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ABSTRACT 

The aim of the presen t study lVas to evaluate the oxJdaUve stress level and anl1oJd­

dant enzymes status assocJaled wtth lower r espiratory tract disorders In draft horses. 
For this purpose, venous blood samples were collected from (90) draft horses em/bJt­

ing signs of lower respiratory tract dIsorders and other (20) clJnically healt11y horses 

were consJdererj as a control group. Plasma reduced glutathione (GSH) concentratJon 

and anlioxJdant enzymes activ:tty; Jncludlng glutathione reductase (OR). gJutathlone­
S-transferase (CST). superoxlde dlsmutase (SOD) and catalase (CAT) as welj as plas­

ma vttamin C and totai antiOXIdant capaCity (TAe) jevels were assa.yed. Serum uric 

acid and malondlaldehyde (MDAJ levels and low denSIty lipoproteIn (LDL) concentra­

tions were also measured. Biochemically, GR and SOD activities, uric aCid, MDA. 

LDL were sJgnJ.ficantly increased (p<O. OS) in dIseased horses compared with control 

group. Meanwhile. there was a sl!fn1l1cant d ecrease (p < 0. OS) orOST and CAT actiVi­

Ues and vitamin C level in dIseased horses in comparison wlUJ contro} grOllp. The 

present ll1VesagalJon indica tes that oXidative stress wJth alteration of antIOxidant en­

zymes acUvlties are feature of resplralory diseases In draft horses. 

Key W0rd6: Respiratory diseases; Antioxidant enzymes; Free Radicals: OxidatJve 

stress markers: Dra/l horses. 
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INTRODUCTION 
Resplratory diseases contLnue to be a ma~ 

Jar problem for horses worldwide (Ba1ley et 

aI .• 1999). tn recent years: it has become in­

creasingly apparent that Inflammatory airway 

diseases (lAD) Is a common disorder which 

can affect horses of any age and are m orc 

common In young race horses. despite 

marked dlITerences In management and cll ~ 

mate: thell prevalence and incidence were 

around 12% and 10% monthly. respectively 

(ChrlaUey et aI.. 2001 and Wood et aI. 
2005). 

MlUJ6ourlJ, Vet. Mod. J. (167 - 168) 

Reactive oxygen speCies (ROS) h ave been 

shown directly to damage pulmonary tissue 

resulted In dIrec t des truction of pulmonary 

eplt.helJ um and supportive structures (Reddy 

et aI .. 1992). degrade alveolar s UIfaclant w1th 

s ubsequent collapse of the aJveoU and stgnlfl-
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r.ant Increase In pulmonary vascular resls· 

tance (M1lla and Htggma, 1997). Also, they 

contribute to cell death and lySIS of sensitive 

cells of the lung tissue causing microvascular 

and alveolar disruptIons With. subsequent In· 

nammaUon of the lung tissue (Haddad. 
2(02), so, It would be erroneous to suggest 

lhat ROS are the pr imary medIa tors of the 

pulmonary lnOammatory response. 

ROS are not always the primary or !nittat· 

ing cause of the disease process but probably 

contribute to and certainly exacerbate It 

(Doelm.an and But 1990). ROS have been 

associated with exercise· Induced pulmonary 

hemorrhage (Derkaen. 1997) and have been 

Implicated in the pathogenesis of recu rrent 

airway obstrucUon , lAD (Rahman and Mac­

Nee. 2000 and Deaton et aI .. 20M) and 
chromc airway dJseases (K1rsehv1n.k. et al .• 
2002a) In horses causing disturbance In oxt· 

dant ·antioXldant equilibrium. 

As with the chemical antioxidants, cells are 

protected against oxidatlve stress by an lnter· 

acung network of antioxIdant e nzymes which 

are manufaclured in the body prOviding an 

Important defense against free radicals (Da­

vieo. 1995 and Helmut. 1997). Catalase 
(CAT), superoxtde dlsmutase (SOD) and the 

glutathione antioxidant system red uced glu­

tathione (GSH), glu tathione peroxJdase (GPx)' 

glu tathione ceductase (OR) , g1utathlone·S· 

transferase (CST) are the most important an~ 

UOx.ldanl enzymes (Schriner et al .. 2005). 

