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ABSTRACT

One of the main goals of exercise training is t@nove adaptations and performance in the
training. There are more kinds of exercises th&afto the physical fithess. The influences of
resistance and endurance training, depend of thpe tgf diet provided, resistance training
results in a positive energy balance, hypertrophg atrength gains. The goal of this study was
to investigate the effect of simultaneous strergtid endurance training on the ratio of
testosterone to cortisol in young untrained malBlsis study was performed on 24 untrained
males who were divided into strength, endurance @mturrent groups. Each group had an
equal number of subjects (n=8) and were studiedndua time course of 12 weeks. Blood
samples were drawn from the left brachial vessél, & and 12 weeks to determine the total and
free concentrations of testosterone and cortisstesy and muscular performance

Keywords. Concurrent training, Anabolic and catabolic hona®, Serum testosterone/ cortisol
ratio.

INTRODUCTION

Resistance training is aimed at increasing an iddal's lean body mass and strength.
Conversely, endurance training is usually undertat@ improve cardiovascular fitness and
physical endurance. Resistance and endurancengaane sometimes undertaken concurrently in
an attempt to improve both endurance and aerobieds, while maintaining or increasing
strength [26, 15]. Hickson et al. (1980) showed thaen the performance of concurrent training
was compared to resistance-only training, there ava®gative effect on the augmentation of
strength [18]. Later, Kraemer et-al, showed thatlavhoth resistance and concurrent training,
strength increased to a greater extent in the teegis training group [25, 17]. In contrast,
MacCarty and Sale observed a similar level of gfttemimprovement in both the resistance and
concurrent training groups [13, 19]. These autrads® noted that concurrent training did not
alter the coordination and adaptation that are aflynproduced by endurance training [24, 28].
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Kraemer and colleagues suggested that, in addibommproving performance, concurrent
training may result in a more rapid rehabilitatiom response to injury and potentiate
improvements in the maintenance of the cardiovascefficiency [25]. Comparing the
influences of resistance and endurance traininggiwlikely depend of the type of diet provided,
resistance training results in a positive enerdgraze, hypertrophy and strength gains [2, 20].In
contrast, endurance training often results in aptaary negative energy balance, which is a
catabolic situation, that inhibits hypertrophy af@ks not improve strength [14, 3]. The ratio of
testosterone /cortisol is considered to be a deitdiomarker for monitoring the relative
anabolic/catabolic state [16]. Concurrent resistaaad endurance training would alter the
balance of anabolic and catabolic hormones, likelyucing or even opposing the muscular

| hypertrophy that is normally produced by resistatreéning [9]. Nevertheless, the ratio of
testosterone/cortisol would likely provide a goodirker for the relative anabolic/catabolic
effects that concurrent training has on an indigldirhis ratio might even be used to modify the
amount of resistance or endurance training thapeormed [4]. However, there is little
published information regarding the hormonal resgai@ concurrent training compared with the
hormonal response to resistance-only or endurankyet@ining. Therefore, the purpose of this
study was to investigate how these three trainaggmens alter the ratio of testosterone/cortisol
in young men.

MATERIALSAND METHODS

Twenty four students were randomly selected fronoragn86 volunteers and completed an
introductory questionnaire in Federation of- MediSports of Tehran in summer 2009. The 24
participating untrained male were assigned to ohehcee homogeneous groups: 1- the
Endurance (E), 2-Resistance (R) and 3-Concurrent gifGups. The groups were matched
according to the age, physical status,,n@ and one repetition maximum (1RM) of the
participants (Table 1). Based on the data provideithe questionnaire, the participants had no
history of injury, drug usage, hospitalisation, dpk disease, or regular training in the three
months prior to the study. The participants wesdructed not to change their physical activity
routines or dietary patterns during the coursehef $tudy. The descriptive statistics of the
subjects' anthropometric and physiological charesties are presented in Table 1.

