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This work was designed to investigate the role of endurance exercise 
effects on some physical and biochemical parameters of peritoneal fluid  of 
Iraqi Arabian horses. Ten local Iraqi Arabian horses were included, under 
a strict aseptic surgical approach, Peritoneal Fluid (PF) samples 
(5ml/each) were collected before and after running at different speeds, 
48hrs interval between each type of speed. These samples were analyzed 
to determine the physical (pH, turbidity, viscosity, and color) and 
biochemical (total nucleated cells count(TNCC), total protein (TP), 
fibrinogen, creatinine, alkaline phosphatase (ALP), lactate, glucose, lactate 
dehydrogenase (LDH), sodium, chloride, and potassium) parameters. The 
physical parameters showed gradual increases in pH, turbidity, and 
viscosity, and the color was changed to yellow in gallop. The biochemical 
parameters revealed significant increases in TNCC, TP, fibrinogen, 
creatinine, ALP, and lactate while there were gradual decreases in glucose, 
LDH, sodium, chloride, and potassium. A conclusion could be made that 
there are significant effects of endurance exercise on the physical and 
biochemical markers of the PF, and checking of sport horses must be done 
after hard sports. We consider these informational data are very useful for 
horsemen and veterinarians. 

 

INTRODUCTION   

 In Iraq, Arabian horse counts are noticeably growing up during the few last years at the interest of 
their owners. These horses are used often in sports, running for long distances at different speeds, 
walking, trotting, cantering, and galloping (Watchrarat et al., 2023). Exercise acts as a stimulator of 
vital functions as a normal stressor (Gomes et al., 2021; Tashtoush et al., 2022). Histologically, the 
peritoneum is composed of three layers, the first layer at the base is a loose connective tissue, the 
second layer is the basal lamina, and the third one is mesothelial cells. These layers are coated with 
thin film of peritoneal fluid (PF) (Eggleston and Mueller, 2003). PF has many functions, the most 
important is antifriction for the viscera (Gningue et al., 2022; Jarrah et al., 2022; Reed and Bayly, 
2004), prevent adhesions between organs (Smith, 2015; Jam et al., 2011; Wardat et al., 202), and it 
contains many constituents that act as antibacterial (Walton and Southwood, 2012; Zachary,2012). 
PF markers are very important that provide good diagnostic indicators to clinicians (Kilcoyne et al., 
2020; Saulez et al., 2018). Previous reports showed the importance of these indicators such as some 
biochemical parameters in PF; lactate, glucose, and pH, that provide information about the incidence 
of intestinal ischemia or peritonitis (Apichaimongkonkun et al., 2019; Seabaugh et al., 2014; Ruggles 
et al., 1993; Van et al.,1999). In the prolonged exercise usually for the muscular activity, the source 
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of energy which can be produced aerobically is the glucose (TRILK et al., 2010; Teixeira-Neto et al., 
2007; Jam et al., 2017). 

As exercise intensity is increased, the lactate and H+ levels are increased energizing the systems 
quickly via anaerobic-based glycolysis (McGowan et al., 2008; Tashtoush et al., 2023). Lactate 
concentration after physical activity has a positive correlation with the competitive performance of 
the animal (Lindner, 2000). The objective of this work was to study the role of endurance exercise 
effects on some physical and biochemical parameters of peritoneal fluid of Iraqi Arabian Horses. 

MATERIALS and METHODS 

Experimental models 

The research was designed to include 10 local Iraqi Arabian horses (10 stallions) in Al-Heeraa City, 
Al-Najaf province, Iraq. They were housed in stalls of the stable with semi-closed system. They were 
under daily veterinary attention. Their ages were between 4-6.5 years old. Their sub-breeds were 
Kihalan, Hamadani, and Saqlawi. They were provided with standard quantities of grains and alfalfa 
hay with ad libitum clean water. Tests were achieved to ensure that horses were healthy which 
include, blood tests contains complete blood test; the RBCs are 8.6 M/µl, hematocrit is 38% and the 
white blood cells 9.700 cells/µl. the urine test discovered that the urine was alkaline with pH value 
is7.9, also the stool test stated that the consistency issoft and moist with green glossy color. 

