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Abstract

This study evaluated the effects of high-dose of short-term
creatine supplementation (5gkg"day™ to 1 week) and long-term
creatine supplementation (1gkg""day™ to 4-8 weeks) on kidney
and liver structure and function of sedentary and exercised
Wistar rats (Exercise sessions consisted of swimming at 80% of
maximal work load supported during 5 days per week with daily
sessions of 60 minutes throughout the duration of the supple-
mentation). Seventy-two animals (245 + 5g) were divided into
four groups (n = 18): control diet Sedentary (SED), Creatine diet
Sedentary (CRE), control diet Exercised (EXE), and Creatine
diet Exercised (EXECRE). Histological and blood biochemical
studies were performed after one, four, and eight weeks of
creatine supplementation and exercise (n = 6). No differences
were found when comparing SED, EXE and EXECRE groups
for kidney and liver structure and function at one, four and eight
weeks. However, the CRE group showed higher levels of
creatinine (1.1 £ 0.2 vs. 0.4 £ 0.1 mg:dl™; p < 0.05), and urea (37
£3vs. 19+ 1 mgdl'; p < 0.05) when compared with all others
groups at four and eight weeks. At eight weeks, the CRE group
presented increased levels of ALT (41 + 7 vs. 23+ 7 UL"; p <
0.05), AST (89 £ 6 vs. 62+ 5 UL"; p < 0.05), GGT (8.0 + 0.9
vs.3.9+ 1.0 UL"; p<0.05), and AP (125+ 10 vs. 69 + 9 UL™";
p < 0.05) also when compared with all others groups. Moreover,
the CRE group demonstrated some structural alterations indicat-
ing renal and hepatic damage at four and eight weeks, respec-
tively. These results suggest that long-term creatine supplemen-
tation (up to 4-8 weeks) may adversely affect kidney and liver
structure and function of sedentary but not of exercised rats.
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Introduction

Creatine (Cr) is an organic compound synthesized mainly
in the liver and kidneys from the amino acids glycine,
arginine and methionine (Walker, 1979). Cr plays an
important role in rapid energy provision during muscle
contraction involving the transfer of N-phosphoryl group
from phosphorylcreatine (PCr) to ADP to regenerate ATP
through a reversible reaction catalyzed by phosphoryl-
creatine kinase (PCK) (Walker, 1979). Its biochemical
(Greenhaff, 1997), physiological (Greenhaff, 1997),
ergogenic (Bemben and Lamont, 2005) and therapeutic
(Gualano et al., 2009; Vieira et al., 2007) roles have been
extensively investigated. In the last 20 years, Cr has
become a very popular dietary supplement (Bird, 2003;

Maughan et al., 2004) but despite its widespread use,
there is little evidence concerning possible side effects
(Bizzarini and De Angelis, 2004; Poortmans et al., 2005).

Studies have found that Cr supplementation can in-
crease skeletal muscle and brain total Cr and PCr concen-
trations, with an even greater degree of increase seen in
organs with low baseline creatine content such as kidney
and liver (Ipsiroglu et al., 2001) but the possible side
effects of Cr supplementation, such as renal dysfunction,
and hepatotoxicity are still inconclusive (Bizzarini and De
Angelis, 2004). Because urea, which is one of the
metabolic products of creatine metabolism, is involved in
the conversion of toxic compounds such as methylamina
and formaldehyde, Cr supplementation can also be
expected to influence this conversion (Poortmans et al.,
2005). There has been some concern regarding the poten-
tial for Cr supplementation toxicity based on two anecdo-
tal human case reports (Pritchard and Kalra, 1998; Thor-
steinsdottir, et al. 2006). However, in humans, most of the
studies that have examined the potential for toxicity of Cr
supplementation have not found evidence of side effects
when consumed at “recommended” doses (Kreider et al.,
2003; Mayhew et al., 2002; Mihic et al., 2000; Poortmans
and Francaux, 1999; Poortmans et al., 1997; Robinson et
al., 2000; Terjung et al., 2000; Waldron et al., 2002). In
animals, the effects of Cr supplementation on renal and
hepatic structure and function have not been well estab-
lished. Whereas some studies did not report any alteration
in renal and hepatic function after Cr supplementation
(Taes et al., 2003; Tarnopolsky et al., 2003), others have
observed that it can speed up renal and hepatic disease
progression (Edmunds et al., 2001; Ferreira et al., 2005;
Tarnopolsky et al., 2003).

