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Abstract

Objective: To investigate neutrophil gelatinase-associated lipocalin (NGAL) con-

centrations in serum and synovial fluid (SF) from horses with joint inflammation.

Study design: Experimental studies and retrospective clinical study.

Sample population: Serum and SF samples were available from healthy

horses (n = 19), clinical cases, and horses with experimental joint inflamma-

tion. Clinical cases included horses with (n = 10) or without (n = 10) septic

arthritis. Experimental intra-articular inflammation was induced by lipopoly-

saccharide (LPS; n = 7, severe inflammation), lidocaine (n = 6, moderate

inflammation), or mepivacaine (n = 6, mild inflammation).

Methods: Availability of samples was based on approval from the local ethical

committee and from the Danish Animal Experiments Inspectorate. Neutrophil

gelatinase-associated lipocalin was measured with a previously validated

enzyme-linked immunosorbent assay. Repeated-measurements one- and two-

way analysis of variance and correlation analysis were used to analyze NGAL

concentrations and white blood cell counts (WBC).

Results: After injection of LPS or lidocaine, SF NGAL concentrations increased

343- (P = .0035) and 60-fold (P = .0038) relative to baseline, respectively. Serum

NGAL also increased in both groups (P < .05) but to lower concentrations than in

SF. Concentrations were higher after injection of lidocaine SF NGAL than after

injection of mepivacaine (P < .05) at 6 and 12 hours. Synovial fluid concentrations

of NGAL were higher in horses with septic arthritis than in the nonseptic group

(P = .0070) and in healthy controls (P = .0071). Concentrations of NGAL corre-

lated with WBC in SF (P < .0001, R2 = 0.49) and in blood (P = .0051, R2 = 0.27).

Conclusion: Neutrophil gelatinase-associated lipocalin concentrations

increased in SF in response to experimentally induced and naturally occurring
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joint inflammation. Synovial fluid NGAL concentration correlated with WBC

and, thus, seems to reflect intensity of joint inflammation.

Clinical significance: Neutrophil gelatinase-associated lipocalin may prove

to be a useful biomarker of joint inflammation and infection in horses.

1 | INTRODUCTION

Diagnosing synovial sepsis in horses may be difficult.1

Bacterial culture is not always reliable, as was shown in a
recent study where 48 % of synovial fluid (SF) samples
from horses diagnosed with septic synovitis were culture
negative.2

Biomarkers in blood and SF are used routinely in
horses to indicate presence of joint inflammation and
infection,3 to assess degree of inflammation, and to moni-
tor changes in disease activity.4 Markers vary in sensitiv-
ity and specificity, response pattern, and the degree to
which they are influenced by previous interventions in
the synovial structure.5 It is therefore of great relevance
for equine clinicians to have an armamentarium of bio-
markers available. Inflammatory markers are essential
for early and accurate identification of synovial infection,
and they are a prerequisite for prompt intervention.3

Total white blood cell counts (WBC), differential leuko-
cyte counts, and total protein (TP) concentrations are
currently the most commonly used SF biomarkers in
equine joint disease. Total protein is easily determined by
refractometry; however, levels are affected by previous
interventions such as arthrocentesis,6 arthroscopic
surgery,7 or intra-articular drug administration,8 which
renders this marker of limited value for monitoring treat-
ment effects. Total and differential leukocyte counts are
performed by manual counting or by using automated
cell counters, so leukocyte counts may be time consum-
ing or require skills and/or equipment not commonly
available in general practice.3 Within the last 10 to
15 years, serum amyloid A (SAA) has emerged as a useful
analyte for identifying and monitoring joint inflamma-
tion.4,6,9,10 Serum amyloid A has gained widespread use
not only because of its desirable diagnostic properties but
also because a horse-side test was developed, thus all-
owing assessment of SAA without the requirement of
shipping samples to larger diagnostic laboratories.11

