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ABSTRACT

Physical activity and diet are the factors thatuehce the body's structure. The purpose of thidystvas

to compare the effects of four weeks of resistaraieing, and L-arginine supplement consumption on
growth hormone (GH), and Insulin-like growth factbr(IGF-1) Axis.Forty amateur male bodybuilders
(aged= 22.93 £3.50yrs., Weight= 70.23 #11.04 Kgyticipated in thisstudy.Theywererandomly divided
into four equal groups, Resistance (R), L-argini#, Resistance with L-arginine (RA), and Conff).
The Rgroup was assigned to a four week resistaradeing program:«three times/week, three sets of
tenexercises with 6-10 repetitions, at the 80-9FM{OneRepetitionMaximurp, with 120 seconds rest
between sets),Agroup is consumingl-L-arginine @MKg".day"), RA group resistance training with
consuming L-L-arginine ,andCgroup continued thearmal lifestyle without exercise training. GH,
IGF1, IGFBP-III plasma levelswere measured befarad after the protocol.One-way ANOVA indicated
significant change in GH, IGF, IGFBP-IlIbetween fagroups, and Tukey test demonstrated significant
increaseGH, IGF1, IGFBP-Ill plasma levels in R, aRA group.Based upon these findings, we
concluded that resistance training at 80-95% 1RRk&nsity, and resistance training along with oral L-
arginine showssignificantly increase secretion oH,GIGF-1, IGFBP-lllin amateur males, but
additionoralL-arginine toexercise programdo not gheignificant differenceinGH, IGF-1, and IGFBP-
[l
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INTRODUCTION

Regular resistance trainingcould cause hypertrophy skeletal muscle(l).Exerciseas a potent
physiological stimulus elevatesgrowth hormone (@HRQ)nsulin-like growth factor 1 (IGF-1)

secretion(2). IGF-1 is the major mediator of thealaolic and growth-promoting effects of growth
hormone (GH)(3). The competing processes of cellptaliferation, cellular differentiation, and the
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increased protein synthesis required for musclairep hypertrophic adaptation is regulated byidist
roles of IGF-1 isoforms(4). The Insulin-like growtactor-binding protein 1l (IGFBP-IIl) as a carrie
protein for IGF-1, and had a rolein growth modula{6). During recent years non-medication based
techniques including physical and herbal agent® Hmen dramatically developed for the treatment of
different disorders (6-17).

L-arginine is a key polypeptide in a wide varietfysynthetic and metabolic processes, and has been
suggested to become conditionally essential durietabolic stress (18). L- L-arginine consumptiod ha
a positive effect on fatigue at the recovery stafjer maximal intensity exercise.(19)Skeletal messl

the major site of L-arginine production andcongedly, the activity of skeletal muscle may directly
influence those tissues that utilize it(20).Theseevidence from studies in vitro that intramuscular
arginine hasa role in the regulation of muscle girosynthesisand breakdown.(20)Strenuous physical
exercise as well as exhaustive training programs, @her physical stress conditions leading to L-
arginine depletiongenerally occur in conditions raétabolic acidosis, and could be considered as
anovertrainingmarker.(21)Also, it has been showrsgiau L-arginine formation was suppressed in
severely hypercatabolic, and during prolonged sew@ress(20).Soeters et al. noted in thelack of
intracellular L-arginine , consumingL-arginine sigpentation could be useful (22).Noval-arginine
synthesis with pharmacological or nutritional intantions could potentially counteract L-arginine
depletion.(23)Welbourne demonstrated that a snall loarginine load is capable of elevating plasma
GH(24). Biolo et al. mentined torhGH (releasing hone Growth Hormone) administrationintheL-
arginine release from muscle into circulation (25).

By regardingresistance training as a stimulugtferproduction of GH, L-arginine metabolism in tles
mass, and also declinesL-arginine concentratioplasma as a result of muscular activity, we have
hypothesized to maintainL-arginine muscle, andmlalevel by consuming L-arginine as a supplement
may have an effect on GH/IGF1 axis, and IGFBP-BI aa markerto elevate serum IGF-1 and GH
production.