Glutathione status appeared to be a sensl· 

Uve and discriminating marker for the degree 

of airway Inflammatory diseases and their 

syntheSiS appeared to be regu lated through 
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many Inflamma tory mediators (Rahman and 

_ee. 2000 and K1rachvink et aI. 2002b). 

CR Is an important cellular antioxidant en­

zyme requiring NADPH for the reduction of 

glutathione disulfide to aSH (Meister. 1988). 

Studies measuring OR In asthma are more 

scant but, Gumral et aI. (2009) found a 5.7% 

h igher erythrocyte OR actlVtty in asUuna com· 

pared to healthy controls and associated wuh 

current symptoms of bronchial hyperreacuv1· 

ty. CST has ox:tdanl · scavengmg and anU· 

Inflammatory propertles protectlng the ceUs 

against numerous oXldant generating com· 

pounds, Including pollutants, lipid hydroper· 

oxides and other end products of oxlda!lve 

metabol1sm but. Its relative importance in 

lung diseases Is still unknown (Ognjanovi_ et 

aI. 1995 and Trtpath1 et aI .• 2010). 

Urtc acid Is one of the non·enzymauc en­

dogenous anUoXldants which scavenge hy· 

droxyl radIcals (Chew. 1994) and found to be 

Increased wtth enhanced ROS generation In 

cases of oxidative stress (Dc MofIarts et aI. 
2006). VitamJn C Is conSidered as a highly ef· 

fectlve antioxidant acUng to lessen oxidative 

stress (WgdOD, 2006) and found to be de· 

creased tn horses s uffered recurrent airWay 

obstruction (RAO) either In the presence or 

absence of atrway tnflammatlon as a resu lt of 

oxidative stress (Hargreavea et al.. 2002 and 

Deaton et aI. 2004). 

Ox:1daUve stress markers or "accumuia· 

torsH are the end products of oxtdaUve reo 

actions whiCh are generated dunng the 

procedure from the decomposition of Upld hy· 

droperoxtdes, such as maiondlaldehyde (MOA) 

which Is usually accumulates under stress 

conctiUons to a measurable level above the 
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unstressed condillon (Lykkeafe1dt and 

SvendsCD. 2007). The obJectlve of the present 

study was to assess and evaluate the changes 

In Ule anUoxidant enzymes and the assoclat· 

ed oxidaUve s tress In acute and chronic lower 

airway diseases In draft h orses. 

MATERIALS AND METHODS 
l.Anlmala: 
A total of 90 draft horses of both sexes ago 

Ing between 1-4 years exhlblUng the signs of 

lower airway diseases have bee~ 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 carrIed out In the perIod between AprU, 

2009 and October 2011 at Dakahlia Governo­

rate . Data concerned With case history. c11n1-

cal findings. and mecllcaJ record for each 

horse were also recorded . 

2 . Cltn1cal t:I8mtnatlon : 

Detailed clln lcal examinaUons of the hors­

es were carried out. and the clinical findings 

were recorded (Kelly. 19S4-). DIseased horses 

were categorized into "group 1" representing 

horses with acute lAD and "group 2~ repre­

senting horses with chronIc lAD based on the 

crIteria: pattern of fever. nasal discharges. 

cough. Signs of dyspnea, tracheal and lung 

auscultaUve sounds and signs of chest paln. 

s. Sampllng : 
Three venous blood samples {ten 001 for 

each) were collected via Jugular vein puncture 

from each horse: the first blood sample was 

collected Into clean tube contaInlng Smg sodJ ­

urn ethylene dlamlne tetra acetiC acid {EDTA) 

as anticoagulant was used for evaluation of 

total and differential leukocytic counts . The 
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second blood sample was collected Inlo hepa· 

rlnlzed syr1I1ge and centrifuged at 3000 rpm 

for 10 mlnutes to collect blood plasma: mean· 

whtJe. the th ird blood sample was collected 

w1thout antt-coagttlant and centrifuged at 

3000 rpm for 10 m1nutes to collect blood se r­

um, Both serum and plasma samples were 

kept frozen at ·20 C for further biochemical 

analysis. 