Serum amyloid A can be measured systemically and in
SF.9 Concentrations in SF increase in response to
moderate–severe joint inflammation6,10 but remain unaf-
fected by interventions such as repeated arthrocentesis,6

intra-articular injection of amikacin,8 and joint lavage.7,12

One drawback of SAA is that concentrations in SF
increase fairly slowly (SAA can be measured 8-12 hours
after induction of joint inflammation and concentrations
peak at 48 hours).9,13

Neutrophil gelatinase-associated lipocalin (NGAL),
also known as human neutrophil lipocalin, lipocalin 2, or
24p3, is a protein belonging to the family of lipocalins. In
the body, it is present in the form of a monomer, a dimer,
or a complex in which it is covalently bound to
metalloproteinase 9.14 In man, NGAL was first described
in neutrophil granulocytes,15,16 but the protein has since
then also been detected in renal tubular cells, hepatocytes,
macrophages, epithelial cells, and adipocytes.14,17,18

In man, NGAL has mainly been used as a biomarker
of acute kidney injury.19 It has, however, become increas-
ingly clear that NGAL may also be an inflammatory
marker because systemic NGAL levels are elevated in
patients with inflammatory or infectious conditions such
as sepsis.20,21 In a very limited number of studies in man,
NGAL has been described as a potential marker of joint
inflammation,22-25 with the protein being present in SF
from people with osteoarthritis24 and rheumatoid arthri-
tis.25 Deirmengian et al22 assessed SF concentrations of
NGAL and classified human patients with periprosthetic
joint infection (PJI) with 100% sensitivity and specificity.

There are few reports on NGAL in equine medicine.
Increased serum NGAL concentrations were found in
horses with increased serum creatinine values by
researchers investigating NGAL in horses suspected of
kidney injury.26 Similarly to in man, NGAL seems to be a
marker of inflammation in horses. Serum NGAL concen-
trations increased after experimental intravenous injec-
tion of lipopolysaccharide (LPS) and were also elevated
in clinical cases with systemic inflammation.27 There are
no published studies on NGAL in equine joint disease.

The objective of the present study was to determine
NGAL concentrations in horses with clinical and experi-
mental (induced by LPS or local analgesics [lidocaine,
mepivacaine]) joint inflammation. Based on the limited
evidence available from human medicine, our hypothesis
was that intra-articular inflammation would cause
increased serum and SF NGAL concentrations compared
with healthy horses.

2 | MATERIALS AND METHODS

2.1 | Animals and samples

For this study, samples were available from two previous
studies28,29 and from horses admitted to the Large
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Animal Teaching Hospital at University of Copenhagen.
Blood was drawn from an indwelling jugular venous
catheter (in experimental studies) or by puncture of the
jugular vein (in clinical cases). Synovial fluid samples
were obtained with 19- to 21-gauge needles after aseptic
preparation of the arthrocentesis site.

2.2 | Lipopolysaccharide-induced joint
inflammation

Serum and SF samples were available from seven horses
(four mares and three geldings, 3-15 years old, 425-620 kg)
that underwent intra-articular injection of LPS, resulting
in severe joint inflammation as described in detail by
Andreassen et al.28 In brief, 3 μg LPS (Escherichia coli 055:
B5, No. L2880; Sigma-Aldrich ApS, Copenhagen, Den-
mark) was injected into the antebrachiocarpal joint of one
front limb. One horse (horse B) erroneously received 12 μg
LPS. Before (0 hour) and after (2, 4, 8, 16, 24, 36, 48, 72,
and 144 hours) LPS injection, blood and SF were collected
and directly transferred to tubes (BD Vacutainer;
Becton Dickinson A/S, Albertslund, Denmark) containing
no additive (for preparation of serum) and
ethylenediaminetetraacetic acid (for assessment of WBC in
whole blood and SF and for stabilizing SF for later NGAL
measurements). White blood cell count in whole blood
was determined by automated cell counting (ADVIA 2120
analyzer; Siemens Healthcare Diagnostics, Deerfield, Illi-
nois) and in SF by manual cell counting with a
hematocytometer. Both analyses were performed within
24 hours as described in detail in Andreassen et al.28

Serum tubes and SF samples were centrifuged at 1200 g
for 10 minutes and stored at −80�C. Analysis of NGAL
concentrations took place 5 years after samples were
obtained. The experimental protocol was preapproved by
the ethical committee of the Large Animal Teaching Hos-
pital of University of Copenhagen and by the Danish Ani-
mal Experiments Inspectorate (permit 2011/561–1996).

