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ABSTRACT

Concurrent exercises (endurance & resistance) Hmaen utilized in many sports. This study aimedhegstigating
the effect of concurrent exercise of endurancestasce versus resistance-endurance on cell darsagen indices
(CK, CKMB, CKMM, and LDH) and Testosteror€ortisol ratio in non-athlete males. Sixteen healthy mates i
two groups ofendurance-resistance group (E-R) and resistancedueance group (R-E) participated in this study.
Blood samples were taken 5 minutes before and onediter the exercise protocols. The plasma wasnixed for
CK, CKug, CKuwm, LDH, cortisol and testosterone. At the beginningimality of the collected data was approved
through Kolmogorov-Smirnov test and then the data analyzed by paired and independent samples atgs
0.05. The findings indicated significant changealbindices before and after the exercise protsdal both groups
(except for the testosterone change before and thiteexercise in group one, together with cortislohnge and the
ratio of testosterone to cortisol in both groupdhwever, there was no significant difference betwtbe groups as
far as the mentioned indices were concerned. Thelterevealed that both exercise protocols causegase and
decrease in some cell damage serum indices, ththegypercentage of rise and fall of these indicek, (CKMB,
CKMM, and LDH vs. high cortisol; testosterone apdtosterone ratio to low cortisol) before and attee exercise
protocols was higher in group two (endurance- riegise) compared with group one (resistance-enduwanc

Keywords. concurrent exercis€reatine Kinase, Testosterone to Cortisol ratio.

INTRODUCTION

Since endurance and resistance exercises havevpadiects on individuals’ heath, many studiesehesported the
beneficial effects of endurance (e. g. increasiogygr, muscle mass, etc.) and resistance exeraseas (cardio-
respiratory capacity, muscle resistance, etc.}hitete and non-athlete individuals [3,5,18]. Theref based on the
positive impacts of these exercises, several suldée highlighted the higher effectiveness of gaioncurrent
endurance-resistance exercises, in contrast taypeeonly, to increase athlete and non-athleteviddals’ fithess
and health [2,13,21,23,32]. However, researctiheneffect of the order of performing concurrenéreises on
improving endurance and resistance is still undmstoned. It is not clear whether the muscle eatitn speed
falls in case of doing resistance exercises fiBh the other hand, if endurance exercises premigtance ones,
how the excess post-exercise oxygen consumptiongelsa The researchers believe that the answeistdyfie of
questions depends on acute and chronic compatifflj1]. Research has reported that, comparethgbestype of
exercises (endurance or resistance), concurrentisge have led to interference in endurance aststagmce
improvement and have shown different results [8,Blie to the rise of metabolism as a result oféase in athletic
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activity, enzymes (one of the vital components @tabolism inside cells) activity goes up in accamawith the
intensity of athletic activity.

Normally, many enzymes (e. g. LDIEK, CKy; ,and CKyy) are surrounded inside cells, but their releasthén
blood might increase in response to different &thlactivities [8,9,30,31]. LDH is one of these gmes which
exists in cellular cytoplasm of all body fibersdifferent densities. The majority of studies invgasting the effects
of different athletic activities, particularly endunce and resistance exercises, on LDH enzymetgaiwmount have
revealed significant change of this enzyme [8,8@r instance, Franca et al, in their study on 28lthg athlete
males, have reported the significant rise of LDRyene after the marathon race and even during regastage
[17].

Creatine Kinase (CK) as one of the key enzymesnefgy metabolism in the body that maintains higrele of

intracellular ATP through the phosphorylation oéa&tine is also investigated in many studies examgittie impact
of athletic activities of endurance and resistaegercises [9,30]. In a relevant study, Kratz eteetamining 37
runners in marathon race (32 men, 5 women, withameeage of 49) observed a significant increaselindamage
serum indices of CK and GJ [25]. CK has three main iso-enzymes, each of which is coethoEtwo polypeptide
chain. These chains are called B and M that crdiatener compounds of BB, MB, and MM. This enzyme sists

of three iso-enzymes called g CKyg, and CK,y. The MM iso-enzyme has the highest amount in Kedeson

muscles, BB exists in brain, nervous fibers, thyrand kidney, and MB type is available in heartsohe and
diaphragm, respectively [9,30]. Therefore, we migatable to explain the interference in enduramzkrasistance
improvement of concurrent exercises through ingasitig the degree of cell damage serum enzymes.

