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Annotations:

Purpose: The purpose of the
present study was to determine
the appropriate rest time between
sets during weight training with
light load. Material: Seventeen
cadet wrestlers (age =16.7+0.6
yrs.; height =169.2+8.2 cm; and
weight =51.4+7.9 kg) were recruited
from wrestling clubs in the Iranian
province of Kurdistan and served
as subjects in this study. This study
was conducted over seven sessions
with 48 hours recovery between
sessions. In the first session, the
characteristic features of subjects
were recorded and the one repetition
maximum in the bench press test
was determined for each subject.
On 6 separate occasions, subjects
performed a 4 set of bench press
at 60% 1RM with a 90 and 240
seconds rest interval until volitional
fatigue. The numbers of repetition
performed by the subjects, and also,
cortisol and testosterone levels and
1RM were recorded. The results
showed that there was a significant
difference in the sustainability of
repetitions during 4 sets bench press
with 60 % load between 90 and 240
seconds rest intervals (rest interval
effect) (p<0.05) as well as with 90%
load. Results: Additionally, there
was a significant difference in the
sustainability of repetitions during
4 sets bench press in 90 and 240
seconds restintervals, both, between
light and heavy loads (load effect).
Plasma cortisol  concentrations
significantly increased after all bench
press trials. Also, the rest interval
effect was statistically significant in
both 60 % and 90% load trials. But,
the load effect was only statistically
significant in 90 seconds rest
interval trial (p<0.05). In contrast,
plasma testosterone concentrations
significantly increased after 4 sets
bench press only in 90 seconds rest
interval with heavy load and 240
seconds rest interval with light load
(p<0.05). Accordingly, testosterone
tocortisol (T:C) ratio were significantly
decreased after 4 sets bench press
in 90 seconds rest interval with light
load and 240 seconds rest interval
with heavy load. Also, load effect
was statistically significant only in
90 seconds rest interval trials and
rest interval effect was statistically
significant only in heavy load trials
(p<0.05). Conclusions: Based on
these results it can be concluded
that when resistance training with
light loads, higher resting interval
(240 seconds) may be provides
a better anabolic environment for
muscle growth and keep the training
intensity.
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rest interval, training load, resistance
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Masm Moxamapa-INaHaxi, Xagi PoxaHi, Ha-
Bif Ilotdhi. lopmoHanbHi peakuii Ha pi3Hi