4. Hematological examfnat10Illl : 

Total and dlfferenUal leukocytiC counts 

were counted In all horses under lnvesllgation 

(Kelly, 1984). 

5. BlochcmJcal Analya .. : 

The plasma GSH concentraUon. the actlvl­

ty of plasma OR, C ST . SOD and CAT and 

plasma levels of TAC and vitamin C as well as 

serum uric acid. MDA and LDL levels were 

spectrophotometerlcally estimated follOwing 

standard methods uslrtg commercial test kits 

supplied by Blodlagnos tlcs. Cairo. Egypt. 

8. Stattsttcal analya" : 

Data were statistically analyzed uSJng sta­

Usllca) software program (Graph pad Prism for 

Windows Version 5.0. GraphPad Soft"\\'are. 
[nc .. San diego, CA. USA). O'Agostlno WJd 

Pearson omn ibu s normaUty test was used to 

assess normality . Data were normally di strib­

uted ; therefore . Kruskal-Walls w1th pos t hoc 

Bonferronl multiple comparison tests were 

used to assess statistical differences between 

groups. For all staUsUcai examinations , rep 

suIts were considered slgniOcant at p< 0.05 . 

RESULTS AND DISCUSSION 
Results of the clinical as well as clInico­

pathological variables 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 (61/90) lower res­

piratory tract diseases were recorded and di­

agnosed. ClintcaJly, there was a significant In­

crease of rectal temperature and respiratory 

rates (p < 0.05) in horses W1th acute lower 

respiratory tract diseases compared W1th 

chroniC cases. Nasal dJscharges varied greatly 
in the diseased cases dependlng on the severi­

ty of airway mflammation where it was muco­

purulent and absent in some cases (23/90). 

All animals exh ibited cough with varying de­

grees. 1'racheal ral es were evident In most 

cases of acute and chronic lower respiratory 

tract diseases. Lung sounds varied according 

to the severity and s ite of airway Inflammation 

where there were normal vesicular sound, ex­
aggerated vesicular sound, crackles, wheezes, 

and mixed from more than one abnormal lung 
sounds (Table 1). 

Hematologtcally, there was a Significant In­

crease (p < 0.05) in total leukocyt1c counts. 

band cel1 and neutrophUs percent and a s ig­

nificant decrease fp < 0.05) of lymphocyte per­

cent in aU diseased cases. MeanwhUe, mono­
cyte and eoslnophU percen t showed a 

significant Increase (p < 0.05) In chroniC lower 

resplcatory tract dJseases only (Table 2) . 

RegarcUng antioxidant enzymes and o>dda­

live stress markers ; tables 3, 4 showed that 

there was a slgnlficant Increase (p < 0.05) of 
GR and SOD actlv1.Ues, uric acid, MDA and 

LDL In diseased horses compared w1lh 
healthy ones. Meanwhile, there was a SignIO­
cant decrease (p < 0.05) ln CST and CAT ac­

tivities and v1.tamto C level In dlseased horses 
compared with healthy ones. On the other 
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hand, aSH and TAC showed non-significant 

changes In both acute and chronic lower res­

piratory tract diseases. 

Horses under lnvestigation were proven to 

be aJfected With acute lower and chronic lower 
respiratory tract diseases. The high incidence 

rate appeared to be of chronic lower respirato­

ry tract diseases which could be attributed to 

miss-diagnosis, shortage In treatment proto­

col, neglected acute cases and sub·c1lnlcal 
form of lAD. These flndlngs were In agreement 

with those reported by Hodgson and Hodg­

oon (2002); Radoal1to et aI. (2007) 8Ild 
Smith (2009). 

