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Summary

The purpose of this study was to determine the effects of
resistance training (RT) alongside creatine-hydrochloride (Cr-HCI)
(CrM)
anabolic/catabolic hormones, strength, and body composition.

or creatine  monohydrate supplementation  on
Forty participants with an age range of 18-25 years were randomly
divided into four groups (n=10): RT+Cr-HCl (0.03 g.kg* of body
mass), RT+CrM-loading phase (CrM-LP) (0.3 g.kg* of body mass
for five days (loading) and 0.03 g.kg" body mass for 51 days
(maintenance)), RT+CrM-without loading phase (CrM-WLP)
(0.03 g.kg* body mass), and RT+placebo (PL). The participants
consumed supplements and performed RT with an intensity of
70-85 % 1RM for eight weeks. Before and after the training and
strength (1RM),
(percent body fat (PBF), skeletal muscle mass (SMM), muscular

supplementation period, body composition
cross-sectional area (MCSA)) and serum levels of testosterone,
growth hormone (GH), insulin-like growth factor-1 (IGF-1), cortisol,
adrenocorticotropic hormone (ACTH), follistatin and myostatin were
measured. The results showed that in the supplementation groups,
strength, arm and thigh MCSA, and SMM significantly increased,
and PBF significantly decreased (P<0.05); this change was
significant compared to the PL group (P<0.05). In addition, the
results showed a significant increase in GH, IGF-1 levels, the ratio
(P<0.05), and
a significant decrease in cortisol and ACTH levels (P<0.05) in the
in GH, IGF-1,
levels in the

of follistatin/myostatin, testosterone/cortisol
Hormonal
and ACTH
supplementation groups were significant compared to the PL group
(P<0.05). The results showed that CrM and Cr-HCl significantly
enhanced the beneficial effects of RT on strength, hypertrophy,

supplementation groups. changes

testosterone/cortisol,  cortisol,

and hormonal responses, with Cr-HCI showing no benefit over CrM.
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Introduction

Ninety-five percent of the body’s creatine stores
are found in skeletal muscle, and the remaining 5 % is
distributed in the brain, liver, kidneys, and testes [1].
Creatine is synthesized endogenously from two essential
amino acids, arginine, and methionine, and a nonessential
amino acid, glycine, in the kidneys and liver [2]. Creatine
monohydrate (CrM) supplementation affects skeletal
muscles by increasing strength, fatigue resistance, muscle
phosphocreatine (PCr) content, and markers of protein
synthesis [2,3]. This supplement reduces cytoplasmic
(ROS)
production, proinflammatory cytokine content, muscle

calcium levels, reactive oxygen species
cell apoptosis, and activation of satellite cells [4,5]. The
primary role of creatine is to combine with a phosphate
group to form PCr through the enzymatic reaction of
creatine kinase [6]. PCr is then used by the muscle cell to
rapidly regenerate ATP for further muscle contractions.
Creatine supplementation can increase muscle creatine
and PCr concentrations by 20-40 %, and this increase has
significant effects, as the accumulation of phosphate and

other metabolites is responsible for muscle fatigue [6].
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Creatine is associated with muscle anabolism due

to aconsiderable increase in muscle volume when
consumed during resistance training (RT) [7]. There are
several hypotheses about increased muscle fibers via
supplementation, one of which is proposed to prevent
protein  breakdown by supplementation. Creatine
supplementation with RT increases protein synthesis and
insulin-like growth factor-1 (IGF-1) to a greater extent than
RT in men and women and helps to increase muscle
hypertrophy further [8]. Increased muscle mass appears to
result from improving the ability to perform high-intensity
training by increasing access to PCr and increasing
adenosine triphosphate (ATP) synthesis. In this way,
athletes can develop more significant training stimulus and
more muscle hypertrophy by increasing myosin heavy
chain expression, possibly due to increased myogenic
regulatory factors (MRFs), myogenin, and MRF-4 [9].
There are many forms of creatine on the market,
including creatine nitrate, creatine citrate, creatine ethyl
ester and buffered forms of creatine, which are not
bioavailable sources of creatine and are less effective [10]
or more expensive than CrM [11]. CtM is the most
commonly used type of creatine (CrM combines creatine
and a water molecule). It is generally stable, degrading
slowly even at high temperatures and low pH [12].
Intestinal absorption of CrM is close to 100 %, and it has
a very high purity of creatine (more than 90 %) [12]. One
of the forms of creatine salt is hydrochloride (HCI),
which is claimed to have an aqueous solubility of
approximately 700 mg/ml [13]. The considerable
solubility of HCI relative to CrM suggests that better
absorption may be

possible. Physiological

pharmacokinetic simulations and modeling showed
a significant increase in blood and tissue creatine levels
following creatine hydrochloride (Cr-HCI)
CtM  [14].
Cr-HCl salt, one can create a change in the molecule, and
Cr-HCI becomes more soluble than CrM. The basis for
this claim seems to be the report of Gufford ef al. [13],

who stated that Cr-HCl contains approximately 78 %

supple-

mentation compared to By forming

creatine by molecular weight and is 37.9 times more
soluble than CrM in water at 25 °C. Higher solubility and
permeability appear to reduce the amount of creatine
required [15]. Marketing claims suggest that Cr-HCI is
more bioavailable than CrM [16]. These claims are also
based on a report by Alradadi et al. [14] who used
a simulated prediction model to estimate how Cr-HCl
affects tissue creatine retention based on differences in
solubility. However, their review was only a theoretical

modeling study, and the researchers did not directly
compare Cr-HCl with CrM intake on plasma or tissue
creatine content [17]. Therefore, the results of this
research cannot be directly generalized to humans. There
is limited information on the effect of Cr-HCI and there is
a need for more research in this field. There have been
few studies on the effects of Cr-HCI; the results of Tayebi
and Arazi [18] showed that Cr-HCI supplementation did
not have a significant effect on performance and
hormonal response compared to CrM [18,19].
Additionally, de Franca et al. [19] stated that Cr-HCI and
CrM improved muscle strength after four weeks of RT, but
only Cr-HCIl changed body composition in recreational
weightlifters [19]. In addition, Arazi et al. showed that
acute CrM supplementation and RT positively affected
testosterone and cortisol concentrations [20].

