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Summary
Arabian horses are regarded as the most famous breed for speed for long distances due to their

genetic superiority. The aims of the study were to focus on the effect of different running speeds on
the muscular tissues (Myoglobin, creatine kinase, aspartate transaminase), lactate dehydrogenase
and synovial fluid (creatine kinase, aspartate transaminase and lactate dehydrogenase). Non-trained
eight local Iraqi Arabian horses were run on soil track for a distance (1) Km, walking, trot, canter,
and gallop. Blood and synovial fluid samples were collected before and after running. The
biochemical parameters of serum showed gradual increase according to each type of speed. All of
them were significant at P<0.01. The biochemical parameters of the synovial fluid also showed
gradual increase according to each type of speed. Creatine kinase was significant at P<0.05 in
walking and trot but significant at P<0.01 in canter and non-significant in gallop. While aspartate
transaminase, and lactate dehydrogenase were significant at P<0.01 at all speeds.
Keywords: Running, Speeds, Muscular tissue, Synovial fluid, Iragi Arabian horses.

Introduction in athletes (6 and 7). However, the marked

Arabian horses are regarded the most increase in (CK) that occur after exercise were
famous speed breed for long distances due to usually lower in trained compared with
their genetic superiority. The competing long — untrained subjects (8 and 9). Authors (10) in
distances endurance rides under hard their study reported that, thoroughbreds were
environment might lead to a lot of muscular more likely to have high plasma (CK) activity
disorders. The fundamental approach to when exercised at the trot or intervals of walk,
diagnos muscle diseases in horses was based trot and canter, compared with exercising at
on a thorough history, careful physical the gallop. One explanation for this might be
examination, complete blood count, and serum that the development of rhabdomyolysis
biochemical profile (1). Intensive training of increases with exercise of prolonged duration.
horses, on the border of their physical In muscle, CK function is making adenosine
endurance, as well as extremely high effort tri phosphate (ATP) available for contraction
during the races, could cause a number of by the phosphorylation of adenosine phosphate
pathological changes in the body, manifested (ADP) from creatine phosphate (11). Detection
in the form of so-called overtraining of intermittent large increases in serum or
syndrome. It was noted that horses subjected plasma (CK) and aspartate transaminase
to highly intensive training with short breaks (AST) activity after exercise in horses could
for rest between training activity rounds help clinicians in diagnosis the syndrome of
achieve poor results. Unfortunately, the exercise — associated muscle necrosis,
reasons for this situation were not sufficiently commonly referred to as exertional rhabdo-
explained (2). Elevation in plasma/serum myolysis (12). Serum skeletal muscle enzymes
myoglobin concentrations indicated acute or proteins are markers of the functional status
muscle damage. Normal serum concentrations of muscular tissue, and vary widely in both
in resting horses had been determined by pathological and physiological conditions. An
nephelometry range= 0 — 9 pg/l, and measured increase in these enzymes might be an index of
concentrations from horses with cellular necrosis or tissue damage following

rhabdomyolysis range from 10,000-800,000 acute and chronic muscle injuries (13-15).

pg/l (3 and 4). Daily training might result in Other researchers (16) conducted a study on

persistent increase in serum creatine kinase Arabian horses in Brazil, peak levels,

(CK) (5), and resting (CK) values were higher significantly  different, were  recorded,
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immediately after rides the level of (CK)
(413.591+50.75), 24 hours post rides lactate
dehydrogenase (LDH) (628.61+33.30), and 48
hours after rides (AST) (389.89+£16.96).
Normal synovial fluid of domestic animals
contains many enzymes, Alkaline and acid
phosphatase, and lactic dehydrogenase (LDH)
were present in detectable quantities. The
ratios of enzyme level in the synovial fluid to
their levels in the serum in same animal vary
according to the presence and severity of a
particular pathological condition (17-20). The
aims of this research were to study the effect
of different running speeds on some muscular
(MG, CK, AST, and LDH) and synovial fluid
(CK, AST, and LDH) enzymes in lIraqi
Arabian horses.