In line with our recent studies on physical acyivand anthropometric measures including weight ghan
[31,32], effect of endurance and resistance trgimn parameters related to sexual function in n#jn[3
and on some of preinflammatory cytokiffeand hormonal changes in different states [34-455] study
designed. The purpose of this study was to comipereffects of four weeks of resistance training] a
L-arginine supplement consumption on growth horen@@H), and Insulin-like growth factor 1 (IGF-1)
AXis.

MATERIALSAND METHODS

This study was conducted from April 2013 to Jun&36t the Islamic Azad University, ayatollah amoli
Branch.The participation in the study was voluntal subjects were informed of the objectives loikt
study. Each subject signed a written informed conse

All subjects had not any symptoms of cardiovascdlaeases, pulmonary disease, diabetes, high blood
pressure, and their historically demonstrated thay had not taken any dietary supplements, and
pharmaceutical drugs, or were not on any speciét &rothyamateur male body builders (aged= 22.93
+3.50 yrs., weight= 70.24 +11.04 Kg, height= 174005 cm, and BMI= 24.20 +4.00 kg3were
selected randomly from 40 eligible volunteers. Thegre randomly divided into four equal groups,
Resistance training (R), L-arginine (A), Resistattaging and L-arginine (RA), and Control (C) gm

The resistance group took part in Resistance trgiprogram for four weeks (three times / week). The
duration of each session was 60-90 minutes. Easdiocgewas divided into three sections consisting of
ten- minute warm up, 70- minute resistance trairinthe 80 -95% 1RM, and ten- minute cool down. The
warm-up section consisted of stretching movemehythmic movement with low intensity. The

resistance training section consisted of nine ésesc(Staggered-Stance Squat,Barbell Bench Press
Barbell Behind Neck PresDumbbellSide BendDumbbellbiceps, Seated Barbell Shoulder Press,
Deadlift, Half Squats, Standing Calve Raise) eael@se performed in three sets. The cool down@ecti
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consisted of rhythmic movement with low severitpdastretching movement with deep breathing. L-
arginine group consuming L-arginine (0.1 g-kdpy"). The resistance training and L-arginine grougktoo
part in resistance training with consuming L-argan{0.1 g.kgd.day"). The control group continued their

normal lifestyle without exercise training or consation I-L-arginine .

Body weight was measured on a digital scale (Tet&lz5100CO0 with a precision to 100 grams, USA).

To measure height, we used the stadiometer (SeodglM214, Hamburg, Germany).Quetelet index

(kg.m?) was used to calculate BMI(26). The body fat petage based on weight, age, and thickness
measurements of three skin folds (pectoral, abdortiegh) based on the Jackson-Pollock 3-point
formula by using a caliper (Lafayette Skinfold @ali Il, Model 01128, USA)(26).

Venous blood samples were obtained from the antedwiein of subjects in a seated position. Coitegt
blood samples were done at the same time of thealagduce any diurnal variation of the hormonal
response. Following overnight fasting 9-12 houns, subjects came to the laboratory at 7:00 to 80
and took a rest for 30 min prior to the first blommlection. GH (ug/mlwas assessed by Enzyme-linked
immunosorbent assay (ELISA) utilizing kits diap(@tSA), IGF-1 and IGFBP-III assessed by ELISA kit
utilizing Mediagnost IGF-1 and Mediagnost IGFBR-({bermany) respectively.

Relevant statistical analyses were performed uSIiP§S version16 on a personal computer (P<0.05 was
considered to be statistically significant). Degtivie analysis were adopted for demographic, amitcel
characteristics were reported as means +SD (Stdufaizviation).Before statistical analysis Kolmogorov
Smirnov test showed that the normal distributionabif variables, and Levenestestwas used to show
differingvariances between two groups before tlaet if the protocol(P>0.05). T-dependence Test was
used to show a significant difference between esé-tand post- test of variables in each group
(P<0.05).Analysis of covariance was used to compast- test of variables between four groups. The
power of tests was 0.80 (P<0.05).

RESULTS

Forty amateur male body builders (aged= 22.93 +3yfQ, weight= 70.23 +11.04 Kg, height=
174.00+0.05 cm, and BMI= 24.03 +3.57 kg?nfFP= 25.38+6.89%) completely took part in our gtud
Demographic, and clinical characteristics of allsdBjects that completed the study period are divéable
1. Pre- tests, and post- tests as mean +SD oblesi@BMI, FP, GH, IGF-1, and IGFBP-IIl) in R, AAR
and C groups.

Table 1.Characteristics of variablesasa Mean, and Standard Deviation in studying subjects

Mean +SD. Mean £SD Mean £SD Mean +SD
R A RA C

Pre test| 68.75+10.50 71.50 +12.34 69.75 +10.10 70.92 +£11.23

Post test 69.80 +£10.80 71.83 +14.50 70.23 £10.80 70.80 £12.52

Pre test| 23.65 +3.5( 24.72 £3.50 23.85 +3.60 23920

Variables

Weight (Kg)

2
BMI (kg.m”) Post tes| 23.92 +4.00| 24.84+3.90  24.20 4.10  23.87 +4.20
P (%) Pre test| 24.21+6.00  26.36 450 2580 +4.54 254164
Posttes] 22.71+5.22| 26.55+4.35  23.51+6.41  25.21 +4.03
cH (ng/m) Pre test| 6.51 +1.27|  6.83 +0.30 6.44 +1.14 6.40&1.1
Post tesi 14.36 +0.83|  6.30 0.80|  12.50 +2.44 6.43 +0.70
GF-L (ng/mD) Pre test| 508.7 +50.18531.10 +67.60 536.50 +75.50| 506.10 £65.60
Post tes 576.2 +56.02 516.20 +35.60 620.90 +138.78 514.0 +40.90
\GFBP-IIl (ng/mpy |_Pretest 52741107 596207 5.74 +0.90 5.50&1.0
Posttest|  7.30 +0.96] _ 5.19 +0.80 6.39 +0.67 4.926:0 B

BMI (Body Mass Index), GH (Growth Hormone), IGF-Inqulin-like growth factor 1), IGFBP-III
(Insulin-like growth factor-binding protein Ill). &ues expressed as Mean +SD (Standard Deviation).
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Resistance Training (R) (n = 10), L-arginine (A)=£ 10), Resistance with L-arginine (RA) (n = 10),
Control group (C) (n = 10). P< 0.05.

KS test demonstrated distribution GH serum leveR ifz= 0.51, p= 0.89), A (Z= 0.82, p= 0.51), RA (Z=
0.32, p=0.94), and C (Z= 0.85, p= 0.54), IGF-Lusefevel in R (Z= 0.62, p=0.73), A(Z= 0.53, p=D)8
RA (Z= 0.10, p= 0.97), and C (Z= 0.12, p= 0.92)FER-lllserum level in R (Z= 0.63, p= 0.82), A(Z=
0.43, p= 0.91), RA (Z= 0.24, p= 0.85), and C (Z22).p= 0.88) in pre- test was normal distributipr (
0.05).Levenestest show there was no significafferdince in variance of variables between two gsoup
before the start of the protocol (P>0.05).

Characteristics of the T-dependence test have ibgable 2 (p< 0.05).0One way analysis have repdrted
GH (F=6.05,p= 0.01%), IGF-1 (F= 4.19,p= 0.01*) daiGFBP-III(F= 5.59,p= 0.01*)R<0.05).

Table 2.Characteristics of T-dependencetest in studying subjects

p| R A RA C
e t p T P t p t p
GH (ng/ml) 22.95 0.01*| 0.98| 0.23] 29.93| 0.01* | 0.07| 0.94

IGF-1 (ng/ml) 3.84 | 0.011 1.32]0.10] 6.70 | 0.01*] 0.56] 0.58
IGFBP-IIl (ng/ml)| 1.86 | 0.09 | 1.74 0.10| 3.77 | 0.01*| 1.48] 0.17

GH (Growth Hormone), IGF-1 (Insulin-like growth tac 1), IGFBP-III (Insulin-like growth factor-
binding protein 1ll). Resistance Training (R) (r18), L-arginine (A) (n = 10), resistance with Lgarine
(RA) (n =10), Control group (C) (n = 10). P< 0.05.

Tukey test as a post hoc test of one way analgsB8H showed that there was a significant difference
between R-RA (m= 1.22+0.68, p= 0.09), RA-A (m= &@%8, p= 0.01*), R-A(m= 15.20+0.68, p=
0.01%*), RA-C (m= 14.15+0.68, p= 0.01*), R-C (m= 3#®.68, p= 0.01*), G-C (m= 0.87+0.68, p= 0.88)
(P<0.05).

Tukey test as a post has the one way analysis frlkBowed there was a significant difference R-RA
(m=1.46%40.28, p= 0.01*), RA-A (m= 324.25+40.28, .01*), R-A(m= 164.20+40.28, p= 0.01*), RA-
C (m= 324.15+40.28, p= 0.01*), R-C (m= 166.93+40.88 0.01*), G-C (m= 2.20 +40.28, p= 0.96)
(P<0.05).

Tukey test as a post has the one way analysiskBRG1 showed there was a significant difference R
RA (m= 1.46 £0.62, p= 0.07*), RA-A (m= 2.57 £0.62; 0.01*), and RA-C (m= 2.60£0.62, p= 0.01%),
whereas there was no significance difference betiRed(m= 1.31+0.62, p= 0.25), R-C (m= 1.24+0.62,
p=0.28), and G-C (m= 0.17+0.62, p= 0.89) groepd.05).

DISCUSSION

There was a significant increase in GH after fougek resistance training in our study. The chaaggsr

of GH in R, A, RA, and C groupswere120.58%, -7.7%%f%6, and 0.4% respectively.T-dependence test
demonstrated a significant increase in GH serural levR andRA groups (p< 0.05), and Tukey test as a
post hocof One way analysis demonstrated thereneagsignificant difference between R-RA, andA-C
groupsP<0.05), so oral L-arginine as supplement had noifsigint effect on GH serum level.

Kochaiska-Dziurowicz et al. showed an intense exercisg e a significant increase in GH
concentration.(27) Whereas Voss et al. demonstrete a period of heavy, long-term exercise with
changes in plasma volume does not significantlyeiase the GH.(28)GH is widely abused by athletes
specially to increase lean body mass and improeerabic exercise capacity, whereas it has suggested
improving the athletic performance of professionalle (29). Athletes muscle resistance, power, and
aerobic exercise capacity are not enhanced by Ghinigtration (30). Regarding the risks of adverse
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effects of long-term abuse of GH like acromegahd acreased morbidity and mortality(30) and als® t
use of GH in different clinical purposes like iffeet on immunological function,(31) resistancertiiag

as a stimulator to increase produce GH is the safesthod to increase GH. Althoughexercise-
inducedincreasesinGH levels, but itsincrease isasaivell asdue to exogenous GHusage.The advantage
of endogenousGH is the lack of side effects, artleheole in adjustingreactionson other tissuesckee

GH level in response to exercise may to recruitnaetin and myosin in muscle fibers. The rest irdaerv
between sets is a significant agent on the magmitdicacute GH responses.(32)The intensity of ezerci
and the rest time is the main factor as a stimcibpothalamus-Pituitary axis(33) and its effect to
recruitactin and myosin (attach — detachment)angirman shortening velocity of filaments in muscle
fiber.(34)Also the age, sex, baseline of other lwres specially sex hormones, and disorder of sex
releasinghormones are effectivefactorsonGH,also i§sffectedbytheresultsinduce by exercise in each
situation mentioned above.

Recently it reported the effect of L-arginine atidue(19), but there was no similar investigation
control GH/IGF1 axisin plasma level by consideramgl L-arginine consumption.

Some studies demonstrated GH stimulates the systlaesl regulation of IGF-1 in most tissues. IGi5-1
thought to be a potential to develop skeletal mysahd regulate muscle hypertrophy(3, 4).We had a
significant change in IGF-1in our study. The chamgis of IGF-1 in R,A, RA, and C groups were
13.3%, -2.0%, 15.6%, and 1.5% respectively. T-ddproe test demonstrated a significant increase in
IGF-1serum level in R, and RA groups (p< 0.05). Kasska-Dziurowicz et al. showed IGF-1
concentration did not change after intense exd&i3e Copeland et al. demonstrate that among
recreational female runners, an ultra-marathon1Gfecreased after ultra-marathon race in menopausal
women, and remained lower in recovery,(35)alsokittieet al. reported 14% drop in circulating IGFAL i
healthy adolescent females after exercise.(36)NGEem changes are associated with catabolic statke,
differences in results may beduetoage, andintessiti physical activityamongstudies.Hypoactivitythod
GH-IGF-1 axis could explain age-related.(37)Intengty,theovarian hormonal function is an important
contributing factortoGH/ IGF-laxis, whereas Milemigentioned 17b-estradiol may be as important
contributor to IGF-1 plasma level as age in hypotrogenic, hypo gonadotropic
women(38).Sexualdifferences, sex hormones, and #féects on body composition (the effect of
testosterone on muscle mass, metabolic changedisfdabution due to progesterone)are importantoficsc
which are involvedinstudieswithcontradictoryresul&liakimetal.emphasize ongenderdifferencesinthe
IGF axis changes, he noted that after exerciseitiaisignificant increase muscle volume in weight-
stable and IGF-lin adolescent males,(39)whereasefolet al. mentionedthere was no significant
difference in IGF-1 in Vastuslateralis muscle biepsamong younger (18-25 years), and older (60-
75 years) male groups, in baseline and aftertegsis training at an intensity of 80% 1RM,alsoirthbo
age groups IGF-1 remained stable throughout tieeviention.(40)

The result of the study showed a significant chand&FBP-Ill. The change rates of IGFBP-IIl in R,A
RA, and C groups were 38.51%, -12.91%, 11.32%,-40cb4%, respectively. The T-dependence test
demonstrated a significant increase in IGFBP-liuselevel in RA group (p< 0.05). Tukey test as atpo
hoc emphasis this fact (p<0.05). It seems loglwalincrease in GH associated with IGF-1 and IGFIRP-I
In humans, almost 80% of circulating IGF-1 is cedrby IGFBP-III. IGFBP-Illis regulated mainly by
GH, but also to some degree by IGF-1.(41)In thesmb 99% of IGFBPs modulate the availability of
free IGF-1 to the tissues.

Rosa et al. reported combined resistance, and anclitraining significantly increased GH level otlb
endurance- resistance, and resistance- enduraogpsgcompared with baseline values, and also IGFBP-
Ill concentrations significantly increased in thedarance- resistancegroup after the exercise tigsni
but did not change significantly in the resistanaendurance group(42), so the design of protocol of
training could have an important role in hormontamges. These resultsdemonstrate the physicaltgctivi
can have a significant effect onGH, IGF-1, and IGHB levels after the exercise which depend on the
time, and the amount of work done.
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Exhaustive training is associated with a chronducntion in plasma concentrations of L-arginine )(21
The intramuscular concentration of L-arginine isown to be related to the rate of the protein
synthesis,and there is also some evidences thagiht@e produced by muscle is an important fuel,
which regulates human metabolism, alters glycoggleed muscles, and plays the role of L-arginime i
promoting glycogen synthesis, so increased gluamreesis(18).Agostiniet al. reported increased L-
arginine availability may contribute to decreasedlammation, which associated with optimal
training,(21) so this could have an effect on meisebrk capacity, and greater tolerate of resistance
training,andtheeffect on the adaptation rate inateysvhich could include GH/IGF1 axis, but the fesu
demonstrated L-arginine consumption had no sicgifi effect on GH, IGF1, and IGFBP-IIl. The
measure of the L-arginine serumlevel could helplarpour study result. The lack of L-arginine
(intracellular, plasma) measured was the limitatdrthis study, and another limitation factor was t
lack of control of subjects feeding, whereassonoeliss noted changes in serum levels L-arginine in
starving- feeding, and the role of carbohydratmaintaining or depletingL-arginine resources.

CONCLUSION

Based upon these findings, we concluded that eemist training at 80-95% 1RM
intensity,increasesignificantly secretion of GHFKE, IGFBP-III in amateur males, oralL-arginine e
significant differenceinGH/IGF-1 axis, and alsorthevas no significant difference between resistance
training,andresistance training along with oral rgtaine in GH, IGF-1, and IGFBP-llichanges. We
concluded resistance training is the stimulator G&l/IGF-1 axis in comparisonwithL-arginine
supplements as a peptide to control the GH/IGFi4 @x proteinssynthetize in muscles.
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