According to previous claims, the hypothesis of
supplementation with Cr-HCl instead of CrM was
proposed. Although this information suggests that
Cr-HCl is a beneficial ergogenic aid, more information is
needed. Considering the high costs of buying Cr-HCl
compared to CrM [11], it should be observed that its
effects are much higher than those of CrM or that it was
only a marketing claim. Therefore, the present study
attempted to answer the following question: what are the
effects of RT alongside Cr-HCI or CrM supplementation
on anabolic/catabolic hormones, strength and body
composition in young beginners? We hypothesized that
Cr-HCI supplementation can affect hormonal adaptation,
strength and body composition more than CrM supple-
mentation.

Materials and Methods

Study subjects

In this study, 40 young beginner athletes in
RT aged 20-25 years participated. The inclusion criteria
were as follows: having a history of 6-12 months of RT;
no injuries in the body causing defects in the performance
of exercises; no neurological, musculoskeletal or cardio-
vascular diseases; no use of sports and medication
supplements affecting the results during and six months
before entering the study; and having mental health and
motivation to participate in the study (Fig.1). After
explaining how to conduct the research and determining
the researchers' goals, benefits, possible harms, and
requests from the subjects, the subjects completed the
consent form, medical records, and physical activity
questionnaire. Subjects were asked to have the same
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bedtime. After the pretest, the subjects were randomly
(www.randomization.com) divided into four groups
(n=10): 1 — RT+Cr-HCl, 2 — RT+CrM-loading phase
(CtM-LP), 3 — RT+CrM-without loading phase (CrM-
WLP), and 4 — RT+placebo (PL). The research protocol
was approved by the Research Ethics Committee
of the  Sports  Science
(IR.SSRC.REC.1400.011)
accordance with the Helsinki Declaration.

Research Institute

and was conducted in

[ Participants inchasion for the smady (m=40) ]

Criteria for entering the study:
Agerange of 20 to 25 vaars.
History of recreational rasistance fraiming
for at least § to 12 months.
Not taking any supplements and dmgs
duting and § months before entering the
smady.
Having physical and mental health.
Not having neurolegical musculoskeletal
and cardiovascular diseases.

Enrollment

[ Allocated {p=40) J

™
RT +Cr-HC1 RT + CIM-LP RT+CrM- BRT+PL
(n=10) {o=10) WLP (=10} (0=10}
vy
» Body composition
Baseline assessment « IRM
e Serum levels: testostaroms,

GH, IGF-1, comisel, ACTH,
] follistatin and mryostatin

Al ation

HCland CrM consumption for § wesks

Followr-up
BSSeS5Iments

[ Traiming peried (70-85 %ol RM) and C1-

Follow=Up amd Annlysis

Fig. 1. Flow chart of the study. Resistance training (RT), Creatine
hydrochloride (Cr-HCl), Creatine monohydrate — loading phase
(CrM-LP), CrM — without loading phase (CrM-WLP), Placebo (PL),
One repetition maximum (1RM), Insulin-like growth factor-1
(IGF-1), Growth hormone (GH), Adrenocorticotropic (ACTH).

Research design
In the first
researchers' purpose, steps and expectations, the subjects

session, after explaining the

were asked to fill out a questionnaire related to personal
health.
Additionally, in this stage, the participants were familiar

information, physical activity and medical
with the tests and steps of the training and measured
stature, body mass, estimated body fat percentage and
In the IRM
(one maximum repetition) was conducted in the bench

body circumference. second session,

press, cable pull down, machine leg extension, and calf

raise; during the third session (the interval between
sessions was 24 h), IRM was conducted in leg press,
incline bench press, cable row, cable curl; the fourth
session measured 1RM for barbell shoulder press,
machine lying leg curl, butterfly press, cable push-down;
the fifth session,
shoulder press, T-bar row, dumbbell curl, and barbell

IRM was measured for dumbbell

skull crush. Subjects performed their first RT session four
days after the fifth session. Blood samples were taken
48 h before and after the training period; the other tests
were repeated. In each session, the subjects performed
RT with an intensity of 70-85% I1RM [21,22] at
certain hours of the day (10:00-13:00 in the morning) in
a constant environment (same temperature and humidity)
for eight weeks. Subjects were asked to refrain from other
sports activities during the study.

Table 1. Descriptive characteristics of participants.

RT +
RT + RT +
CrM- RT + PL
Cr-HC1 CrM-LP

WLP
Age 2242 + 2413 £ 23.54 £ 2195+
(years) 2.84 2.30 2.64 1.82
Stature 179.10+ 17790+ 179.90+ 178.00 +
(cm) 3.41 5.34 4.06 5.16
Body 69.50 + 72.10 + 7195+ 73.01 +
mass (kg) 2.99 3.21 3.13 3.51

Resistance training (RT), Creatine hydrochloride (Cr-HCI),
Creatine monohydrate — loading phase (CrM-LP), CrM — without
loading phase (CrM-WLP), Placebo (PL).

