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Summery

Serum glycosaminoglycan (GAG) composition was studied in horses. Comparison was made between GAG mixtures obtained from four
trained horses and four untrained horses, and with plasma GAGs from two trained horses. Moreover, the concentrations and characteristics
of serum GAGs were evaluated in four trained horses at different times after a show jumping competition.

GAGs were isolated, fractionated and analysed by anion exchange chromatography.

GAG concentrations, expressed in terms of aminosugars, were significantly ( p<0.025 ) higher in serum from trained horses than in serum
from untrained horses.

Analytical data suggest similar serum GAG composition in trained and untrained horses. Chondroitin sulphate, measured in terms of galac-
tosamine, and keratan sulphate, measured in terms of galactose, were the main components, and observed in the ratio 4 to 1. About 50%
of the GAG chains were undersulphated. Following competition, a decrease of serum GAG concentrations was constantly observed.
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Konzentration und Zusammensetzung der Glykosaminoglykane im Serum von Pferden

An 10 gesunden Pferden im Alter von 5-12 Jahren wurde die Zusammensetzung des Glykosaminoglykans (GAG) im Serum untersucht. Die
Serum-GAG-Gemische von trainierten Pferden (n=4) wurden mit denen von untrainierten (n=4), sowie mit den Plasma-GAG-Gemischen
zweier trainierter Pferde verglichen. AuBerdem wurden Konzentration und Charakteristika der Serum-GAGs bei 4 trainierten Pferden zu ver-
schiedenen Zeitpunkten nach einem Springwettbewerb untersucht. Die GAGs wurden isoliert, fraktioniert und mittels Anionenaustausch-
chromatographie analysiert. Die Konzentration an GAGs, angegeben als Aminozucker-Einheiten, war im Serum der trainierten Pferde signifi-
kant héher (p<0,025) , als in dem der untrainierten. Die analytische Auswertung deutet an, daB3 die Zusammensetzung der Serum-GAGs bel
trainierten und untrainierten Pferden gleich ist. Chondroitin-Sulfat, bestimmt als Galaktosamin-Einheiten, und Keratan-Sulfat, gemessen als
Glukose-Einheiten, steliten die Hauptkomponenten dar; fur sie wurde ein Verhaltnis von 4 : 1 ermittelt. Ungefahr 50% der GAG-Ketten waren
nicht ausreichend mit Sulfat gesattigt. Nach einem Wettkampf konnte ein kontinuierlicher Abfall der GAG-Konzentration beobachtet werden.

Schlisselworter:

Introduction

Acid Glycosaminoglycans (GAGs), the highly charged linear poly-
saccharides widely distributed in animal tissues that are compo-
sed of repeated disaccharide units containing hexosamine and
hexuronic acid (or galactose, in keratan sulphate), have been
measured (Ferfazzo et al., 1991) and characterized (Calatron/ et
al., 1995) in horse plasma and serum. The concentrations were
similar to those measured in man and in other domestic animal
species. Also the degree of sulphation, the glucosamine to galac-
tosamine ratio, and the masking of anionic charges in native com-
plexes with proteins were similar.

The origin of serum GAGs is not yet well understood. GAGs are
supposed to exist mainly in proteoglycan form. In human plasma,
covalent, electrostatic and specific interactions have been de-
monstrated to exist between plasma GAGs and plasma proteins
(Calatroni et al., 1992). An undersulphated chondroitin-4-sulpha-
te chain, covalently linked to proteins, has been detected in the
inter-a-trypsin inhibitor of plasma (Jessen et al., 1988). The Clg
inhibitor in serum is a chondroitin-4-sulphate proteoglycan, very
similar to the proteoglycan isolated from platelets (Kolsef and
Gallagher, 1990). However, the presence of GAGs in circulation
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may be correlated with the metabolism of peripheral connective
tissues, and some circulating GAG structures are probably de-
gradation products originating from articular cartilage (Thonar et
al., 1985) and from intramuscular connective tissue (Muraca et
al., 1992). Vascular endothelial cells (Bourin and Lindahl, 1993)
and blood cells (Kofset and Gallagher, 1990) may also release
GAGs.