Vieira et al. (2007) demonstrated that Cr supple-
mentation exacerbates all cardinal features of asthma in
mice with chronic allergic airway inflammation, which
suggests potential side effects for asthmatic individuals.
However, the same authors recently demonstrated that
these pulmonary side effects are completely abolished
when Cr supplementation in animals with chronic allergic
airway inflammation is followed by aerobic exercise,
suggesting that the exercise could to block the possible
side effects of Cr supplementation (Vieira et al., 2008b).

Since supraphysiological doses of Cr supplementa-
tion could facilitate the demonstration its potential for
side effects at the tissue level, in this study we have used
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histopathological and enzymatic analyses to clarify the
possible protector effect of exercise during high-dose Cr
supplementation. In general, renal diseases are
characterized by the occurrence of morphological lesions
at any degree of magnification and also by any
biochemical abnormality (Gregory, 2003), although a
severe renal disease can be present without clinical signs
or laboratorial alterations that indicate renal insuficiency
(Gregory, 2003). Therefore, plasma levels of urea and
creatinine are classical markers of renal function because
they represent a simple marker of glomerular filtration
(Ghosh and Sil, 2007). 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 (Nunez, 2006). Plasma levels of hepatic
enzymes, such as aspartate aminotranferase (AST),
alanine aminotransferase (ALT), and alkaline phosphatase
(AP) are considered valuable for detecting toxic effects on
the liver (Boada et al., 1999).

Therefore, the aim of this study was to evaluate the
effects of supraphysiological doses of loading and
maintenance phase protocol of Cr supplementation on the
renal and hepatic structure and function in sedentary and
exercised Wistar rats.

Methods

All animal care was in accordance with the guidelines of
the Brazilian College for Animal Experimentation
(COBEA) and was approved by Animal Research Ethics
Committee of the University of Vale do Paraiba (L022-
2005-CEP).

Experimental design

Seventy-two male Wistar rats (245+5g) were housed
individually (22 = 3 °C, relative humidity 60 + 10%,
12h/12h light/darkness); food and water was available ad
libitum. The study was performed for 8 weeks and the
animals were divided into four groups (n = 18): control
diet Sedentary (SED), Creatine diet Sedentary (CRE),
control diet Exercised (EXE), and Creatine diet Exercised
(EXECRE). To verify the effects of supraphysiological
doses of Cr loading and maintenance supplementation
periods, six animals in each group were euthanized by an
intracardial injection of pentobarbital sodium at the end of
1, 4, and 8 weeks.

Swimming training

All the animals were submitted to a swimming adaptation
period (30 daily minutes without load, during five con-
secutive days) in order to decrease factors related to the
stress promoted by the swimming activity (Osorio et al.,
2003a; 2003b). During this period, the Cr was not admin-
istered. After adaptation, the animals were individually
submitted to the maximum load test (MLT) (Guerrero-
Ontiveros and Wallimann, 1998; Ipsiroglu et al., 2001).
Load cells (lead fish sinkers) were increased at 3 min
intervals by weights corresponding to 1, 2, 3%, etc. of the
rat's mass. The load cells were attached to the tail of the
animal until the maximal work load was reached, which
was determined at the moment when the animal became
exhausted (unable to surface after approximately 8-10s).

This test allowed the working load adjustment for the
physical training at 80% of the maximal load. The physi-
cal training at 80% of the maximal load was performed in
groups of six animals due to the more vigorous exercise
promotion when compared to the individual swimming
(Osorio et al., 2003a; 2003b). Such training occurred five
times a week with training daily sessions of 60 minutes
throughout the duration of the supplementation and only
in the EXE and EXECRE experimental groups. The
swimming protocol was performed in an asbestos tank
with 250 liters of water kept at 31 + 1 °C temperature.