iHTepBanu BiANOYMHKY NiA Yac CUNOBUX
TPpeHyBaHb 3 HEBENIMKMMMU HaBaHTaXeH-
HAMWU. Mema: BW3HAYUTW ONTUMAarbHUIA
yac BIANOYMHKY MK nigxogamu nig yac
CUMOBOTO TPEeHYBaHHSI 3 NerkMm HaBaHTa-
XeHHsiM. Mamepian: 17 kageTis 6opuiB (Bik
16,7 £ 0,6 pokis ; 3pocT 169,2 + 8,2 cm; Bara
51,4 £ 7,9 kr) 6ynu HabpaHi 3 6opLiBCbKMX
kny6iB B ipaHCbkin npoBiHUii KypauctaH i
CNyXunu B AKOCTi cyb’ekTiB B AaHOMy [0-
cnimxkeHHi. [laHe pgocnigeHHs 6yno npose-
[EeHO MpOTAroM cemMu cecivt 3 48 roguHHUM
BIAHOBMEHHAM Yy nepiog Mk ceciamun. Y
nepLuin cecii 6ynu 3anuncaxi iHAMBIAyanbHi
MOKa3HUKN CMOPTCMEHIB i OyB BU3HAYeHUN
AN KOXHOro cyb’ekta MakcumanbHuii no-
Ka3HWK OLHOr0 MOBTOPEHHSI B CTEHAOBMX
BMNpPOOyBaHHSAX. Y 6 oKpemux Bunagkax
Cy0’eKkTV 4 pasun He BMKOHAMNMN XM Nexadun
(60 % BiA 1 MakcuManbHOrO NMOBTOPEHHS,
Bia 90 i oo 240 cekyHn — iHTepBan Bigno-
UMHKY) OO BOMbOBOI BTOMW. Yucno nosTo-
peHb KOXHOTO CnopTCMeHa, a Takox piBeHb
KOPTU30My i TECTOCTEPOHY Bynun 3anucaHi.
Pesynbmamu: pesynstaTn nokasanu, Lo
iCHye 3Ha4yHa pi3HULUS Yy CTINKOCTi NOBTO-
peHb npoTtarom 4 nigxonis 3 60 % HaBaH-
TaXEeHHSM i iHTepBanoMm BignoynHky Big 90
00 240 cekyHp (iHTepBan BiANoOYNHKY edek-
TMBHUI, p < 0,05 ), a Takox 3 90 % HaBaH-
TaxeHHsAM. Kpim Toro, icHye 3Ha4yHa pisHuus
y CTiKOCTi MOBTOPEHb NpoTAroM 4 niaxoais
Y XUMi nexauun 3 iHTepBanoM BiAMOYMHKY
BiA 90 i 4o 240 cekyHA MiX nerkumu i Benu-
KUMW HaBaHTaXeHHAMU (edekT HaBaHTa-
*eHHs). KoHueHTpauia kopTusomny 3HauyHO
36inbLUYyETHCS NiCNs BCiX Npec — CTEHA0BMX
BUMNpobyBaHb. Kpim TOro, B iHWMX iHTEp-
Banax edekt 6yB CTaTUCTUYHO 3HAYYLLUM
B 060X BUNPOOYBaHHSAX HaBaHTaxeHHs 60
% i 90 %. Ane, ecbeKT HaBaHTaxeHHsi byB
CTaTUCTUYHO 3HadvyLwmm Tinbku npu 90 ce-
KyHAHIM nepepsi (p < 0,05 ). Ha BigmiHy Big
LibOro, KOHLEHTPaLlisi TECTOCTEPOHY 3HaYHO
3pocna nicns 4 NiaxoaiB y XXuUMi nexayv npu
90 cekyHAHOMY iHTepBani BiAMOYMHKY Mpu
BENMKNX HaBaHTaXeHHsX i npu 240 cekyHa-
HOMYy iHTepBani BiANO4YMHKY NpU HEBENWKO-
My HaBaHTaxeHHi (p < 0,05 ). BignosigHo,
KOe@iLiEHT CniBBiAHOLEHHS TECTOCTEPOH —
koptn3on ( T: C) 3Ha4HO CKOpPOTMBCA Micns
4 nigxoAis y xumi nexaun npu 90 cekyHAa-
HOMY iHTepBari BiANOYNHKY NPW HEBENUKO-
My HaBaHTaXeHHi i npu 240 cekyHOHOMY
iHTepBani BiOMOYMHKY 3 BENWKUM HaBaHTa-
XeHHsiM. KpiMm Toro, eekT HaBaHTaXXeHHs!
OyB CTaTUCTUYHO 3HAYYLUMM TifbKM Mpu
90 cekyHaHOMY BiAMoYMHKY. CniBBigHO-
LUEHHs iHTepBan i BiANOYMHOK edekT byB
CTaTUCTUYHO 3HAYyLLMM TifbKy B TecTax 3
BEMUKMM HaBaHTaxeHHsm (p < 0,05 ). Bu-
CHOBKU: Ha MiACTaBi UMX pe3ynbTaTiB MOXHa
3pOBUTN BUCHOBOK, LLIO MPU TPEHYBaHHSX 3
OMOPOM Yy BUMAAI HEBENVKNX HaBaHTaXeHb
iHTepBan Biano4nHKy B 240 cekyHp i BuLe
3abe3nevye kpally aHaboniyHe cepenoBu-
e Ans pocTy M’'A3iB i NATPUMKM iIHTEHCUB-
HOCTi TPEHYBaHHS.

