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Abstract: This study evaluated the effects of long-term creatine monohydrate supplementation and resistance
training on indices of liver disruption in previously sedentary males. Liver integrity was assessed by
determining serum Alanine Aminotransferase (AL T) and Aspartate Aminotransferase (AST) activities before
and after the supplementation and traiming. 20 non-athletic males (age 22.25 + 2.02 years; weight 71.55 + 4.72
Kg; height 171.92 + 5.98 Cm) were randomly divided into two groups [tramning-creatine (n=10), traimng-placebo
(n=10)] within a double-blind design. Both groups participated in resistance training and completed the 8 weels
weight traiming protocol. The creatine group consumed 250 ml creatine monohydrate supplementation solution
(0.07 g/kg/day, creatine) and the placebo group consumed (0.07 g/kg/day, of wheat flour) during the training
protocol. Venous blood samples were obtained 24h before the begmning protocol and 48 h after last session.
Serum ALT and AST activities were measured by auto-analyzer system. Data was statistically analyzed by
dependent and independent t-test at significance level P=0.05. There were no significant differences in serum
ALT and AST activities before and after traimng in either the creatine traimmng (P=0.102 and P=0.086
respectively) and placebo training groups (P=0.265 and P=0.769 respectively). Moreover, there were no
significant differences in ALT or AST activities between creatine traiming and placebo groups before or after
the 8 weel protocol (P=0.519 and P=0.844 respectively). This observation suggests that 8 weels resistance

training period along with creatine monohydrate mgestion does not have adverse effects on these hepatic
cellular damage mdices.
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INTRODUCTION

a central role m the

maintenance of power output in high intensity exercises.

Phosphocreatine  plays

Depletion of muscle phosphocreatine during intense
exercise 18 associated with the onset of muscle fatigue
during such exercises [1]. Many studies have shown that
oral creatine supplementation increases total creatine and
creatine phosphate content in human skeletal muscle
[2-7]. Increasing the phosphocreatine content of muscle
through creatine monohydrate (CrM) supplementation
has been demonstrated to increase subjects’ work output
during intermittent bouts of anaerobic activity [1,8-11].
Studies also suggest that creatine (Cr) supplementation

can imcrease the concentrations of both creatine and
phosphocreatine in skeletal muscle which may provide the
means necessary for improved strength by an increase
muscle mass when combined with resistance training [12].

So far, Cr supplementation's biochemical [13],
physiological [13], ergogenic [14] and therapeutic [15,16]
roles have been extensively investigated. In the last 20
years, Cr has become a very popular dietary supplement
[17,18] and despite its widespread use, there is little
evidence concerming possible side effects [19-21].
There has been scrutiny of possible adverse effects of
creatine supplementation on renal function, however
little research has been done of possible effects of
creatine function.

supplementation  on  hepatic
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Tuhn and Tarnopolsky (1998) [22] and Kreider ez al. (1998)
[23] n their research articles relating to renal function
stated a direct need for investigations into the effects of
creatine on hepatic function. Poortmans and Francaux’s
(2000} [24] review of the health related literature
surrounding creatine supplementation found two research
abstracts, two research manuscripts and the authors’
unpublished data as the only sources of information
regarding blood markers of hepatic function m healthy
individuals and athletes.

One retrospective study examining a wide variety of
serum markers of health did include some measures of
relevance to hepatic function [25]. This study found no
relationship between Cr supplementation and these
markers but also proposed that further studies be
conducted to add weight to their conclusions.
Robingon et al. (2000)[26] examined selected hematologic
and serum chemistry indices mn healthy subjects and
found only serum creatinine to be significantly and
reversibly affected by supplementation. Whereas some
studies did not report any alteration in renal and hepatic
function after Cr supplementation [27,28], others have
suggested that Cr may speed up renal and hepatic disease
progression [28-30]. Liver diseases have presented a
broad variability in several human and animal studies, as
well as in the criteria used to categorize the severity of
hepatotoxicity [31]. Plasma levels of hepatic enzymes,
such as ALT and AST are considered valuable for
detecting toxic effects on the liver [32].

The present study specifically investigated the
relationship of serum markers of hepatic stress during
strength training while supplementing with Cr in non-
trained males during intense resistance traming.