Table 1. Descriptive characteristics of experimental groups

Endurance | Resistance| Concurrent = p
(n=8) (n=8) (n=8)
Age(y) 22.6+1.9 21.9+1.7 21.8+1.8 1.38 .274
Weight(kg) 74.42+7.20 78+7.57 76+3.38 .665 .H30
Height(cm) 174.6+0.31) 174.6x4.783 177.5%1)92 1/0374.B
V0oma(ml.kg-1.min-1) 43.96+3.14 43.1+3.03 44.18+3.05 034.716
1Repetition maximum(kg) 84.06+10.27 88.16+11(77 489.87 | .612| .552

Values are means = STD for 24 students

Training program: Endurancetraining (-E-)
A calibrated Monark cycle ergmeter (Varberg, Sweden) was used for all aerobiwepo
measurements of maximal oxygen consumption. Anainwork load of 60 Watts (W) was

performed for five minutes. The overload was deteeth progressively based on a percentage of

the steady heart rate every 4 weeks (first 4 weékgpetitions of 3 minutes, at 75% of the

steady heart rate), (secorddyeeks, 6 repetitions of 3 minutes at 80% of teady heart rate),

(third 4 weeks, 8 repetitions for 3 minutes at 86P4he steady heart rate). The heart rate was
| recorded at the end of each workload. Cycle -engter VQnax Was determined by-one of the
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following: a plateau or decrease in oxygen consionptith a subsequent increase in workload,
by obtaining the age-predicted maximum heart rateraditional fatigue. A brief cool-down
period followed the test. The students wore a Plogart rate monitor (made in Finland) during
all tests.

Resistancetraining (-R-)

The strength training program was performed fomkEzks with 3 sessions per week. Every 4
weeks, the main overload prescribed was progrdgsbased on the maximum percentage of
additional strength [10]. The program of each acti@sistance training session included a brief
warm up period of the additional strength gaineédrpo each training session that, consisted of
2 to 3 sets of 10 repetitions at approximately Sfi%he student's 1RM. Five working sets (1Leg

press, knee bending and extension and thigh albdaotb adductor muscles) were performed
during each training session following the warmpgpiod. The strength training protocol was

periodised by 1RM loads over the course of the dkateaining program. Each training session

included 12, 10 and 8 repetitions for each suceessiovement using 70, 80 and 85% of the
1RM, respectively. All working sets were separdtgd minutes of rest. The specific resistance
training loads were prescribed based on the maxgtmahgth of the participant, as calculated
using each participant’s 1RM. We used the Brzyoknila to calculate the 1RM [18].

weightlifted

Brzycki Formula:lrepmax=
1.0278- (0.0278* #of repg

As with the 1RM trial, strength training was perfiad in the seated position. The participants
were instructed to maintain the speed of contraciiba medium level and were able to do this
by looking at the indicator on the instrument.

Concurrent training (-C-)

This program was performed for 12 weeks with, 3iees per week. The training program for
the concurrent group consisted of half of the eadoe and half of the resistance training load
that was determined by the resistance training machnd cycle erganeter. The strength
training protocol was periodised by 1RM loads oWer course of the 4 week training program.
Each training session included 10 repetitions &mhesuccessive movement at 80% of thaL

All working sets were separated by 3 minutes of. rfEee overload in endurance training was
determined based on the percentage of the steay tade every 4 weeks (first 4 weeks, 2
repetitions of 3 minutes, at 75% of the steady thesie), (second 4 weeks, 3 repetitions of 3
minutes at 80% of the steady heart ratef, 43veeks, 4 repetitions of 3 minutes at 85% of the
steady heart rate). A brief cool-down period folemithe test. In the concurrent group, strength
and endurance training were performed alternategach session.