Experimental design 

Under a strict aseptic surgical approach with local anesthesia by lidocaine 2%, at the end of the 
sternum in the midline of the linea alba. PF samples (5ml/each) were collected using 19-gauged with 
2-inch-long sterile needles with disposable syringes, ultrasound is used to direct the needle to the 
fluid. Aspiration of fluid was performed before and after running at different speeds, at 48hrs interval 
between each type of speed; walking (5Km/h), trot(20Km/h), canter(30Km/h), and gallop(50Km/h) 
on a dry soil track for a distance of 5Km. The speed of running was calculated by dividing the distance 
on the time which was measured by sports time calculator.  

Laboratory biochemical analysis 

Peritoneal fluid samples were centrifuged at 1500xg for 10min at 37ºC, transferred to plastic tubes, 
stored at 2ºC for 12hrs before analysis, and sent in an icebox to a laboratory for the analyses 
(Teixeira-Neto et al.,2007).Physical parameters, pH (by pH meter-Sper Scientific.USA), color under 
the scale of pale amber-amber-yellow-dark yellow, clearance under the scale of clear-turbid, and 
viscosity under the scale of viscose-watery were measured (Radcliffe et al (2022). The biochemical 
analyses were done using a spectrophotometer (Chrom Tech, V-1100, USA) with a commercial kit for 
each parameter; Total Nucleated Cell Count (TNCC), Total Protein (TP), fibrinogen, glucose, 
creatinine, Lactate dehydrogenase (LDH), Alkaline Phosphatase (ALP), lactate, sodium, chloride, and 
potassium.. 

Statistical analysis 

The difference-based significance was measured employing SPSS software (version 25) and the data 
were analyzed by one-sided paired t tests. The percentages were also analyzed using the Chi-square. 
Data were grouped and summarized as means (±) values at p≤0. 

Ethical approval 

The care and use ethical approaches were followed according to all important and ethical guidelines 
5420/9/7 in University of Al-Qadisiyah College of Veterinary Medicine after agreement of owners for 
using their horses in this study was declared via consent form. 
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RESULTS 

Physical markers 

The pH of the PF for the before and after walking samples were 7.610±0.070 and 7.600±0.050 
respectively that was non-significant at p≤0.05. While it was significant for the before and after trot, 
7.640±0.050 and 7.820±0.051, respectively. It was significant for the before and after canter, 
8.010±0.049 and 8.460±0.040, respectively. It was also significant for the before and after gallop, 
8.510±0.043 and 9.120±0.085, respectively as shown in table (1). 

Validity and Reliability of the Questionnaire: 

Table 1: The mean ±SE of the pH values of Peritoneal fluid (PF) according the speed of exercise. 

pH Period Speed 
7.610± 0.070  A Before Walking 
7.600± 0.050  A After 
7.640± 0.050  B Before Trot 
7.820± 0.051  A After 
8.010± 0.049  B Before Canter 
8.460± 0.040  A After 
8.510± 0.043  B Before Gallop 
9.120± 0.085  A After 

Different letters mean significant difference at p≤0.05.. 

The color of the PF was pale amber at a high degree before walking and trot. It was decreased 
gradually after walking (90*), after trot and canter (70*and 70*) respectively, and before gallop 
(70*), but it disappeared after canter and gallop. It was yellow at a high degree after canter (100*) 
and gallop (100*). It was fair after walking (10*) and trot (30*) as shown in table (2). 

Table 2: The mean ±SE of the color of  PF according to the speed of exercise. 

P value X2 Yellow% PA% Period Speed 

0.305* 1.05 0 100* Before Walking 
10 90* After 

0.06* 3.52 0 100* Before Trot 
30 70* After 

0.06* 3.52 30 70* Before Canter 
100* 0 After 

0.06* 3.52 30 70* Before Gallop 
100* 0 After 

Source: * No significant difference at p<0.05. 