2.3 | Joint inflammation induced by
intra-articular injection of local analgesics

Serum and SF samples were available from 12 horses (all
mares, 5-17 years old, 495-611 kg). Six horses were
injected with 200 mg lidocaine (Xylocaine, 20 mg/mL;
AstraZeneca, Copenhagen, Denmark), and six horses were
injected with 200 mg mepivacaine (carbocaine, 20 mg/mL;
AstraZeneca) in one middle carpal joint as described in
Adler et al.29 Intra-articular lidocaine injection caused
moderate synovial inflammation with peak SF WBC
(at 12 hours) of 15.3 ± 4.6 × 109/L; intra-articular

mepivacaine injection resulted in mild synovial inflamma-
tion with peak SF WBC (at 12 hours) of 1.7 ± 2.6 × 109/L
as described in detail in Adler et al.29

Blood and SF were collected before (0 hours) and after
(6, 12, 24, 48, and 168 hours) injection of the local analge-
sics and directly transferred to tubes (BD Vacutainer;
Becton Dickinson A/S) containing no additive (for prepa-
ration of serum) and ethylenediaminetetraacetic acid (for
assessment of WBC in whole blood and SF and for stabi-
lizing SF for later NGAL measurements). Serum tubes
and SF samples were centrifuged at 2500 g for 10 minutes
at 4�C; all other sample handling and laboratory proce-
dures for determining WBC in whole blood and SF were
performed as previously described. Samples were stored
at −80�C until analysis of NGAL concentration, which
took place 2 years after sample collection. Serum samples
from the six horses injected with mepivacaine were not
analyzed in the present study. The experimental protocol
was preapproved by the ethical committee of the Large
Animal Teaching Hospital of University of Copenhagen
and by the Danish Animal Experiments Inspectorate
(permit 2015-15-0201-00608).

2.4 | Healthy controls

The healthy controls comprised the preinjection serum
and SF samples available from the 19 horses involved in
the experimental studies. These were the preinjection
samples from the seven horses undergoing experimental
LPS-induced joint inflammation, the six horses receiving
experimental intra-articular lidocaine injection, and the
six horses receiving experimental intra-articular
mepivacaine injection (no serum was available from this
group). Before beginning the experimental studies, horses
were determined to be healthy after thorough clinical
examination including lameness evaluation and hematol-
ogy and blood biochemistry analyses.

2.5 | Clinical cases

Serum and SF samples from 20 horses (admitted between
2013 and 2017) were available from the biobank at the
Large Animal Teaching Hospital at University of Copen-
hagen. Blood and SF samples were collected routinely as
part of the diagnostic workup of the horses. Serum and
SF were obtained and processed, and WBC was deter-
mined as previously described. Samples were stored at
−20�C until analysis of NGAL concentrations, which
took place 1 to 5 years after sampling. Inclusion of horses
was based on their final diagnosis, and two distinct
groups were assessed. Ten horses had acute septic
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synovitis based on anamnesis; clinical examination
including assessment of lameness, diagnostic imaging,
bacteriology, hematology/blood biochemistry; syn-
oviocentesis/pressure test; SF TP of 30 to 72 g/L (refer-
ence value, <25); SF WBC of 60 to 307 × 109/L (reference
value, < 1.35 × 109/L); and SF differential count with
90% to 100% neutrophils. Ten horses had acute septic
synovitis based on anamnesis; clinical examination
including assessment of lameness; diagnostic imaging;
bacteriology; hematology/blood biochemistry; syn-
oviocentesis/pressure test; SF TP of 30 to 72 g/L (refer-
ence value, <25); SF WBC of 60 to 307 × 109/L (reference
value, < 1.35 × 109/L); and SF differential count with
90% to 100% neutrophils.