Blood collection

Blood was collected three times in the morning leetw8:00 and 8:38m after 12 hours fast, 6
hours before each training session (before theicsessat the 8, 6" and 13' weeks). While
subjects were in a relaxed position, a 10 ml bisaaple was drawn from the left anticubial vain
and collected in a blood tube. The sample was teetrifuged for 15 minutes (1000 rpm), and
the serum was separated and then poured into thedldd test tube. It was stored at -
80°centigrade for future analysis.

Hormone assay
Total testosterone was measured in ng/ml usingOiaplus kit (made in the USA). Free
testosterone was measured in pg/ml by the IBLrkéde in Germany). Cortisol was measured in
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pg/dl by the Monobind kit (made in the USA), usitig ELISA method. The Colter Cismex
1300 instrument was used to measure CBC. To omishiort term effects of physical exercise
on the blood indices, the volume changes of bldadrpa (Hb and Hct) were measured using the
Dill and Costill formula [19].

APV (%) = 100 x [ (HbB (1- Hgix 10?)] / [Hba (1- Hck x 10%)] — 100
The tests were performed over two successive adaystire the accuracy of the results.

Statistical method

Descriptive and inferential statistics were used.@ascriptions were made based on the mean of
the indices and standard deviations of the datathéninferential statistics, a Kolmogorof-
Smirnof test was first used to study the normatridistion. Then a Levin test was used to study
the symmetry of the data. For between group corspas, one-way analysis of variance tests
were used. To determine the significant differenbesveen the groups, a post hoc paired
ordering test (t-dependent) was used and includeg@ation (Bonferroni). Sheffeh post hoc was
used for analysis of one-way variance for each iéget variable. The Epsilon Green, Haves-
Gizer, obtained from analysis of variance was uedcorrection of the frequent measuring
rates. All of the statistical analyses were perfednusing SPSS, Version 16. The level of
significance was set at{B.05).

RESULTS

Table 2. Concentrations of Hb and Hct of groupsduring 12 weeks

Groups Time Concurrent | Resistance | Endurance = D
N=8 N=8 N=8
1" | 14.5280.801| 15.1850.318| 13.8710.475| .114] .893
Hb (g/dl) | 6™ | 14.4420.553| 14.8080.369| 13.5420.789| .208| .813
12" | 14.2710.553| 14.7420.486| 13.4420.741| .220] .801
1" 44.88:2.29 42.992.61 45.592.88 | .924| .417
Het (%) | 6" 45.81:2.74 43.932.48 45.891.75 | .388| .683
12" 45.78:2.52 44.883.34 46.884.08 | .353| .70

Results showed that there were no significant casunghaemoglobin (Hb) and hematocrit (Hct)

levels between or within the groups, (Table 2).

Total testosterone(ng.mi)

B Resistance @ Endurance B Concurrent A

20 4
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o
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o
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Week 1st

*Denote Significant difference to the first week

12th

*1 Denote Significant difference to the enduranceugro
Figure 1. Concentrations of Serum Total testoster one (nmol.ml)
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The total concentration of testosterone in thestastce group was significantly greater at@le
and 12" weeks than at the pre-training level. Similarlysignificant increase in the concurrent
group was observed only at 12 weeks. In conteasignificant reduction in total testosterone
was observed in the endurance group at week 12:simificant differences were observed
among the three groups at tH&vBeek. However, a comparison of the groups showatat the
12" week, there was a significant difference in thiltserum testosterone levels between the
resistance and endurance groups and between theaend and concurrent groups

45 B Resistance @ Endurance @ Concurrent B
- *

40 4
35 4
30 4

25 4

Free testosterone(pg.ml)
N
o

12th

*Denote Significant difference to the first week.

Figure 2. Concentrations of Freetestosterone (nmol.ml)

Free serum testosterone levels in the resistamegghowed a significant increase at theaid

12" weeks compared to pre-training levels, whereasrasignificant change was observed in
the endurance group. A significant increase wagmies in the concurrent group after 12 weeks
of training. In agreement with the total testosteralata, there was no significant difference
between the groups at th& @veek. However, at the T2week, the free serum testosterone

concentration in the endurance group was signifigadifferent from the concurrent group
[Figure 2].