The clearance ratio of the PF was at a high degree before the walking (100*) and the trot (100*), but 
it decreased gradually after the trot (70*) and high turbidity after the canter and the gallop (Table 3).                                                                                                                                                                                             

Table 3: The mean ±SE of the clearance of   PF according to the speed of exercise. 

P- value X2 Turbid % Clear % Period Speed 

0.305* 1.05 0 100* Before Walking 

10 90* After 

0.06* 3.52 0 100* Before Trot 

30 70* After 

0.06* 3.52 30 70* Before Canter 

100* 0 After 

1* 0 100* 0 Before Gallop 

100* 0 After 

* No significant difference at p<0.05 
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The viscosity of the PF was very low at the walking and the trot and was very viscous after the gallop 
as shown in Table (4). 

Table (4): The mean ±SE of the viscosity of  PF according to the speed of exercise. 

P value X2 Viscose
% 

Water
y% 

Period Speed 

0.305* 1.05 0 100* Before Walking 
10 90* After 

0.06* 3.52 0 100* Before Trot 
30 70* After 

1* 0 70* 30 Before Canter 
70* 30 After 

0** 20 0 100* Before Gallop 
100* 0 After 

* No significant difference at P<0.05; ** highly significant at p< 0.01. 

Biochemical markers 

For before and after the walking, the effect of the endurance exercise on the TNCC (Cellx109/L) was 
significant, 1.56±0.0.094 and 1.63±0.095 respectively. The effect was significant for ALP (IU/L), 
391.04±32.497, 374.65±31.169 respectively.While other biochemical markers were non-significant 
as showed in Table (5). 

Table (5): The mean ±SE of the biochemical parameters of  PF before and after walking. 

Biochemical markers Before After 

TNCC (cellx109/L) 1.56±0.094 B 1.63±0.095 A 

TP (g/L) 8.31± 0.545 A 8.88± 1.274 A 

Fibrinogen (mg/dl) 8.31± 0.545 A 8.88± 1.274 A 

Glucose (mg/dl) 154.09± 3.741 A 153.70± 3.805 A 

Creatinine (mg/dl) 1.67±0.052 B 1.8±0.63 A 

LDH (IU/L) 1.76±0.024 A 1.73±0.032 A 

ALP (IU/L) 391.04±32.497 A 374.65±31.169 B 

Lactate (mEq /L) 6.37±0.431 A 6.71±0.395 A 

Sodium (mEq /L) 168.66±4.191 A 168.76±4.175 A 

Chloride (mEq /L) 124.39±4.042 A 124.59±4.045 A 

Potassium (mEq /L) 5.65±0.265 A 5.66±0.225 A 

                Different letters mean significant variances at p≤0.05. 

For before and after trot, the endurance exercise effect on the TNCC (cellx109/L), TP (g/L), glucose 
(mg/dl), creatinine(mg/dl), LDH(IU/L), and sodium(mEq/L) were non-significant, table (6). While 
fibrinogen (mg/dl) was 123.90±6.704 and 125.32±6.561 respectively, ALP (IU/L) was 
369.82±31.060 and 360.87±31.324 respectively, lactate (mEq/L) was 6.60±0.367 and 7.07±0.388 
respectively, chloride (mEq/L) was 122.77±3.3.704 and 118.71±3.699 respectively, and potassium 
(mEq/L) was 5.39±0.257 and 4.60±0.137 respectively as shown in table (6). 
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Table (6): The mean ±SE of the biochemical parameters of PF before and after trot. 

