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ABSTRACT

The alm of the present study was to evaluaie the oxidative siress level and antiox!-
dant enzymes status assoclated with lower respiratory tract disorders in drafl horses.
For this purpose, venous blood samples were collected from (90) draft horses exhiDji-
Ing signs of lower resplratory tract disorders and other (20) clinically healtliy horses
were consldered as a control group. Plasma reduced glutathione (GSH) concentration
and antlfoxidan! enzymes activity; Including glutathione reductase (GR). glutathione-
S-transferase (GST). superoxdde dismutase (SOD) and catalase (CAT) as well as plas-
ma vitamin C and tofal antlfoxidant capacily (TAC) levels were assayed. Serum usjc
ac/d and malondfaldehyde (MDA} levels and low density lipoprotein (LDL) concentra-
tlons were afso measured. Blochemically, GR and SOD activities, uric acid, MDA,
LDL were signtficantly Increased (p<0.05) In discased horses compared with control
group. Meanwhile, there was a significant decrease (p < 0.05) of GST and CAT activi-
Ues and vitamin C level In diseased horses in comparison with control group. The
present investigation indicates that oxidative stress with alteration of antioxddant en-
zymes activities are feature of respiratory diseases in draft horses.

Key Words: Resplratory diseases; Antloxidant enzyines; Free Radicals; Oxidative
stress markers. Draft horses.
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INTRCDUCTION

Respiratory diseascs continue to be a ma-
jJor problem for horses worldwide (Batley et
al., 1899). In recent years: it has become in-
creasingly apparent that inflammatory alrway
diseases (JAD) i1s a common disorder which
can affect horses of any age and are more
common In young vace horses, desplte
marked differences In management and cli-

mate: thelr prevalence and Incldence were
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around 12% and 10% monthly, respectively
(Christley et al., 2001 and Wood et al.
20086).

Reactive oxygen specles (ROS) have been
shown directly to damage pulmonary lissue
resulted In direct destructlon of putmonary
epithellum and supportive structures (Reddy
et al., 1882), degrade alveolar surfactant with
subsequent collapse of the alveoll and signifi-
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cant Increase In pulmonary vascular resis-
tance (Mills and Higgins, 19897). Also. they
contribute to cell death and lysis of sensitive
cells of the Jung tissue causing microvascular
and alveolar disruptions with subsequent in-
flammauon of the luag tissue (Haddad,

2002). so. it would be erroneous to suggest
that ROS are the primary medlators of the
pulmonary inflammatory response.

ROS are not always the primary or initiat-
fng cause of the disease process but probably
contribute to and certainly exacerbate it
(Doelman and Baat 1980). ROS have been
associated with exercise-induced pulmonary
hemorchade (Derksen, 1997) and have been
Implicated In the pathogenesis of recurrent
alrway obstruction, IAD (Rahman and Mac-
Nee, 2000 and Deaton et al., 2004) and
chronic alrway disecases (Kiraschvink et al.,
2002a) in horses causing disturbance in oxi-
dant-antioxddant equilibrium.

As with the chemical antioxddants, cells are
protected agalnst oxidatlve stress by an Inter-
acting network of antloxfdant enzymes which
are manufactured in the body providing an
important defense agalnst free radicals (Da-
vies, 1995 and Helmut, 1997). Catalase
(CAT), superoxide dlsrautase (SOD) and the
glutathione antioxidant system reduced glu-
tathione (GSH), glutathlone peroxtdase (GPx),
glutatnlone reductase (GR), glutathione-S-
transferase (GST) are the most important an-
tloxtdant enzymes (Schriner et al., 2005).

Glutathione status appeared to be a sensl-
tive and discriminating marker for the degree
of ajrway inflammatory diseases and their
synthesis appeared to be regulated through
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many Inflammatoery mediators (Rahman and
MacNee, 2000 and Kirschvink et al. 2002b).
CR is an fmportant cellular antioxidant en-
zyme requirtng NADPH for the reduction of
glutathlone disulfide to GSH (Meister, 1988).
Studtes measuring GR (n asthma are maore
scant but, Gumral ¢t al. (2008) found a 5.7%
higher erythrocyte GR activity in asthma com-
pared to healthy controls and assoclated with
current symptoms of bronchlal hyperreactivi-
ty. GST has oxidant-scavenging and ant-
inflammatory properties protecting the cells
against numerous oxidant generatlng com-
pounds, including pollutants, lipid hydroper-
oxddes and other end products of oxidative
metabolism but. its relalive importance (n
lung diseases is still unknown (Ognjanovi_ et
al. 19956 and Tripathi ct al., 2010).