Sample size

The number of subjects was selected using
G*Power version 3.1 software with an a value of 0.05,
B value of 0.20 (80 % power) and reflected related
research [23-25].

Training protocol

The training program in each session included
10 min of warm-up, 70-80 min of RT, and 10 min of cool
down. The training program consisted of 8 weeks of training
and three sessions per week. The training protocol consisted
of 2 RT programs repeated alternately. The plan of the first
session consisted of performing nine exercises: leg press,
machine lying leg curl, machine leg extension, calf raise,
cable pull down, cable row, T-bar row, back extension and
crunches. The plan for the second session consisted of nine
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moves: bench press, incline bench press, chest fly machine,
barbell shoulder press, dumbbell shoulder press, cable curl,
dumbbell curl, cable push-down and barbell skull crush. The
movements were performed in three sets with an intensity of
70-85% 1RM with 6-12 repetitions (the rest interval
between sets was 60-90 s and between movements, 2-3 min)
[21,22]. Training intensity increased by five percent every
two weeks (Fig.2). The researcher monitored subjects’
performances in training sessions and all training variables
such as training

intensity, rest and tempo were

carefully controlled (tempo was controlled by a metronome

(soundbrenner app)).
I Week 1-2 | | Week 3-4 | | Week 5-6 | | Week 7-8 I
Set  ——> e A T
Rp —> 12 — 1 —> 8 —3 6
Rest between sets (s) —> 60 —_— 70 o 80 — %0
Rest berween exercises (s) =3 60-120 —3 60120 —3> 60120 ——> 60-120
Intensity (% 1RM) —3 70 il 75 —p

{T%

1RM test

Blood samples ‘

Blood samples

Fig. 2. Training program. One repetition maximum (1RM),
repetitions (Rep).

Body composition

A Seca stadiometer (Seca, Hamburg, Germany)
was used to measure stature, and a Seca digital scale was
used to measure body mass (Seca, Hamburg, Germany).
In addition, body composition (estimated percent body fat
(PBF) and skeletal muscle mass (SMM)) was calculated
using a multi-frequency impedance body composition
analyzer (Mediana, Seoul, South Korea). The arm and
thigh circumference were measured by a tape and skinfold
on the triceps and anterior midline of the thigh by a caliper
(Lafayette Instruments, Lafayette, IN, USA). A caliper
(Mitutoyo China Corporation, model 533-404, Shanghai,
China) was used to measure the distance between the
medial and lateral epicondyles of the femur. The test-retest
of this assessment at the intraclass correlation coefficient
(ICC) of these tests was above 0.88, and the coefficient of
variation (CV) was less than 4.1 %.

Assessment of muscular cross-sectional area (MCSA)

The extent of hypertrophic changes in parti-
cipants was measured using the model proposed by
Heymsfield et al and Knapik et al. who proposed

two formulas for measuring the amounts of hypertrophic
changes in the arm (upper body) and thigh (lower body)
[26,27]. In this method, the following formula was used
for the MCSA of the arm [26]:

Arm MCSA (cm?®) =7 ((CA/2 1) - (TA/2))*- 5.5
CA: circumference arm (cm), m: 3.14, TA: triceps
skinfold arm (cm), r=0.97 (strongly correlated with
measures derived by computed tomography scans) [26].
The following formula was used for the MCSA of the
thigh [27]:

Thigh MCSA (cm®) = 0.649 x ((CT/n - SQ)* -
(0.3 x dE)?)
CT: circumference thigh (cm), m: 3.14, SQ: skinfold
quadriceps (cm), dE: distance epicondyles (cm), 1=0.96,
SEE=10.1 cm’ (correlated highly with cross-sectional area
(CSA) determined by magnetic resonance imaging) [27].

Muscle strength (1RM)

The methods of Tibana et al. and Brown and Weir
were used to evaluate the 1RM [28,29]. In this method, the
subjects performed 5-minute low-intensity walks and then
had eight repetitions with an estimated intensity of
50 % 1RM. After one minute of rest, they performed three
repetitions with an estimated intensity of 70 % I1RM.
Subjects rested for three minutes, and 5 % was gradually
added to load
a complete repetition of three to five attempts for IRM and
3 to 5-minute rest between attempts [28,29]. The ICC and
CV of the leg press were 0.93 and 3.2 %, respectively, and
those of the bench press were 0.91 and 3.5 %.

each until they could perform

Blood sample analysis

Sampling was performed twice, 48 h before the
start of the training period and 48 h after the last training
session (12h of fasting and 8 h of sleep) between
8:00 and 9:00 AM. To control the circadian rhythm of the
hormonal range, blood sampling time was considered to
be 48h before and after the training period [30].
Sampling from the brachial vein was 10 ml. After placing
the samples at room temperature (28 °C) for 30 min, it
was centrifuged at 1500 rpm for 10 min. Then, the serum
was isolated and frozen at -80 °C to study the desired
variables. ELISA kits were used to assess serum
levels of testosterone, GH and IGF-1 (testosterone:
Abcam, ab108666, Cambridge, MA, USA, sensitivity:
0.07 ng/ml; GH: Abcam, ab190811, Cambridge, MA,
USA, sensitivity: 1.6 pg/ml; IGF-1: Abcam, ab100545,
Cambridge, MA, USA; sensitivity: <0.2 ng/ml) (intra and
inter-assay coefficient of variation (CV) for testosterone
was 5.8 and 10.5 %, GH was 3.6 % for both, IGF-1 was
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<10 and <12 %). In addition, serum levels of cortisol and
adrenocorticotropic hormone (ACTH) were measured
using commercially available kits (cortisol: Monobind,
3625-300A, CA, USA, sensitivity: 0.25 pg/dl; ACTH:
Monobind, 10625-300, CA, USA, sensitivity:
2.81-3.13 pg/ml) with a CV of less than 6 %. To measure
serum levels of myostatin and follistatin (myostatin:
CUSABIO, E11300h, Houston, TX, USA; follistatin:
CUSABIO, E08506h, Houston, TX, USA), ELISA kits
(sensitivity of 0.312 ng/ml for myostatin and 0.250 ng/ml
for follistatin, CV<15 %) were used.