Creatine supplementation
Cr supplementation began one day after the swimming
adaptation. The animals received the Cr supplementation
by gavage (Micronized Creatine, Integral Médica®,
Embu-Guagu, SP, Brazil). at a dose of 5gkg "“day” to 1
week (loading phase) and 1gkg'day™ to 4-8 weeks after
loading phase (maintenance phase). Doses were given in
the afternoon and corresponded 30 min prior to exercise.
In addition, considering that a dose daily of 300mg
of creatine per kilogram of body weight is routinely used
in other animal studies (Brannon et al., 1997; Gagnon et
al., 2002; McGuire et al., 2002; Young and Young, 2007)
and is equivalent to the customary loading dose of
20gday”’ in a 70 kg person which produces maximal
effects in 5 days, the Cr supplementation regimen adopted
in the present study must be considered
supraphysiological.

Enzymatic measurements

Forty-eight hours after the last training session and
creatine administration, animals were anesthetized with
ketamine (70 mgkg') and xylazine (1 mgkg'). The
abdominal cavity was opened and blood samples (5ml)
were collected from the inferior cava vein into plastic
syringes carefully avoiding the formation of bubbles.
After centrifugation at 1000 rpm for 10 minutes, the
plasma was collected and biochemical analysis for renal
function (Urea and Creatinine), and hepatic function
(Alanine Aminotransferase (ALT), Aspartate
Aminotransferase (AST), Gamma Glutamyltransferase
(GGT), Alkaline Phosphatase (AP), Albumin and Total
Bilirubin, were measured  spectrophotometrically
following the manufacturer’s manual (Hitachi®, Model U-
2001) using commercial kits (Laborlab, Guarulhos, SP,
Brazil) (Gregory, 2003, Vieira et al, 2008a).

Histological procedures

After blood collection, the right kidney and right hepatic
lobe were rapidly removed and fixed in formalin solution
(10%) for 24 hours and submitted to histological routine.
The Sum slides were stained with Hematoxiline/Eosine
and photographed at 400x magnification, with a digital
camera (Nikon, CoolPix) attached to an optical micro-
scope (Nikon, Eclipse E200). For kidneys we analysed the
structure of Bowman capsules, glomerular capillaries,
intra-capsular spaces, renal tubules, as well as the pres-
ence of leukocytes, red cells and edema formation. For
liver, we analysed the centrality of nucleus, number of
hepatocytes with binucleation, congestion of central vein,
leukocytes infiltration, number of kupffer cells and swell-
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ing lumen by the blood cells and congestion of sinusoids
(Vieira et al., 2008a).

Statistical analysis

The results were expressed as mean + SEM. Two way
variance analysis (ANOVA) 4 x 3 (group x time) was
used for repeated measurements among the experimental
groups in the different experimental periods. The Tukey
post hoc test was applied for the identification of the
specific differences in the variables. The level of signifi-
cance was set at p < 0.05. The statistical analysis was
conducted using the software SPSS 17.0 for Windows
(SPSS Inc., Chicago, IL).

Results

Effects of creatine supplementation during loading
phase

Figure 1 shows the plasma levels of renal (creatinine,
urea) and hepatic function (ALT, AST, GGT, AP, Albu-
min and Total Bilirubin) markers after 1 week of Cr sup-

plementation. No harmful effects of Cr loading supple-
mentation (Sgkg"day” for 1 week) on renal and hepatic
function markers were observed during this phase. Only
AST presented higher values in the exercised groups
(EXE and EXECRE) when compared with the sedentary
groups (SED and CRE) (Figure 1D; p < 0.05). Addition-
ally, renal and hepatic histological evaluation did not
show any alterations for all groups.

Effects of creatine supplementation during mainte-
nance phase
Cr supplementation during maintenance phase (1g kg -
"day™ for 4 and 8 weeks after loading phase) led to in-
creased levels of renal function markers (creatinine and
urea) (Figures 2A and B and 3A and B, respectively).
However, these results were evident only in CRE group
when compared with all others groups (p < 0.05).

