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Original Article

The military police physical training program has princi-
ples directed to specific enhancement to physical stan-
dards desirable for the demanding activities of this 
profession (da Silveira et al., 2014). Anaerobic metabo-
lism of the individual play a vital role in efficiency of 
performance (Kindermann et al., 1982). Police officers 
are expected to perform physically challenging activities 
as part of their potentially hazardous career, while uphold-
ing their duties to protect the public and prevent crimes. 
At all times, police officers have to be on high alert in 
case of a dangerous and demanding scenario. Police offi-
cers need to perform to the best of their physical and 
mental abilities utilizing their reserve of anaerobic metab-
olism in such situations (Lentz et al., 2019; Vanhees et al., 

2005). The specifics of short-term physical exercise has 
many similarities to the instant reaction demands needed 
of police officers. It is generally known that both acute 
and chronic exercises constitute a powerful stimulus for 
the endocrine system, modifying the plasma concentra-
tion of many hormones, including melatonin, testoster-
one and cortisol (Miyazaki et al., 2001; Monteleone et al., 
1992; Nimmo et al., 2013; Theron et al., 1984). Melatonin, 
an indolamine mainly produced by the pineal gland, not 
only regulates circadian rhythm, but also has antioxidant, 
anti-inflammatory, metabolic and immune-modulatory 
properties (Di Bella et al., 2013; Escames et al., 2012). It 
has been reported that plasma melatonin levels are 
affected by physical exercise (Miyazaki et al., 2001; 
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Abstract
The specifics of short-term physical exercise are similar to the immediate reaction demands placed on police officers. 
Identifying the physiological predisposition to short-term high-intensity exercise in male law enforcement officers will 
assist in understanding their metabolism and make a significant contribution to a much more personal and individualized 
workout program. This will improve physical fitness of individual officers, improving their preparedness for such times 
of emergency. This cross-sectional study was conducted to investigate the responses of hematological (erythrocytes, 
hemoglobin, hematocrit, leucocytes, monocytes, neutrophils, lymphocytes), hormonal (testosterone, cortisol, 
melatonin), biochemical (glucose, uric-acid, lactate, creatine-phosphokinase) data to short-term maximal exercise in 
male police officers (n = 20). Blood samples were collected before- and after- the running-based anaerobic sprint 
test (RAST), and biological values were corrected for fluid shifts. Data were mean ± standard deviation of differences 
(= after minus before RAST). After the RAST, values of cortisol, lactate, neutrophils, lymphocytes, and monocytes 
increased significantly by 7.01 ± 37.36 mmol/l, 7.55 ± 1.67 mmol/l, 0.17 ± 0.26 103/µl, 0.61 ± 0.28 103/µl, and 0.10 
± 0.13 103/µl, respectively. After the RAST, values of melatonin, uric-acid, creatine-phosphokinase, hemoglobin, and 
hematocrit decreased significantly by −13.24 ± 4.60 pg/ml, −13.28 ± 14.35 µmol/l, −10.23 ± 10.13 IU/l, −2.01 ± 0.81 
g/dl, and −4.46 ± 0.59%, respectively. Biological data of male police officers were affected by sprint test. Understanding 
changes in biological data following short-term maximal exercise can further assist in a better understanding of anaerobic 
metabolism, which will be helpful to find available methods for coaches to quantify training loads.
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Monteleone et al., 1992; Theron et al., 1984). Testosterone 
is a key anabolic hormone with numerous physiological 
capabilities in the human body (Buresh et al., 2009). With 
regard to exercise, testosterone plays a key role in the 
strength and development of skeletal muscles, bones and 
erythrocytes (Buresh et al., 2009). Cortisol is a catabolic 
hormone secreted from the adrenal cortex in response to 
physical and psychological stress (Irandoust & Taheri, 
2018). Metabolism is affected by cortisol’s release as cor-
tisol maintains the blood glucose levels during physical 
exercise; the mechanism involved refers to the increase 
of amino acid and lipid mobilization by skeletal muscle 
and adipose tissue (Galbo, 2001). Cortisol facilitates this 
process by stimulating the liver to create the enzymes 
involved in the gluconeogenesis and glycogenesis path-
ways, transforming the amino acids and glycerol into glu-
cose and glycogen (Irandoust & Taheri, 2018). 
Testosterone and cortisol are sensitive to exercise (Budde 
et al., 2015; Budde et al., 2010). Some studies have 
reported that acute exercise induced alterations in serum 
sex steroid hormone concentrations. According to 
Kinderman et al. (1982), serum testosterone concentra-
tions decreased after running on a treadmill using the 
Bruce protocol (Bruce, 1971) in physically active males. 
In contrast, repeated high-intensity exercise (consisting 
of 10 repetitions of 30 seconds sprinting at a target load of 
150% of the maximal work capacity) increased serum 
total testosterone and free testosterone in healthy young 
males (Smith et al., 2013). Testosterone and cortisol con-
centrations were significantly increased in high school 
students after a session of high-intensity exercise (70–
85% of maximal heart rate) (Budde et al., 2015; Budde 
et al., 2010). Following high-intensity maximal tasks, 
many biochemical data increased, including creatine 
phosphokinase (CPK), blood lactate and glucose, and 
uric-acid (Ammar, Chtourou, Hammouda, et al., 2015; 
Ammar, Chtourou, Trabelsi, et al., 2015; Ammar et al., 
2018; Sousa et al., 2019; Yalcin et al., 2003). CPK is a 
well-known biomarker of muscle damage and may con-
tribute to the fatigue process by increasing the myoplasmic 