Supplementation

In this study, a Cr-HCl supplement (ProMera
Sports CON-CRET, USA) was used for the RT+Cr-HCI
group. The dose was 0.03 g.kg" of body mass 30 min before
training on the training day and at the same time of training
on non-training days. For the CrM-LP and CrM-WLP
groups, the Olimp supplement (Olimp, Poland) was used.
The dose of the CrM-LP group was 0.3 g.kg” of body mass
for five days (loading), which was consumed in 4 servings
during the day; it was followed by 0.03 g.kg" of body mass
for 51 days, which was consumed 30 min before training on
a training day or during training hours on non-training days.
In the CrM-WLP group, 0.03 gkg' of body mass was
consumed during the training period, 30 min before training

Table 2. Dietary daily intake (mean (SD)).

(on training day), or during training hours (non-training
days) [3,31,32]. In addition, the PL group was given
maltodextrin under the same conditions as the other groups.
The supplement package was given to each subject every
week, and each subject brought the relevant package to the
training site in each training session to ensure that the dose
was observed. Also, during eight weeks of supplementation,
the researcher reminded and checked the supplement by
phone.

Dietary assessment

A three-day food recall questionnaire (two normal
days and one day off) was used to assess calorie intake.
Subjects recorded their diet, three days before the start of the
training program and three days in the last week of the
training program. Calorie intake, carbohydrate, fat, and
protein intake were calculated. Before starting the training
period, the subjects were recommended to adjust their diet
based on the recommendations of the Academy of Nutrition
and Dietetics, Dietitians of Canada, and the American
College of Sports Medicine to distribute macronutrients
(55-65% of total calories from carbohydrates,
approximately 35% of total calories from fats and
approximately 10 to 15 % of total calories from protein)
[33]. In addition, the subjects were instructed to maintain
their diet during the training period.

Variable Group Pre-training Post-training P
RT + Cr-HCI 2607.27 (135.91) 2577.08 (114.98) 0.13
RT + CrM-LP 2744.58 (105.74) 2669.94 (119.67) 0.25
Calories (kcal) R + CrM-WLP 2713.93 (96.72) 2699.25 (101.58) 0.13
RT +PL 2773.98 (92.44) 2740.85 (75.62) 0.09
RT + Cr-HCI 298.55 (15.18) 293.90 (16.56) 0.23
RT + CrM-LP 291.92 (23.41) 298.49 (15.63) 0.55
CHO (gr)
RT + CrM-WLP 305.70 (19.04) 302.91 (14.72) 0.40
RT + PL 311.48 (26.74) 306.32 (14.85) 0.41
RT + Cr-HCI 94.55 (8.10) 95.72 (8.78) 0.28
RT + CrM-LP 104.45 (11.02) 106.50 (8.07) 0.50
PRO (gr)
RT + CrM-WLP 103.29 (11.99) 101.25 (11.17) 0.40
RT + PL 107.59 (13.27) 108.62 (10.99) 0.63
RT + Cr-HCI 104.74 (12.61) 101.62 (13.30) 0.09
RT + CrM-LP 120.12 (6.56) 113.44 (8.33) 0.07
FAT (gr)
RT + CrM-WLP 112.58 (6.39) 110.98 (5.12) 0.22
RT + PL 115.23 (9.23) 111.77 (3.50) 0.26

Carbohydrate (CHO), Resistance training (RT), Creatine hydrochloride (Cr-HCI),

CrM — without loading phase (CrM-WLP), Placebo (PL).

Creatine monohydrate — loading phase (CrM-LP),
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The amount of calories consumed and the amount
of energy obtained from proteins, fats, and carbohydrates
were calculated using the diet analysis program (Master Diet
Pro, IRAN) and analysed using paired samples #-tests. Based
on the results of the #tests, there was no significant
difference in the subjects' nutrition during the training period
(P>0.05) (Table 2).

Statistical analysis

Descriptive statistics (mean (standard deviation
[SD])) for each of the assessed variables were determined
(Table 1). The distribution of each variable was examined
using the Shapiro-Wilk test to ensure the normality of
distribution. After confirming data normality, a one-way
ANOVA test was used to detect possible differences in
the pretest variables. Student's t-tests were used to
compare the pre-and post-tests in all groups. Analysis of
covariance (ANCOVA) was used to analyze the data
(baseline values were used as a covariate to identify
potential time group interactions and to eliminate the
possible influence of baseline scores). When necessary,
multiple comparisons using the Bonferroni procedure
were used for post hoc analysis. All between-group
differences were further analyzed using Hedge's g effect
sizes (ES). Interpretations of effect sizes were evaluated
at the following levels: trivial <0.20; small 0.20-0.50;
moderate 0.50-0.80; large 0.80-1.30; and very large >1.30
[34]. For each variable, a percent change score was
pre)/pre) x 100. Statistical
significance was set at P<0.05 for these analyses (with

calculated ((post -

95 % confidence intervals (CI)). All analyses were
conducted using SPSS version 21.0 (IBM Corp. Released
2012. IBM SPSS Statistics for Windows, Version 21.0.
Armonk, NY: IBM Corp).