The increased rectal temperature could be 

attributed to the increased cytokJnes which 
had not only a pyrogenJc effect. but also medl· 

ate the acute phase response deSCribing the 

reaction of the animal to paUlOgen invas ion. 
tissue injury, immunological reactions and In· 

lIammatory processes in agreement with 

those reported by Rad08ttts ct al. (2007) . Fe­
ver, airway Inflammation, airway stenOSiS and 

the amount of the formed exudate inside the 

respiratory passage have been found to cause 

an Increase of both respiratory and heart rate 

(Hod&aon and Hodgson, 2002, COU~W, 

2007, Radoal1to et aI., 2007 and Smith, 
20(9). 

Nasal discharge varied greatly In the affect­

ed cases depending on the severity of airway 
tnilammatton where It was mucopurulent or 
absent. It was recorded that most cases suf­

fered mucopurulent nasal discharge Indicat­
ing more severe form of Inflammation. These 
Ondlnga were 10 agreement with those report­
ed by Cou~W (2007) and Radool1to et aI. 
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(2007). Moist cough was more prevaJent than 

dry cough, sugges ting long s tanding Inflam· 

malton of lhe airway which CQuid be attr1but­

ed to the auway inflammation. airWay steno­
s is and increased airWay secretion as those 

previously reported by Hodgeon and Hodg-

80n (2002). Tracheal rales appeared to be 
more evident In horses suffered acute and 

chronJc lower respiratory tract dIseases which 

cou ld be attributed to tracheal InflammaUon 

and accumulation of exudate 1nsIde the tra­

cheal lumen Ln agreement with those stated 

by Radoolito ot aI. (2007) and McOorum ot 
aI. (ZOO7). Lung sounds varied according to 

the severity and site of airway tnOammatJon 
where there were exaggerated vesicu lar sound 

resulted from pulmonary congestion In the 

early stages of lower aIr way InflammaUon; 
whereas , crackles sound could he due to In­

crease in the bronchiolill' exudaUon: however, 

wheezes mlght be audtble due to presence of 

bronchlolttis. stenosis of resplratory tract by 

dried exudate especIally 10 <:hronlc fonn of 

pulmonary inflammation . These findings were 

In agreement wtUl those reported by Radoa­
lito ot aI. (2007); eouel1l (2007); McOorum 
ct aI. (2007) and Smtih (2009). 

The results of hematolOgical examlnaUon 

reflected a state of respiratory tract infection 

as leukocytosIS can be an appropriate phySlo, 

logtcal response to an Infectious or inflamma­
tory process as previously reported by Radoa-­

lito ot aI. (2007). 

OR activity was Increased durmg oXidaUve 

stress as CR restores CSH by reductJon of 

glutathIone disu lfide through the use of 
NADH. ThUS. the Increase tn GR activity sug­

gests a response to oXIdative stress as prevl · 
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ously reported by Fra..n.k1ewJ.cz..Jozko and 

Szaraka (2000). Ox1daUve stress Is s upported 

by the simultaneous decrease in anl10xidanl 
enzymes. CST. which are tn accordance with 

earlier reports previously reported by Kumar 

and Naldu (2002) and Mu1Ioz-Eocaoo. ot aI. 
(2006) . In contrast. Somani (1996) and De 
Haan et aI. (1998) found higher CST acUvlly 

10 cases of oKl.datlve: stress associated with in· 

creased Ilpld peroJddes. 