The hormonal system as an effective factor involveghysiological processes of the body plays apartant role
in growth, maturity and short-term and long-terrep@nses to resistance and endurance exercised ] 1bt& two
important hormones in response to skeleton musizptation to exercise are testosterone and cotliablct as the
indices of anabolism and catabolism, respectivély,31]. Testosterone is a 19-carbon steroid horntbae its
metabolism takes place in the liver, testis, arabfate. Testosterone has a crucial role in maimgimuscle and
bone mass, and brain function. In addition, testoste makes more and larger muscle fibers throoglsynthesis
of protein[13,22,26,31]. Cortisol is also one oftmain steroid hormones playing a remarkable rolehie
adjustment and regulation of cardiovascular, imnhagioal, homeostasis, and metabolic functions. Tiaemone,
furthermore, accelerates gluconeogenesis, lipogenasd proteolysis in the body. Researchers hawvetqad out
that some factors such as the intensity of athkattovity (more than 75 percent of consumed oxyg#m® volume
change of plasma and blood, the temperature vamiaif the environment, and the mental stressesthiéti
activities influences the density of serum cortigolathletes [13,31]. Nevertheless, there is adavgriety of
hormone responses to endurance and resistancasegeit the literature. Generally, endurance egzesciead to
testosterone increase in both phases of exercisgsnamediately after the exercise which startsath during
recovery phase [3,6,11,18]. Unlike endurance egesgiresistance ones usually cause a sharp reetisol density
after the exercise that, similar to testosteroneridurance exercises, begins to decrease in rgcetage. As a
result, cellular and hormone damages happeningtalitbe particular order of performing these exesisnay
influence the obtained changes (3, 20). Deakin rdest that muscle damages of concurrent exercisghtrbe
because of the fatigue caused by the exercisemdther study, Leveritt et al. indicated that thesole damage of
endurance exercises was more than resistance g®1{di3,27]. Contrastingly, not only many studias shown
that resistance exercises also cause cell and endschage, but also they have taken resistanceise®ras the
main cause of muscle damage in concurrent exerfi€e$3]. However, because of the importance anglty of
this issue, there is not any single theory in tkeigard. Therefore, the present study is intendedvestigate the
effect of concurrent exercise of endurance- resigtavs. resistance -endurance on cell damage dadices (CK,
CKug, CKum, and LDH) and testosterone/cortisol ratio in ntmete males.

MATERIALSAND METHODS

Subjects

The initial sample of this study was male studefits9 to 23 year-old age of Tabriz University. Aekeprior to the
study, among 60 non-athlete volunteer studentstidents were chosen through participating in Bfeatesearch
respondents and getting familiar with researchildets the final subjects. Furthermore, after etation of the
study details to the participants and assuringctididentiality of their records, all subjects wexgked to read the
agreement and confirm the research terms and comslibefore selection stage. The selection requngsnof the
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subjects included absence of drug or supplemenandesmoking, individual health, no record of blatisease or
illnesses affecting immunity system, lack of infentand allergic conditions, and relative familigrith weight
training. Then, for three repeated days from 1@ 20in the morning, the following tests were takkesm the
subjects in order to establish homogeneity: shutifetest to estimate Vi, prediction of one repetition maximum
(1RM) (in bench press, knee flexion and extenslah,pull-down, and arm exercises), estimation ofibdat
percentage (using 3Sites Jackson Formula), and imadyg index. After assuring homogeneity among stdjéhey
were randomly assigned into two groups of enduraesistance (age=23, height=1737.8,, weight=70.96.3,
BMI=21.58t1.23, VQuacdl.0k 2.27, mugmne fat percentage=14.32.80) and resistance-endurance (age223
height=175.25., weight=71.210«g, BMI=23.26:3.17, VQma=41.66 2.68,migmin, fat percentage=16.23.81).

Data collection

At the beginning, the demographic information oé tbubjects was recorded and the participation agpe
together with the health questionnaire was disteband collected. Then, all the subjects wereéavio the weight
saloon of Tabriz University Stadium to conductialimeasurements and start the tests. Based canagqa time-
table, the subjects gone through required inswaostion the tests performance and took the testsriain sessions.
Additionally, blood tests were also taken and setéboratory in a specific period of time.