Results

Strength and body composition

The results of Table 3 show that in the RT+Cr-
HCl, RT+CrM-LP and RT+CrM-WLP groups, bench
press (P<0.001, P<0.001, P<0.001; respectively), leg
press (P<0.001, P<0.001, P<0.001; respectively), arm
MCSA (P<0.001, P=0.001, P<0.001; respectively), thigh
MCSA (P<0.001, P<0.001, P<0.001; respectively), and
SMM  (P<0.001, P<0.001, P<0.001; respectively)
increased significantly and PBF (P=0.001, P=0.002,
P=0.001;
addition, BMI did not show significant differences in all

respectively) decreased significantly. In

groups (P=0.12, P=0.11, P=0.11; respectively). Changes
in the RT+PL group showed that bench press, leg press,

arm MCSA, thigh MCSA and SMM increased and PBF
and BMI decreased (Fig. 3B), but only changes in bench
press, leg press and PBF were significant (P<0.001;
P<0.001; P=0.01; respectively). The RT+Cr-HCI and
RT+CrM-WLP groups showed very large (ES: >1.30)
supplementation effects in the 1RM leg press, bench
press and SMM. The RT+CrM-LP groups also showed
very large effects (ES: >1.30) in the 1RM leg press.
PBF in the supplement group showed large effects (ES:
0.80-1.30) and arm MCSA showed large supplementation
effects (ES: 0.80-1.30) in the RT+Cr-HCIl and RT+CrM-
WLP groups following eight weeks of training and
supplementation (Table 3).

The results indicated a significant difference
between groups in strength, MCSA, SMM and PBF
(bench press: F=5.53, P=0.003; leg press: F=10.08,
P<0.001; arm MCSA: F=6.82, P=0.001; thigh MCSA:
F=5.04, P=0.005; SMM: F=5.33, P=0.004; PBF: F=6.07,
P=0.002). The bench press, leg press, arm and thigh
MCSA, SMM, BMI and PBF in the RT+Cr-HCI group
were not significantly different from those in the
RT + CrtM-LP and RT+CrM-WLP groups (P>0.05)
(Table 3). However, changes in bench press, leg press,
arm and thigh MCSA, SMM and PBF in the RT+Cr-HCI,
RT+CrM-LP and RT+CrM-WLP groups were significant
compared to the RT+PL group (bench press: P=0.04,
P=0.003, P=0.04; leg press: P<0.001, P<0.001, P=0.01;
arm MCSA: P=0.03, P=0.007, P=0.001; thigh MCSA:
P=0.01, P=0.03, P=0.01; SMM: P=0.004, P=0.04,
P=0.03; PBF: P=0.006, P=0.007, P=0.01; respectively),
but BMI did not change significantly (F=1.14, P=0.34).
In addition, no significant changes were observed
between the RT+CrM-LP and RT+CrM-WLP groups
(P>0.05) (Table 3).

Hormonal changes

The results of hormonal changes are shown in
Figure 4. According to the results, The increase in GH,
IGF-1
testosterone/cortisol and the decrease in cortisol and
ACTH levels in the RT+Cr-HCl, RT+CrM-LP and
RT+CrM-WLP groups were significant compared to the
pretest levels (GH: P<0.001, P<0.001, P<0.001; IGF-1:
P<0.001, P<0.001, P=0.001; cortisol: P=0.003, P=0.001,
P=0.026; ACTH: P<0.001, P<0.001, P<0.001;
respectively); however, the increase in testosterone
(P=0.63, P=0.85, P=0.64; respectively) and follistatin
(P=0.07, P=0.07, P=0.09; respectively) and decrease in
myostatin (P=0.06, P=0.08, P=0.08; respectively) levels
(Fig.3 and Fig.4). In

levels, ratio of follistatin/myostatin and

were not significant
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Table 3. Body composition, muscle strength and hypertrophy to 8-week intervention (mean (SD)).