MATERIAL AND METHODS

Subjects: Twenty non-trained healthy male students with
no history of participation in any regular exercise training
regimen were recruited for this study. None were taking
any drugs. They were also required to be free of any
creatine supplement for at least one month prior to
traimng. The meal program was the same for all subjects
one week before and throughout the research peried.
After receiving oral and written information about the
study plans and procedures, subjects signed an mformed
consent form. The experimental protocol was approved by
the local university ethics committee and all subjects were
informed of the risks and purposes of the study before
their written consent was obtained. Following the

famiharization session, the subjects were randomly
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Table 1:  Anthropometric data for the CrMT and PT groups. Data are
means (+3D).

Variable Creatine Monohydratet+Training PlacebotTraning
Age (years) 2230 (1.94) 22.20 (2.20)
Height (cmm) 171.25 (5.34) 172.60 (6.12)
Weight (kg) 72.5 (4.69) 70.60 (4.81)

BMI 24.72 (1.64) 23.69 (1.28)
%FAT 2237 (4.75) 21.63 (3.08)

divided mto creatine monohydrate tramnmg (CrMT) and
placebo traimng (PT) groups by a double-blind way.
Table 1 gives the physical and training characteristics of
the subjects at the start of the study.

Determination of Resistance Training: At least one week
before the first training session, two groups subjects were
thoroughly familiarized with the implemented exercise
tests and all subjects’ 1RM were measured by the
following formula [33]:

_ weigh Load Amount(kg)
[1.0278 — (Number of repetitions > 0.0278]

After all pre-test data was collected; two groups were
wnstructed to take creatine monohydrate and placebo
supplements and to continue with the prescribed worl-
out program. The most important concept of this study
was that the subjects were not to deviate from their
regular work out program or daily diet under any
circumstances. Any alteration m these two variables
could result in their removal from the study. The subjects
were asked to continue with their program for 8 weeks, 3
times a week with training daily sessions of 90 minutes.

Throughout the supplementation period, the subjects
performed a regular resistance-traiming program, which
consisted of a free-weight bench press, leg press, barbell
curl, reverse grip cable press-dowr, standing cable
reverse fly and dumbbell lateral raise based on each
subject’s 1RM and consisted of 3 sets of 10 repetitions at
75% of 1RM and subjects rested for 60-90 sec between
repetitions and for 1-3 minutes between sets. No
progression was built mto the program and subjects
continued using the same resistance throughout the
study. This would allow for assessment at the end of the
8 weel protocol that would be reflective primarily of ALT
and AST activity in serum, primarily from liver sources
and not potentially complicated by ALT or AST due to
possible muscle damage or disruption as all muscle
damage or adaptation would have been resolved by thus
time.
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Creatine Monohydrate Supplementation: In order to
obtain baseline values of alanine ammotransferase (ALT)
and aspartate aminotranferase (AST), all subjects
abstained from any creatine supplementation for one
momnth prior to the beginning of the testing protocol. This
duration was chosen as Hultman ef al (1996) [6],
indicated a return of intracellular creatine levels to
baseline after a 30 day period of no supplementation [34].
Pure creatine monohydrate (Nutrasense, Shawnee, KS)
was distributed to the entire CrMT group prior to the
initiation of the study. The CrMT group consumed 250 ml
creatine monohydrate supplementation seolution (0.07
g/kg/day, creatine) during training protocol. The placebo
group receved wheat flour (0.07 g wheat flour /kg body
mass/day) during traiming protocol. Both groups were
mstructed to ingest the supplement and wheat flour along
with 250 ml grape juice [35,36].

All daily doses were taken orally and were momtored
by the proper
supplementation. On training days the subjects were
instructed to consume a portion of their daily dose within
one hour of completing their training session. None of the
subjects were vegetarians and all reported consuming a
varied diet which remained consistent throughout the
study.

research coordinator to  insure

Blood Sampling and Enzymatic Measurements:
A standard 10 mL serum tube (Vacutainer SST, Becton-
Dickinson, Franklin Lakes, NT) of blood was acquired from
the forearm vein, 24 hours before the beginning of traimming
program and 48 hours after the ending of traiming program
at 8 a.m. Each subject and each sample was assigned a
unique 1dentification number and the code key remained
confidential until all analyses were completed.

The enzyme assays were then completed for blood
(ALT) aspartate
aminotransferase (AST) using autoanalyser (Hitachi 917

alanine  aminotransferase and
Automate; Mannheim, Germany ) and Roche Diagnostic’s

reagents (Mannheim, Germany).

