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The Effects of Eight Weeks of Gymnastics-Specific Physical Conditioning and Citrulline
Malate Supplementation on Serum GH, IGF-1, and Testosterone Levels; miR-1 and miR-
206 Expression; and Explosive Power in Adolescent Male Gymnasts
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Extended Abstract

Introduction:

Gymnastics is a demanding sport requiring high levels of explosive power, strength, and
physiological adaptation. Optimizing these characteristics in adolescent athletes is important for
performance enhancement and injury prevention. Although training methodologies are well
established, the role of nutritional supplements such as citrulline malate, particularly in combination
with sport-specific training, remains an area of growing interest. This study investigated the combined
effects of a structured gymnastics-conditioning program and citrulline malate supplementation on
hormonal, molecular, and performance-related outcomes in adolescent male gymnasts. The primary
objective was to examine the effects of an eight-week combined intervention consisting of
gymnastics-conditioning training and citrulline malate supplementation on GH, IGF-1, testosterone,
muscle-related microRNAs (miR-1 and miR-206), and explosive power in adolescent male gymnasts.

Methodology:

This semiexperimental study used a pretest—posttest design involving 20 male gymnasts aged 10—14
years. Participants were randomly assigned to either the training-plus-citrulline-malate group (TCM)
or the training-plus-placebo group (TPL). Both groups completed the same eight-week training
program.

Training protocol: The program consisted of six weekly sessions of gymnastics skill training and
physical conditioning, with each session lasting 60—90 minutes. Skill training focused on three
apparatuses per session and consisted of 10 sets of 58 skill repetitions performed at 60—85% of
maximum heart rate. To apply progressive overload, the number of repetitions per set was increased
gradually every two weeks.

The conditioning exercises were designed specifically for male artistic gymnastics, with an emphasis
on upper-body explosive power. These exercises were performed three times per week after skill
training for 45-60 minutes at 60-85% of maximum heart rate. They included handstand push-ups,
plyometric push-ups, pull-ups, ring dips, leg raises, crunches, and various jump variations involving
the upper body, core, and lower body. Rest intervals between sets were 60 seconds, and 10 minutes
were allocated between apparatus changes. Training intensity was monitored using Polar heart-rate
monitors and the Borg rating of perceived exertion scale.

Supplementation protocol: Participants in the TCM group received 6 g of citrulline malate
(Myprotein) mixed with 250 mL of water one hour before each training session. Participants in the
TPL group received a visually identical placebo. The 6-g dose was selected on the basis of previous
literature and adjusted for the participants' age group because universally accepted dosage guidelines
for this population have not been established.

Measurement methods: Serum GH and IGF-1 levels were measured using ELISA kits from DiaMetra
(Italy). Serum testosterone levels were determined using ELISA kits from MonoKit (Germany). miR-
1 and miR-206 levels were assessed through RNA extraction, cDNA synthesis, and gene-expression
analysis. Explosive power was evaluated using the medicine-ball throw and Sargent jump tests. All
measurements were performed before and after the intervention.

Statistical analysis: Data were summarized using means and standard deviations. The Shapiro—Wilk
test was used to assess data normality, with p > 0.05 indicating no significant departure from
normality. Paired t-tests were used to assess within-group changes. ANCOVA with Bonferroni post
hoc tests was used for between-group comparisons. All analyses were performed using SPSS version
27 at a significance level of p <0.05.
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Results:

The TCM group showed significant increases in serum GH (p = 0.04), IGF-1 (p = 0.03), medicine-
ball throw performance (p = 0.043), and Sargent jump performance (p = 0.003). Significant decreases
were observed in miR-1 and miR-206 expression (p < 0.001). Testosterone levels did not change
significantly within or between groups.

Between-group analysis showed significantly greater improvements in the TCM group than in the
TPL group in GH (p = 0.01), IGF-1 (p = 0.048), medicine-ball throw performance (p = 0.021), and
Sargent jump performance (p = 0.042), as well as significantly greater reductions in miR-1 (p=0.001)
and miR-206 (p = 0.039).