iHmepesarn 8iOMo4UHKY, mpeHysasibHa Ha-
8aHMaXXeHHsl, mpeHyearibHa rpPomuoisi.

Masam Moxamap-lNMaHaxu, Xagu PoxaHu,
HaBug Notdu. NopmoHanbHbIe peakuum
Ha pa3Hble MHTepPBanbl OTAbIXa BO BpeMs
CUINOBbIX TPEHUPOBOK C HEGONbLUMMU Ha-
rpyskamu. Llesb: onpegenuTb onTuMarnbHoe
BpPeMsi 0TAbIXa Mexay noaxonamm Bo Bpems
CUIMOBON TPEHWPOBKWN C NErkon Harpy3Kou.
Mamepuan: 17 kapetoB 60opuoB (Bo3pacT
16,7 + 0,6 net; pocT- 169,2 + 8,2 cm; BeC =
51,4+7,9 kr) 6bInu HabpaHbl U3 GOPLIOBCKMX
knyboB B upaHckon npoBuHUMM KypamcTaH
N CyXunu B KayecTBe CyObeKToB B AaH-
HOM nccnefoBaHun. [laHHoe nccnegoBaHne
ObINO NpoBEeAEHO B TEYEHME CEMU CECCUN C
48 4yacoBbIM BOCCTaHOBMEHWEM B Mepuop
mMexay ceccusimu. B nepsoii ceccumn 6binu
3anucaHbl  UHAMBKMAyarnbHble MokasaTenuv
CMOPTCMEHOB 1 ObIn onpedeneH Ana Kax-
noro cybbekta MakcuMarbHbI nokasartenb
OOHOTrO MOBTOPEHMSA B CTEHOOBBIX WCMbITa-
Husix. B 6 otaenbHbIX cryvasx CyObekTbl
4 pasa He BbINOMHUNM XUM Nnexa (60% ot
1 mMakcumanbHoro nostopeHus, ot 90 n go
240 cekyHA — wHTepBan OTAbIXa) 4O Bone-
BOW yCTanocTu. YMcno noBTOPEHUI Kaxgoro
cnopTcMeHa, a Takke ypoBeHb KopTuaona u
TecTocTepoHa ObInu 3anucaHbl._Pesyibma-
mbl: pe3ynbTaTbl NoKa3anu, YTo CyLecTByeT
3HaYUTENbHOE pasfnuyme B YCTOWYMBOCTM
NMOBTOPEHU B TedeHne 4 noaxonos ¢ 60%-
HOW Harpy3kol W WHTepBarnioM OTAbiXxa OT
90 pgo 240 cekyHa (MHTepBan otabixa ad-
ekTuBHbIA, p < 0,05), a Takke ¢ 90%-HoMn
Harpy3kon. Kpome Toro, CcyLiecTByeT 3Hauu-
TenbHas pas3Huua B YCTOMYMBOCTU MOBTOpE-
HWI B TeveHne 4 Noaxo[oB B XUMe nexa C
nHTepBanom otabixa ot 90 n go 240 cekyHa
Mexgy nerkuMu 1 6onblMMK Harpyskamm
(acbcpekT Harpysku). KoHueHTpaLusi KopTnso-
na 3Ha4yUTEeNbHO YBENUYMBAETCS NOCIE BCeX
npecc- CTeHA0BbIX UCMNbITaHun. Kpome Toro,
B OCTallbHbIX MHTepBanax apdekT bbin cTa-
TUCTUYECKN 3HAYMMbIM B 0BOUX UCTBITAHUAX
Harpy3ka 60 % v 90%. Ho, acbdekT Harpy3ku
6bIN CTAaTUCTUYECKN 3HAYMMbIM TOMBKO MpU
90 cekyHgHom nepepebise (p <0,05). B otnu-
ymMe OT 3TOro, KOHLEHTPaLUs TeCTOCTepOoHa
3HauMTenbHO BO3pocna nocne 4 Noaxofos B
xume nexa npu 90 cekyHOHOM WHTepBane
oTAbIXa Npu 6onbLIMX Harpyskax u npu 240
CeKyHAHOM MHTepBase oTabixa npu Hebonb-
wown Harpyske (p <0,05). CooTBETCTBEHHO,
KO3(PPULMEHT COOTHOLLUEHNUSI TECTOCTEPOH
— koptuzon (T : C) 3HauMTenNbHO CoKpaTwr-
cs nocne 4 nogxodos B xume nexa npu 90
CeKyHOHOM MHTepBarne otabixa npu Hebomnb-
LLIOW Harpyske 1 npu 240 cekyHAHOM UHTEep-
Barne otapixa ¢ 6onbluoi Harpy3koi. Kpome
TOro, adpeKT Harpysku Gbin CTaTUCTUYECKM
3HauYVMbIM Tonbko Npu 90 CeKyHAHOM OTAbI-
xe. COOTHOLEHe MHTepBan M OTAbIX 3d-
ekT BbIn CTaTUCTUYECKN 3HAYNMBIM TOSTbKO
B TecTax ¢ 6onbLon Harpy3ko ( p <0,05).
Bbig00dbI: Ha OCHOBaHWWM 3TUX pe3ynbTaToB
MOXHO cAenaTb BblBOA, YTO MNPV TPEHUPOB-
Kax C conpoTVBReHNsMU B BuAe HebonbLmx
Harpy3ok nHTepBan otabixa B 240 cekyHA u
Bbile obecneumBaeT nyywy aHabonunye-
CKylo cpedly Ans pocTa MbILWL, U noaaepxa-
HWUSI UIHTEHCYBHOCTW TPEHVUPOBKU.