Measuring the Maximum Volume of Oxygen (VOazmax)

In order to measure V&, shuttle run test protocol of 20 meters was applidtk subjects had to run a 20-meter
flat route in a two-way continuous form. The initspeed of the test was equal to 8 kilometers per that every 2
minutes 0.5 kilometer (0.3#erse) Was added to it. The runners speed was adjustedgh the broadcasting of the
signals on the tape at final lines. When the sigmadre broadcasting, the subjects ought to stdyeabeginning or
the end of the lines and try to continue the test stand on the defined lines at the appropriate.tiThe first time
that the runners lagged behind the signals voloe fitst warning was given and written as the festor in the
certain form. In case of the third error, the t8at stopped and the maximum speed of the runnethitegwith the
number of levels and two-way running cycles weikzetl to estimate the maximum oxygen volume Q¥g). It
should be noted that the heart beat of the subjeatscontrolled and recorded by Polar heart rateitms along
and at the end of the test. The formula is asdlo

VO ma{mi/kg/min) =(5.857 x maximum speed in Km/h)-19.485

Measuring One Repetition Maximum (1RM)

For measuring 1RM in six exercises of knee extendiench press, knee flexion, armpit muscle pullamgd back
and front exercises of arm, the subjects movednaleruthe maximum weight up to the exhaustion (teet was
selected in a way that more than 10 time repetiti@s impossible). Then, the one repetition maxinflRM) was
calculated according to the following formula:

" . the moved weight (kg)
One Repetition Maximum =
1.0278—{number of repetition till exhastionx0.027%£

The exercise plan

The concurrent exercise of endurance-resistandequioconsisted of 10 minutes warm-up, 20 minuteming of
60 to 70 percent heart beat, and 10 minutes aotisevery for the endurance phase. The second pheskeing

resistance exercises included 50 minutes of powancises of knee extension, bench press, kneefieand finally
back and front exercises of arm in three sets db1I® repetition and 70 percent of one repetitiraximum (1RM)
and 10 minutes active recovery (stretching exesgisEhe protocol of concurrent resistance-enduraneecises
was performed unlike the previous protocol.

Nutrition and physical activity of the subjects

In order to homogenize the subjects’ nutrition dbads and prevent from any effect on the varialidefore the
tests, all subjects were advised to take their 3éalto 3 hours before the test. Furthermore, these asked to
drink adequate water during and after the tese&ded. Regarding their physical activities othantthe testing
days, all subjects were recommended to do theimabdaily activities. However, to avoid any possileiffect of
physical exercises on the research results, theg asked to stop any intensive physical activityhd8rs before the
test.
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Blood taking and laboratory analysis

Every subject was given a certain time and wascdsiee at the testing place an hour before theféeslood
sample taking (two groups in two following daysheTpurpose of this initial blood sample taking waget the
basic levels of enzymes (CK, G CKuw, and LDH) activity together with testosterone amdtisol hormones
activity before the test. Later, in the post tésige, another blood sample was taken from the ctslpee hour after
the exercises protocol. The blood sample takinexigained in the following. After the arrival ehch subject to
the testing place, he was asked to sit for 5 mgil@en, a laboratory technician took 3 ml of blgaithout anti-
coagulant to separate the serum) from the antedwigiin using 5cc syringes. Next, the blood samae placed for
30 minutes in laboratory temperature of 22-25c dagulate. After that, the serum was separated hyrifiege
device and the enzymes activity rate and the cporeting hormones changes were estimated through Par
company'’s kits and Hitachi v.4 auto-analyzer systefiter unit.

The statistical methods

At the beginning, the demographic information oé tsubjects and research data were collected ahdretad
through table. Then, research hypotheses were eranait significance level of 0.05 according to es studies.
The normality of the collected data was approved&bjmogorov-Smirnov test and then the data wasyaed by
paired and independent samples of t teskd1.p5 using SPSS 15 software.

RESULTS

The findings revealed a significant increase inrdite of enzymes (CK, Gjg, CKywm, and LDH) change before and
after in both endurance-resistance and resistamdarance groups (9 0.05). However, there was not any significant
difference between the groups as far as the camelspy enzymes change domain is concerned (tablRebarding
the testosterone change, although the resultsaitedica significant change of testosterone in egist-endurance
group before and after the test {p0.007), no significant difference was observed nidugance-resistance group
between pretest and posttest-(f.15). On the other hand, the findings showedttieate was no significant difference
between the groups regarding the testosterone etdomain (p> 0.67). Furthermore, both groups did not have any
significant change in cortisol and cortisol dombéfore and after the test. Considering the testwste/cortisol ratio
and their change domain before and after the messignificant difference was seen between theggourinally,
indices change percentage outcomes revealed tihaiigh the second group (resistance-endurance)ahaidher
percentage in CK, Cig, CKuu, LDH and cortisol indices, it showed a lower petege in testosterone and
testosterone/cortisol ratio indices [table 1].