After the fourth week of supplementation, the ani-
mals of CRE group had renal corpuscles with outlines of
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Figure 1. Plasma levels of renal and hepatic markers after 1 week creatine supplementation. Experimental Groups:
Normal diet Sedentary (SED), Creatine diet Sedentary (CRESED), Normal diet Exercised (EXE), Creatine diet
Exercised (CREEXE). Panels A and B (renal markers): creatinine and urea, respectively; panels C,D,E,F,G and H
(hepatic markers): alanine aminetransferase (ALT), aspartate aminetransferase (AST), gamma glutamyltransferase
(GGT), alkaline phosphatase (AP), albumin and total bilirrubin, respectively. * p < 0.05 when compared with all groups.
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Figure 2. Plasma levels of renal and hepatic markers after 4 weeks creatine supplementation. Experimental Groups:
Normal diet Sedentary (SED), Creatine diet Sedentary (CreSED), Normal diet Exercised (EXE), Creatine diet Exer-
cised (CreEXE). Panels A and B (renal markers): creatinine and urea, respectively; panels C,D,E,F,G and H (hepatic
markers): alanine aminetransferase (ALT), aspartate aminetransferase (AST), gamma glutamyltransferase (GGT), al-
kaline phosphatase (AP), albumin and total bilirrubin, respectively. * p < 0.05 when compared with all groups.

difficult delimitation and irregular Bowman's capsules,
glomeruli dilations, and no preserved intra-capsular
spaces. Renal tubules exhibited cellular morphologic
regularity (cuboid epithelium), but indefinite tubular
space (Figure 4).

Four weeks of creatine supplementation resulted in
no changes of hepatic markers (ALT, AST, GGT, and
AP) when compared with all other groups (Figure 2C, D,
E and F, respectively; p > 0.05), also no changes were
observed in liver morphology. However, after 8 weeks of
creatine supplementation, the values of ALT, AST, GGT,
and AP were significantly higher in the CRE group when
compared with the values of all others experimental
groups (p < 0.05) (Figure 3C, D, E and F, respectively).
These functional alterations were accompanied by some
histological alterations, like congestion of the central
vein, some polymorphonuclear inflammatory cells infil-
trate, sinusoids walls showing numerous Kupffer cells
with swelling lumen by the blood cells (Figure 5). In
contrast, albumin and total bilirubin levels did not present

significant alterations during the entire experiment (p >
0.05).

Discussion

The key findings from the present study was the
demonstration, for the first time, that (a) four weeks of
supraphysiological doses of Cr supplementation resulted
in increased creatinine and urea levels and renal tissue
damage in non trained rats and (b) eight weeks of
supraphysiological doses of Cr supplementation produced
increased levels of AST, ALT, GGT and AP and hepatic
tissue damage in non trained rats. These results suggest
that side effects of supraphysiological doses of Cr
supplementation on the kidney and liver are time
dependent. This study also demonstrated that these
possible renal and hepatic side effects are not present in
Cr supplemented groups submitted to swimming training
(EXECRE), suggesting that the exercise could to block
the side effects of high-dose Cr supplementation.
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Figure 3. Plasma levels of renal and hepatic markers after 8 weeks creatine supplementation. Experimental Groups:
Normal diet Sedentary (SED), Creatine diet Sedentary (CRESED), Normal diet Exercised (EXE), Creatine diet Exer-
cised (CREEXE). Panels A and B (renal markers): creatinine and urea, respectively; panels C,D,E,F,G and H (hepatic
markers): alanine aminetransferase (ALT), aspartate aminetransferase (AST), gamma glutamyltransferase (GGT), al-
kaline phosphatase (AP), albumin and total bilirrubin, respectively. * p < 0.05 when compared with all groups.

Oral Cr supplementation in humans and rats has
been proven to increase physical performance (Bemben
and Lamont, 2005; Kreider, 2003) and some studies have
demonstrated benefits in certain pathological conditions
(Bender et al., 2005; Jeong et al., 2000). So, the Cr sup-
plementation has become popular among athletes due to a
performance-enhancing potential. However, as an avail-
able and legal product, it can be easily purchased in nutri-
tion stores or supermarkets, and the potential effect on
muscle mass enhancement among untrained and/or among
non-healthy people may represent a major concern, be-
cause its side effects have not been well established.