uHmepean omobixa, MPEHUPOBOYHasi Ha-
epyska, MPEeHUPoBoYHoe  MpPomueoded-
cmeue.
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Introduction

In recent years, one of the important issues that have
attracted the attention of many researchers is the optimum
recovery time in exercise training and sports competition.
Due to the nature of the sports and different needs of
fitness, there is a specific training method for obtaining
the necessary preparations for any sport [4]. Among the
training factors, the rest interval time between workouts
is a key element of success in any training program [3].

Recovery or return to the base state is the time between
the end of a workout or strenuous activity and the next
activity or in other words, the duration between the end of
one activity and the start next break [15].

Due to the great diversity of sports, the optimal
recovery time varies between different fields. Therefore,
athletes should train with different methods based on the
nature of their sport and the need for strength, endurance
and speed.

Weight training in many sports is important for
improving physical fitness factors. Hence, athletes to
achieve the desired level of performance and increase
overall physiological abilities, should use strength-
endurance training. According to many studies in the
past two decades, rest interval and a proper recovery
time between activities is one of the main factors for the
success of any training program [6, 15, 17]. In the absence
of adequate rest and recovery, athletes will not benefit
from the full effect of exercise.

There has been enough information about the optimal
weights, repetitions and sets in weight training programs.
Much research was done in the area of weight training
based on principles of overload, resistance and features.
De Salles et al (2009) studied the rest interval between
sets in strength training [6]. They reported that resting
3-5 minutes between sets produced greater increases in
absolute strength, due to higher intensities and volumes
of training. Furthermore, they reported that higher levels
of muscular power were demonstrated over multiple sets
with 3 or 5 minutes versus | minute of rest between sets.
Jensen and Ebben (2003) studied the kinetic analysis of
complex training rest interval effect on vertical jump
performance [9]. They showed that to optimize jump
performance it appears that athletes should not perform
jumps immediately following resistance training. It may
be possible that beyond 4 minutes of recovery performance
could be enhanced. Robinson et al (1995) investigated the
effects of different weight training exercise/rest intervals
on strength, power, and high-intensity exercise endurance
[20]. They showed that except for maximum strength,
adaptations, to short-term, high-volume training may not
be dependent on the length of rest intervals. Matuszak
et al (2003) studied the effect of rest interval length on
repeated 1 repetition maximum back squats [13]. They
reported that indicate that l-minute rest intervals are
sufficient for recovery between attempted lifts during
IRM testing or training for the free-weight back squat
when involving lifters of this caliber. Willardson et al
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(2006) investigated the effect of rest interval length on
bench press performance with heavy vs. light loads [25].
They showed that when the training goal is the maximal
strength development, 3 minutes of rest should be taken
between sets to avoid significant declines in repetitions.
The ability to sustain repetitions while keeping the
intensity constant may result in a higher training volume
and consequently greater gains in muscular strength.
Rahimi (2005) studied the effect of different rest intervals
on the exercise volume completed during squat bouts
[17]. He reported that the 5-minute rest condition resulted
in the highest volume completed, followed in descending
order by the 2- and 1-minute rest conditions. The ability
to perform a higher volume of training with a given load
may stimulate greater strength adaptations.