2.6 | Measurements of NGAL

A commercially available, porcine enzyme-linked immu-
nosorbent assay (ELISA; pig NGAL ELISA No. 44; Bio-
Porto Diagnostics, Hellerup, Denmark) was used to
quantitate NGAL in serum and SF. The ELISA has been
validated and found reliable for equine use by our
research group.26 Serum samples were diluted 1:1000 to
1:3000, and SF was diluted 1:2000 to 1:20000 to achieve
absolute NGAL concentrations. The ELISA was per-
formed according to the manufacturer's instructions.
Absorbance was read at 450 nm (reference, 620) in an
ELISA reader (Multiskan EX; ThermoFisher Scientific,
Hvidovre, Denmark) with Ascent Software version 2.6 to
EMS Reader MF (Thermo Labsystems, Philadelphia,
Pennsylvania). By using four-parameter logistic regres-
sion according to the manufacturer's instructions, absor-
bances were converted to concentrations (pg/mL) in
MyAssays (www.myassays.com). Concentrations were
subsequently converted to μg/L.

2.7 | Data analysis

Two-way analysis of variance (ANOVA; no assumption
of sphericity) with Sidak multiple-comparisons test was
used to (1) evaluate concentration changes over time (ie,
compare preinjection and postinjection NGAL concentra-
tions) and identify differences between SF and serum
NGAL concentrations in the LPS group, (2) evaluate con-
centration changes over time (ie, compare preinjection
and postinjection NGAL concentrations) and identify dif-
ferences between SF and serum NGAL concentrations in
the lidocaine group, and (3) compare SF NGAL concen-
trations in the lidocaine and mepivacaine groups.
Because of differences in sampling time points, NGAL
concentrations in the LPS group could not be compared

statistically with concentrations in the local analgesics
groups. Assumptions (Gaussian distribution of residuals)
were verified on residual and QQ plots. Neutrophil
gelatinase-associated lipocalin levels in healthy controls
and the two clinical groups (septic and nonseptic) were
compared by using one-way ANOVA with Welch's cor-
rection (because SD in the groups differed) and Dunnett's
multiple-comparison post hoc test. These data were
found to be normally distributed according to the
D'Agostino & Pearson normality test. Correlation
between NGAL concentration and WBC was assessed by
using samples from the clinical cases (n = 20) and one
randomly selected sample from each of the 19 horses that
were enrolled in the experimental studies. P < .05 was
considered significant. Statistical analyses were
performed in GraphPad Prism version 8.4.2 (GraphPad
Software, La Jolla, California).

3 | RESULTS

3.1 | Neutrophil gelatinase-associated
lipocalin concentration in horses with
LPS-induced joint inflammation

Intra-articular injection of LPS caused increases in NGAL
concentrations in serum and SF compared with baseline
(0 hours; P = .0035; Figure 1). Synovial fluid NGAL con-
centrations (mean ± SD) increased 343-fold from a
preinjection concentration of 7.52 ± 11.30 μg/L to a peak
concentration of 2582.0 ± 1713.8 μg/L at 8 hours. Serum
NGAL concentrations (mean ± SD) increased 7.4-fold
from a preinjection concentration of 22.58 ± 16.65 μg/L
to a peak concentration of 165.6 ± 81.4 μg/L at 36 hours
(Figure 1). Concentrations of NGAL were higher in SF
than in serum between 2 and 24 hours after LPS injection
(P < .05).

