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SUMMARY

The physical properties, cytological content, enzyme activities and
biochemical compesition of synovial fluid obtained by arthrocentesis
from normal fetlock, intercaropal, tarsal and stifle joints of cattle
were studied.

Synoviai fluid obtained from normal joints is clear, pale yellow non-
coagulable liquid and free of flocculent material, with a normal mucin
clot quality. Total volume varied in direct proportion to the size of
the joint from which the synovial fluid is collected.

Normal synovial fluid exhibited no erythrocytes and presents a low
leukocytes count where lymphocytes predominated followed by monocy-
tes.

The synovial fluid of healthy animals have activities of alkaline phospha-
tase, and glutamic oxalacetic, glutamic pyruvic and gamma-glutamic
transaminases as well as lactic dehydrogenase, which are lower than
the respective serum levels of such enzymes.

fotal proteins and albumin contents of normal synovial fluid were
lower than that of serum. The synovial fluid of healthy cows contains
nearly the similar levels for sugar, urea, uric acid, inorganic phosphorus,
chlorides, caicium and magnesium as in serum. synovial fluid has a
traces from cholesterol.

INTRODUCTION

Synovial fluid may be considered as a specialized tissue fluid that changes with disease. Joint
conditions are ganerally accompanied by varying degrees of synovitis or inflammation of the synovial
membrane, (MclLWRAITH, 1980).

Examination of the synoviai fluid should be a routine procedure in the evaluation of arthritic
conditions as it can provide valuable informations in addition to that gained by clinical and radiolo-
gic examination.

The aim of the present study is to evaluate certain physical properties, cytological content,
biochemical composition and enzyme activities of synovial fluid obtained from normal joints of cattle.
A comparison were made between results of synovial fluid and serum.

Assiut Vet.Méd.l. Vol. 14, No. 27, 1985.
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MATERIAL and METHODS

Samples of synovial fluid were obtained by arthrocentesis from fetlock joint of both fore-
and hind-limbs, intercarpal, tarasal and stifle joints of normal healthy cows of different ages.

Blood samples for biochemical analysis and enzyme activities were obtained from the jugular
vien by venipuncture immediatly prior to arthrocentesis. The clot was allowed to retract and the
sample was then centrifuged at 3000 r.p.m. for 30 minutes to obtain clear supernatent serum.

The synovial fluid sample was aspirated from the joint cavity with sterile thin and long needle
and sterile syringe. Samples were then transferred from the aspirating syringes immediatly to a
screw capped vials. No any anticoagulant was employed. Gross appearance of the synovial fluid
was observed and recorded at the time of culleciion.

Total erythrocyte and leukocyte counts were made from a non-centrifuged and undiluted
portion of synovial fluid using a white cell pipette. The synovial fluid cells were counted on a
standard Neubauer hemocytometer. If dilutions were necessary, in cases containing elevated cell
counts, physiological saline solution tinged with methyl violet was used.

Differential leukocyte counts were made from stained smears of the sediment following centri-
fugation of the synovial fluid at 3000 r.p.m. for 30 minutes. Smears were made on clean glass
slides. Smears were then stained with Wright's methylene blue stain. One hundred leukocytes were
identified and counted for each sample.

Mucin quality test (M.GQ.T.) was carried out on synovial fluid by the method adopted after
VAN PELT and CONNER (1963 b). This procedure was conducted to determine the mean degree
of polysaccharide polymerization (hyaluronic acid). The mucin clot was graded as fellows: normal
(4): a tight, ropey clump in a clear solution; fair (3): a soft mass in a very slightly turbid solution;
poor (2): a small friable mass in a turbid solution and very poor (1): a few flecks in a tirbid solution.

Serum and synovial fluid glucose, urea nitrogen, uric acid, cholesterol, inorganic phosphorus,
chlorides, calcium, magnesium, albumin, and total proteins levels were determined using Autoanalyzer
(Greiner, Labortechnik, West Germany).

