values in pigs could be caused by sub-clinical
renal damage or other non-kidney related diseases
(Vaden et al., 2009). Lower urine USG could be
also associated with limited secretion of antidiu-
retic hormone (ADH; Greene and Grauer, 2007).
The higher values for the urine GGT/CR ratio may
also indicate functional renal disorder after mel-
oxicam application. This increase, however, was
not statistically significant. An increased GGT/CR
ratio could be caused by decreased GER or severe
glomerular damage (Vaden et al., 2009).

The creatinine and urea blood levels were with-
in limits in the group of animals medicated with
meloxicam. Azotemia occurs only after 75% dam-
age of renal parenchyma (Osborne et al., 1995).
Physiological limits of urea and creatinine values are
not specific to renal damage. Levels of blood urea
and creatinine in animals were lower in carprofen-
medicated animals. Together these two parameters
can be regarded as markers of glomerular filtration
(Osborne et al., 1995). We may therefore specu-
late about increased glomerular renal filtration
after carprofen medication, but we were not able
to find or explain its cause. Ko et al. (2000) com-
pared blood urea nitrogen (BUN, BUN x 2.14 = U)
and creatinine values in dogs. They did not find
any deviations from our values measured in pigs.
This may be due to the different impact of carpro-
fen on U and CR in dogs and pigs in relation to
medication with carprofen. Unfortunately, a more
comprehensive explanation or references are not
available. The presence of RTE cells in the urine
sediment indicates transitional renal damage.
RTE cells are excreted into urine during normal
exchange or as a result of renal damage (Lobetti and
Joubert, 2000). In our groups of pigs we observed
a statistically insignificant occurrence of RTE cells
only in two animals medicated with carprofen, with
no other abnormalities in the observed parameters.
In animals medicated with meloxicam in which
we observed increased FCNa and decreased urine
USG indicating possible renal damage, RTE cells
were not found in a single animal. For further as-
sessment of renal function, some additional tests
would be helpful. Nevertheless, as the animals were
stabled in groups, we could not check individually
water intake and urine production. Moreover, the

experiments were carried out with limited labora-
tory equipment.

CONCLUSION

Intramuscular administration of carprofen or
meloxicam in healthy miniature pigs for seven days
causes no clinically important changes in selected
renal parameters (without azotemia). However,
these changes, especially in pigs after administra-
tion of meloxicam, could indicate mild damage of
renal tubules. Despite the findings, meloxicam or
carprofen at the described dosages is recommended
for analgesia in healthy miniature pigs.

This type of NSAID medication seems to be suit-
able not only in miniature pigs used as fracture
healing models in our research, but also on these
animals in relation to other surgical procedures.
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