Uric acid {8 one of the non-enzymatic en-
dogenous antioxidants which scavenge hy-
droxyl radicals (Chew, 1994) and found to be
Increased with enhanced ROS generation in
cases of oxidative stress (De Moffarts et al.
2008). Vitamin C is consldered as a highly ef-
fecttve antloxddant acting to lessen oxidative
stress (Higdon, 2008) and found to be dc-
creased In horses suffered recarrent alrway
obstruction (RAO) either in the presence or
absence of airway tnflammation as a result of
oxidative stress (Hargrcaves et al. 2002 and
Deaton et al, 2004).

Oxddative stress markers or “accumula-
tors” are the end products of oxidative re-
actions which are generated during the
procedure from the decomposition of lipid hy-
droperoxides, such as malondialdehyde (MDA)
which is usually accumulates under stress
conditions to a measurable level above the
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unstressed condition (Lykkesfeldt and
Svendsen, 2007). The objective of the preseut
study was to assess and evaluate the changes
In the antloxidant enzymes and the assoclat-
ed oxddative slress in acute and chronic lower
alrway diseases in draft horses.

MATERIALS AND METHODS

1. Animals :

A total of 90 draft horses of both sexes ag-
ing between 1-4 years exhibiting the signs of
lower alrway diseases have been used In this
study. In addltlon, 20 clinically healthy ones
at the same age were randomly selected and
served as a control group. The present study
was casried out In the perlod between Aprll,
2009 and October 2011 at Dakahlia Governo-
rate. Data concerned with case history, clini-
cal findings, and wmedtcal record for each
horse were also recorded.

2. Clinical examination :

Detailed clinical examinations of the hors-
es were carried out, and the clinical findings
were recorded (Kelly, 1984), Diseased horses
were categorized into “group 1" representing
horses with acute 1AD and “group 2" repre-
senting horses with chronic IAD based on the
criterta: pattern of fever, nasal discharges,
cough. signs of dyspunea, tracheal and lung
ausculiative sounds and signs of chest pain.

3. Sampling :

Three venous blood samples (ten ml far
each) were collected vla Jugular vein puncture
from each horse: the first blood sample was
collected into clean tube contaming Smg sodi-
um éthylene dlamine tetra acetic acid (EDTA)
as anticoagulant was used for evaluatlon of
total and differential leukocytic counts. The
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second blood sample was collected into hepa-
rinized syringe and centrifuged at 3000 rpm
for 10 minutes to collect blood plasma; mean-
while, the third blood sample was collected
without anti-coagulant and centrifuged at
3000 rpm for 10 minutes to collect blood ser-
um. Both serum and plasma samples were
kept frozen at -20 C for further biochemical
analysis.

4. Hematological exam(nations :
Total and differential leukocytic counts
were counted in all horses under Investigation

(Kelly, 1984).

5. Biochemical Analysis :

The plasma GSH concentration, the activi-
ty of plasma GR, GST, SOD and CAT and
plasma levels of TAC and vitamin C as well as
serum uric acid, MDA and LDL levels were
spectrophotometerically estimated following
standard methods using commerclal test kits
supplied by Blodtagnostics. Cairo. Egypt.

6. Statistical analysis :

Data were statistically analyzed using sta-
tstical software program (Graphpad Prism for
Windows Version 5.0, GraphPad Software,
Inc., San diego. CA, USA). D'Agostino and
Pearson omnibus normality test was used to
assess normality. Data were normally distrib-
uted; therefore, Kruskal-Walis with post hoc
Bonferroni multiple comparison tests were
used to assess statlstical differences between
groups. For all statistical examjnalions, re-
sults were consldered significant at p< 0.05.