Table 1-The M ean of before and after change, rang and change percentagein serum and hormonal indices

Variables
Testostggt?: {Cortisol Cortisol Testosterone LDH CKum CKws CK Groups statistical methods
p t p t p t p t p t p t p t

0/10 184 | 0/44 | -0/80 | 0/15 | 1/57 | 0/003 | -4/5 | 0/002 | -4/7 | 0/004 | -6/2 | 0/003 | -4/3 ER baired samble { test

0/12 1777 | 031 | -1/09 | 0/007 | 3/75 | 0/002 | -4/6 | 0/004 | -4/2 | 0/005 | -8/4 | 0/007 | -3/7 RE P

0/76 030 | 0/50 | -0/68 | 067 | 0143 | 043 | 08 | o6 | 07 | o | -08 | o5 | 15 beg’;’gfg‘sthe ;ggfpe”de”t sample t
11795 6/36 8126 70/5 7538 49741 83724 ER chanae percentade
18/83 11/83 15/50 71/38 147/19 77771 11031 RE 9ep 9

DISCUSSION

The findings of the present study demonstrate aifsignt difference (increase) after the test in, @Ky, and
CKum enzymes levels in both groups (endurance-resistesiceesistance-endurance). In a similar vein, €atk
has reported a significant increase in CK enzynter ahe concurrent exercises of resistance-endarftid]. In
addition, this study represented a significantadéhce between the two groups as far as the enzZ@esCKyg,
CKwuwm) change domain is concerned. This study also apgr®eakin’s findings mentioning a significant rige<
0.026) in CK enzyme level after resistance-endwraexercises, and an insignificant difference in €iange
domain between both groups [15]. Deakin added higfindings might be due to the endurance exescisahe
second phase because the change domain of CKtlaftemdurance exercises was more than the chamgeirdo
after endurance-resistance exercises [15]. Simjlaml another study, Deakin reported that perfognéoncurrent
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endurance-resistance exercises show a lower CKl lesmpared to doing endurance exercises. This study
represented a significant volume of CK in both pat endurance exercises (upper-body, lower-boagyyever
there was no significant change of CK volume in #melurance-resistance group [14]. The conflictingults
between the mentioned studies and the present studg be due to the differences in study groupaluation and
measurement methods, the intensity and duratiexefcises, types of exercises protocols, bloodchtpkime, and
rest intervals between two exercises [7,14]. Talimig account LDH enzyme change, many studies erirtipact
of athletic exercises, particularly endurance-tasise exercises, on LDH enzyme activity rate abeehconfirmed
the significant change of this enzyme. This isiite lwith the results of the present study indigatinsignificant
increase in LDH enzyme change and an insignificdr#nge in LDH domain after the test. Franca ethale
demonstrated a significant increase of LDH after tarathon and recovery stage [17]. The resulteibfdamage
serum indices illustrated that in spite of the Higant increase of all corresponding indices ithbgroups (p< 0.05)

in posttest, no significant difference was observetiveen the groups ¢p0.05). A lot of studies have investigated
the change of CK, Cis, CKyy, and LDH enzymes before and after athletic exescend reported a remarkable
growth in these enzymes after endurance-resistexeecises [8,9,13,30]. Therefore, the high perggniaf these
enzymes in the resistance-endurance group mighebause of the endurance part. In other wordsertderance-
resistance group had more time for enzymes wash fihe blood serum (about 2 hours) in contrast éarésistance-
endurance group (around 1 hour time) [9,13].

Considering testosterone change, the findings septed that despite the significant change oftibisnone in the
resistance-endurance group, it did not have amjfgignt change in the endurance-resistance gradgitionally,

no significant difference was seen between the tmoups in terms of testosterone change domain. Some
quantitative studies have reported testosteroree aigl fall after concurrent endurance-resistanckrasistance-
endurance exercises [13,14]. In a similar studyHakkinen et al, they reported an insignificant ease of
testosterone after performing concurrent enduraesistance exercises [21]. In his study, Deakio dEmonstrated
that both groups of endurance-resistance and aesistendurance had a similar significant falk (@.022, and px
0.024, respectively) in testosterone amount [13 urthermore, in another study, Deakin found no ifigant
difference was seen in testosterone amount bettieetwo concurrent groups. However, compared todhistance-
endurance group, the endurance-resistance growedrehigher response to testosterone amount [16].