Biochemical markers Before After 

TNCC (cellx109/L) 1.71±0.088 B 2.45±0.550 A 

TP (g/L) 9.01±1.183 A 10.16±1.416 A 

Fibrinogen (mg/dl) 123.90±6.704 A 125.32±6.561 A 

Glucose (mg/dl) 154.57±3.627 B 250.82±96.474 A 

Creatinine (mg/dl) 1.68±0.044 A 1.70±0.045 A 

LDH (IU/L) 88.42±7.838 A 85.66±7.865 A 

ALP (IU/L) 369.82±31.060 A 360.87±31.3249B 

Lactate (mEq/L) 6.60±0.367 B 7.07±0.388 A 

Sodium (mEq/L) 168.03±3.971 A 162.99±4.187 A 

Chloride (mEq/L) 122.77±3.704 A 118.71±3.699 B 

Potassium (mEq/L) 5.39±0.257 A 4.60±0.137 B 

                           Different letters mean significant variances at p≤0.05. 

For before and after canter, only lactate (mEq/L) was non-significant, 6.71±0.380 and 6.75±0.484 
respectively. All the other biochemical parameters were significant, Table (7). 

Table (7): The mean ±SE of the biochemical parameters of PF before and after canter 
Biochemical markers Before After 

TNCC (cellx109/L) 1.63±0.087 B 16.25±1.638 A 
TP (g/L) 8.88±1.167 B 10.56±1.344 A 

Fibrinogen (mg/dl) 122.74±6.474 B 157.52±7.208 A 
Glucose (mg/dl) 153.70±3.970 A 121.84±2.599 B 

Creatinine (mg/dl) 1.66±0.053 B 1.80±0.034 A 
LDH (IU/L) 87.59±7.930 A 74.76±6.456 B 
ALP (IU/L) 374.65±29.067 A 324.87±29.364 B 

Lactate (mEq/L) 6.71±0.380 A 6.75±0.484 A 
Sodium (mEq/L) 168.66±3.984 A 150.41±3.557 B 
Chloride (mEq/L) 124.39±3.864 A 100.61±9.849 B 

Potassium (mEq/L) 5.65±0.190 A 4.12±0.144 B 

For before and after gallop, all the biochemical parameters were significant. TNCC (Cellx109/L) was 
1.89±0.126 and 30.75±3.256 respectively, TP (g/L) was 8.41±0.555 and 17.76±1.323 respectively, 
fibrinogen (mg/dl) was 123.84±7.338 and 218.22±7.419 respectively, glucose (md/dl) was 
160.80±4.284 and 77.45±3.793 respectively, creatinine (mg/dl) was 1.55±0.051 and 1.90±0.047 
respectively, LDH (IU/L) was 79.52±8.161 and 58.15±5.786 respectively, ALP (IU/L) was 
366.78±31.624 and 271.07±29.452 respectively, lactate (mEq/L) was 6.64±0.373 and 7.77±0.454 
respectively, sodium (mEq/L) was 168.46±5.903 and 114.41±1.719 respectively, chloride (mEq/L) 
was 108.39±2.398 and 87.11±3.915 respectively, and potassium (mEq/L) was 4.46±0.170 and 
3.14±0.151 respectively as shown in table( 8). 

Table( 8): The mean ±SE of the biochemical parameters of PF before and after gallop 
Biochemical markers Before After 

TNCC (cellx109/L) 1.89±0.126 B 30.75±3.256 A 
TP (g/L) 8.41±0.555 B 17.76±1.323 A 

Fibrinogen (mg/dl) 123.84±7.338  B 218.22±7.419 A 
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Glucose (mg/dl) 160.80±4.284  A 77.45±3.793 B 
Creatinine (mg/dl) 1.55±0.051 B 1.90±0.047 A 

LDH (IU/L) 79.52±8.161  A 58.15±5.786  B 
ALP (IU/L) 366.78±31.624 A 271.07±29.452 B 

Lactate (mEq/L) 6.64±0.373 B 7.77±0.454 A 
Sodium (mEq/L) 168.46±5.903 A 114.41±1.719 B 
Chloride (mEq/L) 108.39±2.398 A 87.11±3.915 B 

Potassium (mEq/L) 4.46±0.170 A 3.14±0.151 B 
Different letters mean significant variances at p≤0.05. 