RESULTS AND DISCUSSION
Results of the clinical as well as clinlco-
pathological varlables of examined horses
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were summarized in tables 1, 2, 3 and 4.
Based on history and clinical examination,
acute {29/90) and chronic (81/90) lower res-
plratory tract diseases were recorded and di-
agnosed. Clinlcally, there was a significant in-
crease of rectal temperature and resplratory
rates (p < 0.05) In horses with acute lower
respiratory (ract diseases compared with
chronic cases. Nasal dlscharges varied greatly
In the diseased cases depending on the severi-
ty of alrway inflammation where it was muco-
purulent and absent In some cases (23/90).
All animals exhibited cough with varying de-
grees. Tracheal rales were evident in most
cases of acute and chronic lower resplratory
tract diseases. Lung sounds varied according
to the severlty and site of airway jnflammation
where there were normal vesicular sound. ex-
aggerated vesicular sound, crackles, wheezes.
and mixed from more than one abnormal lung
sounds (Table 1).

Hematologically, there was a stgnificant in-
crease (p < 0.05) in total leukocytic counts.
band cell and neutrophils percent and a sig-
niflcant decrease (p < 0.05)} of lymphocyle per-
cent (n all diseased cases. Meanwhile, mono-
cyte and eoslnophil percent showed a
stgnificant lncrease (p < 0.05) in chronic lower

respiratory tract diseases only (Table 2).

Regarding antioxtdant enzymes and oxida-
tve stress markers; tables 3, 4 showed that
there was a signlficant Increase (p < 0.05) of
GR and SOD actlvitles, uric actd, MDA and
LDL (n diseased horses compared with
healthy ones. Meanwhile, there was a signifi-
cant decrease (p < 0.05) In GST and CAT ac-
tivities and vitamin C level in diseased horses
compared with healthy ones. On the other
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hand, GSH and TAC showed non-significant
changes in both acute and chronic lower res-
piratory tract diseases.

Horses under investigation were proven to
be affected with acute lower and chronic lower
regpiratory tract diseases. The high incidence
rate appeared Lo be of chronic lower respirato-
ry tract diseases which could be attributed to
miss-diagnosls, shortage in treatment pi-oto-
col, neglected acute cases and sub-clinical
form of IAD. These findings were In agreement
with those reported by Hodgson and Hodg-
son (2002); Radostits et al. (2007) and
Smith (2009).

The (ncreased rectal temperature could be
attributed to the Increased cytokines which
had not only a pyrogenic effect, but also medi-
ate the acute phase response describing the
reaction of the animal to pathogen tnvasion,
tissue injury, immunological reactlons and in-
flammatory processes in agreement with
those reported by Radostits et al. (2007). Fe-
ver, ajrway inflammation, alrway stenosis and
the amount of the formed exudate {nside the
respiratory passage have been found to cause
an Increase of both respiratory and heart rate
(Hodgson and Hodgson, 2002; Couétil,
2007; Radostits et al., 2007 and Smith,
2009).

Nasal discharge varied greatly In the affect-
ed cases depending on the severlty of airway
inflammation where {t was mucopurulent or
absent. 1t was recorded that most cases suf-
fered mucopurulent nasal discharge (ndicat-
Ing more severe form of Inflammation. These
findings were In agreement with those report-
ed by Couttll (2007) and Radostits et al.
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(2007). Molst cough was more prevalent than
dry cough, suggesting long standing inflam-
matlon of the alrway which could be attribut-
ed to the airway Inflammatlon, alrway steno-
sls and Ilncreased alrway secretion as those
previously reported by Hodgson and Hodg-
son (2002). Tracheal rales appeared to be
more evident In horses suffered acute and
chronlc lower respiratory tract diseases which
could be attributed to tracheal inflammation
and accumulation of exudate snslde the tra-
cheal lumen In agreement with those stated
by Radostits et al. (2007) and McGorum et
al. (2007). Lung sounds varled according to
the severity and site of alrway inflammation
where there were exaggerated vesicular sound
resulted from pulmonary congestion in the
carly stages of lower air way i{nflammation:
whereas, crackles sound could be due to In-
crease in the bronchiolar exudation: however,
wheezes might be audible due to presence of
bronchiolitis, stenosis of respiratory tract by
dried exudate especially in chronic form of
pulmonary tnflammation. These flndings were
in agreement with those reported by Rados-
tits et al. (2007); Couétl (2007); McQGorum
et al, {2007) and Smiih (2009).