Leg press Bench SMM BF BMI Thigh MCSA  Arm MCSA
(kg) press (kg) (kg) (%) (kg/m’) (em?) (em?)
Pre 114 57.20 34.97 21.40 21.67 119.22 39.78
(13.68) (5.49) (2.74) (2.63) (1.06) (18.74) (6.65)
RT + Cr- Post 133.60 66.20 40.55 18.60 22.02 137.40 49.03
HCl 12.77)** (4.10)** (3.91)** (1.42)** (0.84) (24.43)** (8.43)**
ES(CI  -142(-240  -1.78(-2.81 -1.58(2.58  127(031  -035(-123  -0.80(-1.71 -1.17 (2.1
95 %) to -0.44) to -0.74) to -0.58) t0 2.23) t0 0.53) t0 0.11) t0 -0.22)
119.70 62.60 33.42 20.80 22.81 135.88 47 44
Pre (12.86) (8.04) (3.93) (3.32) (1.40) (19.79) (10.84)
RT + Post 138.10 71.30 38.70 18.30 23.11 152.85 56.06
CrM-LP (11.81)** (6.49)** (3.08)** (1.76)** (1.56) (21.95)%* (10.19)%*
ES(CI  -143(-241  -1.14(2.09 -1.16(:2.11  0.90(-0.02  -0.19(-1.07  -0.78(-1.69  -0.78 (-1.69
95 %) to -0.45) to -0.20) t0 -0.21) to 1.82) t0 0.68) t0 0.13) t0 0.12)
Pre 113.20 58.20 3225 2220 2226 134.50 49.58
(10.14) (6.44) (3.52) (3.08) (1.51) (24.06) (10.02)
RT+ 130.20 66.90 38.12 19.20 22.71 152.31 58.69
CrM- Post N N N u N u
WLP (9.85)* (6.22)* (3.03)* (2.04)* (1.19) (24.52)* (11.29)*
ES(CI  -1.63(-264  -1.32(228 -1.71(274 1.10(0.16  -032(-120  -0.70 (-1.61 -0.82 (-1.73
95 %) to -0.62) to -0.35) to -0.69) to 2.04) t0 0.56) to 0.20) t0 0.10)
Pre 119.60 60.70 35.58 22.30 2278 128.05 45.12
(10.58) (8.92) (4.51) (3.23) (1.28) (26.97) (13.63)
129.70 65.30 36.89 20.90 22.67 134.54 46.37
RT+PL Post (9.42)* (7.10)* (3.39) (.51)* (0.92) (22.63) (8.45)
ES(CIT  -097(-1.89  -0.55(-144 -031(-120 0.46(-042  0.09(-0.78  -0.25(-1.13 -0.11 (-0.98
95 %) to -0.04) to 0.35) t0 0.57) to 1.35) to 0.97) to 0.63) to 0.77)

Skeletal muscle mass (SMM), Percent body fat (PBF), Body mass index (BMI), Muscular cross-sectional area (MCSA), Resistance training
(RT), Creatine hydrochloride (Cr-HCI), Creatine monohydrate — loading phase (CrM-LP), CrM — without loading phase (CrM-WLP),
Placebo (PL), Effect size (ES), Confidence intervals (CI). * denotes significant differences from baseline (P<0.05). * denotes significant

differences from PL groups (P<0.05). Data represent mean (standard error of mean).

addition, changes in the ratios of follistatin/myostatin
RT+Cr-HCI,
and RT+CrM-WLP groups were
significant (follistatin/myostatin: P=0.02, P=0.01,
P=0.01; testosterone/cortisol: P=0.002, P=0.007,
P=0.01; respectively). In the RT+PL groups, GH and
IGF-1 levels increased significantly compared to the
pretest levels (P=0.04, P=0.006; respectively). ACTH
levels in the RT+Cr-HCI, RT+CrM-LP and RT+CrM-
WLP groups showed moderate supplementation effects
(ES: 0.50-0.80), while the RT+PL groups showed
effects (ES: <0.20).
supplementation effects were trivial (ES: <0.20) and small
(ES: 0.20-0.50) in all groups (Fig. 4).

and  testosterone/cortisol in  the
RT+CrM-LP

trivial In other wvariables

The results of the ANCOVA test indicated
a significant between-group interaction in GH, IGF-1,
testosterone/cortisol, cortisol and ACTH levels (GH:

F=7.69, P<0.001; IGF-1: F=8.93, P<0.001;
testosterone/cortisol:  F=5.93, P=0.002; cortisol:
F=7.51, P=0.001; ACTH: F=7.32, P=0.001).

Nonetheless in contrast, the testosterone, follistatin and
myostatin levels and the ratio of follistatin/myostatin
did not significantly change (testosterone: F=1.38,
P=0.26; follistatin: F=0.54, P=0.65; myostatin: F=0.16,
P=0.91; follistatin/myostatin: F=0.46, P=0.71).
The observed GH, IGF-1,
testosterone/cortisol, cortisol and ACTH levels in the

changes in the

RT+Cr-HCI group were not significant compared to
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Fig. 3. Percentage changes in the study groups. Hormonal change (A); Body composition, muscle strength and hypertrophy
change (B). Resistance training (RT), Creatine hydrochloride (Cr-HCl), Creatine monohydrate - loading phase
(CrM-LP), CrM — without loading phase (CrM-WLP), Placebo (PL), Testosterone (TEST), Insulin-like growth factor-1 (IGF-1), Growth
hormone (GH), Cortisol (COR), Adrenocorticotropic (ACTH), Follistatin (FLST), Myostatin (MSTN), Skeletal muscle mass (SMM), Percent
body fat (PBF), Body mass index (BMI), Muscular cross-sectional area (MCSA).

those in the RT+CrM-LP and RT+CrM-WLP groups
(P>0.05) (Fig. 4). In addition, no significant changes
were observed  between the RT+CrM-LP
and RT+CrM-WLP groups (P>0.05). Changes in the
GH, IGF-1, testosterone/cortisol, cortisol and ACTH
levels in the RT+Cr-HCI, RT+CrM-LP and RT+CrM-

WLP groups were significant compared to the RT+PL
group (GH: P=0.002, P=0.001, P=0.03; IGF-1:
P<0.001, P=0.002, P=0.01; testosterone/cortisol:
P=0.002, P=0.03, P=0.01; cortisol: P<0.001, P=0.008,
P=0.02; ACTH: P=0.001, P=0.01, P=0.01; respecti-
vely) (Fig. 4).
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Fig. 4. Serum concentrations of anabolic and catabolic hormonal markers from pre- to post-intervention. (Testosterone (A), GH (B),
IGF-1 (C), Cortisol (D), ACTH (E), Follistatin (F), Myostatin (G), Follistatin/Myostatin (H), Testosterone/Cortisol (I)). Resistance training
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(CrM-WLP), Placebo (PL), Insulin-like growth factor-1 (IGF-1), Growth hormone (GH), Adrenocorticotropic (ACTH). The effect size is
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Discussion

This study attempted to determine the effects of
RT alongside Cr-HCl or CrM supplementation on
hormonal compatibility, muscle strength, muscle
hypertrophy, and body composition and compare these
two types of supplementation. Our findings showed that
Cr-HCl did not provide any advantages over CrM.