Materials and Methods

The study was conducted on 8 non-trained
local Iragi Arabian horses in the Arabian
horses center, University of Al-Qadisyah.
Their ages 5 to 6.5 years old, two stallions and
six mares. All animals were kept on same
feeding (grains, alfalfa and hay) with water ad
libitum. They were housed in individual stalls
in the stables, providing with bedding of straw.
Clinical examination was done for one week
apparently were healthy, they had no previous
exertional rhabdomyolysis and their history
were recorded. All horses were run on soil
track for a distance about 1 Km, each different
hors speed was studied for 3 days interval
(walking 3-5 km/hr — trot 20 km/hr- canter 30
km/hr — gallope 50 km/hr). The speed of
running was calculated by dividing the
distance on the time measured by sport time
calculator. Blood samples were taken from the
jugular vein, before and after 6 hours of speeds
by using 18-gauge sterile needles and syringes.
Blood sera were separated by centrifugation to
collect serum. Also synovial fluid samples (2-
3 ml) were collected from the left mid- carpal
joint before and after each speeds, all sites of
arthrocentesis were aseptically prepared. All
samples transfer to EDTA vacutainer tubes
and send to laboratory analysis. (MG), (CK),
(AST) and (LDH) were measured by
Reflotron® plus (Roche Diagnostics GmbH
Mannheim Germany) using commercial
reagent kits (Roche Diagnostic GmbH
Sandhofer Strasse 116D-68305 Mannheim,

Y

Germany). The results were analyzed
statistically by using (T- student test) at level
P<0.01 and P<0.05 (21).

Results and Discussion

The strenuous physical exercise was one of
the most common causes of muscle damage
which led to disability in affected horses. The
design of the study included many degrees of
running speeds, walking, trot, canter, and
gallop. (Table, 1 and 2) were included to be
compared with our results.

Table, 1: The normal mean values + SE of MG, CK,
AST, and LDH of the serum.

Parameters Mean valuest SE
MG (g/dlI) 4.25+0.12

References
(22)

CK (U/L) 148.61+9.30 =
AST (U/L) 93.26+11.00 =
LDH (U/L 109.21+11.00 =

Table, 2: The normal mean values+ SE of CK, AST,
and LDH of the synovial fluid.
Parameters Mean values+ SE
CK(U/L) Less than 148.61+9.3

AST(U/L) 62.34%3.20
179.23+12.90

References
(22)

LDH(U/L)

The biochemical parameters of serum MG,
CK, AST, and LDH showed clear gradual
increase according to the increase of the speed.
All the results were significant at P<0.01 as
showed at (Table, 3), the mean values + SE of
MG, CK, AST, and LDH before walking were
4892. + 1059.3, 242.475 + 9.612, 349.125
+7.021, and 453.925 + 9.172 respectively, and
after walking were 5513.125 + 1020.720,
330.837 + 13.035, 359.887 + 6.612, and
467.275 + 11.210 respectively. Also the mean
values£SE of MG, CK, AST, and LDH before
trot were 5027.250 +9 94.407, 255.287 +
6.536, 360.437 + 7.414 and 466.562 + 9.068
respectively and after trot were 7676.125 +
1042.170, 497.475 + 28.600, 373.600 + 7.378,
and 483.300 + 10.536 respectively. And the
mean valuest SE of MG, CK, AST, and LDH
before canter were 4971.125 + 985.299,
261.875 + 5.657, 372.062 + 8.107 and 480.712
+ 7.676 respectively, and after canter were
9567.125 + 1016.432, 659.262 + 40.875,
388.650 + 6.514 and 498.225 + 10.530
respectively. While the mean valuest SE of
MG, CK, AST, and LDH before gallop were
5034.750 + 1006.786, 264.012 + 6.359,
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387.060 + 7.306 and 501.437 + 8.393
respectively, and after gallop were 11308.00

1012.767, 956.637 + 46.232, 427.987 + 13.598
and 536.950 + 12.896, respectively.

Table, 3: The mean values+SE of biochemical parameters of serum SMG, CK, AST and LDHZ at different seeeds.