The clinical trials studies conducted with Cr using
healthy adults are usually divided in two phases: (a) initial
phase with supplementation of high Cr doses (20 to 30 g
daily) during 5 to 7 days (Loading Phase), immediately
followed by (b) a maintenance phase, with small Cr
doses, 1/5 of the initial dose (4 to 6 g daily), for several
weeks (Bemben and Lamont, 2005; Bird, 2003; Shao and
Hathcock, 2006). Using this Cr supplementation protocol,

the literature reviews have maintained that there is no
conclusive evidence to support the notion that both short-
and long-term Cr use may adversely affect kidney and
liver function in healthy individuals (Farquhar and Zam-
braski, 2002; Groeneveld et al., 2005; Kreider et al., 2003;
Mayhew et al., 2002; Mihic et al., 2000; Pline and Smith,
2005; Poortmans and Francaux, 1999; 2000; Poortmans et
al., 1997; Robinson et al., 2000; Terjung et al., 2000;
Waldron et al., 2002; Yoshizumi and Tsourounis, 2004).
With respect to the potential side effects of Cr supplemen-
tation, kidney damage was based on anecdotal human
case reports only when associated with use of high dose
Cr or renal disease (Ghosh and Sil, 2007; Koshy et al.,
1999; Pritchard and Kalra, 1998; Thorsteinsdottir, et al.
2006).

Nonetheless, since rats were used in this study and
the basal metabolism rate, conversion and assimilation of
organic combinations are much more intense in these
animals, an extrapolation of Cr doses was necessary to
facilitate demonstration its potential for side effects on
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organs that are involved in its metabolism. The choice of
the adopted regimen for the Cr supplementation dosage in
this study was considered supraphysiological when com-
pared with other animal studies (Brannon et al., 1997,
Gagnon et al., 2002; McGuire et al., 2002; Young and
Young, 2007).

Figure 4. Representative photomicrographs of kidney from
Normal diet Sedentary (SED), Creatine diet Sedentary
(CRESED), Normal diet Exercised (EXE), Creatine diet
Exercised (CREEXE) groups after 4 weeks of supplementa-

tion. Magnification 400x. Scale bar = 25um. The SED group (panel A)
had renal corpuscles with a thin contour and well defined Bowman
capsules (continuous arrows). Glomerular capilar (dotted arrow) were
not congested and had intra-capsular spaces preserved. Renal tubules
showed preserved cellular morphology (cuboid epithelium) and distinct
lumen, plus proximal tubule convoluted (stars). In CRESED group
(panel B), possible renal damage morphology was verified: renal cor-
puscles with outline of difficult delimitation and irregularity of the
Bowman'’s Capsule (continuous arrow), dilation of capillary glomeruli
(dotted arrow) and intra-capsular space not preserved. Renal Tubules
exhibited cellular morphologic regularity (cuboid epithelium), but
indefinite space tubular (arrowsheads). Panels A, C and D, show kidney
(cortex part) with preserved renal morphology: Renal corpuscles with
very defined outline and regularity of the Bowman's Capsule (continu-
ous arrow), no dilation of glomeruli capillary (dotted arrow) and intra-
capsular space preserved. Renal Tubules exhibited cellular morphologic
regularity (cuboid epithelium), and definite tubular space (arrowheads).

In the present study we demonstrated that in non
trained rats Cr supplementation (CRE group) increased
the levels of urea and creatinine, both markers of renal
toxicity, at four and eight weeks (Figure 2A-B and 3A-B,
respectively). Histological analysis of kidneys of CRE
group showed: cortical area with the presence of indefi-
nite renal corpuscles and difficult delimitation of the
Bowman's capsule, congestion of glomeruli capillary, and
intra-capsular and tubular spaces not preserved, which
indicated tissue damage (Figure 4B). In addition, the same
experimental group (CRE) also demonstrated after eight
weeks of Cr supplementation increase of AST, ALT,
GGT and AP plasma levels of (Figures 3C-F, respec-
tively), and possible hepatic damage morphology was
verified: congested central vein with some polymor-
phonuclear in the peripheral position, walls of the sinu-
soids showed numerous Kupffer cells and with swelling
lumen by the blood cells (Figure 5B). These findings that
supraphysiological doses of creatine may negatively im-
pact hepatic and renal function are evidence that the low-

est recommended doses of creatine should be followed for
the most efficacious and safe outcomes. It is important to
explicit that more is not always better (Schilling et al.,
2001).