The increased SOD actlvity could be attrib­

uted to the compensatory response agaJnSl in · 

creased oXidative slress to counteract the ef­

fect of free radicals . and also despite an 

adequate antiox.ldant capacity (enzymatic and 

non-enzymatic); a marked Increase In ROS 

production may overwhelm the antioxidant 

system with s ubsequent developmen t of OXi­

dative stress 1n agreement with fuose reported 

by FrBDklewte.:-Jozko and Szaroka (2000) 
and Deaton and Marlin (20OS). M eanwh ile. 

the decreased CAT activity cou ld be attrIbuted 

to the oxidative stress and the reduction of 

anUoXldanl enzymes. These findings were 

slmtlar to those previously mentioned by Dea­

ton and Marl1n (2003) who deCided that the 

worst case scenario of oXidative stress was 

both a reduction In an tioxidant capacity com­

bined with Increases In ROS production that 

migh t happen in certaln disease conditions 

such as human asthma or eqUine RAO which 
induce chronIC reduction In anUoxidant de­

fenses and dramatically Increased ROS pro­

duction. 

Vitamin C level was found to be decreased 

as a result of oxIdation of ascorbIC acid d uring 
oxidaUve stress as activated neutrophUs influ · 

enced Ule ascorbjc acid pool by InducJng ox!· 
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daUon of It Via the production of ROS during 
Inflammat1on . Moreover , macrophages Influ­

enced the plasma ascorbic acid level as they 
ac Uvate and Increase the accumulation of it, 

so there was a positive correlation between 

number of macrophages and ascorbic acid 
level. During InflammaUon; macrophages 

number was decreased accordingly, resulted 

In decreased ascorbic acid level. Consequent­

ly, the decrease in v:ltamtn C level could be at­

tributed to the lncreased uUl lZatlon of ascor­

bic a<:ld or acc umula tion by neutrophUs and 

macrophages protectLng themselves from its 

own resptratory burst. These findlngs were In 

agreement with those reported by Hargreavee 
et aI. (2002) and Deaton et aI. (2004). 

Meanwhile, uric acid is increased with en­

hanced ROS generation (oxidative stress) and 

also, could be attributed to the Impaired lung 
functton and Increased hypoxiC states oc­

curred In respiratory tract diseases which reo 

suited In an Increased reHance on anaerobiC 
glycolysis w1th subsequen t increase lactate 

level which had been shown to result In ATP 
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loss and uric aCid accumulation. These find­

Ings were In agreement wtth those reported by 

De MolI"arta .t aI. (2006). 

MOA level was Increased due to the oXida­

tive damage resulting from the free radicals 
produced . These findings were In harmony 

With those reported by White et aI. (2001) 

and. Wt11tame et aI. (2005). Also, LDL level 

was increased due to the fact that LDL oXida­

lion rn1ght decrease the cataboltsm of LDL 

cholesterol. thus cauSing increase 1n LDL cho­

lester()l Jevels . These nndlngs were s1mllar to 

those reported by Erdyas et aI. (2004) . 

ThIs s tudy revealed synchronous chang­

es in both the activity of antioXidant en ­

zymes and oxidative tress markers. suggest­
ing the roles of their changes [n draft 

horses with lower airway diseases. Further 

Investigations· need to be done on the c1ln· 

leal efficacy of adm1n1stration of antloxt· 

dants in horses wIth acute and chronic 

lower aIrWay diseases. 
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Table 1. Clinical Findings in Horses with Acute aod Chronic Inflamma10ry Airway Diseases. 

Group) TIm ~nlurf ILIL " .IL Nanl CQU~ Trat bn l ,ound Lun; sound 
IT CytleIM'~ . 6catIM'n. dl$cha~ 

Conl1'ol 31.)" 0 .. I ~ :i.l 35 1< , . Norru.al LJ ! _ uld NOfInll1 
(n '" lll) ~"iCIJrnJ $oun() 

Acute J9 ,~2 1 1.10 27 17 41 " 4 Mucopurulent Dry ( Sn9) Tnu;hcal ... le3 Cr-~ c:I<k) { I W29 1 
Low, r (2If29) Moj ~( (29m) Wheem (2129 ) 
(II " 29) Abscnt (8129) (24129) E:taSgc r:ltcd 

ve;i ~"llU "",nd 
(4129 ) 

Miurl (4129) 

ChrolLk 38.1 51. 0.71 2h6 42" 7 Mucopuruk nl Ory(Jnl61 ) T('Kbulm!u W~ec::;:n(22JM ) 

Low~r (46J61 ) Mu,,,, (SOIII I) Crackl~ (W61) 

(n -61, AbseOI (25!61 ) Nonnul(!!l6 JI Exagg(f~tcd 
( IS/(;\ ) .'esieubr SOIIJId 

()/6\) 
M;;'~d (1 (.161) 

'. ": Variables with different 5uperscript in the same column are significantly different ilt P < O.OS. 
R.R.. ' ~ Respiratory ratc; H.R. '" Heari rate. 