Sample

Walking Trot

Canter

collection

time MG CK AST LDH MG CK AST LDH MG CK AST LDH MG CK AST LDH
g/l u/l u/l u/l g/l u/l u/l u/l g/l u/l u/l u/l g/l u/l u/l u/l
RGOS 4892 2424 349.1 453.9 5027.2 255.2 360.4 466.5 4971.1 261.8 372.0 480.7 5034.7 264.0 387.0 501.4
t + + * + * + * * * + + + + + +

1059.3 9.6 70 91 9944 65 74 90 9852 56 81 7.6 10067 63 73 83

A B A A A B A A B A A A A B B B
ANielei 5513.1.330.837 359.8 467.2 7676.1 508.7 373.6 483.3 9567.1 659.2 388.6 498.2 33808 981.1 427.9 536.9
t + + * + * + * * * + + + + + +

1020.7 13.035 6.6 11.2 10421 209 7.3 105 10164 408 65 105 22374 465 135 128

A A A A A A A A A B A A A A A A

All results are significant at P<0.01.

It was believed that this increase was due to
direct damage of the gluteus medius muscle
which was exposed to gradual elevation of
physical work; this would lead to direct
damage of the muscle membrane and might
lead to leakage of intracellular muscle
components into the extracellular fluid. Serum
skeletal muscle enzymes or proteins were
markers of the functional status of muscle
tissue, and widely in both pathological and
physiological conditions. An increase in these
enzymes might be an index of cellular necrosis
or tissue damage following acute and chronic
muscle injuries (13 and 15).

After exertion, myoglobin might increase
within 30 minutes (22), and remain increase
for 5 days; probably due to low-grade
inflammation (23) so that, each type of horses
running speeds were studied on three days
interval in this research and myoglobin was a
useful marker to monitor the effectiveness of
work load on muscle tissue in training (24).
The time of CK release into and clearance
from plasma depended primarily on the level
of training, type, intensity, and duration of
exercise. Peak serum CK approximately two
fold above baseline occurred 8 hours after
strength training (25), while the decrease in
serum enzymes depended on the period of rest
after exercise, as short-term physical inactivity
might reduce both the lymphatic transport of
CK and its release from the muscle fibers (26).

The results of our study showed that, AST
activities increased significantly immediately
after muscular exertion, It was believed this
might be due to the muscular necrosis of

T

gluteus medius muscle. As well, this increase
might remain for 24 hours. Also (27)
mentioned that AST increase was also related
to the duration of exercise. Exercise induced a
significant increase in LDH (28 and 29). The
degree of increase depended on the intensity
and duration of the effort (30-33). These
results agreed with our results as showed in
(Table, 3), this might be due to muscular
Necrosis.

After a prolong endurance exercise, the
activities of LDH were doubled and remained
in an increase for 2 weeks (34). An eccentric
bout of exercise induced much greater increase
in serum enzyme activity than a concentric
bout, and LDH increased between the third
and fifth day after exercise (35 and 36).
Enzymes were released into the synovial fluid
from damaged tissue during phagocytosis and
from the general circulation about the inflamed
joint.

The results of (Table, 4) showed that, the
mean valuest SE of MG, AST, and LDH
before walking were 222.825 + 9.701, 327.125
+ 9.028 and 424.200 + 11.280 respectively,
and after walking were 245.775 + 12.092,
344513 + 9.752 and 438.850 + 11.663
respectively. Also the mean valueszSE of CK,
AST and LDH before trot were 235.863 +
6.295, 338.875 + 10.073 and 434.688 + 10.412
respectively, and after trot were 263.950 +
14.417, 367.313 + 14.233 and 463.012 *
10.971 respectively, and the mean valuestSE
of CK, AST and LDH before canter were
238.138 + 5.980, 351.375 + 8.743 and 459.538
+ 6.782 respectively, and after canter were
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286.663 19.242, 391.438 + 11.828 and 10.090 and 481.150 + 14.679 respectively, and
509.388 13.213 respectively. While the after gallop were 406.300 + 90.886, 425.988 +
mean valueszSE of CK, AST and LDH before 18.020 and 547.100 £ 20.505 respectively.
gallop were 246.425 + 9.191, 362.875 *

+
+

Table, 4: The mean values + SE of biochemical parameters of synovial fluid (CK, AST and LDH) at different
speeds.
Sample Walking