Figure 5. Representative photomicrographs of liver from
Normal diet Sedentary (SED), Creatine diet Sedentary
(CRESED), Normal diet Exercised (EXE), Creatine diet
Exercised (CREEXE) groups after 8 weeks of supplementa-
tion. Magnification 400x. Scale bar = 25um. The SED group (panel A)
had a central vein which was uncongested (star), normal hepatocytes
(continuous arrows), and slight capillary sinusoids (dotted arrows). The
hepatocytes show standard morphology with a big and centralized
nucleus. In CRE group (panel B) possible hepatic damage morphology
was verified: congested central vein (star) and with some polymor-
phonuclear in the peripheral position (circular delimitations), walls of
the sinusoids showed numerous Kupffer cells (arrowheads) and with
swelling lumen by the blood cells (star). The EXE group (panel C)
showed hepatocytes (continuous arrows) distributed throughout inter-
connected plates from the central vein (star) and separated by slight
capillary sinusoids (dotted arrows). The EXECRE group (panel D) had
preserved hepatic morphology: central vein with no congested (star),
hepatocytes (dotted arrows) correctly arranged in trabecules running
radiantly from the central vein and separated by thin sinusoids (continu-
ous arrows). They were regular and contained a large spheroid nucleus.

As part of possible toxic mechanisms of Cr
supplementation, we could consider the Cr accumulation
into the tissue, which has low metabolic capacity to
convert Cr into creatinine and is enzymatically capable of
accomplishing the metilation processes, contributing to
the formation of citotoxic substances, such as
formaldeyde and methylamine (Clayton et al., 2004; Yu
and Deng, 2000). Additionally, long-term Cr
supplementation stimulates down- regulation of Cr
receptors (CT-1) in skeletal muscles, blocking any
additional storage of this nutrient (Guerrero-Ontiveros
and Wallimann, 1998). Greenhaff (1997) demonstrated
that muscular Cr capitation is independently saturated
after the loading phase, with or without exercise.
Therefore, long-term Cr supplementation results in
increased Cr concentrations in other organs that present
very low basal Cr storage, such as kidneys and liver
(Ipsiroglu et al., 2001), which favor the conversion to
citotoxic compounds. In the present study, the sedentary
animals may have reached their maximum capacity of
intramuscular Cr storage, and excessive Cr may have
been capitates by renal and hepatic tissue causing some
lesion. These findings could justify the elevation of
plasma levels of tissue enzymes enzymatic observed in
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the CRE group.

It is important also to note that some enzymatic re-
sults could also represent a false-positive renal and he-
patic toxicity. Since Cr is a substrate for creatinine syn-
thesis, the elevations of creatinine levels observed in the
CRE group at four and eight weeks of supplementation
could represent simply the result of high-dose supplemen-
tation (Poortmans et al., 1997, Yoshizumi and Tsour-
ounis, 2004). Contrary, a recent study does not indicate
creatinine elevation after Cr supplementation (Poortmans
et al., 2005). Focusing on the endogenous synthesis of Cr,
the arginine, one of the precursory synthesized amino
acids, also served as precursor for urea production. The
Cr supplementation could supply an additional source of
arginine to increase urea production (Deshmukh et al.,
1991; O6pik et al., 1996). In addition, in exercised (EXE)
and exercised plus Cr supplemented group (EXECRE)
after 1 week, we observed an increased level of AST
when compared to the Control groups (Figure 1C). These
results could be attributed to muscular alterations and not
for Cr supplementation, because other studies demon-
strate that physical exercise in initial periods of adaptation
can generate muscular damage, characterized by plas-
matic AST elevation (Peake et al., 2005; Van Der Meulen
et al., 1991). However, our results were not attributed to
false-positive because use high-dose Cr supplementation
affected only the CRE group and it were reinforced by
histological findings.