Table 2. Tota l and Differentia! Leukocytic Counts (mean values ,I SO) in Clin(ca!1y Healthy 

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

Group, T.L.C x)O J Banel (ell • NeulrophU % L)'l'<\phOl:)l lf -!. Monoqje 'Y. Eu5lnopMI "I. '8l1sopbli "I. 

Control 9.1 ' 2. ') 1.2 :t 0.9 <)(}:t. 1I .6 44 I I B '1 .4:t. 211 4.4 i. 2,8 

( .. "' 10) 

A~ute Llw~r 15.'" * 2.2 11 .3 . 4.4 • S-oI .3 : 11.9· 22 I .t 12.8 
. 

4.63 ± 2.9 6.S'f- 3.7 

(II "' 19) 

OIronlt Lower 14,9 1 2.2 • IO.4 :t J.~ 48,2 .t 12,0 21 2 1 7.6 S.Oo:t 3S· 14 0i: 4 .~ , 

(JJ ", H ) 

' . .. : Variables with different superscript In the same column <lre significantly different ilt P < 0.05 . 
T.L.C. ~ TO(illle\Lkocytic count. 

1 5 ± 1.2 

LO'" 1.0 

1 2 :. 0.6 
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Table 3 : Different Antioxidants: and Other Oxidal:i\'c Stress Markers (mean values ± SO) in 

Clinically Hcaltby Horses and il\ Those with Acute and Chronic Lower 

Respiralory Tract Diseases. 

GSH GR GST SuD CAT 
(;roup~ 

(rngldL) (UIL) (U/L) (UIL) (U/L) 

Conlrol 2 .. \ 4 ;l- 1.84 1442;l- 131 256:i: 72.6 161 :i:22.9 159R ± 277 
(n - 20) 

Acute lower 2 . 96 ~ IS 1645.:1:244 190;l-63.b 206:1: 52.2 ~31S.:I: 384 
(11 - 19) 

Chronic lower 2. 11.:..l.J3 1667 .11l!1 163 * 8'1.1 318 :H 6. 509 :1: 225 

(I, - 6/) 

'. " : Variables with different superscript in the same column are significantly diffe rent 31 P < O.OS. 
GSH; Reduced glw\thione. GR; Glutathione reductase, CST; Glutathione--S·transferase, 

SOD; Superoxide dismutnse, CAT; Call\lase 

Table 4, Mean values J SO) of TAC, Vitamin C, Uric acid, MDA lind LOL in Clinically 

Healthy Horses :md in Those with Acule and Chronic L<>wer Respiratory Tract 

Diseases 

Groups TAC Vitamin C Ur1c acid MDA LDL 

l!nrnoL'L) (",oiL) (mol'L) (limollmL) ImoldL) 

Coutrol 0.59:1: OJ3 95 ! 27 1.00.L 0.7) S.H 2.S 21.6::1: 9.8 

(n ~ .101 

Acute lower o 6S:I: 0.38 7t :I: 10' 2.65:t. 1.42 
. 

15.1 :1: 3.1' 114 ± 47.2' 

..1!! -1!L 

Chronic lower 0.5) :t. 0.33 64 .1 19· 1.99:1: 1.15 32.53: (i§' 139 :t. 36.4'· 

{II - 61 

'. ": Variables with dlHerent superscript in the same column are Significantly different al P < 0.05. 

TAC; Total antio;o:idant capac ity. J\ofDA; Malondialdchydc, LDL; u..w density lipoprotein 
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