ORI CK AST  LDH CK AST  LDH CK AST  LDH CK AST  LDH
time u/l u/l u/l u/l u/l u/l u/l u/l u/l u/l u/l u/l

lafo i 222.825 327.125 424.200 235.863 338.875 434.688 238.138 351.375 459.538 246.425 362.875 481.150

+ * * + + * * + * + + +
9701 9028 11280 6.295 10073 10412 5980 8743 6782 9191 10.090 14.679
A B B A B B B B B C B B
INilg N 245,775 344513 438.850 263.950 367.313 463.012 286.663 391.438 509.388 406.300 425988 547.100
* * * * * * * * * * * *
12092 9.752 11663 14417 14233 10971 19.242 11.828 13213 90.886 18020 20.505
A B B A B B B B B C B B
A: Significant at P<0.05. B: Significant at P<0.01. C: Non- significant.
The results of (Table, 4) showed that, the overtraining: Evaluation of two protocols.
mean valuexSE of CK, AST and LDH in Eq.Vet. J. Sci., 27:28-31.
synovial fluid were slightly below their limits 3. Valberg, S.; Jonsson, L.; Lindholm, A.
in serum and this might be due to the degree of (1993). Muscle histopathology and plasma
permeability of the joint capsule but there was aspartate aminotransferase, creatine kinase
a gradual increase according to each type of and myoglobin changes with exercise in
running speed. It was believed that this might horses with recurrent exertional rhabdomyo -
be due to the gradual severity and increase of lysis. Eq. Vet. J.,, 25:11-16.
permeability of joint capsule. These results 4. Rasanen, L.A. (1995). Exercise — induced
were accompanied with the results of (37). CK purine nucleotide degradation and changes in
is significant at P<0.05 in walking and trot, myocellular protein release. Eg. Vet. J.,
significant at P<0.01 in canter but non- 18(1):235-238.
significant in gallop, while AST and LDH 5. Kratz, A.; Lewandrowski, K.B.; Siegel, A.J.;
were significant at P<0.01 in all speeds. A Chun, K.Y.; Flood, J.G.; VanColt, E.M.
gradual increase of running speed might lead (2002). Effect of marathon running on
to increase the joint capsule permeability. Our hematologic and biochemical laboratory
research was the first study in our country. It parameters, including cardiac markers. Am. J.
focused on the effect of running speeds on Clin. Pathol., 118:856-63.
some important muscular and synovial 6. Fallon, K.E.; Sivyer, G.; Sivyer, K.; Dare, A.
enzymes in lraqi Arabian horses. Its results (1999). The biochemistry of runners in a
were very useful for future researches that 1600 km ultra marathon. Br. J. Sports Med.,
might be about other pathological changes 33:264-9.
specially those of the joint structures which 7. Hortobagyi, T. and Denhan, T. (1989).
would have direct effect on the horse Variability in creatine Kinase:
performance, in addition their usefulness in Methodological, exercise and clinically
preparation (training) programs design of related factors. Int. J. Sports Med., 10:69-80.
sports horses. 8. Vincent, H.K.; Vincent, K.R. (1997). The
effect of training status on the serum creatine
References kinase response, soreness and muscle
1. Valberg, S.J. (2006). Diagnostic approach to function following resistance exercise. Int. J.
muscle disorders. Proceeding of the animal Sports Med., 18:431-7.
convention of the AAEP — San Antonio, TX. 9. Fehrenbach, E.; Niess, A.M.; Schlotz, E.;
2. Padalino, B.; Rubino, G.; Centoducati, P.; Passek, F.; Dickhuth, H.H.; Northhoff, H.
Petazzi, F. (2007). Training versus (2000). Transcriptional and translational

¢



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

The Iragi Journal of Veterinary Medicine, 41(2):61-66.

2017

regulation of heat shock proteins in
leukocytes of endurance runners. J. Appl.
Physiol., 89:704-10.

Macleay, J. M.; Valberg, S.T.; Pagan, J.D.;
Xue, J.L.; Dela Corte, F.D. and Roberts, J.
(2000). Effect of ration and exercise on
plasma creatine kinase activity and lactate
concentration in Thoroughbred horses with
recurrent exertional rhabdomyolysis. AJVR,
61(11).

