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Abstract

In order to investigate the levels of oxidative stress (OS) biomarkers and cardiac troponin I (cTnl) in horses
with strangles, fifty horses with strangles and twenty healthy controls were included in this study. Blood and serum
samples were tested for levels of cardiac troponin I (cTnl), malondialdehyde (MDA), super oxide dismutase (SOD),
glutathione (GSH), nitric oxide (NO) and total antioxidant capacity (TAC). The levels of cTnl were increased in ten
diseased cases while normal cTnl levels were found in the others (n=40). The levels of MDA were increased in the
horses with strangles when compared with the healthy ones. The levels of SOD, GSH, NO and TAC were lower in the
horses with strangles when compared with the controls. Successfully treated cases had lower levels of cTnl and MDA
compared to non-responsive ones. Only the SOD level was higher in the successfully treated cases compared to the
non-responsive ones. The cases had a moderate and positive correlation with the cTnl and MDA levels. Conversely,
the levels of SOD, GSH, NO, and TAC negatively correlated with being a case. Additionally, the treatment success
negatively correlated with the cInl and MDA levels, whereas it positively correlated with the SOD level. In conclusion,
OS was detected in horses with strangles. These biomarkers could be used as diagnostic and prognostic tools.
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Introduction

Strangles is considered as one of the vital
challenges facing equine specialists (Timoney et al.,
1999). It has many possibly incurable complications
and the capability of persistent infection in populations
of asymptomatic carrier horses (Sweeney et al., 2005).
Cardjiac troponin I (cTnl) is a sensitive heart marker for
the diagnosis of myocardial damage (Fonfara et al.,
2010; Reagan et al., 2013; El-Deeb and Elmoslemany,
2015). Assessment of oxidant & antioxidant levels is
essential in horses with strangles. The blood and tissue
levels of malondialdehyde (MDA) are used as a precise
marker of lipid peroxidation (El-Deeb et al., 2014; El-
Deeb and Tharwat, 2015, El-Deeb and Buczinski, 2015).
The target of this study was to assess the levels of OS
biomarkers and c¢Tnl in cases of strangles in horses, as
well as their diagnostic and prognostic importance.

Materials and Methods

Amnimals: Seventy Arabian male horses (10-18 months
old) were selected for this study. They were divided
into two groups. Horses of the first group (n=20) were
apparently healthy, free of any previous history of
strangles and categorized as a control group. The cases
(n=50) consisted of horses with clinical signs of
strangles. The classification of both groups was based
on clinical and laboratory findings.

Sampling protocol

Nasopharyngeal swabs: Nasopharyngeal swabs
supplied by Equi-Vets, Denmark were used for
collecting samples from all horses. The samples were
used for microbiological examination.

Blood samples and sampling protocol: Whole blood
and serum samples were harvested from both groups
in fresh heparinized and plain vials. Cardiac troponin
I was analyzed in the blood samples using a point-of-
care analyzer (VetScan i-STAT® 1, Abaxis, CA, USA).
The sera were used for estimation of the activities of
creatinine kinase (CK), aspartate aminotransferase
(AST) and alanine aminotransferase (ALP). The
analysis was carried out using a chemistry analyzer
(VetScan HM5, Abaxis, CA, USA). In addition, levels
of MDA, SOD activity, GSH activity, NO and TAC
were estimated using commercially available ELISA
kits (Cayman, USA).

Statistical analysis: Descriptive statistics were
calculated for each biomarker by three different
outcomes (case control status, treatment success or
failure, and complication or no complication). Most
data did not follow normal distribution and
nonparametric test (Wilcoxon Mann-Whitney) was
employed at P < 0.05 to compare the levels of
biomarkers for each outcome of interest. Correlation
between different parameters and each outcome was
assessed using Spearman’s correlation coefficient.
Association between each outcome and animal age and
sex was evaluated using logistic regression analyses.
All analyses were conducted using Stata version 14
(Stata Corp, College Station TX, USA).

Results and Discussion

In this study, the strangles-diseased horses
were characterized clinically by fever and serous
nasal discharge that transformed to purulent nasal
discharge later on. Abscessation of the
submandibular lymph nodes was recorded few days
after in a number of horses. This clinical picture is in
agreement with those formerly reported by Sweeney
et al. (2005).