Studies on the composition of GAG mixtures isolated from horse
plasma and serum showed that the main component is galacto-
samine-containing chondroitin sulphate, largely in undersulphated
form, as in man; and that glucosamine-containing heparan sul-
phate and keratan sulphate are also present. Fucose was detec-
ted in GAG fractions (Calatroni et al., 1995).

No significant variations in plasma GAG levels were observed
according to age or sex (Ferflazzo et al., 1991). Physical training
appears to be the major factor affecting plasma (and serum) GAG
concentration in humans (Muraca et al., 1992) and in horses (Fer-
lazzo et al., 1991).

In the present study, the composition of GAG mixtures isolated
from serum in trained and untrained horses, and from plasma in
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trained horses was investigated. The effect of physical exercise
(show jumping competition) on the characteristics of serum GAG
mixtures was evaluated in trained horses at different times after
the end of a race. The aims of this study were a) to compare GAG
concentrations in trained and untrained horses and b) to monitor
the post exercise changes. Data obtained may prove useful for di-
recting further studies to evaluate a possible role for serum GAGs,
especially keratan sulphate, in monitoring the effects of physical
exercise and to study the kinetics of recovery related to pre-exer-
cise conditions.

Materials and methods

Animals and blood samples

Ten healthy horses were utilized, of both sexes and of different
breeds, aged from 5 to 12 years. Four animals were untrained,
the remaining six horses were trained. Four of the six were utilized
in show jumping competition: two horses were 5 and 6 years old
and two horses were 11 and 12 years old. A single blood sample
was obtained in the untrained animals for serum separation. From
the four subjects utilized in show jumping competitions, four
blood samples were collected from each animal: at rest, at 30 mi-
nutes, 90 minutes and 24 hours after a competition, for serum se-
paration.

A single blood sample was obtained from the two remaining trai-
ned horses, using tubes containing EDTA solution for plasma
separation. The two horses were trained, but were not used for
show jumping competition.

Isolation, purification and fractionation of serum or plasma acid
GAG mixtures

Acid GAGs were isolated from plasma and serum (1-4 ml) as de-
scribed (Calatroni et al., 1992). Each sample (serum or plasma)
was held in alkaline conditions (0.05 M NaQOH) at 40°C for 16
hours to cleave protein-carbohydrate covalent linkages and to re-
lease GAG chains from proteoglycans. The sample solution was
filtered through weak anion exchanger Ecteola-cellulose (Fluka,
0.7x3 cm column, chloride form). The acid GAG molecules isola-
ted on the resin were eluted with 2M NaCl and quantified in terms
of hexuronic acid. The crude GAG solution from Ecteola-cellulose
was applied to a Bio-Gel P-2 column (0.7x40 cm column) . Des-
alted and purified polysaccharide GAG fraction was isolated.

The purified GAG fraction was then subfractionated on a strong
anion exchanger Dowex 1x2 (Fluka, 0.7x4 cm column, chloride
form) into low sulphate (LS) and normally sulphated (NS) fractions,
by eluting with 1 M and 2 M NaCl solutions, respectively. LS and
NS fractions were desalted on Bio-Gel P-2 as described, and re-
duced in volume under vacuum. Glucosamine and galactosamine,
galactose and fucose were measured in the resulting 1 ml volume
salt-free solutions.

Analytical methods

Hexuronic acid was determined by the colorimetric method of Bit-

ter and Muir (1962), using glucuronic acid (Sigma) as a standard.