Although many studies on creatine using animal
models have been published, few have specifically fo-
cused on safety and toxicity and there is evidence that Cr
supplementation at doses analogous than those used in
humans do not cause adverse effects in most animals
under normal conditions (Shao and Hathcock, 2006). For
example, Taes et al. (2003) have indicated no deleterious
effect in sedentary and in pre-existing renal failure rats. In
contrast, Edmunds et al. (2001) and Ferreira et al. (2005)
demonstrated creatine-induced deleterious effects in rats
with cystic kidney disease and in sedentary animals, re-
spectively. Tarnopolsky et al. (2003) showed significant
hepatic inflammatory lesions in mice associated with Cr
supplementation, and no negative effect of Cr on liver
histology in the Sprague-Dawley rats after intermediate-
term or long-term supplementation. These conflicting data
may be related to differences in the protocol, species, and
tissues analyzed.

In recent years, it has been investigated the reduc-
tion of possible side effects of Cr supplementation when
associated to physical exercise (Ferreira et al., 2005;
Vieira et al., 2008b). Interestingly, although we have used
a supraphysiological doses, the renal and hepatic damage
were not observed in animals that were Cr supplemented
and submitted to swimming training (EXECRE). Re-
searchers suggest that Cr and PCr diffuse between
mitochondrial production sites and muscle utilisation sites
(Greenhaff, 1997; Walker, 1979). This diffusion process
was named as the ‘phosphorylcreatine shuttle’ and in-
volves 3 areas: (i) a peripheral terminus located at the
utilisation site, which in the case of muscle is the myosin
heads; (ii) an energy generating terminus which is located
at the mitochondria; and (iii) a transversible space be-
tween the areas of production and utilisation (Volek and

Kraemer, 1996). Although we have no measured the Cr
intramuscular it is possible speculate that exercise training
could protect against kidney and liver alterations, by in-
creasing Cr consumption by skeletal muscles during
swimming, resulting in a decreased Cr accumulation in
the kidneys and liver. These results corroborate previous
studies which demonstrated that “recommended” doses of
Cr supplementation in healthy and active animals did not
change the organs function (Ferreira et al., 2005; Vieira et
al., 2008b).

Overall, the results of the current study showed
that instituting swimming at 80% of the maximal load,
five times a week with training daily sessions of 60 min-
utes may result in a significantly lower side effect of high-
dose Cr supplemented for the animal model examined.
However, it should be noted that the findings of the cur-
rent study are not applicable to a Cr supplementation at
“recommended” doses.

Conclusion

The results of the current study add to the growing body
of knowledge regarding acute and chronic effects of Cr
supplementation on renal and hepatic function using an
animal model. Therefore, we conclude that physical activ-
ity can avoid the development of kidney and liver side
effects of long-term supraphysiological doses of Cr sup-
plementation. However, further studies are necessary to
clarify the metabolism of long-term Cr supplementation,
as well as the possible side effects in organs such as kid-
neys and liver, and their health consequences, especially
in sedentary populations that could to necessity to use this
compound.

Acknowledgment
Study conducted at Institute of Research and Development, Vale do
Paraiba University (UNIVAP), Sdo José dos Campos, SP — (BRAZIL).

References

Bemben, M.G. and Lamont, H.S. (2005) Creatine supplementation and
exercise performance: recent findings. Sports Medicine 35, 107-
125.

Bender, A., Auer, D.P., Merl, T., Reilmann, R., Saemann, P.,
Yassouridis, A., Bender, J., Weindl, A., Dose, M., Gasser, T.
and Klopstock, T. (2005) Creatine supplementation lowers brain
glutamate levels in Huntington's disease. Journal of Neurology
252,36-41.

Bird, S.P. (2003) Creatine supplementation and exercise performance: a
brief review. Journal of Sports Science & Medicine 2(4), 123-
132.

Bizzarini, E. and De Angelis, L. (2004) Is the use of oral creatine sup-
plementation safe? The Journal of Sports Medicine and Physi-
cal Fitness 44, 411-416.