concentration of inorganic phosphate (Khaitin et al., 
2021). The blood lactate and glucose concentrations are 
routinely used as indicators of the skeletal muscle energy 
metabolism during exercise, and are considered as useful 
indicators of recovery ability in athletes (Dergaa et al., 
2021; Hammouda et al., 2012). Uric-acid is an end-prod-
uct of the purines nucleotides cycle (Hooper et al., 2000). 
It is a powerful plasma antioxidant in vivo (Hooper et al., 
2000) that could contribute to 35–60% of the total anti-
oxidant capacity (Finaud et al., 2006; Johnson et al., 
2009; Waring et al., 2003). During exercise tasks, the 
measurement of hematological data has several advan-
tages. First, some hematological data, such as hematocrit, 
are mandatory to apply the correction for fluid shifts and 
control changes in hormonal and biochemical parameters 
(Alis et al., 2015; Van Beaumont, 1972). Secondly, the 
leucocytes are the major cellular mediators of inflamma-
tion. Finally, high-intensity maximal tasks induced sev-
eral changes in hematological data (Wardyn et al., 2008). 
The latter are dependent on the type, intensity and dura-
tion of exercise (Ammar et al., 2017, 2018; Belviranli 
et al., 2017).

Previous studies have mainly focused on how the time 
of day affects short-term maximal performance in highly 
trained athletes, students or sedentary participants 
(Belviranli et al., 2017; Benloucif et al., 2008; Chtourou 
et al., 2015; Gabriel et al., 1992; Kindermann et al., 1982; 
Mastaloudis et al., 2001; Miyazaki et al., 2001; Monteleone 
et al., 1992; Smith et al., 2013; Sousa et al., 2019; Theron 
et al., 1984; Wayner et al., 1987; Yalcin et al., 2003). To 
the best of the authors’ knowledge, no previous study had 
focused on the diurnal variation of short-term maximal 
performance or the biological data of police officers. For 
anaerobic pathway, persistent short-term high intensity 
efforts are required (Chtourou et al., 2018). Exploring the 
biological response (e.g., hormonal, biochemical, and 
hematological) to short-term maximal exercise in male 
police officers will aid in the understanding of the meta-
bolic impact of such exercise in this specific population. 
The findings can be useful to improve police officers’ 
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training program (i.e., personalization), physical perfor-
mance and reediness to emergency’ situations. Despite the 
similarity between short-term exercise and the daily activ-
ities of police officers, the physiological impact of such 
exercise in this specific population is still unknown.

This study aimed to examine the possible changes in 
hormonal [i.e., testosterone, cortisol, melatonin], biochem-
ical [i.e., glucose, uric-acid, lactate, CPK], and hemato-
logical [i.e., erythrocytes, hemoglobin, hematocrit, 
leucocytes, monocytes, neutrophils, lymphocytes] data 
following a running anaerobic sprint test (RAST) in male 
police officers to ascertain the effectiveness of the same.

Participants and Methods

Study Design

This was a cross-sectional experimental study. The study 
protocol was in accordance with the Helsinki Declaration 
for conducting human experimentation and was approved 
by the ethical committee of Farhat HACHED Hospital, 
Sousse, Tunisia (approval number: FH20201002). All 
participants have signed an informed consent, after 
receiving a complete verbal description of the protocol.