Enzyme activities of glutamic oxalacetic transaminase (GOT), glutamic pyruvic transaminase
(GPT), gamma-glutamic transaminase (GGT), alkaline phosphatase (AP) and lactic dehydrogenase
(LDH) were determined using test kits by the micro-methods produced by Compur Electronic (Bayer
AG and Carl Zeiss).

RESULTS

Normal bovine synovial fluid (5.F) samples collected from various joints were clear, pale yellow
and free of flocculent material. Some of the bovine S.F samples become gelatinous in 1-2 hours
after its aspiration (thixotropic in nature), Gentle agitation returns the fluid to jts normal liquid
state. It was noticed that during aspiration, there were & very slight positive pressure. The total
volume of S.F samples varied according to the size of the joint. The normal S.F samples in general
were alkaline in reaction (Table 1).

Normal mucin’ quality was uniformily high for the normal S.F samples of cattle (Table 1).
Some samples on standing form a gel like sac of mucin which precepitate in the fluid sample.
No mucin clots were graded poor or very poor.

Assiut Vet.Med. 1L Vol. 14, No. 27, 1985.
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The range of total erythrocyte count of normal S.F samples differs markedly (Table 2). During
arthrocentesis, the S.F samples may be contaminated with fresh blood when the synovial membrane
was traumatized by needle puncture. Centrifugation of these samples return to be clear and pale
yellow. Synovial xanthochromia (indication to intraarticular hemorrhage prior to arthrocentesis)
was not observed in normal S.F samples. The total leukocyte counts differs considerably not only
from one animal to ancther, but also from one joint to another in the same animal. The leukocyte
count values were relatively low. Differential leukocyte counts was shown in table 2. The leukocytes
seemed to be predominent with lymphocytes. Basophils were never observed. Synovial lining cells
were present, but were not included in the differential count. They were identified by their charact-
erestic, homogenous , nuclear chromatin in oval nuclei and by their elongated celi body.

The mean serum AP, GOT, GPT, GGT and LDH activities were higher than their corresponding
levels of enzyme activities in S.F samples from various joints (Table 3).

Serum and S.F sugar, total proteins, albumin, urea nitrogen, uric acid, cholesterol, inorganic
phosphorus, chlorides, calcium and magnesium levels were recorded in table (4).

DISCUSSION

Certain anatomical features should be taken in consideration in evaluating analysis of synovial
fluid collected from intercarpal, tibiotarsal and femoropatellar joints (VAN PELT, 1962 and SISSON
and GROSSMAN, 1968). Therefore, S.F collected from either the intercarpal, tibiotarsal or femoro-
patellar joints could reflect physiologic or pathologic alterations in the joints with which they comm-
unicate.

The S.F of the cattle examined was a clear, pale yellow, viscous, does not clot upon standing
and free of flocculent material. These results were in agreement with CORNELIUS (1963) and EL-
AMROUSI et al. (1966). The total volume of SF of any joint will generally vary in direct propor-
tion to the size of the joint and its communication with another joint. VAN PELT and CONNER
(1963 a) and BOLBOL (1975) added that the total volume of S.F varied considerably from one
animal to another according to the size of the joint, size or weight of the animal and its general
health and condition.

The bovine S.F found to be alkaline in reaction (EL-AMROUSI et al. 1966 and CORNELIUS,
1963). A difference between the joints has been found that may be dependant on the size of the
joint. A large joint with large synovial volume, e.g. stifle joint, has a lower pH than a small joint,
e.g. fetlock joint (BOLBOL, 1983).

The quality of hyaluronic acid as determined by the mucin clot test indicates that the mean
degree of polymerization was high for this series of cattle. Similar results were obtrained by VAN
PELT and CONNER (1963 b) who mentioned that the greater percentage of normal clots were
obtained from S.F with highest relative viscosity.