In this study, the recorded complications of
strangles in the diseased horses under investigation
included pneumonia (n=5), guttural pouch empyema
(n=2), colic (n=1), myopathy (n=1) and possible
cardiac injury (n=10). Many authors (Sweeney et al.,
1987; Sweeney et al, 2005) recorded similar
complications previously. The overall complication
rate was 26%, which is partially comparable to those
previously reported by Ford and Lokai (1980) and
Sweeney et al. (1987).

In this study, higher values of cTnl in the
diseased horses (n=10) could indicate a possible
myocardial injury. The level of increment in serum
cTnl has appeared to be associated with the degree of
myocardial harm and survival in people and in
different animal species (Fonfara et al., 2010, El-Deeb
and Elmoslemany, 2015). The levels of cTnl in
circulating blood have appeared to correspond well
with pathological changes in the heart muscles,
cardiovascular pathophysiology, level of cardiac
harm, clinical picture and disease outcome (Wells and
Sleeper, 2008). It was reported formerly (Ford and
Lokai, 1980) that four Streptococcus equi-infected
horses suffered from cardiovascular complications.

In this investigation, OS was obvious as
specified by the more elevated levels of MDA and
incitement of cell reinforcement protein frameworks
to kill the dynamic free radicals in the strangles-
affected horses. Past studies showed larger amount of
MDA in horses with Streptococcus equi ssp equi
infection (Hassanpour, 2013).

This investigation detected low levels of
SOD in the horses with strangles, in contrast to the
healthy group. The lower serum levels of SOD could
be identified with its exhaustion as free radical
scavengers amid the oxidative procedure in horses
with strangles.

The successfully treated cases had lower
levels of cTnl, CK, MDA, ALP and AST compared to
the non-responsive ones. Only the SOD level was
higher in the successfully treated cases compared to
the non-responsive ones. The cases had a moderate
and positive correlation with the ¢Inl, CK, MDA,
ALP, AST levels. Conversely, the levels of SOD, GSH,
NO, and TAC negatively correlated with being a case.
Additionally, the treatment success negatively
correlated with the cTnl, CK, MDA, ALP, and AST
levels, whereas it positively correlated with the SOD
level.

In conclusion, OS biomarkers play a role in
the pathogenesis and complications of strangles in
horses and their levels could be used as diagnostic
and prognostic biomarkers.
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Table 1 Statistics of blood biomarker levels in control horses and those with strangles (Cases)
Control (n=20) Cases (n=50)
Variable *P-Value
Mean Median Min Max Mean Median Min Max
cTnl (mg/dl) 0.02 0.02 0.02 0.04 0.36 0.03 0.02 245 0.0004
CK (IU L) 195.79 196.36 187.36 204.36 220.33 200.44 188.98 435.34 0.0041
MDA (pmol/L)  1.02 1.03 0.87 12 9.67 9.33 7.29 12.33 0.0001
SOD (U/ml) 112.37 112.36 103.25 116.45 71.89 68.59 62.11 141.26 0.0001
GSH (mg/dL) 2.95 2.82 2.53 3.81 1.88 145 1.23 6.21 0.0001
NO (pmol/L) 4.03 3.96 3.47 4.63 3.07 2.99 2.82 452 0.0001
TAC (pmol/LY)  0.69 0.65 0.52 0.85 0.30 0.23 0.21 1.32 0.0001
ALP (IULY) 412.85 415.23 390.15 429.32 465.33 43341 399.23 666.23 0.0001
AST (IU L) 273.72 274.26 260.34 288.54 285.74 278.36 268.35 385.21 0.0046

cTnl=cardiac troponin I; CK=creatinine kinase; MDA=malondialdehyde; SOD=super oxide dismutase; GSH=glutathione; NO=nitric
oxide; TAC=total antioxidant capacity; Min=Minimum; Max=Maximum
*P-value resulting from non-parametric Wilcoxon Mann-Whitney test