Cardinet, G.H. (1997). Skeletal muscle
function, In: Kaneko JJ, Harvey JW, Bruss

ML. (Eds.). Clinical biochemistry of
domestic animals. 5"ed. New York:
Academic. Pp:407-440.

Beech, J. (1997). Chronic exertional
rhabdomyolysis. Vet. Clin. North Am.
Equine Pract., 13:145-168.

Cervellin, G.; Comelli, I.; Lippi, G. (2010).
Rhabdomyolysis  historical ~ background,

clinical, diagnostic and therapeutic features.
Clin. Chem. Lab. Med. Pp:48.

Szumilak, D.; Sulowie, Z.W.; Walatek, B.
(1998). Rhabdomyolysis clinical features,
causes, complications and treatment. Przegl.
Lek. 55:274-279.

Mokuno, K.; Riku, S.; Sugimura, K
Takahashi, A.; Kato, K. and Osagi, S. (1987).
Serum creatine kinase isoenzymes in

Duchenne muscular dystrophy determined by
sensitive enzyme immunoassay methods.
Muscle Nerve. 10:459-63.

Teixeira-Neto, A.R.; Ferraz, A.R.C;
Moscardin, G.M.; Balsamao Souza, J.C.F.
and Queiroz-Neto A. (1997). Alterations in
muscular enzymes of horses competing long-
distance endurance rides under tropical
climate.

Koenen, E.P.C.; Alderidge, L.I.; Philpsson, J.
(2004). An overview of breeding objectives
for warmblood sport horses. Livest. Prod.
Sci., 88:77-84.

Sobczuk, D.; Komosa, (2012).
Morphological differentiation of Polish
Arabian horses- Multivariate analysis. Bull.
Vet. Inst. Pulawy. 56:623-629.

Allawi, L.D.; Amir, IL.T. and Abdul-Satar,
S.H. (2014). Study the effect of some factors
on the conformation of Iragi Arabian horses.
Kufa J. Vet. Med. Sci., 5(1):85-97.

M.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

10

Lawrence, L.A. (2001). Horse conformation
analysis. Cooperative  extension  paper,
Washington State University, USA.

SPSS. (1999). User guide: Statistics, Version
9.0.1. SPSS Inc.Chicago.IL.

Ascensdo, A.; Rebelo, A.; Oliveira, E;
Marques, F.; Pereira, L.; Magalhaes, J.
(2008). Biochemical impact of a soccer
match analysis of oxidatives stress and
muscle damage markers throughout recovery.
Clin. Biochem., 41:841-51.

Neubauer, O.; Kdnig, D. and Wagner, K.H.
(2008). Recovery after an Iron- man triathlon:
sustained inflammatory  responses and
muscular stress. Eur. J. Appl. Physiol., 104:
417-26.

Speranza, L.; Grill, A.; Patruno, A
Franceschelli, S.; Felzani, G. and Pesce, M.
(2007). Plasmatic markers of muscular stress
in iso- Kkinetic exercise. J. Biol. Regul.
Homeost Agents. 21:21-29.

Huley, B.F.; Redmond, R.A.; Partley, R.E.;
Treuth, M.S.; Rogers, M.A.; Goldberg, A.P.
(1995). Effects of strength training on muscle
hypertrophy and muscle cell disruption in
older men. Int. J. Sports Med., 16:378-384.
Havas, E.; Komulainen, J.; Vihko, V. (1997).
Exercise induced increase in serum creatine
kinase is modified by subsequent bed rest.
Int. J. Sports Med., 18:578-582.

Lippi, G.; Schena, F.; Salvagno, G.L.;
Montagnana, M.; Gelati, M. and Tarperi, C.
(2008). Acute variation of biochemical
markers of muscle damage following a 21-
km, half marathon run. Scand. J. Clin. Lab.
Invest., 68:667-72.

Kim, H.J.; Lee, Y.H. and Kim, C.K. (2007).
Biomarkers of muscle and cartilage damage
and inflammation during a 200 km run. Eur.
J. Appl. Physiol., 99:443-447.