In recent years, several studies have examined the
effect of exercise loads, number of repetitions and sets
discussed. However, there is no general consensus about
rest periods between sets. Furthermore, the period of rest
between weight training sessions are different in strength
and endurance sports. Therefore, the purpose of the
present study was to determine the appropriate rest time
between sets during weight training with light load.

Methods

Subjects

Seventeen cadet wrestlers were recruited from
wrestling clubs in the Iranian province of Kurdistan and
served as subjects in this study. They all had at least 3
years training experience and were representative of
the top wrestlers of Kurdistan competing in national
competitions. Before participating, the subjects’ parents
were informed of the potential risks and gave their written
informed consent for their children to participate in this
study, which was consistent with the human subject
policy of the University of Guilan Research Center.
Subject characteristics were as follows (mean + SD):
age =16.7£0.6 yr; height =169.2+8.2 cm; and weight
=51.4+7.9 kg.

This study was conducted over seven sessions with
48 hours recovery between sessions. In the first session,
the characteristic features of subjects were recorded and
the one repetition maximum in the bench press test was
determined for each subject. On 6 separate occasions,
subjects performed a 4 set of bench press at 60% IRM with
a 90 and 240 seconds rest interval until volitional fatigue.

The numbers of repetition performed by the subjects
were recorded. 5 ml blood was drawn from the antecubital
vein before and 5 minutes after exercise and transferred
immediately to the lab for assessing blood testosterone
and cortisol levels. Serum levels of testosterone and
cortisol were measured by radioimmunoassay (RIA)
using the commercial kit (IM1119, IMMUNOTECH)
and (IMMUNOTECH, IM1841). The one-repetition
maximum (1RM) of subject measured by bench press test
and Brzycki formula:

IRM=weight (kg) x (1.0278-(0.0278 xrepetition)) [18].

Statistical Methods

All descriptive data are expressed as means = SD.
Data were analyzed using ANOVA with repeated measure
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and Bonferroni post hoc test. Statistical analysis was
conducted using SPSS 16.0 for Windows.

Results
The results of sustainability of repetition, Cortisol
concentrations,  Testosterone  concentrations, and

Testosterone to Cortisol (T: C) ratio during 4 sets bench
press in different trails are shown in Fig 1. There was a
significant difference in the sustainability of repetitions
during 4 sets bench press with 60 % load between 90 and
240 seconds rest intervals (p<0.05; Fig 1-A).

Plasma cortisol concentrations significantly increased
after both bench press trials. Also, the rest interval effect
was statistically significant in 60 % load trial (p<0.05;
Fig 1-B). In contrast, plasma testosterone concentrations
significantly increased after 4 sets bench press only in 240
seconds rest interval with light load (p<0.05; Fig 1-C).
Accordingly, testosterone to cortisol (T:C) ratio were
significantly decreased after 4 sets bench press in 90
seconds rest interval (p<0.05; Fig 1-D).

Discussion

One of the experimental methods to evaluate the
physically and mentally state of athletes is the investigation
of the anabolic and catabolic hormones changes during
exercise. In this context, the role of cortisol as a primary
catabolic hormone is important. It has been suggested that
cortisol changes in response to exercise and, mental and
physical stress [12].

Our results showed that plasma cortisol concentrations
increased significantly after 4 sets bench press exercise
with 90 and 240 seconds rest intervals between sets with

light and heavy loads. Interestingly, mean changes were
significantly higher in 90 seconds rest interval with 60%
load in compare to 90% load.

It is reported that changes in core temperature during
exercise can affect plasma cortisol levels and there is a
direct correlation between core temperature and cortisol
levels [5]. Furthermore, other researchers showed that
exercise is a powerful stimulant for the central nervous
system (CNS) and hypothalamic-pituitary-adrenal axis
[1].