Table2  Statistics of blood biomarker levels by treatment response of horses with strangles
Success (n=45) Failure (n=5)
Variable *P-Value
Mean  Median Min Max Mean Median Min Max
cTnl (mg/dl) 0.19 0.03 0.02 1.63 233 237 212 245 0.0007
CK (IU L-1) 204.82 200.23 188.98 435.34 394.75 397.785  350.21 433.21 0.0017
MDA (pmol/L) 9.51 9.32 729 12.23 11.48 11.24 11.12 12.33 0.0044
SOD (U/ml) 72.70 68.59 62.35 141.26 62.80 62.98 62.11 63.11 0.0017
GSH (mg/dL) 1.87 1.45 1.23 6.21 2.04 1.32 13 4.23 0.3225
NO (pmol/L) 3.07 2.99 2.82 4.52 3.04 3.045 297 3.11 0.7132
TAC (pmol/LY)  0.30 0.23 0.21 1.32 0.22 0.215 0.21 0.22 0.0624
ALP (IU L) 454.08 431.25 399.23 650.23 591.92 626.62 448.21 666.23 0.0077
AST (IU L) 281.14 27746 268.35 385.21 337.48 329.72 320125  370.34 0.0023

cTnl=cardiac troponin I; CK=creatinine kinase; MDA=malondialdehyde; SOD=super oxide dismutase; GSH=glutathione; NO=nitric
oxide; TAC=total antioxidant capacity; Min=Minimum; Max=Maximum *P-value resulting from non-parametric Wilcoxon Mann-

Whitney test

Table 3

Statistics of blood biomarker levels by case complication (Strangles complications)

No Complication (n=37)

Complication (n=13)

Variable *P-value
Mean Median Min Max Mean Median Min Max

cTnl (mg/dl) 0.03 0.03 0.02 0.06 1.28 1.34 0.02 245 0.0001
CK (IU L) 199.45 200.23 189.21 204.12 278.14 204.92 188.98 435.34 0.0088
MDA 9.21 9.28 7.29 11.22 10.95 11.12 8.24 12.33 0.0001
(pmol/L)
SOD (U/ml) 73.17 69.135 63.11 141.26 68.36 63.12 62.11 123.56 0.0001
GSH (mg/dL) 1.87 1.55 123 6.21 1.92 1.33 1.3 5.63 0.0822
NO (umol/L) 3.03 2.99 2.89 3.62 3.16 3.11 2.82 4.52 0.5233
TAC 0.32 0.23 0.21 1.32 0.23 0.22 0.21 0.32 0.1423
(kmol /L)
ALP (IU L) 437.46 430.21 399.23 552.23 542.51 533.21 429.66 666.23 0.0001
AST (IU L) 277.85 277.91 268.35 288.54 307.57 281.36 270.34 385.21 0.085

cTnl=cardiac troponin I; CK=creatinine kinase; MDA=malondialdehyde; SOD=super oxide dismutase; GSH=glutathione; NO=nitric
oxide; TAC=total antioxidant capacity; Min=Minimum; Max=Maximum
*P-value resulting from non-parametric Wilcoxon Mann-Whitney test
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Table 4 Correlation of blood biomarker levels with case control status, treatment response, and case complication
Variable Case control Treatment response

cTnl (mg/dl) 0.43* -0.49*

CK (IU L) 0.35* -0.45*

MDA (pmol/L) 0.79* -0.41*

SOD (U/ml) -0.66* 0.45*

GSH (mg/dL) -0.63* 0.14

NO (umol/L) -0.76* -0.05

TAC (pmol/L1) -0.72* 0.27

ALP (IU L) 0.54* -0.38*

AST (IU L) 0.34* -0.44*

cTnl=cardiac troponin I; CK=creatinine kinase; MDA=malondialdehyde; SOD=super oxide dismutase; GSH=glutathione; NO=nitric
oxide; TAC=total antioxidant capacity; Min=Minimum; Max=Maximum
*P-value resulting from non-parametric Wilcoxon Mann-Whitney test (P < 0.05)

Acknowledgements

The authors would like to thank Deanship of
Scientific Research, King Faisal University for their
financial support (Project No. 170003).

References

El-Deeb WM, Buczinski S. 2015. The diagnostic and
prognostic importance of oxidative stress
biomarkers and acute phase proteins in Urinary
Tract Infection (UTI) in camels. Peer] 3:€1363

El-Deeb WM, Elmoslemany, AM. 2015. Cardiac and
oxidative stress biomarkers in Trypanosoma evansi
infected camels: diagnostic and prognostic
prominence. Parasitology 142(6): 767-772.

El-Deeb WM, Tharwat MA. 2015. Lipoproteins profile,
acute phase proteins, proinflammatory cytokines
and oxidative stress biomarkers in sheep with
pneumonic pasteurellosis. Comp Clin Pathol
24(3): 581-588.