20 B Resistance B Endurance @ Concurrent c

Cortisol(mic.ml)

12th

1* Denote Significant difference to the enduranceugro
# Denote significant difference to the concurrermugp.

Figure 3. Concentrations of Cortisol (nmol.ml)

Serum cortisol concentrations in the resistandedtagroup were significantly lower at the™2
week compared to the pre-training concentratior dérum cortisol concentrations at tHeadid
12" weeks in the endurance group compared to the ntnatien obtained at the start of the
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training period was reduced significantly. Non-sigant changes were observed in the
concurrent group. In addition the serum cortisaiaamtrations in the resistance group at te 6
and 13" weeks were significantly different compared to twcurrent group. Similar results
were found between the endurance and the concwgremps [Figure 3].

15 B Resistance @ Endurance B Concurrent D

12 4

©

TTCR(ng.ml)

Week 1st 12th

Figure 4. Concentrationsof TT/CR (nmol.ml)
*Denote Significant difference to the first week.
+ Denote Significant difference to the enduranceugro

The total serum testosterone/cortisol ratio in rbsistance group at thd' Gveek was increased
compared to the first week but was decreased #ignify by the 12 week. This ratio in the
endurance group at the" @veek was significantly decreased compared to thevdek. A non-
significant difference was observed in the conaurgroup. Non-significant differences were
observed for this ratio at th&' @nd 18 weeks among the three groups [Figure 4].

B Resistance @ Endurance O Concurrent E
0.005+ +

0.00454
0.0044
0.00354
0.0034
0.00254
0.0024

FTCR(ng.ml)

0.00154

0.0014
0.00054

0- . .
Week 1st 6th 12th

Figure5. Concentrations of FT/CR (nmol.ml)
tDenote Significant difference to the strength group

The free serum testosterone/cortisol ratio in #sstance group was significantly higher at the
12" week compared to the pre-training ratio. No otsignificant differences were observed
[Figure 5].

DISCUSSION

The primary finding of this study was that 6 andnigzks of active resistance training lead to a
significant increases in the total serum testoseem@ncentration. This finding suggests that the
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total testosterone response is dependent on tlegityeand volume of training. For this reason,
the concentration of testosterone at tflen@ek was significantly increased compared to the 1
week. This process of testosterone alteration woad until week 12, which was significantly
greater than that at week 6. The observed increagestosterone concentration with training
duration is in agreement with the work of Hakkinet al, who also showed that serum
testosterone concentrations changes with the $gwer different volumes of resistance training
[8]. Others report similar results; however, thegelies included over 21 weeks of training [22].
These results suggest that some of the increasasustular strength with training can be
attributed to the increase in resting testostertawels. Testosterone encourages muscular
hypertrophy by increasing the rates of protein lsgsis, and may also increase functional
strength via neuromodulator synthesis (an effect tb@ nervous system). Although the
mechanism(s) of the increase in resting testostefolowing exercise training is not clear,
researchers have suggested multiple possible misaman These mechanisms include a
stimulation of testosterone secretion by promothmg dilatation of vessels and increased blood
flow in the testes, increased LH production [6ad{l, an increase in lactate accumulation and its
direct stimulatory effect on testosterone secrefi@h]. It has also been suggested that an
increase in sympathetic function due to trainin@pjolv may lead to a more rapid testosterone
response [7, 27].