Total cells of S.F were counted undiluted in most of the samples. Two distinct advantages
were observed with the use of undiluted 5.F for counting of the total leukocytes, (a) accurate
counting of the cells due to their small number, and (b) no precipitation of mucin occured in the
white blood cell pipette or counting chamber of the hemocytometer, which would occur with usual
diluents that contain 'glacial acetic acid. Total cell count varied not only from animal to ‘animal,
but also from joint to joint in the same animal. The results of this study was in accordance with
that of KERSJES (1963).

Assiut Vet.Med.]. Vol. 14, No. 27, 1985.
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Differential leukocyte counts of S.F smears were stained with Wright's methylene biue stain,
which found to be more excellent in differentiation of leukocytes which reveals the morphologic
details than any other stains (BGLBOL, 1975 and VAN PELT and CONNER, 1963 a). Lymphocytes
were found to be the predominent cell types in the leukocyte counts, followed by monocytes
(VAN PELT and CONNER, 1963 a and EL-AMROUSI et al. 1966). Eosinophils were seldom observed
in the smears. Basophils were not detected in examined S.F (VAN PELT and CONNER, 1963 a;
CORNELIUS, 1963 and BOLBOL, 1975).

Measurement of activities of certain enzymes in S5.F can indicate changes in synovial membra-
nes or altered intra-articular metabolism. As a rule, there is a close correletion between the
activities of alkaline phosphatase (AP), glutamic oxalacetic transaminase (GOT), and lactic dehydro-
genase (LDH) in S.F and the clinical severity of joint disease (VAN PELT, 1974 and McILWRAITH,
1980). Serum AP, LDH, GOT and GPT. activities were higher than their corresponding levels of
activity in S.F of cattle. Activity level of GGT in serum was approximately at the same in S.F.
VAN PELT and LANGHAM (1968} stated that normal S.F.-AP is derived primarily from plasma.
The neutrophils of S.F may pilay a role, since, these cells are considered by VAN PELT (1961)
as a source of AP.

Average glucose concentrations of bovine S.F have been found to be slightly lower than
the serum glucose levels (CORNELIUS, 1963). Occasionally, however, samples will approach a
distribution ratio of 1:00. VAN PELT and CONNER (1963 c) found no significant differance in
blood, plasma or S.F sugar levels encountered between bulls, cows and steers. BAUER et al
(1940) have suggested that the struggling prior to sampling could easily elevate the blood glucose
concentration from hepatic glycogenolysis and insufficient time would elapse for its equilibrium
between plasma and S.F.

The total protein and albumin contents in normal bovine S.F samples were markedly far
lower than the respective values of serum. These values, however, reflects the limited permeability
of the synovial membrane and its capillaries to proteins (COLES, 1980 & BOLBOL, 1975).

The distribution of electrolytes and non-electrolytes has been found to be similar to that
found in a dialysate of blood plasma. This means that the concentration and distribution of electro-
lytes and non-electrolytes of S.F agree with that expected from the Gibbs-Donnan theory of
membrane equilibrium. CORNELIUS (1963) concluded that the average ratios for most electrolytes
and nonelectrolytes are only slightly under 1:00, since in individual cases their concentration
in serum and S.F has been found to be nearly equal. This view was confirmed by the results
recorded in this study.

Cholesterol was not normally present in S.F., but these amounts may gain entrance into
the joint cavity during the needle puncture from slight contamination of S5.F with blood (CORNELIUS
1963 and BOLBOL, 1975), since the capillary membrane is impermeable to such molecules.
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Table (1): Physical properties of normal bovine synovial fluids

FETLOCK INTERCARPA TAR TIF
FROPERTES JO!NGT JOINT : JOIN?’AL JSOIN|1~'E
APPEARANCE Pale yellow Pale yellow Pale yellow Pale yellow
and clear and clear and clear and clear
VOLUME/ml 4.5 + 0.22 4.1 + 0.5 9.20 + 0.34 17.8 + 0.45
MUCIN QUALITY* 3.93+ 0.06 3.80+ 0.10 3.86 + 0.09 3.93+ 0.06
REACTION (pH) 7.50+ 0.08 7.46+ 0.16 7.42 + 0.22 7.38+ 0.10