Glucosamine and galactosamine were determined following acid

hydrolysis in 4M HCI, four hours at 100°C. Following HCI elimina-

tion under vacuum, the two aminosugars were separated in

HPLC by two different methods:

—as dansyl derivatives, on reverse phase C18 column, with
fluorescent detector, eluting with 18% acetonitrile:

- directly on anion exchange resin CarboPac PA1, with pulsed
amperometric detection, eluting with 0.016 M NaOH.
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Galactose and fucose were determined using HPLC and on anion
exchanger CarboPac PA1, eluting with 0.016 M NaOH, with pul-
sed amperometric detection following acid hydrolysis in less
severe conditions: 0.3 M HCI was utilized for fucose, and 1 M HCI
for galactose determination, again at 100°C for 4 hours.

Accuracy and precision

Accuracy of the method was tested by measuring recovery of
commercial (Sigma) GAG added (20 micrograms per ml of serum)
to human serum. Accuracy was 3,8%. Precision was tested utili-
zing the same serum sample in different amounts (from 0.5 to 5 ml).
Coefficient of variation (P=95%) was less than 5%.

Statistical analysis
The differences in the means were evaluated by Student's t-test.

Results

Concentrations of acid GAGs in terms of hexuronic acid in crude
GAG fractions from Ecteola-cellulose

The acid GAGs concentrations in terms of hexuronic acid (com-
ponent of every type of GAG, except for keratan sulphate) in the
crude GAG fraction from Ecteola-cellulose were consistent with
concentrations of 11.3+2.7 mg/l in serum and 9.5+0.8 mg/l in
plasma from trained horses. These values were significantly hig-
her (p<0,0025) than those measured in serum from untrained hor-
ses (5.2£0.7 mg/l). After the competition a mean decrease of
about 40% at 30 minutes and 60% at 90 minutes was observed,
with total recovery after 24 hours. By comparing these figures ob-
tained in the crude fraction from Ecteola-cellulose and expressed
in terms of hexuronic acid with those measured in the purified
GAG fraction from Bio-Gel P-2 and expressed in terms of amino-
sugars (as shown in Tab.1), the purified polysaccharide GAG frac-
tion from Bio-Gel P-2 appears to represent about 75-80% of the
material isolated on Ecteola-cellulose resin.

Concentration and composition of purified fractions of acid GAGs
in serum from trained and untrained horses (Tab. 1)

Tab. 1 lists the concentrations of purified GAGs isolated from se-
rum of trained and untrained horses. The concentrations are given
in terms of mg/l of serum of the main neutral and amino-monosac-
charide components of GAGs. Every GAG chain contains amino-
sugars, glucosamine or galactosamine, and keratan sulphate con-
tains galactose instead of hexuronic acid. Each type of monosac-
charide represents about 30% by weight of the GAG chain. Fu-
cose is present in GAGs only in some types of keratan sulphate.

In Tab. 1 GAG concentrations are relative to the low sulphate (LS)
and normally sulphated (NS) fractions obtained from Dowex 1.
The LS fraction accounted for 58% and 56% of total GAGs in
terms of total aminosugars (glucosamine + galactosamine) in se-
rum from untrained horses and trained horses, respectively.

In Tab. 1 the galactosamine concentrations are an estimate of
chondraoitin sulphate molecules, and galactose concentrations are
an estimation of keratan sulphate chains. Glucosamine is an esti-
mation of the three glucosamine-containing GAGs, keratan sul-
phate, heparan sulphate and hyaluronan. As the concentration of
hyaluronan in horse serum is very low (Engstrom-Laurent et al.,
1085) the difference between galactose and glucosamine con-
centrations becomes a measure of heparan sulphate.