Sample Size. The sample size was calculated according to 
the following equation (Serhier et al., 2020): N = (Zα/2)

2 
s2/∆2; where “s” is the standard-deviation (SD) obtained 
from a previous study (Mastaloudis et al., 2001), and “∆” 
is the accuracy of estimated or how close to the true 
mean, “Zα/2” is the normal deviate for two-tailed alterna-
tive hypothesis at a level of significance (equal to 2.58 for 
1% level of significance). According to Mastoulidis et al. 
(2001), race trial plasma levels of uric-acid (µmol/l) 
increased from 289 ± 14 pre-race to 338 ± 20 by post-
race [n = 11 athletes (8 males), mean age: 45 ± 3 years]. 
In this case, “s” is equal to 6.0 µmol/l and “∆” is 3.5 
µmol/l. The estimated sample size gives a sample of 19 
male police officers.

Participants

To control confounding effects, participants were 
instructed to avoid strenuous exercise 1 week prior to 
the test session and importantly to refrain from exercise 
during the 48 hr preceding the test session. Additionally, 
none of the participants had any previous injury or car-
diopulmonary disease and they did not ingest any medi-
cations (e.g., anti-inflammatory drugs) or dietary 
supplements (e.g., creatine, foods rich in antioxidants) 
1 week prior- and during- the testing day. The partici-
pants were asked to abstain from caffeine and alcohol 
consumption prior to, and during the experimental 
sessions.

Experimental Design

Following an initial familiarization session, participants 
performed RAST. Blood samples were conducted on two 
separate occasions (before and 30 min after exercise). 
Before test sessions, participants underwent an overnight 
fast and were only permitted to drink one glass of water 
(i.e., 15–20 cL) to avoid the potential confounding influ-
ence of post-prandial thermogenesis (Ammar et al., 
2016). All sessions were performed indoor, at the same 
time of the day between 6.00 a.m. and 7.00 a.m. to mini-
mize the effects of diurnal variation in the measured data 
(Dergaa et al., 2021). In addition, sessions were con-
ducted far from the full moon to avoid the effect of circa-
lunar variation on the measured biological data (Dergaa 
et al., 2019, 2021). All physical tests were performed in 
normothermia (Souissi et al., 2019) at a temperature of 23 
± 2°C and a relative humidity of 62 ± 4%. During the 
baseline week preceding the study, the participants were 
instructed to keep their usual bed and wake-time within a 
self-selected range of 8 hr of nocturnal sleep.

Blood Sampling and Analysis

Blood samples were collected from median cubital vein 
of right forearm of each participant, after 5 min of rest on 
blood collection chair [with the use of vacutainer blood 
collection system and tubes (BD, USA)]. Four tubes of 
three ml each were collected every time and mixed imme-
diately with eight inversions of the tubes. Order of draw-
ing blood was as follow: one heparin tube (green top), 
two ethylene-diamine-tetra-acetic acid (EDTA) tubes 
(lavender top), and one fluoride tube (gray top). One 
EDTA tube was stored at 2–8°C for complete blood count 
analysis and the other three tubes were centrifuged at 
2500 rpm for 15 min for extracting plasma. Then, plasma 
was separated in sterile tubes labelled with each partici-
pant’s anonymous identification and type of anticoagu-
lant used in primary tube, that is, EDTA, and Fluoride. 
The first aliquoted tube containing EDTA plasma from 
each participant was used to determine melatonin, corti-
sol, and testosterone levels by commercially available 
radioimmunoassay (RIA) kits (A68449 melatonin RIA, 
IM1841 cortisol RIA, and IM1087 testosterone RIA, 
Beckman Coulter Laboratories, USA). The procedure 
follows the basic principle of RIA. Extraction from each 
sample was done by evaporation of the solvent, followed 
by resuspension in zero calibrator. Then, plasma samples, 
the control, and calibrators were incubated in monoclonal 
antibody-coated tubes with tracer. After incubation, the 
liquid contents of the tube were aspirated and the bound 
radioactivity measured. A calibration curve was estab-
lished and values were determined by interpolation from 
the standard curve. The second aliquoted tube containing 
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heparinized plasma from each participant was used to 
measure CPK at 340 nm using the international federa-
tion of clinical chemistry kinetic method, and uric-acid at 
604 nm using the uricase endpoint method. The third ali-
quoted tube containing fluorinated plasma was used to 
measure glucose at 340 nm using the glucose hexokinase 
endpoint method (Roche Diagnostics, USA). The last un-
centrifuged EDTA tube was used to determine the com-
plete blood count by impedance technology for blood cell 
counting and cyanide-free optical detection for hemoglo-
bin measurement (H18 LIGHT, SFRI, France). The total 
blood count values were reported as numbers/uL, that is, 
leucocytes, neutrophils, monocytes, lymphocytes, eryth-
rocytes, and hemoglobin as g/dL. The performance crite-
ria were similar to those provided by the manufacturer 
and clinical laboratory improvement amendments stan-
dards. The intra-assay and inter-assay coefficients of 
variation were 5.5% and 9.5% for melatonin; 4.05% and 
6.7% for cortisol, 4.46% and 8.06% for testosterone, 
1.55% and 4.65% for CPK, 1.76% and 2.8% for uric-
acid, 0.94% and 1.3% for glucose, 3.5% and 5.4% for 
leucocytes, 4.6% and 6.1% for neutrophils, 3.9% and 
8.4% for monocytes, 1.5% and 3.8% for lymphocytes, 
2.1% and 6.5% for erythrocytes, and 1.5% and 2.5% for 
hemoglobin, respectively. To eliminate inter-assay vari-
ance, all samples were analyzed in duplicate in the same 
assay run, and mean value was used (Ammar et al., 2020; 
El Abed et al., 2019). All assays were performed in the 
same laboratory under stringent quality control.

