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Abstract

The objective of this study was to determine
the reference range values of various biochem-
ical components in serum and synovial fluid in
clinically normal young camels (Camelus
dromedarius). One-hundred serum samples
and 100 synovial fluid samples were collected
from clinically, radiographically and cytologi-
cally normal carpal, tarsal and fetlock joints.
The concentration of blood urea nitrogen
(BUN), creatinine, glucose, sodium, calcium,
magnesium, chloride, phosphorus, albumin
and the activities of creatine kinase, alanine
aminotransfearse, aspartate aminotrans-
ferase, lactate dehydrogenase and alkaline
phosphatase (ALP) were determined using
commercially available kits. The concentration
and activities of all measured parameters were
significantly lower in the synovial fluid than in
the serum except for the ALP and phosphorus,
which were similar in both serum and synovial
fluids. No significant difference was found in
any of the measured biochemical parameters
in different joints except in ALP activity, which
was higher in the tarsal joint in comparison
with the carpal and fetlock joint and the BUN
concentration, which was higher in the tarsal
joint in comparison with the carpal joint.
Baseline values for biochemical components of
normal camel synovial fluid and their serum
counterparts have been generated. Such data
can be used in the clinical investigation of
camel’s joint diseases.

Introduction

Synovial fluid is a viscous fluid secreted by
the synovial lining cells and tendon sheaths.
Cytological and chemical analysis of joint fluid
provides information for the diagnosis, prog-
nosis, and treatment of various pathological
conditions that affect the joint space like
inflammatory and infectious synovitis and
arthritis.1 Reference range values of normal
synovial fluid findings were reported for dog,2
cat,3 horse,4,5 cattle,6 llamas,7 and  adult
camels.8-10 Synovial fluid analysis routinely

include the following data: volume, color, tur-
bidity, viscosity, total nucleated cell counts,
percentage of nucleated cells, total protein val-
ues, and specific gravity.11 Clinical reports con-
cerning abnormally elevated enzyme concen-
trations in the synovial fluid of joints affected
with different articular diseases in human lit-
erature can be found. Increased enzyme activ-
ities have been associated with increased
phagocytic activities of damaged tissue and/or
from peripheral circulation leaking into the
inflamed joint.11

Normal synovial fluid of domestic animals
contains many enzymes. Alkaline phosphatase
(ALP), acid phosphatase, and lactic dehydroge-
nase (LDH) are present in detectable quanti-
ties. The ratios of enzyme levels in the synovial
fluid to their levels in the serum in same ani-
mal vary according to the animal species under
study and also depend on the presence and
severity of a particular pathological condi-
tion.11-17 For example, in equine species, the
concentration of LDH isoenzymes in synovial
fluid have been reported, and differences
between normal and diseased joints have been
found.13 In this species, LDH levels in the syn-
ovial fluid could be of diagnostic value for iden-
tifying osteoarthritis.13 Furthermore, it was
found that the mean activities of ALP, ALT, AST
and LDH in arthritic joints in cattle were sig-
nificantly reduced, whereas the mean aldolase
(ALD) activity was increased.14

In camels, few reports can be found in the
literature regarding normal biochemical val-
ues in synovial fluid from different age groups
and different joints.7 The purpose of this study
was to establish the reference range values of
various biochemical components in serum and
synovial fluid in clinically normal young
camels (Camelus dromedarius). 

Materials and Methods

Animals  
One-hundred, blood and synovial fluid sam-

ples from clinically, radiographically and cyto-
logically normal young camels (Camelus drom-
edarius) ages from 9-12 months were used.
Animals were subjected to a complete physical
examination for abnormalities in the different
body systems to ensure their health. Animals
with abnormalities were not included in this
study. Animals used in this study were present-
ed to municipality abattoir for meat produc-
tion. Strict animal welfare practices for slaugh-
tering food animals are enforced by the
Government of Jordan in this abattoir. 

Collection of the synovial fluid and
blood

Approximately 5 mL of whole blood were col-

lected from each camel from the jugular vein
and placed in plain blood tubes. Serum sam-
ples were separated by centrifugation of the
clotted blood using 5000 G for 10 minutes.
Hemolyzed samples were discarded. Serum
samples were then preserved at −20°C for fur-
ther analysis. Immediately after camels were
slaughtered, approximately 3 mL synovial fluid
were collected from the right and left carpal,
tarsal and fetlock joints as described previous-
ly.1 Only blood-free samples were used in the
analysis.

Laboratory analysis of serum and
synovial fluid analysis

The concentration of blood urea (urease
method), creatinine (Jaffe colorimetric-kinet-
ic), glucose (glucose oxidase method), phos-
phorus (Phophomolybdate. U.V.), albumin
(bomo-cresol green method) and the activities
of creatinine kinase (NAC.kinetic UV), alanine
aminotransferase (LDH-NADH kinetic UV),
aspartate aminotransferase (MDH-NADH
Kineic UV), lactate dehydrogenase (Pyruvate
kinetic), alkaline phosphatase (P-
Nitrophenilphosphate kinetic) were deter-
mined. The concentration of sodium, calcium,
magnesium and chloride were determined
using (Spotchem chemistry analyzer, Arkray
factory Inc., Japan).