The results of hematological examination
reflected a state of resplratory tract infection
as 1eukocytosi's can be an appropriate physlo-
logical response to an infectious or Inflamma-
tory process as previously reported by Rados~
tits et al. (2007).

GR activity was Increased during oxidative
stress as GR restores GSH by reduction of
glutathlone disulflde through the use of
NADH. Thus. the increase In GR actlvity sug-
gests a response to oxldative stress as previ-
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ously reported by Frankiewicz-Jozko and
Szaraka (2000). Oxjdative stress Is supporied
by the sunultaneous decrease in antioxidant
enzymes, GST. which are in accordance with
ear]ler reports previously reported by Kumar
and Naidu (2002) and Mufioz-Escassi et al.
(2008). In contrast, Somani (1996) and De
Haan et al. (1898) found higher GST actvity
In cases of oxldatlve stress associated with in-
creased lipid peroxides.

The increased SOD activity could be attrib-
uted to the compensatory response agajost in-
creased oxldative slress to counteract the ef-
fect of free radicals, and also despite an
adequate antloxddanl capacity (eazymatic and
non-enzymatic); a marked increase in ROS
productlon may overwhelm the antioxidant
system with subsequent development of oxi-
dative stress In agreement with those reported
by Frankiewicz-Jozko and Szarska (2000)
and Deaton and Marlin (2008). Meanwhiie,
the decreased CAT activity could be attributed
to the oxidalive stress and the reduction of
anlloxidant enzymes. These flndlngs were
stmtlar to those previously mentioned by Dea-
ton and Marlin (2008) who decided that the
worst case scenario of oxidative siress was
both a reductlon n antloxldant capacity com-
bined with locreases fnm ROS production that
might happen (0 certaln disease conditions
such as human asthma or equine RAO which
induce chrorde reduction (n anuoxidant de-
fenses and dramatically increased ROS pro-
duction.

Vitarmin C level was found Lo be decreased
as a result of oxidation of ascorbic acld during
oxldative stress as activated neutrophis Influ-
enced the ascorbic acid pool by Inducing oxi-

Vol. XIII, No. 2, 2011



Youssef, M, A.; et al,.,

dation of it vla the production of ROS during
inflammation. Moreover, macrophages Influ-
enced the plasma ascorbic acid level as they
actlvate and Increase the accumulation of it,
so there was a positive correlation between
number of macrophages and ascorblc acld
During
number was decreased accordingly, resulted

level. inflammation; macrophages
in decreased ascorbic acld level. Consequent-
ly, the decrease in vitamin C level could be at-
tributed to the increased utilization of ascor-
bic acld or accumulation by neutrophils and
macrophages protecting themselves from its
own resplratory burst. These flndings were in
agreement with those reported by Hargreavea
et al. (2002) and Deaton et al (2004).
Meanwhile, uric acld is Increased with en-
hanced ROS generatlon (oxidatlve stress) and
also, could be attributed to the Impalred lung
functlon and Increased hypoxie states oc-
curred In respiratory tract diseases which re-
sulted In an Increased reliance on anaerobic
glycolysis with subsequent increase lactate
level which had been shown to result in ATP
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loss and urlc acld accumulation. These And-
ings were In agreement with those reported by
De Mofiarts et al. (2008).

MDA level was increased due to the oxida-
tUve damage resulting from the free radicals
produced. These findings were In harmony
with those reported by White et al. (2001)
and Willlams et al. (2005). Also, LDL level
was increased due to the fact that LDL oxida-
tion might decrease the catabolism of LDL
cholesterol, thus causing increase in LDL cho-
lestero) Jevels. These findings were simllar to
those reported by Erctyas et al. (2004).