The results showed that RT+Cr-HCl, RT+CrM-
LP and RT+CrM-WLP increased GH, IGF-1 levels and
the follistatin/myostatin, testosterone/cortisol ratio and
decreased cortisol and ACTH levels. Hormonal changes
in the RT+Cr-HCI group were insignificant compared to
the RT+CrM-LP and RT+CrM-WLP groups. Changes in
the GH, IGF-1, testosterone/cortisol, cortisol and ACTH
levels in the RT+Cr-HCl, RT+CrM-LP and RT+CrM-
WLP groups were significant compared to the RT+PL
group, but changes in the testosterone, follistatin,
myostatin levels and the ratio of follistatin/myostatin
were not significant. It seems that testosterone requires
long-term intervention for meaningful changes [35].
More research needs to be done on the hormonal
compatibility of Cr-HCI supplementation. Only a few
studies [18,36] have examined the effects of this type of
creatine supplementation on testosterone and cortisol
levels. In this regard, Tayebi and Arazi showed that
multiday supplementation (7 days) of Cr-HCI (3 gr)
compared with CrM (3 gr) did not have a significant
effect on the hormone levels of cortisol and testosterone
stated that Cr-HCl

supplementation (3 gr) for two weeks caused significant

[18]. Moreover, Tayebi et al

changes in soldiers' testosterone and cortisol levels [36].
Regarding the effects of CrM supplementation, the results
of Arazi et al. showed that CrM supplementation
(4x5 gr.d'l) for more than five days along with RT
(3x10 rep of 9 exercises, 75-85 % 1RM) was sufficient to
increase testosterone concentration and decrease cortisol
concentration [20]. Burke et al. [8] showed a significant
increase in intramuscular IGF-1 concentration in creatine-
receiving athletes (0.25 g.kg dry mass in 7 days and
0.06 gkg dry mass in 49 days) after an 8-week
RT program. The researchers suggested that creatine-
induced cellular swelling may be the starting point for
anabolic signals [37]. In contrast to the results of the
present study regarding myostatin and follistatin, Saremi
et al. concluded that creatine supplementation combined
with RT (8 weeks) resulted in a further reduction in

serum myostatin. They suggested that the effects of RT

on serum myostatin levels may explain the increased
muscle mass induced by creatine supplementation [24].
Mobley et al. stated that creatine prevents or reverses
myostatin-induced muscle fiber atrophy [38]. They
suggested that creatine may directly affect myostatin
levels by increasing the expression of myostatin-related
Akirin-1/Mighty, which negatively
Anabolic and

hormones affect muscle growth and strength. Two major

genes such as

regulates myostatin [38]. catabolic
signaling pathways control protein synthesis. One of
is the IGF1-Akt-mTOR, which acts as

a positive regulator. The other major signaling pathway

pathways

that controls skeletal muscle growth involves myostatin.
Myostatin is produced by muscles and acts as a negative
regulator of muscle growth [39]. Muscle hypertrophy
may also be induced by extracellular binding inhibitory

proteins, such as follistatin, which have even
greater effects than reducing myostatin [39]. Androgens
(steroid  hormones)  strongly  stimulate  muscle
growth. The testosterone/cortisol ratio indicates

an anabolic/catabolic environment due to their role in
protein synthesis and protein degradation. Testosterone
increases androgenic receptors in muscle cells and related
myonucleoli and satellite cells. Testosterone also has
an increasing effect on IGF-1 and GH and causes the
promotion of anabolism by increasing protein synthesis
and inhibiting protein degradation [40]. It seems that the
reason for the difference between the results is related to
the dosage, the type of exercises, the intensity of the
exercises, and the training level of the subjects.

The results of the present study showed no
difference between the hormonal adaptations caused by
supplementation with Cr-HCI and CrM. Cr-HCI has been
marketed as a more bioavailable source of creatine than
CrM. According to the research, if a bioavailable source
of creatine is consumed in physiologically effective
doses, it is not broken down during digestion. The
creatine content of blood and tissue can be increased to
physiologically significant amounts (20 to 40 %). It does
not matter which form of creatine has better mixing
properties and/or is more soluble [12,41,42]. In addition,
Tuckfield suggested that creatine salts with improved
aqueous solubility and oral absorption characteristics can
CM in
applications requiring high doses of creatine [43]. It

provide improvements over therapeutic
seems that contrary to the claims made, Cr-HCI does not
have a greater effect than CrM, and it seems that it only

has better solubility. Creatine’s solubility depends on
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temperature and pH (the lower the pH, the more excellent
the solubility). Hence, the common recommendation to
dissolve creatine in acidic juice, such as orange juice, was
made [6]. Based on the Fazio et al. study, market research
showed that CrM is the cheapest form of creatine [11].
Therefore, according to the current research results and
the effects of Cr-HCl compared to CrM, it is not
economical to use and has no more effects.