In trained horses, compared to untrained horses, the GAG con-
centrations were higher in terms of galactosamine, glucosamine
and galactose in the LS fraction and NS fraction.
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Tab. 1: Acid glycosaminoglycan (GAG) concentrations in serum from four untrained and for trained horses.

concentrations expressed in terms of: weight ratios between
(mg/l of serum, mean value + S.D.) mean values of
concentration
GalN GicN Fuc GlcN Gal Fuc
(CS) (KS + HS) (KS) GalN GlcN Gal
Untrained horses (n=4)
LS fraction, mg/! 1.87+0.60 0.60+0.20 0.50+0.01 0.15+0.06 0.32 0.83 0.30
NS fraction, mg/I 1.52+0.40 0.26+0.08 0.25+0.04 0.06+0.04 0.17 0.96 0.24
Trained horses (n=4)
LS fraction, mg/l 3.79x1.70* 1.16x0.4** 0.82+0.32* 0.25+0.11 0.30 Q57 0.30
NS fraction, mg/l 3.12+1.2% 0.78+0.50* 0.54+0.28* 0.11+£0.05 0.25 0.69 0.20

* p<0.05, * p<0.025 vs corresponding fractions in untrained horses. GalN=galactosamine; GlcN=glucosamine; Gal=galactose;
Fuc=fucose; CS=chondroitin sulphate; KS=keratan sulphate; HS=heparan sulphate; LS=low sulphate; NS=normally sulphated.

In Tab. 1 values of the weight ratios between the mean values of
monosaccharides concentrations are listed. Very similar values
were obtained in serum GAG fractions from trained and untrained
animals.

Concentration and composition of purified fractions of acid GAGs
in plasma from two trained horses

Monosaccharides listed in Tab. 1 were also measured in purified
fractions obtained from the two plasma samples from trained hor-
ses. The GAG concentrations in terms of galactosamine (2.6 +
0.6 mg/l, LS fraction; 3.3 + 0.1 mg/l, NS fraction), of glucosamine
(0.87 + 0.25 mg/l, LS fraction; 0.75 = 0.01 mg/l, NS fraction), of

galactose (0.65 + 0.15 mg/l, LS fraction; 0.50 = 0.18 mg/l, NS
fraction) and of fucose (0.18 = 0.11 mg/l, LS fraction; 0.12 + 0.09
mg/l, NS fraction) were similar in NS fractions to those measured
in NS fractions from serum of trained horses (Tab. 1). The GAG
concentrations for the to LS fractions in plasma were consistently
lower than in serum, although differences were not significant.

Concentration and composition of purified fractions of acid GAGs
in serum from trained horses before and after show jumping com-
petition (Tab. 2)

Changes of serum GAG concentrations and composition in trai-
ned horses following show jumping competition are shown in

Tab. 2: Changes in serum glycosaminoglycan concentrations in four trained horses following show jumping competition.

concentration concentrations measured after the end of the
measured at rest competition, at:
30 minutes 90 minutes 24 hours
mean value mean value mean value mean value
+S.D. +S.D. +S.D. +S.D.
Galactosamine (CS)
LS fraction mg/| 3.79+1.70 3.23+0.40 2.41+0.83 3.45+0.94
(%) (100) (85+11) (64x£22) (91+£25)
NS fraction mg/I 3.12+1.20 1.87£0.74 2.03+1.06 2.95+0.37
(%) (100) (60+24) (65+34) (95x12)
Glucosamine (HS+KS)
LS fraction mg/| 1.16x0.40 0.80+0.05 0.50+0.16" 0.76+0.23
(%) (100) (70x4) (43+14) (66+20)
NS fraction mg/| 0.78+0.50 0.34+0.05 0.41+£0.28 0.50+0.14
(%) (100) (43+6) (563+36) (64+£18)
Galactose (KS)
LS fraction mg/I| 0.82+0.32 0.53+0.13 0.46+0.19 0.53+0.21
(%) (100) (65+16) (56+24) (65+26)
NS fraction mg/I 0.54+0.28 0.29+0.21 0.25+0.08 0.38+0.12
(%) (100) (54+39) (46+16) (70+22)
* p<0.0125 vs value at rest. CS=chondroitin sulphate; HS=heparan sulphate; KS=keratan sulphate; LS=low sulphate; NS=normally
sulphated
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Tab. 2. Concentrations are given in terms of galactosamine, glu-
cosamine and galactose, mg/l of serum, in both LS and NS frac-
tions. Changes are expressed in Tab. 2 also in terms of percent of
the value measured at rest.