3.2 | Neutrophil gelatinase-associated
lipocalin concentration in horses with
joint inflammation induced by intra-
articular injection of local analgesics

After intra-articular injection of lidocaine, NGAL concen-
trations in serum and SF increased compared with base-
line (0 hours; P = .0038; Figure 2). Synovial fluid NGAL
concentrations (mean ± SD) increased 60-fold from a
preinjection concentration of 6.22 ± 1.77 μg/L to a peak
concentration of 370.3 ± 155.7 μg/L at 12 hours. Serum
NGAL concentrations (mean ± SD) increased 1.8-fold
from a preinjection concentration of 21.31 ± 6.38 μg/L to
a peak concentration of 37.3 ± 24.2 μg/L at 6 hours
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(Figure 2). Concentrations of NGAL were higher in SF
than in serum between 6 and 48 hours after injec-
tion (P < .05).

After intra-articular injection of mepivacaine, NGAL
concentrations in SF (mean ± SD) increased 34-fold from
a preinjection concentration of 2.74 ± 2.09 to a peak con-
centration of 94.2 ± 142.5 μg/L at 12 hours (Figure 2).
Synovial fluid concentrations of NGAL were higher in
the lidocaine group than in the mepivacaine group at
6 and 12 hours after injection (P < .05).

3.3 | Neutrophil gelatinase-associated
lipocalin concentration in healthy controls
and horses with and without septic
synovitis

Synovial fluid NGAL concentrations were higher in
horses with septic synovitis (mean [range] = 1966.8
[156.8-4684] μg/L) than in the nonseptic group (mean
[range] = 2.1 [0.0-6.1] μg/L, P = .0070) and in healthy

controls (mean [range] = 5.6 [0.0-25.0] μg/L, P = .0071;
Figure 3). Serum NGAL concentrations did not differ
between horses with septic synovitis (mean [range] = 188
[11.3-778.4] μg/L), the nonseptic group (mean
[range] = 43.5 [8.4-96.4] μg/L), and healthy controls
(mean [range] = 22 [7.5-56.1] μg/L; P > .05; Figure 3).

3.4 | Correlation between NGAL and
WBC in synovial fluid and blood

Total WBC and NGAL concentrations correlated posi-
tively in SF (P < .0001, R2 = 0.49) and in blood
(P = .0051, R2 = 0.27; Figure 4).

4 | DISCUSSION

In this study, we introduce NGAL as a marker of joint
inflammation in horses and emphasize the diagnostic
potential of NGAL concentrations in SF. Synovial fluid

FIGURE 2 Concentrations of NGAL in SF (A) and in serum (B) obtained from six horses before and 6-168 hours after intra-articular

injection of lidocaine and in SF (C) obtained from six horses before and 6-168 hours after intra-articular injection of mepivacaine. There are

different y-axes in A, B, and C. SF and serum NGAL concentrations after intra-articular injection of lidocaine differed 6-48 hours after

injection (P < .05). SF concentrations of NGAL were higher in the lidocaine group than in the mepivacaine group at 6 and 12 hours after

injection (P < .05). NGAL, neutrophil gelatinase-associated lipocalin; SF, synovial fluid

FIGURE 1 Concentrations of NGAL in SF (A) and in serum (B) obtained from seven horses before and 2-144 hours after intra-articular

injection of LPS. There are different x- and y-axes in A and B. Concentrations of NGAL were higher in SF than in serum 2-24 hours after

LPS injection (P < .05). LPS, lipopolysaccharide; NGAL, neutrophil gelatinase-associated lipocalin; SF, synovial fluid
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from healthy horses contained very low concentrations of
NGAL, and a large dynamic response (>340-fold increase
relative to baseline) and a fast rise-and-fall pattern (con-
centration peaked 8 hours after experimental LPS

injection) were observed during joint inflammation. These
features are quite similar to those of SAA, although it
seems that SF NGAL concentration peaks even faster than
SAA (which has been shown to peak 48 hours after intra-
articular LPS injection9,13,28). Similarly to what has been
proposed for SAA,5 the characteristics of the NGAL
response may make this analyte particularly well suited
for diagnosing and monitoring joint inflammation.
Because of the fast response, NGAL may prove useful for
early detection of joint inflammation. In severe synovial
inflammation (elicited by intra-articular injection of LPS
or observed in the animals with septic arthritis), SF NGAL
concentrations were several hundred times higher than in
SF from healthy horses. In contrast, measuring NGAL in
serum seemed to be less useful. Serum NGAL concentra-
tions did not differ between horses with septic synovitis,
the nonseptic group, and healthy controls. During LPS-
induced joint inflammation, serum NGAL peak values
were only 7.4 times higher compared with preinjection
levels. These findings in horses correspond to results from
a study in mice, in which experimental induction of arthri-
tis led to only modest increases in serum NGAL
concentrations.30