In order to correct for fluid shifts and to control for 
changes in blood measures, the percentage change in 
plasma volume was calculated [%ΔPV = (100/(100 – 
Hematocritbefore)) x (100 (Hematocritbefore – Hematocritafter)/
Hematocritafter)] (Van Beaumont, 1972). All after exercise 
biomarkers were corrected using the following formulae: 
corrected biomarkerafter = uncorected biomarkerafter x (1 
+ %ΔPV) (Alis et al., 2015).

RAST

The short-term maximal performance was assessed with 
the RAST. The latter consisted of 6 × 35-m maximal 
sprints interspersed by 10-second passive recovery peri-
ods. RAST is a valid and reliable tool for assessing short-
term power and capacity (da Silveira et al., 2014). Each 
participant performed a 12 min warm-up (5 min of jogging 
and 7 min of active dynamic stretching), followed by some 
acceleration to 5 min of jogging. The peak-, average- and 
minimal- powers were determined (Zagatto et al., 2009).

Data Analysis

Data distributions were evaluated using the one-sample 
Kolmogorov-Smirnov test. Data were expressed as mean 
± SD (95% confidence interval). A non-parametric test 

(Wilcoxon matched pairs test) was used to compare bio-
logical data (before- vs. after- RAST). Hedge unbiased 
“d” values were used for effect size measurement (Cohen, 
1992). The magnitude of the “d” was interpreted as trivial 
(<0.2), small (0.2–0.6), moderate (0.6–1.2), large (1.2–
2.0), and very large (≥2.0) (Batterham, 2002). Statistical 
significance was set at p < .05. The SPSS statistical soft-
ware package (version 18.0 for Windows; SPSS Inc. 
Chicago, Illinois, USA) was used to perform all statistical 
calculations;

Results

Twenty male police officers were included in this study. 
The mean ± SD of the age, height, body mass, and body 
mass index were, 26 ± 2 years, 178 ± 7 cm, 80 ± 7 kg, 
and 25.4 ± 2.2 kg/m2. All participants were performing 
resistance and endurance training approximately five 
times/week. Their average weekly training volume was 
~10 hr. The mean ± SD of the peak-, average-, and mini-
mal- powers (in W), were, 765 ± 108, 646 ± 73, and 552 
± 59, respectively.

Uncorrected Biomarkers Values

Comparison between before- and after- RAST for bio-
logical responses were detailed in Table 1S (Appendix). 
Compared to before the RAST, all the selected biological 
data significantly increased after the RAST, except for 
melatonin concentration which significantly decreased.

Corrected Biomarkers Values

Comparison between before- and after- RAST for the 
corrected biological responses were detailed in Tables 
1–3. Compared to before the RAST, after the RAST:

i) Melatonin concentration significantly decreased, 
cortisol concentration significantly increased, and 
testosterone concentration was unchanged. The 
magnitudes of “d” were small for cortisol, and 
very large for melatonin (Table 1).

ii) CPK and uric-acid concentrations significantly 
decreased, lactate concentration was significantly 
increased, and glucose concentration was 
unchanged. The magnitudes of “d” were large for 
uric-acid and CPK, and very large for blood lac-
tate (Table 2).

iii) Hemoglobin and hematocrit values significantly 
decreased, neutrophils, lymphocytes and mono-
cytes values were significantly increased, and leu-
cocytes and erythrocytes were unchanged. The 
magnitudes of “d” were moderate for neutrophils 
and monocytes, and very large for lymphocytes, 
hemoglobin and hematocrit (Table 3).
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Discussion

The main finding of this study including a cohort of 20 
young male police officers was that the short-term maxi-
mal exercise significantly influenced hormonal (i.e., mel-
atonin and cortisol), biochemical (i.e., lactate, uric-acid, 
and CPK), and hematological (i.e., neutrophils, lympho-
cytes, monocytes, hemoglobin, and hematocrit) data. To 
the best of the authors’ knowledge, this the first study to 
investigate the hormonal, biochemical, and hematologi-
cal response to short-term maximal exercise in male 
police officers.

Hormonal Responses to Short-Term Exercise

After-exercise, melatonin decreased compared to the 
before-exercise level (Table 1). There is some controversy 
about the effects of exercise on the endogenous profile of 
melatonin secretion. It has been reported that melatonin 
levels increased (Theron et al., 1984), decreased 
(Monteleone et al., 1992) or remained unaffected (Miyazaki 
et al., 2001) by exercise in various studies (Escames et al., 
2012). Such discrepancies could be due to differences in 
lighting conditions and the time of day at which the physi-
cal exercise was performed. Additionally, it is thought 
that the decreased level of melatonin could be caused by 
the circadian pattern of melatonin concentration. In fact, 
the circadian pattern of melatonin increases significantly 
at night, more significantly from 22h00. The secretion of 
melatonin persists for about 10 hr, with a peak (between 
30 and 200 pg/ml) recorded around 02h00 (Benloucif 
et al., 2008). A plateau is observed up to 5 hr, after which 
the rate decreases rapidly to regain its basal diurnal level 
(Claustrat et al., 2005). In this study, the participants’ usual 
wake time was 5.30 am, and the baseline blood test was 
conducted 30 min later with the second blood test being 
conducted around 30 min after RAST. We postulate that 
the decreased level of melatonin after the sprint test is an 
indicator of the drop of melatonin regaining its basal diur-
nal level and not to a response to the sprint test. Another 
explication of the decrease of melatonin after-exercise 
could be due to the use of melatonin as a powerful antioxi-
dant to combat exercise-induced oxidative stress.

Concerning cortisol concentration, the findings high-
lighted an increase in its concentration following the 
RAST (Table 1). Accordingly, Kindermann et al. (1982) 
measured cortisol 50 min after aerobic exercise at the 
anaerobic threshold (i.e., 4 mmol/L of blood lactates) and 
“anaerobic” exercise (156% of maximal capacity) to 
exhaustion. The anaerobic exercise increased cortisol 
levels by 35%, with 12% of this increase occurring dur-
ing the recovery period. There was a 54% increase 
observed after the aerobic exercise. Cortisol is a catabolic 
hormone secreted from the adrenal cortex in response to 

physical and psychological stress (Chtourou et al., 
2018). The increase of cortisol concentration following 
the RAST could be explained by the role of cortisol in 
regulating metabolism during the exercise (Sayyah 
et al., 2019). Cortisol helps maintaining the adequate 
blood glucose supply during physical exercise by 
increasing amino acid and lipid mobilization from skel-
etal muscle and adipose tissue (Galbo, 2001; Wolfe, 
2001). Cortisol facilitates the mentioned process by 
stimulating the liver to create the enzymes involved in 
the gluconeogenesis and glycogenesis pathways permit-
ting the catabolism of glycogen, amino acids and glyc-
erol into glucose and by increasing catecholamine level, 
which contribute to greater carbohydrate use (Irandoust 
& Taheri, 2018).

There was no statistical significant change in the tes-
tosterone level following the RAST (Table 1). This 
result is opposite to the one of Smith et al. (2013) who 
reported that high-intensity exercise (consisting of 10 
repetitions of 30 seconds sprinting at a target load of 
150% of the maximal work capacity) increased serum 
total and free testosterone in healthy young males. Some 
hypotheses were advanced to explain the elevation of 
plasma testosterone concentrations after physical exercise. 
The first is related to hemoconcentration (Kindermann 
et al., 1982). This hypothesis is retained in our study, 
since “uncorrected” values of after RAST testosterone 
was significantly higher by 3.60 ± 3.39 mmol/l when 
compared to before RAST (Table 1S) and this difference 
disappeared when correction for fluid shifts was 
applied (Table 1). The second hypothesis is linked to the 
reduction in testosterone metabolic clearance resulting 
from decreased hepatic blood flow (Cadoux-Hudson 
et al., 1985). The third hypothesis is connected to the 
increase in gonadal secretion (Cumming et al., 1986). 
Finally, some studies have demonstrated that the sympa-
thetic nervous system participates in elevating testicular 
secretion of testosterone during physical exercise 
(Fahrner & Hackney, 1998).

Biochemical Responses to Short-Term Exercise

Concerning CPK, this study reported a large decrease in 
its concentration following the RAST compared to base-
line (Table 2). This result is opposite to the one reported 
by Yalcin et al. (2003) who noted an increase in CPK val-
ues. During intense exercise, CPK passes into the intersti-
tial medium and enters the bloodstream through the 
lymphatic system (Brancaccio et al., 2008). One possible 
explanation of the CPK increase reported by Yalcin et al. 
(2003) could be the characteristic of the RAST with its 
accelerations and decelerations leading to high eccentric 
bio-mechanical strain on the working muscles, which 
causes micro-injuries of the musculoskeletal system 
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(Russell et al., 2016). The change in CPK activity with 
regard to physical exercise depends on various factors 
(Brancaccio et al., 2008). Our results highlight the use of 
blood correction as a methodological factor influencing 
the magnitude and even the direction/sense of CPK 
responses. Indeed, without applying the blood fluid cor-
rection we reported a large increase in CPK concentration 
by 24.75 IU/L (Table 1S). When we have applied the 
blood fluid correction, the results has been inversed, and 
a significant decrease of CPK by −10.23 IU/L was noted 
(Table 2). Since this is the first study who applied a cor-
rection for fluid shifts following RATS, the authors failed 
to advance an explanation for the CPK decrease. Future 
studies should consider such methodological factor (i.e., 
blood fluid correction (Van Beaumont, 1972)) in order to 
have comparable results.

Likewise, lactate has a very large increase after-exer-
cise compared to baseline values (Table 2). Similarly, 
previous studies revealed that lactate increased to values 
of 10–12 mmol/l at the end of a brief and intense exercise 
stint (Yalcin et al., 2003; Zagatto et al., 2009). From this 
intensity, the plasma concentration of lactate increases 
exponentially during an exercise with increasing load, to 
reach concentrations of 10 to 14 mmol/l, at maximum and 
supra-maximum intensities (Sousa et al., 2019). During 
exercise, muscle cells are responsible for increasing the 
plasma concentration of lactate. The production of lactate 
is proportional to the intensity of the exercise and directly 
linked to adenosine triphosphate demand.

Regarding uric-acid, this study reported a large decrease 
of this biomarker after the RAST compared to before 
(Table 2). Oppositely, Mastaloudis et al. (2001) reported 
that intense physical exercise increases uric-acid concen-
trations. Plasma uric-acid diffuses into muscles to protect 
them from free radicals (Hellsten et al., 1998). uric-acid in 
plasma or muscle is among the most important antioxi-
dants thanks to its direct action on singlet oxygen, hypo-
chlorous acid, the peroxyl radical and peroxynitrite or 
ozone (Hooper et al., 2000). Other studies have reported 
that uric-acid represents a significant part (>50%) of the 
antioxidant capacity in plasma (Wayner et al., 1987). In 
addition, uric-acid is involved in the protection of erythro-
cytes, cell membranes, hyaluronic acid, and deoxyribonu-
cleic acid from free radical oxidation. This chemical 
feature may mean that physical exercise induced a high 
oxidative stress, which decreased the uric-acid concentra-
tions (Wu et al., 2019).

Regarding glucose, no statistical significant change in 
this biomarker has been reported after RAST (Table 2). 
This result is opposite to the study of Sousa et al. (2019). 
The most likely cause of this stable after-exercise glu-
cose is the increase in hepatic glycogen catabolism 
mediated by the effect of higher cortisol during the 
exercise.

Hematological Responses to Short-Term 
Exercise

This study reported moderate to very large increases in 
neutrophils, lymphocytes, and monocytes data, very large 
decreases in hemoglobin and hematocrit data, and no 
changes in leucocytes and erythrocytes after the RAST 
(Table 3). Our findings are intermediate with those 
reported in the literature (Akerman et al., 2015; Belviranli 
et al., 2017; Gabriel et al., 1992; Yalcin et al., 2003). First, 
blood volume is one determinant of cardiorespiratory 
power and capacity (Akerman et al., 2015). Secondly, 
Belviranli et al. (2017) reported that hematocrit, hemo-
globin, erythrocytes, leucocytes, and counts of the leuco-
cytes subgroups increased after acute high-interval 
intermittent test and their values starting to trough toward 
resting levels about 3 hr after exercise and completely 
returned to resting levels in 6 hr. Yalcin et al. (2003) also 
detected a transient significant increment of erythrocytes 
and leucocytes after the short-term maximal performance 
test. A significant increase of leucocytes, lymphocytes, 
monocytes, and neutrophils has been noted after 60 sec-
onds of exercise at 150% of maximal aerobic power 
(Gabriel et al., 1992). The authors believe that the most 
likely explanation of the inflammatory response to the 
RAST test (i.e., increase in neutrophils) is the “possible” 
muscle damage induced by the strenuous exercise. The 
nonexistence of change of leucocytes and erythrocytes 
concentration could be explained by the short duration of 
RAST test. Since we have corrected our biological data 
for fluid shifts, the hypothesis related to the decrease in 
plasma volume, which may increase the total blood count 
of the hematological data cannot be retained.

Study Strength and Limitations

The correction of the after exercise biological data for 
fluid shifts and the control for changes in blood measures 
is considered as a strength point (Van Beaumont, 1972). 
In fact, during exercise plasma volume decreases acutely 
causing the well-known hemoconcentration effect 
(Harrison, 1985). The water flux from bloodstream is 
generally induced by the augmented osmotic pressure 
between blood vessels and extravascular space, as well as 
augmented hydrostatic pressure in capillaries (Harrison, 
1985; Matomaki et al., 2018). This acute loss in plasma 
volume amplified the concentration of blood biomarkers 
irrespective of the probable responses from exercise 
(Matomaki et al., 2018). Hereafter, this phenomenon is 
vital to recognize when comparing biomarkers before and 
after an exercise bout (Alis et al., 2015; Matomaki et al., 
2018; Van Beaumont, 1972). This is usually done by 
applying an equation of relative plasma volume change 
(Alis et al., 2015; Van Beaumont, 1972).
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This study presents four main limitations. The first, 
and probably the most important, is the absence of a con-
trol group of athletes or inactive participants for exam-
ples. The validity of this study results cannot be 
completely linked to short-term maximal exercise. The 
second limitation concerns the non-use of a specific test 
to Police as a short-term maximal exercise. It is recom-
mended that future studies use specific ‘police test proto-
col’ rather than test protocols related to sport performance 
to have more results that are distinct. The third limitation 
is related to the lack of a serial timed measurement point 
of the biomarkers during recovery. The latter methods 
allows accessing the kinetic of the biomarkers during the 
recovery process. Finally, our study only investigated 
acute response while the literature does not sufficiently 
support acute hormonal effects on longer-term changes. 
Our findings should be interpreted with caution and fur-
ther longitudinal monitoring-based studies are warranted 
to better understand how acute physiological changes are 
translated to long-term performance change.

Practical Recommendations

Identifying the physiological predisposition to short-term 
high intensity exercise in male law enforcement officers 
will assist in understanding their metabolism and make a 
significant contribution to a much more personal and 
individualized workout program. This will improve phys-
ical fitness of individual officers, improving their pre-
paredness for such times of emergency. Understanding 
changes in biological data following short-term maximal 
exercise can further assist in a better understanding of 
anaerobic metabolism, which will be helpful to find 
available methods (valid and robust) for coaches to quan-
tify training loads.

In conclusion, this study demonstrates that short-term 
maximal exercise influences hormonal, biochemical and 
hematological activities as demonstrated by the labora-
tory data measured. It has provided reasonable evidence 
to illustrate the effect of RAST on the biological data, as 
measured in this research. It is recommended for future 
studies to further explore the physiological responses to 
anaerobic exercise and its effects on the endocrine, hema-
tological and biochemical data.
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