DISCUSSION  

PF analysis is very useful for a lot of equine health problems like septic peritonitis, colic, intestinal 
pathologic lesions …. Etc (Huo et al.,2021).  According to our knowledge, there are no previous studies 
of the effect of endurance exercise at different speeds (walking, trot, canter, and gallop) on the 
constituents of PF. This fact may be difficult to compare the results. The PF analysis may give 
important information about the performance of the sport horses(Walton, 2021). The speed may 
change many properties which reflect the pathophysiological state of the parietal and visceral 
mesothelial surfaces. 

Abdominocentesis is a very simple, fast, and useful technique to collect PF in the field(Lindner,2000). 
Gradual increases of pH according to the hardness of the endurance exercise in which for walking 
was 7.60±0.050 and in gallop was 9.12±0.085. This result might have been due to the rise of total 
proteins which move the pH shaft to the (Hooijberg and Lyle, 2020). Normal adult horses have little 
volume and clear or pale amber color of PF(Reed and Bayly,2004). While the results showed gradual 
changes in the clearance according to the speed of running and transformed to turbid fluid because 
of the increase in the TNCC and proteins (Smith,2015). Interestingly, there was an increase in the 
viscosity of PF, and that might have been due to increases in the hyaluronic acid, an essential anti-
inflammatory constant, that might have happened. 

 The increase in the TNCC to 30.75±3.256x109/L after galloping may indicate clearly that this high 
speed caused this effect. The normal value of TNCC may not exceed 5x109/L in adult horses. This 
result indicates that the endurance exercise is a stress factor and this agreed with (Birckhead et al., 
2023) who found that stress cause increase in the TCNN in horses. The TP level was increased 
significantly, reached to the tip especially after galloping (17.76±1.323g/L), because of the 
extravasations of proteins during the high speed which reached 80km/hr. Due to the inhibition of 
fibrinolytic activity and damage of mesothelial cells of peritoneum by the exposure of tissue 
thromboplastin and plasminogen activator level decreasing which promotes the precipitation of 
fibrin on the viscera, there was a visible significant increase of fibrinogen level at galloping, 
218.22±7.419mg/dl and this compatible with(Ткаченко et al.,2020). 

The endurance-exercise-based response of insulin is well-understood and recorded by McKeever 
KH(McKeever,2002). Insulin will prevent glucose from leaving the cells through their membranes, so 
the significant decrease of glucose in all speeds especially after galloping, 77.45±3.793mg/dl, is 
rationally explained. The results of this work show a significant increase in lactate, 7.77±0.454 
mEq/L, after the endurance exercise, and this result agrees with (Gomide et al.,2006) who 
documented that there was an important increase of lactate in blood after the end of a demanding-
based physical activity. After galloping, creatinine level, 1.90±0.047mg/dl, was significantly 
increased due to the high physical activity of the muscular system anaerobically. 
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 This work shows very interesting results in which the LDH and ALP activities were decreased 
significantly especially after galloping, 58.15±5.786IU/L and 271.07±29.452IU/L respectively, 
because there might be no hepatic exposure to endotoxins in contrast to the cases of intestinal 
problems like colic, inflammatory-based mediators or bacteria of enteric origin, and bile-duct-based 
stretching due to ileus(Zohier et al.,2023). 

 The results also showed significant decreases in sodium (114.41±1.719mEq/L), chloride 
(87.11±3.915mEq/L), and potassium (3.14±0.151mEq/L) after galloping, and that might have been 
due to reverse permeability of these elements through peritoneum to excrete outside the body with 
sweat or urine(Gomes et al.,2023). 

CONCUSION 

A conclusion could be made that there were significant effects of endurance exercise on the physical 
and biochemical markers of the PF, and checking this fluid is crucial in sport horses because it 
considered as a diagnostic tool and monitoring the disease progression as well as reflect 
pathophysiology status. We consider these informational data are very useful for horsemen and 
veterinarians. 
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