El-Deeb WM, Fouda TA, El-Bahr SM. 2014. Clinico-
biochemical investigation of paratuberculosis of
dromedary camels in Saudi  Arabia:
proinflammatory cytokines, acute phase proteins
and oxidative stress biomarkers. Pak Vet J 34(4):
484-488.

Fonfara S, Loureiro ], Swift S, James R, Cripps P and
Dukes-McEwan J. 2010. Cardiac troponin I as a
marker for severity and prognosis of cardiac
disease in dogs. The Vet Jour 184(3): 334-339.

Ford J, Lokai MD. 1980. Complications of Streptococcus
equi infection. Equine Pract 4(2): 41-4.

Hassanpour A. 2103. Correlation of Malondialdehyde
and Antioxidants of Serum in the Horses with
Strangles. Ind ] Fund Appl Life Sci 3 (3): 327-334.

Sweeney CR, Whitlock RH, Meirs DA, et al. 1987.
Complications associated with Streptococcus
equi infection on a horse farm. ] Am Vet Med
Assoc; 191(11): 1446-1448.

Sweeney CR, Timoney JF, Newton, JR, Hines MT. 2005.
Streptococcus equi infections in horses: Guidelines
for treatment, control, and prevention of
strangles. ] Vet Intern Med 19: 123-134.

Timoney JR. 1999. Equine strangles: 1999 AAEP
Proceedings; 45: 31-37.

Wells SM, and Sleeper M. 2008. Cardiac troponins. ]
Vet Emerg Crit Care 18(3): 235-245.


http://link.springer.com/journal/580
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=BOND2pcAAAAJ&citation_for_view=BOND2pcAAAAJ:5nxA0vEk-isC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=BOND2pcAAAAJ&citation_for_view=BOND2pcAAAAJ:5nxA0vEk-isC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=BOND2pcAAAAJ&citation_for_view=BOND2pcAAAAJ:5nxA0vEk-isC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=BOND2pcAAAAJ&citation_for_view=BOND2pcAAAAJ:5nxA0vEk-isC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=BOND2pcAAAAJ&citation_for_view=BOND2pcAAAAJ:5nxA0vEk-isC

El-Deeb W. M. and Elmoslemany A. M. / Thai | Vet Med. 2017. 47(3): 389-393. 393

UNANELD

32AUYDY Oxidative stress biomarkers wag cardiac troponin |

TudhwiugenszlenUaedu strangles

< a 1,2% < 13 o 1
o8 LA L@anu1" 2NN LDdl LDaNDFLANIET

msenuedaifldmsiamsiunudadures oxidative stress (0S) wa cardiac troponin | (cTnl) Tushthedu
strangles Inennaeuluiiogradonsiivaeidu strangles $1uau 50 1 wardunBsuan 20 @ densaamanududuves
cardiac troponin | (cTnl), malondialdehyde (MDA), super oxide dismutase (SOD), glutathione (GSH), nitric oxide (NO) wag
total antioxidant capacity (TAC) wan1svagaunue cTnl gstulufinae 10 # uazdnlusund (n = 40) wawdn MDA geiu
TwhthedleWlsufuiund Tuaigiinudr SOD, GSH, NO uay TAC draslushihedu strangles Waflsufuind uenanil
ludnifinevauassionssnuaumeund aziien cTnl uar MDA shaadleifleududniflinouaussionisinm uasdien SOD getu
Tudn ildTunsshvidedisutudnifildnevaussontsing wagnuauduiusmeuin seuisdhthedus cTnl waz MDA
wazlumensaiutnunuaNEITUS3ay seninasnUledual SOD, GSH, NO wag TAC wenaniinsnevaussensinwddl
AwdIUSTUTERU cTnl MDA way SOD aguldin 05 aunsnihurléifu biomarkers Tusihthewdu strangles Lieusznaunis
adouaznsnensallsa

A1EALY: cardiac troponin | malondialdehyde ansimuausaBaTy ANUATEA

Immdvmsiinyiaain  IneiavanunvgmansuasnneInsand, umingasaelnea, oa o1 31982, UszinA
9190075408

2mmiviengsmans, lsndndouaslsntan, zdmounvemans i ine1dbusngs, uungs), 515150350 m3UEaUN

*g,ﬁ’uﬁwauuwmw E-mail: weldeeb@kfu.edu.sa, drwaeleldeeb@yahoo.com