This study revealed synchronous chang-
es In both the activity of antioxidant en-
zymes and oxddative tress markers, suggest-
(ng the roles of thelr changes (n draft
horses with lower alrway diseases. Further
fnvestigations- need to be done on the clla-
fcal efflcacy of administration of antioxd-
dants In horses with acute and chronic
lower alrway disecases.
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'Table 1. Clinical Findings in Horses with Acute and Chronic Inflammatory Airway Diseases.

Groups |Tempernture R.R. H.R. Nasal Cough Trachen) sonnd Lung spund
™C CwcleMin, Bool/Min. dlscharge
Con(rol 375205 1242 IS5 - - Norrnal CI3 sound Nonnal
(n = 20) vesicular sound
Acute 19821110 277 | 41+ 4 Mucspuculent | Dry (5/29) Tracheal rales Crackles (19/29)
Lover (21729) Moixt (29/29) Wheezes (2/29)
(11 =29) Absent (8/29) (2429) Exaggerated
vesicular sound
{4129)
Mixed (4729)
Chronle 38154 0.7) 226 4217 Mucopurtlent | Dry (36/61) Trachea! rades Wheezes (2264)
Lower (46/61) Moist (50/6 1) Crackles (20/61)
k=61 Absenl {25/61) Noymal (1t/6]) Bxaggcrated
{15/61) vesicular sound
(3/61)
Mixed (1661

]

', "1 Variables with different superscript in the same column are significantty different a1 ? < 0.05.
RR. = Respiratory rate; H.R. = Heart rate.

Table 2. Total and Differential Leukocytic Counts (mean values 1 SD) in Clinicatly Healthy

Horses and g those with Acute and Chronic Inflammatory Airway Diseases.

Groups T.L.Cx 10° | Band cell %| Neutropbil %| Lymphocyte %| Monocyle % | Eosinophil %| Basophil %
Control 9.} 129 12409 40£11.6 441115 44228 4428 15212
{n=20)

1
Acute Lower 154£22° 1134447 | $43£11.9° 221 £12.8° 483+29 6.8+3.7 1.0%1.0
(n=29)
Chronlc Lowor 149122 | 104+38" | 4824120 202176° 50=3% 140£a3" [ 12 0.6
(n=61)

.71 Vanables with different superscript in the same column ase significantly diffecant at < 0.05.

T.L.C. — Total leukacytic count.
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Table 3 : Different Antioxidants and Other Oxidative Stress Markers (mean values + SD) in

Clinically Realiby Horses and in Those with Acute and Chronic Lower
Respiratory Tract Diseases.

GSH GR GST SOD CAT
(roups -
(mg/al)y (G (O (UL (UIL)
'_Con(rnl 2.3d 4184 1442 £ 132 256x72.6 161 £229 1598 + 277
(n~20)
[ Acute tower 796 - (5 1645 = 244 190 = 63.6 206 * 52.2 938 £ 384
(n=29)
Chronlc lower 211-133 1667 . 228 163 892 318 2 66.3 509 2 225
(m=61)

"."": Variables with diffarent superscript in the same column are significantly different at £ < 0.0S.

GSH; Reduced glutthione.

GR; Glutatuone rednctase,

SOD; Superoxide dismutase, CAT; Catalase

GST; Glutathione-S-mransferase,

Table 4. Mean values | SD) of TAC, Vitamin C, Uric acid, MDA end LDL in Clinically

Healthy Horses and in Those with Acute and Chronic Lower Respiratory Tract

Discases
Groups TAC Vitamin C Urle acld MDA LDL
(mmol/L) (mg/L) (mg/dL) | (nmolml) {ropg/dL)
Controt 0.59+0.33 951 27 1.00.. 023 87425 216498
(n=20)
Acute lower D 65 % 0.38 7 £140 265% 142 151437 114 247.2°
(1 =29)
Chronic lower 0.53+0.33 64119 1,99 £ 1.18 0569 129 364"

=6l

', "1 Variables with different superscript in the same column are significantly different at P < 0.05.

TAC; Towl antioxidant cepacity, MDA; Malandialdchyde, LDL; Low denaity lipopratein
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