Unlike the findings of the present study, Kraemerakindicated no change in Testosterone amouet afbing
endurance-resistance exercises. Similarly, Bedl and Horne et al also represented the samegesiKraemer et al
in their studies [4,22]. The contrast between thdirfigs of this study and the preceding studieddcbe probably
originated from type of the subjects, exercises pd protocol, and intensity and amount of theatses [13,19].

Regarding cortisol change, the results revealesigrificant difference of cortisol amount and castichange domain
before and after the test in both groups-(@.05, p> 0. 5, respectively). Hakkinen et al demonstratingsignificant
change in the amount of cortisol after resistammbseance exercises approve the findings of thidyg®l]. In this
vein, Arazi et al also revealed no significant geof cortisol amount when doing concurrent exesc[4]. Deakin’s
findings also supported Azeri et al, though thdsteace-endurance group represented more responsertisol
amount, compared to its counterpart [16].

Nevertheless, some studies have reported cortibahge (increase and decrease) after concurrentise®r
(endurance-resistance vs. resistance-endurance)ingtance, Deakin reported a fall in cortisol amtoin both
concurrent groups[15]. Similarly, Guilherme et #oasupported Deakin’s results after doing resetandurance
exercises [20]. On the other hand, Bell et al, Kraeet al, and Horne et al reported a growth itismramount in
endurance-resistance group [4,22,24]. Since tleeoficortisol depends on the intensity of exergige®sponds to a
certain amount of the exercise and do not increas@ort-term exercises (less than 30 minutesyefage intensity
(VO,ma= 60 to 7Q). On the other hand, heavy resistance exercisesncaease cortisol amount to a considerable
degree. Nevertheless, gradual cortisol fall has lobserved in cortisol degrees of individuals afiging the exercises
of resistance and after under maximum enduranceisgs, in contrast to inactive individuals [13283, Therefore,
the rise in the corresponding indices in the enthgaesistance group might be because of theamsispart.

About the changes in the ratio of testosteroneottisol, the findings did not represent any sigifit difference

between testosterone and cortisol ratio in bothuendte-resistance ¢p 0.10) and resistance-endurance group (p
0.12). Similarly, no significant difference existieetween the two groups in terms of change donfaimeatestosterone
to cortisol ratio (p> 0.76). In this regard, Deakin reported, in twdisf studies, that there was no significant diffeeen
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between mean difference of the ratio between testose and cortisol in both groups [15,16]. In &eotstudy by
Mark et al, they demonstrated that the ratio ofottsrone to cortisol in the resistance group wasenthan the
endurance group, though no significant differenes wbserved between the two groups [28].

In general, the results of this study indicated thath concurrent exercises protocols have chatigechormone
indices, but the degree of percentage increaskesgttindices in the second (resistance-endurance gvas more
than the (endurance-resistance) group in testome(®1= -8.26, G2= -15.50), cortisol (G1= 6.86, G2= 11.83),
and the ratio of testosterone to cortisol (G1=9%4, G2= -18.83) respectively. In this vein, Deakin reported is hi
study that the amount of cortisol, testosterond,the ratio of testosterone to cortisol increasedenn the resistance-
endurance group than the endurance-resistance,grmugh no significant difference existed betwdentwo groups
(p > 0.57). It means that, in comparison to resistarmhirance exercises, the endurance-resistanceseschave a
higher anabolic status[16]. However, in anothedtiDeakin demonstrated that the endurance-resistgoup had a
lower ratio of testosterone to cortisol and motalalic status compared to its counterpart [15].

CONCLUSION

Generally, this study represented that both prdsood exercises (endurance-resistance vs. resstamdurance)
had some changes in hormonal indices. Howeverrdtee of percentage increase of these indicesersétond
(resistance-endurance) group was more than theur@mece-resistance) group in testosterone (Gl= 48.@82= -
15.50), cortisol (G1= 6.86, G2= 11.83), and the ratio of testosterone to cortisol (G1%.95., G2= -18.83)
respectively. As a result, although there was ngtsignificant difference in corresponding indicdsing one session
of endurance-resistance concurrent exercises Hagtter anabolic status and less cell damage cmudpa the
resistance-endurance exercises. However, morerchsissneeded to support the results.
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