Statistical analysis
Data were expressed in mean ± standard

deviation (SD) and ranges. Student’s t test was
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used to contrast the effect of joint (carpal,
tarsal, and fetlock) on each variable. Variables
were also compared between serum and syn-
ovial fluid for each parameter. Statistical
analyses were performed using Graphpad
Prism for windows (Graphpad, San Diego, CA).
Differences were considered significant at val-
ues of P<0.05.

Results

The mean ± SD of various biochemical com-
ponents in synovial fluid and serum in young
camels are presented in Table 1. The mean ±
SD of various biochemical components in syn-
ovial fluid in the carpal, tarsal and fetlock
joints in young camels are presented in Table
2. The concentration and activities of all meas-
ured parameters were significantly lower
(P<0.05) in the synovial fluid than in the
serum except for the ALP and phosphorus,
which were similar in both serum and synovial
fluids. No significant difference was found in
any of the measured biochemical parameters
in different joints except in ALP activity, which
was higher in the tarsal joint in comparison
with the carpal and fetlock joint and the BUN
concentration, which was higher in the tarsal
joint in comparison with the carpal joint. 

Discussion

There is a paucity of information on the syn-
ovial fluid biochemical parameters of different
joints in Dromedarian camels of various age
groups. In this study several biochemical val-
ues were evaluated in different synovial fluid
samples from different joints and their values
in synovial fluid were compared to their values
in serum. Comparing the values of the studied
parameters in the synovial fluid of the carpal,
tarsal and fetlock joints showed that there was
no significant difference in any of biochemical
parameters except for the BUN concentration
in the tarsal joints, which was significantly
higher than in the carpal joints. The ALP activ-
ity in the tarsal joints was significantly higher
than the values in the carpal and fetlock joints. 

The activities of CK, ALT and LDH in the syn-
ovial fluids in our study were lower than values
reported for adult camels while the activities
ALP and AST were higher than in adult camels.8
The concentration of sodium, phosphorus, urea
nitrogen and glucose were higher in synovial
fluid of young camels in comparison with adult
camels.8 The concentration of chloride and mag-
nesium were lower in young camels in compari-
son with adult camels.8 The concentration of cal-
cium in young camels was similar to values
reported in synovial fluid of adult camel.8

Conclusions

In this study, we established a database that
could be used as a reference range values for
the serum and synovial fluid of the carpal,
tarsal and fetlock joints in 9 to 12 months old
one-humped camels. This information is
important  in determining the health status of
these joints as macroscopic and radiographic
changes as well as culture results may appear
too late in the pathologic process.
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Table 1. Mean ± standard deviation of biochemical parameters of synovial fluid, with
comparison to serum values in clinically normal young camels (n=200).

Variables Synovial fluid Serum

BUN (mg/dL) 16.4±6.93* 22.9±8.25
Creatinine (mg/dL) 1.1±0.42* 1.8±0.15
Glucose (mg/dL) 85.5±28.04* 174.1±46.34
CK (U/L) 12.6±14.87* 46.4±3.34
ALT (U/L) 35.7±25.80* 8.3±0.49
AST (U/L) 21.6±24.18* 162.1±156.3
LDH (U/L) 12.7±14.81* 894.8±539.4
ALP (U/L) 116.8 ±74.2 134.3±74.03
Na+ (mmol/L) 152.4±16.83* 199.3±40.49
Ca+2 (mg/dL) 4.5±7.72* 8.4±1.0
Mg+2(mg/dLl) 1.4±0.47* 2.7±0.63
Cl– (mmol/L) 117.7±13.28* 154.7±33.72
P (mg/dL) 5 ±5.01 5.2 ±1.62
Albumin (g/dL) 1.3± 0.55* 4.4±0.28
*Significantly different when compared to the value of the same parameter in serum (P<0.05)

Table 2. Mean ± standard deviation of biochemical parameters of synovial fluid from the
fetlock, carpal and tarsal joints in clinically normal young camels (n=100).

Variables Tarsal Carpal Fetlock

BUN (mg/dL) 19±7.4* 12.4±5.56* 16.6±6.1
Creatinine (mg/dL) 1.1±0.40 1.1±0.47 1.0±0.4
Glucose (mg/dL) 95.8±29.24 76.1±24.08 81.8±26.83
CK (U/L) 13.1±16.68 14.8±19.15 10.5±7.8
ALT (U/L) 38.1±28.62 34±25 33.1±23.6
AST (U/L) 21.6±30.95 21.7±20.57 21.5±18.8
LDH (U/L) 12.1±17.2 14.8±16.51 11.7±10.5
ALP (U/L) 153.6±88.26* 92.7±51.21* 96.7±120.7*
Na+ (mmol/L) 155.8±24.19 152±8.33 150±11.2
Ca+2 (mg/dL) 6.1±12.36 4.4±1.73 2.9±1.3
Mg+2(mg/dL) 1.4±0.45 1.4±0.34 1.28±0.54
Cl– (mmol/L) 120.6±18.33 117.4±10.28 114.9±7.9
P (mg/dL) 5.8±8.13 4.9±1.41 4.5±1.19
Albumin (g/dL) 1.3±057 1.4±0.44 1.1±0.6
*Significantly different (P<0.05).
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