Boada, L.D., Zumbado, M., Torres, S., Lopez, A., Diaz-Chico, B.N.,
Cabrera, J.J. and Luzardo, O.P. (1999) Evaluation of acute and
chronic hepatotoxic effects exerted by anabolic-androgenic
steroid stanozolol in adult male rats. Archives of Toxicology 73,
465-472.

Brannon, T.A., Adams, G.R., Gonniff, C.L. and Baldwin, K.M. (1997)
Effects of creatine loading and training on running performance
and biochemical properties of rat skeletal muscle. Medicine and
Science in Sports and Exercise 29, 489-495.

Clayton, T.A., Lindon, J.C., Everett, J.R., Charuel, C., Hanton, G., Le
Net, J.L., Provost, J.P. and Nicholson, J.K. (2004) Hepatoxin-
induced hypercreatinaemia and hypercreatinuria: their relation-
ship to one another, to liver damage and to weakened nutritional
status. Archives of Toxicology 78, 86-96.



Souza et al.

679

Deshmukh, D.R., Meert, K., Sarnaik, A.P., Marescau, B. and De Deyn,
P.P. (1991) Guanidino compound metabolism in arginine-free
diet induced hyperammonemia. Enzyme 45, 128-136.

Edmunds, J.W., Jayapalan, S., Dimarco, N.M., Saboorian, M.H. and
Aukema, H.M. (2001) Creatine supplementation increases renal
disease progression in Han:SPRD-cy rats. American Journal of
Kidney Diseases 37, 73-78.

Farquhar, W.B. and Zambraski, E.J. (2002) Effects of creatine use on
the athlete’s kidney. Current Sports Medicine Reports 1, 103-
106.

Ferreira, L.G., De Toledo Bergamaschi, C., Lazaretti-Castro, M. and
Heilberg, I.P. (2005) Effects of creatine supplementation on
body composition and renal function in rats. Medicine and Sci-
ence in Sports and Exercise 37(9), 1525-1529.

Gagnon, M., Maguire, M., MacDermott, M. and Bradford, A. (2002).
Effects of creatine loading and depletion on rat skeletal muscle
contraction. Clinical Experimental Pharmacology and Physiol-
ogy 29, 885-890.

Ghosh, A. and Sil, P.C. (2007) Anti-oxidative effect of a protein from
Cajanus indicus L against acetaminophen-induced hepato-
nephro toxicity. Journal of Biochemistry and Molecular Biology
40, 1039-1049.

Greenhaff, P.L. (1997) The nutritional biochemistry of creatine. The
Journal of Nutritional Biochemistry 11, 610-618.

Gregory, C.R. (2003) Urinary system. In: Duncan & Prasse’s Veteri-
nary laboratory medicine: clinical patology. Eds: Latimer, K.S.,
Mabhaffey, E.A. and Prasse, K.W. Filadelfia: Blackwell Publish-
ing Company. 231-257.

Groeneveld, G.J., Beijer, C., Veldink, J.H., Kalmijn, S., Wokke, J.H.
and Van Den Berg, L.H. (2005) Few adverse effects of long-
term creatine supplementation in a placebo-controlled trial. In-
ternational Journal of Sports Medicine 26, 307-313.

Gualano, B., Artioli, G.G., Poortmans, J.R. and Lancha Junior, A.H.
(2009) Exploring the therapeutic role of creatine supplementa-
tion. Amino Acids Mar 1. [Epub ahead of print].

Guerrero-Ontiveros, M.L. and Wallimann, T. (1998) Creatine supple-
mentation in health and disease. Effects of chronic creatine in-
gestion in vivo: Down-regulation of the expression of creatine
transporter isoforms in skeletal muscle. Molecular and Cellular
Biochemistry, 184, 427-437.

Ipsiroglu, S.O., Stromberger, C., Ilas, J., Hoger, H., Mahl, A. and Ipsi-
roglu-Stockler, S. (2001) Changes of tissue creatine concentra-
tions upon oral supplementation of creatine-monohydrate in
various animal species. Life Sciences 69, 1805-1815.

Jeong, K.S., Park, S.J., