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ABSTRACT

The purpose of this study was to research to tfferdhces of blood parameters between morning eseeend
evening exercises. 12 participants, in younger &sdaged 20 years, were recruited and their blood veken four
times, from 8:00 to 9:00 (pre and post) for morniexgrcise and from 20:00 to 21:00 (pre and post)efzening
exercise. The results found that leukocytes (WBEahd LY), erythrocytes (RBC, HGB, HCT, MCH and NMOGH
and thrombocyte (PLT, MPV and PCT) show resultiiffergnces (p<0.05) between the morning and evening
exercises. Additionally, no significant differenosere found in the other parameters in blood. Imatosion;
Hematologic parameters display different behavierhibit acute exercise at different times of daguKkocytes,
erythrocytes and thrombocyte levels display diffetehaviors as exercises at morning and evening.

Keywords: exercise, thrombocyte, erythrocytes, leukocytes)dielogy

INTRODUCTION

Exercise is an important function of living systertsaffects many systems in our body. Human bodapés to
exercise by breathing and by cardiovascular systenth as, cardiac output is 20-25 liters duringhhintensity
exercise [1] and also exercise may affect bloochipaters. Physical and physiological response d&gs pan
important role, in hematology [2]. When hematoldgyanalyzed, the effect of acute exercise on heogitmal

levels is seen different. It is stated that thefferénces depend on the severity, duration, egerat different times
of day and frequency of exercise as well as physitd physiological conditions of subjects [3].

Hematologic parameters, plasma, leukocytes andlptat are very responsive to exercises which ane different
time of day and different exercise [4]. Some chanigeerythrocyte's metabolism and in affinity ofneglobin to
oxygen take place in organism of sportsmen-volléylih high and low qualification under trainingdding [5].
Research has been found contradictory concernim@gffiects of training on red blood cells. The spediype and
duration of exercise is of major importance in #oaptations of the blood cell system [6]. Trainatgvarious
altitudes above the sea level also seems to ireteamoglobin more than training at sea level. Whhemumber of
red blood cells increases, their hemoglobin contenises the blood to become thicker and more aesitt flow
through the body.

It is very common for national and internationaldeof athletes to exercise several times a dainduheir training
regimes (i.e. perform multiple daily session). Mpebple do exercise at different times of day. Hovethe impact
of the different times of daily exercise and muéiglaily exercise sessions upon blood has not besearched
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thoroughly. Additionally, the effect of multiple itha exercise sessions upon night-time blood levas$ Imot been
evaluated. We therefore designed the present suithy the aims of determining to compare the henogficl
parameters between the morning and evening exerciigh school students.

MATERIALS AND METHODS

Subjects

12 healthy, untrained male student subjects agegkafs volunteered to participate in the study.sAibjects were
non-smokers, used no drugs affecting the cardiafassystem and had no contraindications to exerddl of
them submitted their written consents to parti@pafter having been informed about the study pmtend
possible risks involved. The study was approvethieylocal committee of ethics.

Physiological Parameters

Body weight, body height, body fat percentage, igaktjump and body-mass index (BMI) were determined
approximately a week prior to the first admissidhe BMI was calculated with the following formulaody weight
(kg) /body height () [7]. The 12-minute run/walk test was conducted aerobic exercise capacity estimated
using Balke’s equation [2Rverage power was estimated using the Lewis formula

Exercise

Before the morning and evening exercise, the rgdigart rate was taken with polar 610i and predict@aximum
heart rates estimated by using the formula 220 e |8} The subjects did the same (submaximal, %8&nksity)
exercise at the same heart rate. The volume (imdugdarm up and cool down) of morning and evenirgreise is
about 70 minutes and intensity of exercises is alB&%. After each drill, participants were resteasgively
between exercises. Passively means that they doréiny physical activity between the exercises. iwhe heart
rate of participants fell down to between 115-12atb per minute, participants continued the infexxarcise again.
All drills were performed with the same intensitydato the same heart rate by all participants. Tussd a heart
rate monitor during exercise and recovery. The saraeedure was used for evening exercise afterek we

Blood Parameters

Blood sample (for morning exercise), was taken&00 and 09:00 (pre- and post- exercise). Bloodpsartfor
evening exercise) was taken at 20:00 and 21:00 éeé post- exercise). Four milliliters of blood reecollected
from each participant in gel tubes. Hematologiealels including Red Blood Cells (RBC), HemoglobiGB),
Hematocrit (HCT), Mean Red Cell Volume (MCV), Me&ell Hemoglobin (MCH), Mean Cell Hemoglobin
Concentration (MCHC), Red Cell Distribution WidtRDW), White Blood Cells (WBC), Lymphocyte (LYM),
Neutrophil (NE), Monocyte (Mono), Eosinophil (EoBasophil (BASO), Platelets (PLT), Platekri (PCMean
Platelet Volume (MPV) and Platelet Distribution Wid(PDW) were analyzed by means of an Archem H3000
Hematology Analyzer.

Statistical Analysis

All data were presented as mean + standard demiaBloe- and post-exercise values for the dependetables
were analyzed to determine if the distributions eveormal using Kolmogorov-Smirnov (K-S) Normalitgst.

Comparison, between pre- and post-exercise, wégrperd through the Paired-Samples T test proceidureder to

examine the differences between tests. It was wded for comparing the differences for pre-test i EE and
post-tests ME and EE. Significance level was set=a0.05 and 0.01. The statistical package progras wsed to
evaluate the results of the study [9].

RESULTS

The subjects studied had a mean age of 20.0 +,m06gly weight of 69.8 + 2.3kg, and body height @4 1 1.6cm.
The subjects had a anaerobic power, 147.32 = 18-k, VQ max of 47.47 + 1.97mL/Kg-min, vertical
jump-61.10 + 6.45cm, body mass index (BMI) 23.1862, and a percent body fat of 10.63 + 1.65%.

In leukocytes, there was significant increase onGAMBunt in morning pre- and post-exercise at tgeiicant level

of p<0.01 and also that of evening pre-and posteis@ at the significant level of p<0.05. The méarel of NE %
and NE 103/uL increased at morning pre-and post-exercig@asignificant level of p<0.05. But NE percentage
decreased at evening pre-and post-exercise atghiéicant level of p<0.05. Meanwhile, the meanued of pre-test
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of LYM % and LYM 1d3/pL was higher than that of the post-test at exgeiercise (Table 1).

Table 1. Mean values (+SD) of leukocytes and exesetrinduced changesA) at Morning Exercise (ME) and Evening Exercise (EE

Morning Exercise Evening Exercise ME-EE ME-EE

Parameters 08:00-09:00h 20:00-21:00h 08:00-20:00r 09:00-21:00F
Pre-exercist A Pre-exercist A Pre-exercise Post-exercise

WBC (ld3/p L) 7.16+£1.47 1.78+18° 8.16+1.17 2.42+1.71* -1.0£1.0 -1.64+1.93
NE (%) 46.94+5.70 2.44t3.72" 55.70+10.46 -3.83t3.79* -8.76+8.16* © -2.49+9.76* »
LYM (%) 42.92+6.21 -1.82+4.4: 33.13%£7.91 5.04£3.34* 9.7945.72'° 2.9246.79*"
MONO (%) 6.12+0.84 0.56+2.9. 7.11+2.14 -0.73+1.45 -0.99%+2.02 -0.82+3.00
EOS (%) 3.39+1.81  0.02+0.923.38+3.32 -0.39+0.72 0.01+2.05 0.42+0.91
BASO (%) 0.63+0.46 0.07+0.5 0.68+0.51 -0.08+0.36 -0.05+0.27 -0.04+0.38
NE (1d3/uL) 3.36+0.79 1.04+1.14 4.50+0.98 0.82+0.61* -1.14+0/97 -0.92+1.44

LYM (10"3/uL) 3.06+0.81  0.68+0.96 2.73+0.87 1.39+1.08* 0.33+0.37 -0.38+1.22
MONO (103/uL) 0.43x0.12  0.01+0.24 0.58+0.18 0.10+0.19 -0.15+0.16 -0.24+0.31
EOS (103/uL) 0.25+0.16  0.60+0.08 0.28+0.24  0.06+0.14 -0.03+0.13 -0.03+0.18
BASO (103/uL)  0.03+0.05  0.03+0.07 0.04+0.07  0.04+0.07 -0.01+0.06 -0.02+0.04

** n<0.01, * p<0.05, ° ME and EE pre-exercise, * MBd EE post-exercise.

In erythrocytes, the mean level of RBC at evenirgrése was higher than the mean level of morniregase. At
the same time, there were significant increasbeatrtean level of HGB and HCT of morning pre-andt{gegrcise
and also that of evening pre-and post-exerciskeasignificant level of p<0.05. The mean level cEMand MCHC
at evening exercise increased more than the mgahdémorning exercise (Table 2.)

Table 2. Mean values (+SD) of erythrocytes, thromhzyte and exercise-induced changea) at Morning Exercise and Evening Exercise.

Morning Exercise Evening Exercise ME - EE ME - EE
Parameters 08:00 — 09:00h 20:00 — 21:00h 08:00-20:00 09:00-21:00F
Pre-exercise A Pre-exercise A Pre-exercise Post-exercise

RBC (106/uL) 5.05£0.37  0.17x0.44  4.80:0.23  0.15%0.10* 0.25:0.38 __ 0.27%0.29
HGB (g/dL) 15.06:0.41 0.44+0.33* 14.57+0.39 0.660.30* 0.49:0.47  0.270.38

HCT (%) 43.68+1.31 1.23+0.94  41.68+1.2¢ 1.20+0.89°  2.00+1.5¢ 2.03+1.1
MCV (fL) 87.92+2.62 -0.38£1.08  86.96+2.51 -0.25+0.84 0.96+1.16 0.83+0.93
MCH (pg) 30.30+1.13 -0.06+0.53  30.42+1.03 0.41+0.21* -0.12+0.55* -0.59+0.24*»
MCHC (g/dL)  34.44+0.64 0.07+0.55 34.92+0.47 0.59+0.24* -0.48+0.59*¢ -1.0+029* "
RDW (%) 12.69+0.81 0.05+0.22 12.52+0.80 -0.13+0.20 0.17+0.40 0.35+0.29
PLT (103/uL) 227.20+39.5 38.02+24.96 240.67+42.9 34.66+27.96 -13.47+35.83 -10.11+41.65
MPV (fL) 8.96+0.74 0.40+0.41* 9.52+0.97 0.21+0.36* -0.56+0.54 -0.37+0.59
PCT (%) 0.21+0.03 0.05+0.05* 0.22+0.04 0.03+0.05 -0.01+0.06 0.01+0.06
PDW (% 15.91+0.4. 0.01+0.1! 16.32+0.4: 0.17+0.3: -0.41+0.4.  -0.57%0.3¢

* p<0.05, ° ME and EE pre-exercise, » ME and EEtf®rcise

In thrombocyte, there were significant increasenairning pre-and post-exercise and also eveningapde-
post-exercise on PLT and on MPV at the signifidentl of p<0.05. Mean level d?LT at morning pre-exercise

increased more than morning post-exercise.
DISCUSSION

As a result of the research, it was found thatethegre a significance increase in the value ofdeytes; WBC and
NE, and was a significance decrease LYM, betweenntbrning and evening exercise. When a comparisasm w
made between these changes and the ones in atkérsstarried out on hematological levels, bothilanities and

differences were observed.

The results are similar to the findings of Vogedaet al. [10] who determined the effects of colgst on routine
hematologic parameters when subjects were subnotieldng-lasting exercise. They found that WBC dowas
significantly increased during exercise in botf@@nd 8C environmental temperatures. Meanwhile, Vogelagre
al. [10] searched the effect of negative thernrasst on hematological variables at rest, and dwidgnaximal and
maximal exercise were observed for young males vahanteered in two experimental sessions, perforimexbld
(0°C) and in normal room temperature {@p. They found the same result that values for WaB&b slightly
increased during cold stress exposure. However xmaieed that this increase can partly be related t
hemoconcentration but also to the cold induced twgitilation activating the lung circulation. Atetsame time,
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Gimenez et al. [11] researched the influence okvitiensity and duration on the WBC and LYM couggponse to
exercise was studied. They found that WBC and LYibtéased at 150W, cyclo-ergospirometric protodétsvever,
during a 45min Square-Wave Endurance Exercise TeBC and LYM increased at the 1%&nin, in the same
research. Another similar research study, Temal.dtl2] searched that RBC mechanical alteratiomns @idative

damage were investigated after an acute exhaustarise in rats, together with the leukocyte atibn. They
found that the leukocyte phagocytic activity incee significantly after the exhausting exercise prafonged till

24 hours. RBC membrane lipid peroxidation was gadlguncreased till 24 hours. Gonzalo-Calvo et[4B] was to

investigate the changes in a large panel of emeggratric biomarkers in long-term trained eldarign to analyze
the effects of long-term exercise on an aged pdpulaThey showed that long-term training was asged with

lower levels of white blood cell counts and neulibpounts.

We found significant differences in erythrocyte8® HGB, HCT, MCH and MCHC, and in thrombocyte; PLT
MPV, PCT between the morning and evening exertissvever, there were no significant differenceshia value
of the remaining blood parameters. Similar reshétge been found in other studies. For example, ldege et al.
[14] observed a slight but not statistically sigraht increase of RBC, HGB and HCT and a plasma&amation
during cold exposure. And they found that platetztant significantly increased during exercise @hb20C and
0°C environmental temperatures. Still another stufiyvagelaere et al. [10] found that at rest, henwgial
variables such as RBC and derivate HGB and HCTifggntly increased during cold stress exposuredlenplasma
volume decreased. Remaining values for platelsts slightly increased during cold stress expoddovever this
increase can partly be related to hemoconcentratiblso to the cold induced hyperventilation\atng the lung
circulation. Maximal exhaustive exercise inducadyoth experimental temperatures, significant imaets of RBC,
HGB and HCT while plasma volume decreased. Geteah. [15] researched to investigate the roleiglfifintensity
intermittent exercise on adaptations in blood vauand selected hematological measures. Total bloddne
based on plasma volume and HCT values increased39y, whereas red cell volume decreased by 6.4%irBu
contrast to this study Green et al. [15] reporteat tmeasurements of hematological indices indicatguificant
reductions in whole-blood HCT, HGB concentratiorGBI content, and RBC count. Their findings suggést t
exercise intensity is a major factor in promotingreise-induced hypervolemia and that rapid elewatiin plasma
volume can be induced early in training. Gimeneale{11] researched that the influence of worleinsity and
duration on PLT count response to exercise wadestudhey reported that the increase was very sfoalHCT,
[HGB], and RBC, in contrast with large changes fitasma, total plasma volume, [H+] and lactate afdéx
cyclo-ergospirometric protocols. Temiz et al. [18port that the leukocyte phagocytic activity irased
significantly after the exhausting exercise andgrged till 24 hours. RBC membrane lipid peroxidatgradually
increased till 24 hours and there was a significamtelation between leukocyte phagocytic actigityg RBC lipid
peroxidation. There was a slight but significantr@dase in MCV and increase in MCHC suggesting hileel
dehydration after 24 hours. Their results implytthativated leukocytes might play role in the RB&nthge
observed after exhausting exercise encouragingatixelstress [12].

Different from our research, some studies statatirihither exercise nor cold inducement signifigamodified the
hematological indices (MCH, MCV and MCHC). Spiropmsiand Trakada [16] examined on marathon runmers,
significant differences were found in hematologipatameters before and after the marathon congretiin their
study. Kara et al. [17] stated that there was atissically significant difference in HGB, HCT, RB&/BC and PLT
values in elite athletes in two different branchgshumacher et al. [6] showed that alterationshefred blood cell
system and iron metabolism may influence physiealgpmance with no difference was found betweeitetgh and
control group in HGB and HCT. They stated that tUHGB, HCT and RBC levels were observed in entigra
compared with strength and mixed-trained. Physitalning itself has no significant effect on se&ett
hematological variables in athletes compared wittiained control group. Cakmakg¢i [18] studied ogkt@ondoers
that there was not a significant difference in WEBRBC, PLT and HCT parameters in blood samples tdlefare
and after the camp. Reitjens al. [5] compared thedbsamples of athletes before and after the seastheir study
on 11 Olympic athletes and determined that theremeesignificant change in MCHC levels.

CONCLUSION

Hematologic parameters (leukocytes, erythrocytestrombocyte) are affected by exercise done imimgrand in
evening exercise. When we compare the differencéeofatological levels between morning pre-exereisd
evening pre-exercise, there was an increase instefnreukocytes, NE % and LYM % and in erythrocyt®&CH

and MCHC. When we compare the difference of herngtohl levels between morning post-exercise andiege
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post-exercise, there was an increase in termsukiotgtes, NE % and LYM % and in erythrocytes, MChtla
MCHC. There were differences between morning anehieyg exercise in terms of increase or decreashen
hematological level of subjects. Some of them watedistically insignificant and some were signifitaThese
changes were within regular limits. Hematologicgmaeters display different behaviors exhibit acutereise at
different times of day.
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