Discussion:

The findings suggest that combining structured gymnastics training with citrulline malate
supplementation may enhance anabolic responses, modulate specific muscle-related microRNAs, and
improve explosive power in adolescent male gymnasts. The observed increases in GH and IGF-1
support the potential anabolic effects of citrulline malate and may facilitate muscle growth and repair.
The reductions in miR-1 and miR-206, which are associated with muscle growth and differentiation,
require further investigation and may reflect a complex regulatory response to training and
supplementation. The absence of a significant change in testosterone may be related to the
participants' young age or to the specific training stimulus. The improvements in explosive power,
measured using the medicine-ball throw and Sargent jump tests, may be related to the observed
hormonal and molecular adaptations. In conclusion, an eight-week intervention combining
gymnastics-conditioning training with 6 g of citrulline malate supplementation may enhance GH and
IGF-1 levels, modulate miR-1 and miR-206 expression, and improve explosive power in adolescent
male gymnasts. Although testosterone levels were unaffected, the overall hormonal and performance-
related benefits were notable. Future studies should examine different dosages, longer intervention
periods, and the precise molecular pathways affected by this combined intervention.
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Table 2 — Sequence of Primers Used in the Study

miR-206 stem:
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCCACAC

miR-206 Forward: CGAGCGATGGAATGTAAGGAAG

hsa-miR-1-3p stem:
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACATACAT

hsa-miR-1-3p Forward: AGCGAGGTTGGAATGTAAAGAAG

U6 stem:
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAAAATATGG

U6 Forward: GCAAGGATGACACGCAAATTC

Universal Reverse: GTGCAGGGTCCGAGGT
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Table 3 — Some Anthropometric and Physiological Characteristics of the Subjects

9ol om 093l Ui

BoS o Ps ; G2 skl Bl oSl sk dlpdlt pSile gl eiie
Between- Within- PostTest PreTest .
Group Variable
group group Mean + Standard Mean + Standard
Deviation Deviation
o
12/43 + 2/74 TCM
/43 +2/7 C )
Age
12/32 + 2/04 TPL (year)
138/75+527  TCM *
(yresilo)
140/90 + 3/28 TPL Height
(cm)
P=0/87 37/92 + 5/14 35/29 + 3/11 TCM 39
P=0/34 (pS9LS)
P=0/96 39/27 + 5/37 38/78 + 4/40 TPL Weight
(kg)
P=0/27 18/02 + 3/10 16/30 + 4/75 TcM ST
P=0/46 (@yoye 2 p)S5kS)
P=0/14 18/74 + 3/76 17/02 + 3/51 TPL BMI
(kg/m?)
P=0/74 9/02 + 1/02 10/08 + 1/25 TCM LF Ao
P=0/48 (222)
P=0/93 11/02 + 2/17 10/02 = 1/66 TPL Body Mass
(percent)
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Table 4 — Dependent Variables Before and After Eight Weeks of Training and Supplement or Placebo

Consumption
0905 o o9l i
Sl (5 Ske Sl £ Sl
Aol e on RaS 09 3yt 35t )5 gl eiie
Effect Between- ~ Within- PostTest PreTest Group Variable
Size group group Mean + Mean +
Standard Standard
Deviation Deviation
*P=0/04 47/41 +£1/28  42/02+1/21 TCM 1y (y30y3m
Hp_ . o
059 "P=001 o (044 44/02+1/50  41/90+0/28 TPL (ke esst)
GH(ng/ml)
*P=0/03  398/41£12/63 371/32+12/13 TCM - _isudl acs 13, 551
\
# pu—
0/45 P=0/048 o 412 388/27+10/37 374/78+9/40 TPL (2 skeo 53 530 )
IGF-1(ng/ml)
012 P 047 P=0/523  3/83+0/15 3/30£0/12 TCM 9 o
- P=0/931  3/00 + 0/02 3/00 + 0/04 TPL  Testestoron(ng/dl)
*P <
) 0/001 4/74 + 0/25 5/91+ 025 TCM MiR.1
0/72  *P <0/001 b (o )
= St Bk
0/11 6/82 + 0/16 6/88 = 0/17 TPL
*P < 6/09+0/03  721+0/83 TCM
iR-206
0/4 P =0/039 0{)091 r(n;w "
= il
/676 6/32 = 0/05 6/33 + 0/03 TPL
*P— . .
P 331/74 + 42/74 305/14+36/17 TCM Jbgpmese Uiy
0/34  *P=0/021 __0/043 ( yio sl )
P=0/17 310/75+30/49 302/25+28/95 TPL  MedBall Th(cm)
*P— - .
P 35/88+1/30  28/14+1/29 TCM ezl G
027  *p=0/042 __0/003 (o sl)
P=0/16  32/87+1/86  29/87+1/94  TPL Sergent J(cm)
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