Statistical Amnalysis: The results were expressed as
mean + SEM. Independent samples t-test was used to
determine differences between CrMT and PT groups’
plasma ALT and ALS
Additionally, differences within the two groups for plasma
ALT and ALS concentrations means were determined
using paired samples t-test. Data in text and figures are
given as the mean + sem. P = 0.05 was considered
statistically significant. All data was analyzed by using
SPSS for windows software version 16.0 (SPSS Inc,
Chicago, IL).

concentrations means.
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RESULTS

There were no age, height, weight, BMI and %fat
differences between the CrMT and placebo group
subjects (Table 1). All 20 subjects completed the 8 week
training period and the data from all subjects were
the
comparison of the of serum ALT and AST concentrations
between CrMT and PT groups.

At the end of the week 8, the mean ALT and AST
concentrations of creatine monohydrate supplementation

included in the analyses. Figure 1 indicates

group were not significantly different from the levels
found before the start of the study (p=0.102 and p=0.086).

Similarly the levels of serum ALT and AST activities
of the placebo group at the end of the wk 8 training were
not significantly different from the before training levels
(p=0.265 and p=0.769).

Additionally, independent samples t-test between the
two tramning groups showed that there were no significant
differences between ALT concentrations before or after
training protocol (p=0.519 and p=0.486) between groups.
Similarly AST concentrations between the two training
groups were not significantly different before or after the
traimng protocol (p=0.844 and p=0.431).

DISCUSSION

This study demonstrates that an 8 week period of
the creatine monohydrate supplementation ingestion
along with light resistance training does not result in
increased serum ALT and AST levels as mdicative of
hepatic tissue damage in previously untrained males. ALT
and AST measurements serve as clinical indicators of
hepatic, myocardial, or skeletal muscle necrosis [34].
Concentrations of these enzymes must increase 10-200
folds in order to become clinically relevant markers of
malfunction or disease [34,37].

Oral Cr
has been proven to mcrease physical performance
[14,21,38] and some studies have demonstrated benefits
in certain pathological conditions [21,39,40]. So, the Cr
supplementation has become popular among athletes due

supplementations in humans and rats

to a performance-enhancing potential. However, as an
available and legal product, it can be easily purchased in
nutrition stores or supermarkets and the potential effect
on muscle mass enhancement among untrained and/or
among non-healthy people may represent a major

concerr, because its side effects have not been well
established [21].
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The results of this study suggest that the specific
enzymes that can mark hepatic stress (ALT and AST) are
not sigmificantly affected when creatine monohydrate 1s
supplemented with modest tramning m previously
untrained males. These data support previous findings of
Almada et al [41], Earnest et al.[42], Mihic et al. [43],
Robmsoen ef al. [26], Schilling et @f.[25] and Waldron ef al.
[34] who found no sigmficant changes in hepatic
enzyme with
supplementation. These data are also consistent with

associated  serum levels creatine

Poortmans and Franceaux’s [24] review of existing
that concluded that  there
deleterious effects to an athlete’s health from creatine

literature were no
supplementation.

However, m exercised and exercised plus Cr
supplemented group following 1 week of trainming,
Souza et al [21] observed an increased level of AST
when compared to the Control groups. These results
could be attributed to muscular alterations and not
necessarily to Cr supplementation, since other studies
demonstrate that physical exercise in initial periods of
adaptation can generate muscular damage, characterized
by plasma AST elevation [44,45]. The present study
examined the effects of Cr supplementation after 8 weeks
and no progression in training intensity or duration was
used. Hence it is likely that muscular damage or
adaptation would not contribute to any serum ALT or
AST activity changes seem n at the end of tlus traming
period and any possible changes in ALT or AST activities
could be attributed to liver sources alone. Since no such
changes were seen, it 1s likely that 8 weeks of Cr
supplementation combined with modest resistance
traiming had no adverse effect on liver function as
determined by these measures.

Although we have no measured intramuscular Cr
content it 18 possible to speculate that exercise tramung
could protect against kidney and liver alterations, by
increasing Cr accumulation by skeletal muscles during
exercise traiming, resulting i a decreased Cr accumulation
and/or turnover m the kidneys and liver.

Overall, the results of the current study showed that
resistance training at 75% of 1RM load, three times a week
with traming sessions of 90 minutes combined with
recommended doses of Cr supplementation will not alter
specific indicators of liver damage following the 8 week
training program. However, it should be noted that the
findings of the current study may only be applicable to a
CrM supplementation at “recommended™ doses used in
this study.
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CONCLUSION

Our data adds to the existing body of knowledge
of

supplementation over a period of weeks to months.

supporting the safety creatine monohydrate
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