The GAG concentration in serum from trained horses measured
at rest, in terms of galactosamine, appeared to be lower at 30
and 90 minutes after the end of the competition. Values mea-
sured after 24 hours were similar to the values at rest. The
decrease appeared to be greater for glucosamine and galactose,
in both the LS and NS fractions, but the decrease was statistically
significant only at 90 minutes in terms of glucosamine.

Changes at 90 minutes post-exercise listed in Tab. 2 appear dif-
ferent when the four horses are grouped according the age.
Younger horses showed values at 90 minutes higher than those in
Tab. 2, and in terms of galactosamine (recovery was 85% of the
value at rest, LS fraction, and 95%, NS fraction) and in terms of
glucosamine (56%, LS fraction, 88%, NS fraction) and of galacto-
se (73%, LS fraction, 50%, NS fraction). Recoveries obtained in
older horses at 90 minutes were lower than 40%, with the only
exception of the recovery of galactosamine in LS fraction (50%).

Discussion

A major role for the acid glycosaminoglycans (GAGs) chain of pro-
teoglycans outside the extracellular matrix appears to be the in-
teraction with proteins, especially enzymes, or enzyme inhibitors,
or growth factors, acting to regulate the physiological functions of
these proteins, or simply to prevent their proteolytic degradation
(Kolset and Gallagher, 1990). The role may also be explainable by
the GAG chain of proteoglycans present in plasma or serum: in-
deed, plasma inter-a-trypsin inhibitor contains covalently linked
low sulphated chondroitin sulphate (Jessen et al., 1988). This in-
hibitor should represent the main component of plasma protec-
glycans.

The origin of the other GAG molecules in plasma or serum is still
under study. Platelets contain chondroitin-4-sulphate that is relea-
sed when platelets are stimulated (Kofset and Gallagher, 1990).
Chondroitin sulphate concentration in serum is significantly in-
creased in patients with thrombocythaemia (Calabrod et al., 1995),
and C1q inhibitor in serum is supposed to originate from platelets
(Kolset and Gallagher, 1990). The higher concentration of GAGs
observed in serum compared with plasma in humans (Calabro et
al.,, 1995) and in horses (Ferlazzo et al., 1991; this work) may be
explained by the release of chondroitin sulphate chains from pla-
telets during coagulation.

Changes with training may suggest new hypotheses about the
origin of serum GAGs. As shown in Tab. 1, GAG concentration in
serum from trained horses is significantly higher than GAG con-
centration in serum from untrained horses in terms of galactosa-
mine (chondroitin sulphate), in terms of galactose (keratan sulpha-
te) and in terms of glucosamine (keratan sulphate and heparan
sulphate). The relative increase is approximately the same: the
composition of serum GAG mixtures from trained and untrained
horses appears very similar. However an examination of larger
groups appears necessary to support the finding that sites of ori-
gin are unchanged, and contribution to circulating GAG pool in-
creases in trained subjects, because sites of origin are affected by
training.