The total testosterone present in the blood citmriaforms a complex with the globulin of sex
hormones or albumin. This complex, due to havighhnolecular weight (MW), cannot pass
through the capillary endothelium and penetratesniclear membrane of cells to react with the
neural factors and regulate their function. Fos treason, total testosterone might possess a
dynamic homeostatic pattern in response to endar@aming. Intensive training programs, such
as a high volume exercise, medium to high intensityr short resting periods, metabolically
impose high training loads on the body, and regultthe greatest acute cortisol response and
guantitative changes compared with ordinary rescgaraining. Long-term resistance training
causes a reduction or no change in the restingsobitoncentration [29]. There are different
mechanisms that might explain the change in thengedevel of cortisol following physical
exercises, including: hypothalamus; pituitary aadrenal stimulation; HPA; and ACTH
secretion; central temperature changes; pH charsyaespathetic nervous systemechanisms;
lactate accumulation; hypoxia; and stress. In auditto other mechanisms involved in the
increase of resting cortisol levels, the incompleteovery period following intensive training
results in, an increased sensitivity of the ACTEeors, lactic acid accumulation and a decline
in metabolic clearance in the livgy;endorphin increases and body dehydration havelsisa
suggested to cause the increase in resting corisaémer did not find any changes in cortisol
levels after 7 weeks of endurance trainif@vious studies stated that adrenal gland hypertrophy
and an increase in cellular structures that prodjgeocorticoids, as a result of an increase in
the velocity of adrenal cortex cells, is the reasmnadaptation and a lack of change in the
resting level of this hormone [23, 12]. It seemat #nincrease in the volume of exercise leads to
a reduction in endurance performance reduction s$keretion of catecholamine's and
sympathetic function. An increase in cortisol séoreis dependent on the training condition (the
intensity, volume and duration of exercise) of itdividual [26]. The present study showed that
the power gain in the resistance and concurrenipgr@ver 12 weeks was approximately the
same. Variation of the types and methods of trginparticularly of the intensity and volume of
training, is associated with the specific hormoaatl neuro-muscular adaptations. In addition,
the type of muscles the load, the number of sessionl the training time differs between the
studies. Studies conducted on endurance trainiog forthe resistance training, have shown that
some remaining tiredness may be observed aftestaese training [26, 15]. Carik showed that,
lower trunk power declined, when endurance trainuag performed prior to resistance training.
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In the current study, by changing the sequenceatfihg over the 12-weeks, no disruption of

power gain was observed in the concurrent groug fEsults obtained from the endurance,
resistance and concurrent training showed thatritreasing nature of the training in the three
groups resulted in an observed increase in the pgai@ed and endurance in the groups. The
highest power was gained in the strength groum thehe concurrent group, with lower power

gain in the endurance group. This augmentation agasciated with an increase in the resting,
total and free testosterone levels in both thestasce and concurrent groups.

Our results emphasise that the performance ofwrosa resistance and endurance training dose
not impair the anabolism process or the improveroéntuscular power in the concurrent group.
Muscle hypertrophy was not measured in this studycould speculate that during the 12 weeks
of the study, the endurance training did not fulijunt the increase in muscle synthesis
associated with resistance training. After theiahi6-weeks period, increases in strength were
most likely a function of increased muscular cresstional area because, neural adaptations
enhance the strength plateau at approximately &sv@&y increasing the training volume (at the
end of the 19 week compared to the'lweek), the mean serum testosterone significantly
increased while the mean of serum cortisol sigaifity declined. The serum
testosterone/cortisol ratio significantly declinatithe end of the f2week compared to the'1
week. The disagreement in the available reportardigg this effect can be explained by the
difference in the groups under study, the evalagbimcedures, the measurement of the intensity
and duration of training, the type of training prams, the time of blood collection and the gap
between the training sessions. These findings Issvn that the resting level response of
serum testosterone and cortisol depends on thesityetype and duration of the training period.
Hormonal adaptations during th® & 12" weeks reached a peak level. Considering the durren
data, concurrent training, as a new training methoat has drawn the attention of many
researchers in recent years, is likely an effectind useful method for increasing strength and
endurance compared to only endurance training. /aeg to the results of this study, without
considering other factors that have an effect enetfidocrine system, it is likely that concurrent
training maintains hormonal adaptations as unché@ngective muscles. In addition, adaptation
improves the endocrine system and muscular periccea
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