Determining the effects of other diseases or other
types of pathology on NGAL concentrations will require
further investigation in horses. Neutrophil gelatinase-
associated lipocalin levels in plasma and serum have
been shown to be influenced by systemic inflammatory
conditions (eg, sepsis) as well as other concurrent disease
(eg, kidney injury) in man,14 dogs,31 and horses.27

Assessing NGAL in SF may thus have the benefit of
reflecting the local inflammatory status in the joint more
specifically than systemic concentrations do.

FIGURE 4 Correlation between concentrations of NGAL and WBC in SF (A) and in blood (B) in clinical cases with (n = 10) and without

(wound near synovial structure but no penetration, n = 10) septic arthritis and in samples from horses with experimental joint inflammation

induced by intra-articular injection of lipopolysaccharide (n = 7), lidocaine (n = 6) or mepivacaine (n = 6 [SF only because no serum was

available from this group]). To obtain independent samples, only one (randomly selected) sample was included from each of the 19 horses from

the experimental studies. The x and y-axes are different in A and B. WBC and NGAL concentrations correlated in SF (P < .0001, R2 = 0.49) and

in blood (P = .0051, R2 = 0.27). NGAL, neutrophil gelatinase-associated lipocalin; SF, synovial fluid; WBC, white blood cell count

FIGURE 3 Concentrations of NGAL in SF (A) and in serum

(B) from horses with septic arthritis (n = 10), horses with nonseptic

synovial fluid (wound near a synovial structure but no penetration,

n = 10), and healthy controls (n = 19). There are different y-axes in

the two panels. SF NGAL concentrations differed between horses

with septic arthritis and healthy controls (P < .0071) and between

horses with septic arthritis and the nonseptic group (P < .0070) but

not between healthy controls and the nonseptic group (P > .05).

Serum NGAL concentrations did not differ between groups

(P > .05). The boxes extend from the 25th to the 75th percentiles,

and the whiskers illustrate ranges. Horizontal line, median; dot,

mean. NGAL, neutrophil gelatinase-associated lipocalin; SF,

synovial fluid
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Few studies in man—and none in animal species—
have been focused on investigating NGAL concentrations
in SF. In one early study,23 researchers found very high
(mean ± SD of 1700 ± 1400 μg/L) NGAL concentrations
in SF from patients with rheumatoid arthritis. Similarly
to our findings, concentrations correlated significantly
with the neutrophil count in SF, and those researchers
concluded that NGAL could be used as a marker of joint
inflammation.23 In two studies, researchers identified
NGAL in SF from patients with osteoarthritis24,25 but at
lower concentrations than in rheumatoid arthritis25 and
septic arthritis/PJI.22 Using a cut off value of 2200 μg/L,
Deimengian et al22 found that NGAL in SF had 100% sen-
sitivity and specificity for septic arthritis/PJI in man, and
they concluded that use of NGAL could improve diagnos-
tic accuracy of this condition. To fully understand the
diagnostic potential of NGAL in horses, future studies
must measure the protein in different types of joint dis-
ease and assess its true diagnostic capacity (eg, sensitivity
and specificity) in clinically relevant populations.