The increase in number of capillaries in muscle in trained indivi-
duals may suggest that vascular endothelial cells are releasing
their surface GAGs, heparan sulphate and chondroitin sulphate
(Bourin and Lindhal, 1993), in correspondingly increased amounts.
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The improvement with training of biochemical and biomechanical
properties of cartilage (S4dménen et al., 1988) may suggest that
also articular cartilage is increasing its contribution to serum GAG
pool in trained subjects. The most abundant type of proteoglycan
in the extracellular matrix of cartilage, aggregan, contains chon-
droitin sulphate and keratan sulphate side chains. Aggregan frag-
ments generated by the degradation of cartilage appear in blood,
as shown by Thonar et al. (1985) by measuring serum keratan
sulphate by means of a sensitive immunoassay which guantifies
highly sulphated sequences in keratan sulphate chains. Data
shown in Tab. 1 add more information to characterize serum
keratan sulphate and to support the hypothesis that GAGs are re-
leased from articular cartilage in blood, in higher amounts in trai-
ned horses. About 60% of the galactose-containing molecules,
keratan sulphate, are undersulphated (LS fraction). These mole-
cules are not detected by the method of Thonar et al. (1985). Fur-
thermore, both LS and NS fractions of serum GAGs contain fuco-
se, increasing with galactose in trained horses, although differen-
ces were not significant. The skeletal type of keratan sulphate is
classified into articular and non-articular on the basis that the for-
mer contains fucose, which is absent in the latter (Brown et al.,
1994).

Presence of fucose suggests that serum keratan sulphate was
generated in articular cartilage, and that degradation of articular
cartilage is affected by training.

Changes were observed in serum GAG concentrations in trained
horses following show jumping competition, as shown in Tab. 2.
Concentration of every type of GAG appears reduced at 30 and
90 minutes in the four animals, although the only statistically signi-
ficant difference was found at 90 minutes in terms of glucosamine
(kinetics of changes appear different in younger and older sub-
jects, and values of standard deviations are high). Animal differen-
ces within a group of only four subjects, by preventing statistical
support to the differences between group values, greatly limit the
interpretation of the data. Further studies are needed to statisti-
cally support the constant decrease observed in this work. A sug-
gested trend indicated by data listed in Tab. 1 (NS fractions ap-
pear more affected than LS fractions, and glucosamine-contai-
ning GAGs show slow recovery to pre-exercise levels) is that con-
centrations are decreased because degradation of circulating
molecules was promoted: molecules of LS fraction, especially
chondroitin sulphate, are tightly bound to proteins that prevent
their interactions (Calatroni et al., 1992).

The hypothesis of degradation in circulation following exercise ap-
pears noteworthy. Exercise in horses results in a two- to three-
fold increase in plasma cortisol concentrations, with values retur-
ning to the pre-exercise level within a few hours (Rose and
Hodgson, 1894). The effect of cortisol on protease activity and on
liver gluconeogenesis could explain degradation of circulating
GAGs, occurring in liver. On the other hand, diurnal variations
were found in man (Muraca et al., 1992) and in horses (Calatroni
et al., 1991), with minimum values in the morning, when cortisol
reaches its highest levels in plasma.

Conclusions

The limited number of horses utilized in this study would suggest
working hypotheses rather than conclusions. However, the signifi-
cantly higher values of GAG concentrations in trained horses
compared with untrained horses, confirming previous data (Fer-
lazzo et al., 1991), appear to be a valid result. Furthermore, the
serum GAG composition, in terms of low sulphate (LS) and nor-
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mally sulphated (NS) fractions, and in terms of aminosugars, ga-
lactose and fucose appears very similar in trained and untrained
horses, although further studies are needed to reach final conclu-
sions. At present, GAGs of the LS fractions represent 56-58% of
total GAGs. Main components are chondroitin sulphate (75% of
total GAGs in LS fraction, 80-85% in NS fraction) and keratan sul-
phate (16-20% in LS fraction, 14% in NS fraction).

Fucose was detected in serum GAG fractions. This strongly sup-
ports the hypothesis that serum keratan sulphate originated in ar-
ticular cartilage by degradation of cartilage proteoglycans.

Data relative to changes of GAG concentrations in serum of trai-
ned horses at 30 minutes, 90 minutes and 24 hours after a show
jumping competition provide suggestions for further studies. A
decrease of GAG concentration after the competition was always
observed. However, results of the present work suggest that the
kinetics of the process depends upon the type of GAG and the
age of the animal, and indicate that examination of larger groups
of conveniently selected animals is needed.
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