The results showed that HCl and CrM supple-
mentation along with RT increased muscle strength
(bench press, leg press), arm and thigh MCSA, SMM and
reduced PBF, but the changes observed between Cr-HCI,
RT+CrM-LP and RT + CrM-WLP were not significant.
Changes in muscle strength, arm and thigh MCSA, SMM
and PBF were meaningful in the supplementary groups
compared to the control group. Regarding the effects of
Cr-HCl on performance, we can refer to studies by
Tayebi and Arazi [18], de Franca et al. [19], and Tayebi
et al. [36]. de Francga et al. stated that Cr-HCI (5 gr.day'1
and 1.5 gr.day") and CtM (5 gr.day™) improved upper
and lower body muscle strength after four weeks of RT
(4 sets, 10-12 rep, 80-90 % 1RM), but only Cr-HCI
changed body composition (fat mass and lean mass) in
recreational weightlifters. There was no statistically
significant difference between groups [19]. Tayebi et al.
stated that Cr-HCl supplementation for two weeks
improved the performance of soldiers (winging test,
vertical jump, and squat) [36]. In contrast, the results of
Tayebi and Arazi showed that seven days of Cr-HCI
supplementation did not significantly affect performance
compared to CrM in sedentary individuals [18]. It seems
that the dosage of creatine, supplementation period,
training period and training intensity were the reasons for
the different results in these studies. Regarding the effects
of CrM, Lanhers et al. [44,45] in their systematic review
stated that creatine supplementation was effective on
upper and lower body strength performance for exercises
lasting less than 3 min, regardless of population
characteristics, training protocols and dose and duration
of use. Moreover, Wu et al., in their review article, stated
that creatine is an effective supplement to increase
muscle strength and increase athletes’ performance [46].
The results of Mills et al
supplementation (0.1 gr.kg™) during six weeks of RT was

showed that creatine

asafe and effective strategy for increasing muscle
strength in young active adults [47].

Glycogen decreases during RT and creatine can
affect muscle glycogen stores (glycogen increases

ATP resynthesis during RT sessions) [48]. Creatine also

increases intramuscular PCr levels, which may accelerate
ATP resynthesis and/or PCr recovery after each set; over
time, these factors may help increase strength. In
addition, creatine supplementation increases calcium
reabsorption into the sarcoplasmic reticulum, leading to
faster actin-myosin cross-bridge cycling during repetitive
muscle contractions [49] and ultimately improving
muscle strength. This supplement can increase glucose
disposal and decrease glycogen stores during exercise
sessions by increasing mobility and glucose transporter
type 4 (GLUT-4) content in people who do RT [47].
Additionally, creatine supplementation can stimulate
signaling pathways including IGF-1 and predominantly
phosphoinositide 3-kinase (PI3K)/Akt-PKB/mechanistic
target of rapamycin complex (mTOR), which plays
an important role in the regulation of muscle hypertrophy
[50]. In addition, the increase in lean mass following
creatine supplementation has been attributed, at least in
part, to water retention in muscle tissue [51]. In general,
studies on creatine supplementation have reported
an increase in intracellular volume without changes in
extracellular volume [20,37], possibly due to the high
osmotic load associated with increased creatine and Na"
in the Indeed, cell

characterized as an anabolic signal [6], which can trigger

cytosol. swelling has been
the activation of osmotic molecules as G protein-coupled
receptors in the mitogen-activated protein kinase
(MAPK) and sphingosine kinase 1 (SPHKI1) pathways
stimulate and create positive feedback [37]. Regarding
the effects of creatine on fat tissue, there is direct
evidence that creatine affects certain aspects of fat and
adipose tissue metabolism and triglyceride synthesis in
cell types. Creatine  stimulates  mitochondrial
ATP turnover in adipose tissue, increasing the metabolic
rate of subcutaneous and brown adipose tissues [52]. Lee
et al. also reported that creatine inhibited cytoplasmic
triglyceride formation in adipogenic cell culture models
in a dose-dependent manner [53]. Additionally, creatine
metabolism is important in fat bioenergetics, and creatine
supplementation positively affects energy expenditure
[52]. Also, increased lean tissue mass due to creatine
supplementation, potentially increasing resting metabolic
rate and total daily energy expenditure (through increased
participation in physical activity) [54,55]; it can explain
the decrease in fat mass and body fat percentage.
Considering the effects of supplementation on
hormonal compatibility, strength, hypertrophy and body
composition as mentioned above and the results of this

study, Cr-HCl, like CrM, has an effect on hormonal
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compatibility, strength, hypertrophy and body composition
and does not seem to have higher effects than CrM.
CrM does not have a high solubility, but Cr-HCl has a high
solubility; this is the only difference between the two sup-
plements. According to the available information,
solubility does not affect creatine's bioavailability; creatine
monohydrate is 100 % bioavailable [12,41,42]. As Kreider
et al. stated in a systematic review, the claims that Cr-HCl
is more bioavailable and more effective than CrM are not
supported [10], which is consistent with the results of the
present study.

There were limitations in this study that may
affect our findings. The first limitation of the present
study was the lack of measurement of muscle creatine
content. The second limitation was the study of subjects'
nutrition during the research period using a food recall
questionnaire. In this study, with the guidance and
recommendations made at the beginning of the study, the
subjects tried to follow a similar dietary pattern to reduce
the effects of nutrition on the desired variables. In
addition, estimated body fat percentage and muscle mass
were estimated using a multifrequency impedance body
composition analyzer (Mediana, Seoul, South Korea) and
the MSCA in this study was calculated based on formulas
proposed by Heymsfield et al. and Knapik et al. for
measuring the amount of hypertrophic changes in the arm

(upper body) and thigh (lower body) [26,27].

Conclusions

showed  that
supplementation with Cr-HCI and CrM increases GH,

In general, the results
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