Mena, P.; Maynar, M.; Campillo, J.E. (1996).
Changes in plasma enzyme activities in
professional racing cyclist. Br. J. Sports
Med., 30:122-4.

Gombacci, A.; Tamaro, G.; Simeone, R
Crocetti, G. and Stupar, G. (2002).
Valutazione dellacineticadegli enzimimus
colarinelcorso di unaultramaratona. Sports
Card Vol. 11; 1/2002.

Priest, J.B.; Oei, T.0.; Moorehead, W.R.
(1982). Exercise induced changes in common



32.

33.

34.

The Iragi Journal of Veterinary Medicine, 41(2):61-66.

2017

laboratory tests. Am. J. Clin. Pathol., 77:285-
289.

Attaneo, S.M.; Munjal, D.D.; McFadden,
J.A.; Matix, P.A.; Coffman, K.D. (1983). C
In serum myoglobin, total creatine kinase,
lactate  dehydrogenase  and  creatine
kinase MB levels in runners. Clin. Biochem.,
16:195-199.

Stokke, O. (1982). Clinical chemical changes
in physical activity. Scand. J. Soc. Med.
Suppl., 29:93-101.

Kobayashi, Y.; Takeuchi, T.; Hosoi, T.;
Yoshizaki, H.; Loeppky, J.A. (2005). Effect
of a marathone run on serum lipoproteins,
creatine kinase and lactate dehydrogenase in
recreational runners. Res. Q Exerc. Sport.

35.

36.

37.

76:450-455.

Nosaka, K.; Clarkson, P.M. and Apple, F.S.
(1992). Time course of serum protein
changes after strenuous exercise of the
forearm flexors. J. Lab. Clin. Med., 119:183-
188.

Friden, J.; Sfakianos, P.N.; Hargens, A.R.
(1989). Blood indices of muscle injury
associated with eccentric muscle contraction.
J. Orthop. Res., 7:142-145.

Bashandy, M.M.; Ibrahim, A.K.; Khalid, A.;
EL-Olemy, E.L.; Ghoul, W.S. and Hisham,
M. M. (2014). Clinicopathological
Radiological and Synovial Fluid Evaluations
in Common Musculoskeletal Affections in
Horses. Global Vet., 13(5):889-897.

480 ad) A ) J5add) A Luadal) Jilaad) g abiaad) daad¥) il pdipa lang (& ABNAL) £ pud) LS
230n0 il Aaily 5 Zopmn dran plin g T3d g al ) sale
3l Aawaldl) Gaals ¢ anll alall 48 2 (Alua¥) Ay jall J sl S et
E-mail: Amir.towfik@qu.edu.ig

AadAll

)jjtﬂ:«}.A\L;xmkgﬁ\h\).ﬂ\g_'m@_":'k;\)}l\L@j}ﬁ%%}ﬂ\Q\AM\&?}M\&&y‘!\M\@)ﬂ\JJ@\.JxS
A e e A e Ay e Jsad dplad e Al cy el liadd) Ll g COlal) il ybhe Gy e ddidall ¢l
iy goall anrs 08 Jleatall QI g aall 3l C3A) juaa g 03 gl 5 e oS ] Al Ayl i A )l e Lo a
Lol <«0.01 sz.mmi.ub.a;\ idsale Lgmes i<y de yuldl Aa ) Cousy doag ) aah_)eﬂ\daa.du}\;}uﬁ\ el
Lk};lq).\.ulsu.u\_uﬁ\e.\).a\U\SJAL)J\AAJJMMMJLMIJJLAJ\&J)@J:\m&ms.d\d.am‘u}t;}uﬁ\ ﬁ\&d\
J.\::LULAA\L}JAJ.\LJ&_’A@J\J.\LOO]_ ngmmLuLA;\.L}JAMﬁJ&_\A;J\JM\m‘)mOOS djm\.ub.a;\
g 0,01 (s sina Lilan) i gale Guin 5 e SISV (gan 5 piabasi) i g pou¥) w33 alae il Ly sl

ol a2

1


mailto:Amir_vet_58@yahoo.com