* Mucin quality grades: normal 4, fair 3, poor 2 and very poor 1.
+ Standard error.
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Table (2): Total and differential cytological values for synovial
fiuid from normal bovine joints

FETLOCK INTERCARPAL TARSAL STIFLE

JOINT JOINT JOINT JOINT
RBCs/cmm 169.20+ 4.04 198.80+7.41 135.80+8.21 201.40412.37
WBCs/cmm 183.80+11.32 190.40+6.04 220.00+7.51 210.60+ 9.92

Differential leukocyte count:
Neutrophiles 5.30+ 0.20 6.00+0.16 5.40+0.21 5.60+ 0.36
Lymphacytes 49.96+ 0.20 49.74+0.20 50.10+0.45 50.20+ 31
Monocytes 37.80+ 0.20 37.40+0.49 37.40+1.50 38.10+ 0.20
Eosinophils 0.84+ 0.09 0.66+0.12 0.80+0.10 0.90+ 0.06
Macrophages 6.10+ 0.42 6.20+0.35 6.30+0.42 5.20+ 0.31
Table (3): Enzyme Activity vlues of serum and synovial
fluid of normal bovines

SERUM FETLOCK INTERCARPAL TARSAL STIFLE

JOINT JOINT JOINT JOINT
GOT U/L 2500+ 1.31 19.00+0.84 16.40+0.64 21.80+0.88 16.80+1.50
GPT U/L 6.10+ 0.36 2.40+0.14 2.1040.12 2.66+0.12 1.70+0.06
GGT U/L 6.60+ 0.76 4.50+0.27 4.40+0.40 5.80+0.66 4.80+0.57
AP U/L 122.00+15.2 21.00+1.02 18.60+1.14 20.00+0.60 19.80+0.99
LDH U/L 182.80+ 5.04 94.80+5.51 85.40+2.42 94.60+5.76 82.60+5.40

U/L: Unit per liter,
trans!ormation of

enzyme unit is that amount of enzyme which will catalyse the

one micromoie of substrate per mi

Assiut Vet.Med.). Vol 14, No. 27, 1985.
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Table (4): Biochemical constituents of serum and synowvial
fluid of normal bovines

— FETLOCK INTERCARPAL TARSAL STIFLE
JOINT JOINT JOINT JOINT
GLUCOSE mg% 45.76+1.76 3.52+0.53 33.06+0.32 35.44+0.35 39.2240.32
T.PROTEIN gm% 7.86+0.34 0.54+0.02 0.90+0.03 0.74+0.04 0.64+0.01
ALBUMIN gm 2.81+0.05 0.37+0.01 0.67+0.02 0.47+0.03 0.53+0.02
UREA N. MMOL/L 4.7540.29 5.35+0.01 4.89+0.03 5.41+0.03 5.30+0.12
CHOLESTEROL MMOL/L  2.12+0.91 0.17+0.03 0.21+0.03 0.15+0.02 0.77+0.11
LPHOSPHATE MMOL/L  1.66+0.11 1.48+0.01 1.62+0.01 1.57+0.01 1.73+0.01
CHLORIDES MMOL/L  106.6 +5.43 1124 +2.74 108.0 +8.16 114.2 +3.50 111.0 +4.33
e CALCIUM MMOL/L 2.79+0.08 1.8840.01 1.69+0.01 1.55+0.02 1.98+0.03
= MAGNESIUM MMOL/L  1.28+0.08 1.33+0.02 1.08+0.03 1.12+0.01 1.32+0.02
URIC ACID MMOL/L  57.60+2.56 29.30+0.27 20.90+0.42 22.60+0.66 33.70+0.88
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w1




re