Moreover, other authors reported that increase in core
temperature during exercise via stimulating hypothalamic-
pituitary-adrenal axis increases cortisol values [23]. If you
don’t get sufficient rest between workouts, this hormone
will change in a way that puts your body in a catabolic
state. Cortisol is a catabolic and steroid hormone which is
largely involved in regulation of metabolism and the body’s
response to exercise stress. However, long-term elevation
will cause the problems that immune system disorders and
protein degradation are most important of these [24].

Cortisol changes during exercise training are explained
by different mechanisms. In the high intensity exercise,
a 2-fold increase in plasma cortisol is observed, which
is due to the increased hormone secretion rather to the
excretion [10].

The intensity and duration of physical activity are
important factors that affect cortisol response. In the
exercise with intensity of higher than 60 % maximum
oxygen consumption, the levels of this hormone is
increased [10].
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Fig 1. Means and standard deviations of (4) Sustainability of repetition, (B) Cortisol concentrations,
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Although, more increase in cortisol level in 240 seconds
in compare to 90 seconds rest interval is unaccountable in
heavy load trials, using light load, lower the rest interval
resulted in higher cortisol levels in current study. Many
factors such as stress, physiological circadian rhythm and
body temperature affects on the acute cortisol response to
exercise [10].

We observed that mean plasma testosterone
concentrations do not change significantly after 4 sets
bench press with light load and 90 seconds rest interval,
as similar as, with heavy load and 240 seconds rest
interval. In contrast, as mentioned above, cortisol level
has significantly increased in these trials. Since cortisol
is the inhibitor of testosterone secretion and the level of
this hormone increased, it is expected that in this rest
intervals, testosterone does not change significantly [7].

On the other hand, it is known that skeletal muscle
fibers have specific androgen receptors that can remove
these hormones from the circulation and cleansing by
the increase in the metabolism of these. Therefore, in the
present study, may be increased removal of testosterone by
muscle result in increased insignificant testosterone [2, 21].

As a result of cortisol and testosterone changes,
the testosterone to cortisol ratio, a criteria for balance
of anabolic-catabolic processes [14, 22], significantly
changed in those trials that testosterone has no significant
changes, i.e. light load with 90 s rest interval and heavy
load with 240 s rest interval.

Mechanisms  underlying testosterone  changes
following physical activity is not well understood.
However, one of the possible mechanisms that proposed
for testosterone changes is shifts in blood volume [16]. If
blood volume reduced during physical activity is likely
that increased blood viscosity and increase»s hormone
was unreal.

Based on the intensity and duration of physical
activity, temporary changes occur in the balance of

anabolic-catabolic processes. Repetitive exercises without
adequate and appropriate recovery can cause prolonged
irregularities in the balance of anabolic-catabolic
processes [8, 11]. Furthermore, this ratio decreases with
increasing intensity and duration of exercise [8].

The results showed that the testosterone to cortisol
ratio has significantly changed after 4 sets of bench press
with 90 seconds rest interval. Although, increased the
levels of testosterone and cortisol, both, the testosterone
cortisol ratio was significantly reduced due to higher
levels of cortisol in compare to testosterone.

Finally, the ability to maintain repetitions of bench
press is higher in long vs. short rest intervals. It is possible
that insufficient time for recovery and reconstruction
energy stores and waste disposal in the short rest intervals
is the main cause. It can be concluded that in the situations
that muscle hypertrophy is a goal; it can be obtained by
assigning a long time rest interval and heavy load in
resistant exercise training.

Overall, the results indicated that the Sustainability of
repetition, Testosterone concentration and testosterone to
cortisol ratio in training with light load and rest intervals
of 240 seconds was more than 90 seconds. Also, the
cortisol concentration in 240 seconds resting interval
was less than 90 seconds resting interval. Based on these
results it can be concluded that when resistance training
with light loads, higher resting interval (240 seconds)
may be provides a better anabolic environment for muscle
growth and keep the training intensity.
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