Concentrations of NGAL in SF from healthy individ-
uals have not previously been reported in the horse or in
other species. In our study, concentrations of NGAL in
SF from healthy horses were uniformly low (75% percen-
tile was 7.2 μg/L). Biomarkers such as NGAL that com-
bine the desirable properties of (1) low levels in healthy
individuals and (2) a large-amplitude response to inflam-
mation have a favorable signal-to-noise ratio. This facili-
tates interpretation of measured concentrations and
limits the clinical effect of interindividual variation in
baseline concentrations.5

A biomarker's ability to reflect severity of inflamma-
tion is of importance when the biomarker is used for mon-
itoring changes in inflammatory activity, for example, in
response to treatment or during exacerbation/relapse of
disease.5 Concentrations of NGAL in SF correlated posi-
tively with WBC but with moderate effect size (R2 = 0.49),
and NGAL may, thus, partially reflect intensity of synovial
inflammation. This finding was further corroborated by
SF NGAL levels after experimental injection of the two
local analgesics. Intra-articular injections of lidocaine and
mepivacaine cause moderate and mild inflammation,
respectively,29 and this was matched by higher SF NGAL
concentrations in the lidocaine group compared with the
mepivacaine group. These findings provide evidence that
NGAL is a potential new biomarker for assessing severity
of/monitoring inflammation similar to what has been
demonstrated for SAA.4

The source of the NGAL found in SF is not entirely
clear. Neutrophil gelatinase-associated lipocalin is
released from neutrophil granulocytes,16 and the signifi-
cant correlation between NGAL concentrations and WBC
in SF found in our study as well as in a study in man23

provides evidence that infiltrating leukocytes are respon-
sible for the accumulation of NGAL in SF. However,
others have found weak correlation between WBC and
NGAL in SF from people with septic arthritis/PJI,22 pro-
viding evidence that other cell types may contribute to
intra-articular NGAL concentrations by local synthesis.
The same may be true for horses because the magnitude
of correlation between SF WBC and NGAL concentra-
tions was only moderate (R2 = 0.49). Researchers
performing in vitro studies have found expression of
NGAL in cultured murine chondrocytes in response to
stimulation with proinflammatory cytokines and
glucocorticoids,32,33 thus providing corroborating evi-
dence that NGAL may be produced locally by different
types of cells in the inflamed joint compartment.

The study presented here has several limitations that
must be addressed. The prolonged storage (up to 5 years)
of the samples used in the study could be a limitation.
However, it has been shown in previous studies that
human NGAL is quite stable in biological fluids and that
prolonged storage or repeated freeze–thaw cycles have
minimal effect on measured concentrations.34,35 The
main limitations of our study are the assay used and the
limited number of clinical cases included. The assay used
for this study is an ELISA. Enzyme-linked immunosor-
bent assays are suited for batch analyses of research sam-
ples but are not useful in the clinic, where single test
random-access is required.5 For NGAL to gain more
widespread use in equine arthrology, assays relevant for
horse-side assessment of the protein should be developed,
similarly to what has been done for other novel bio-
markers such as SAA.10 An additional prerequisite for
clinical use of NGAL is that the NGAL response becomes
characterized in a variety of different joint conditions and
that effects of interventions such as repeated art-
hrocentesis, joint surgery/lavage, and intra-articular
administration of drugs are clarified similarly to what has
been done for WBC, TP, and SAA.6-8,12,28 Future studies
on NGAL response in a variety of joint conditions will
further elucidate the usefulness of NGAL for diagnosing
and monitoring joint inflammation.

In conclusion, concentrations of NGAL in SF and, to a
lesser extent in serum, were elevated in experimental and
spontaneous inflammatory joint conditions in horses and
appeared to reflect intensity of inflammation. In SF derived
from healthy horses, NGAL concentrations were low, and
the intra-articular NGAL response to inflammation had a
large magnitude. In combination with the fast rise-and-fall
pattern found in the experimentally induced joint inflam-
mation, these findings provide evidence that NGAL may
serve as a diagnostic marker of joint inflammation and that
it possesses the ability to monitor changes in disease activ-
ity. These findings warrant exploration of the diagnostic
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potential of NGAL in larger, well-defined, and clinically rel-
evant populations of horses with joint disease.
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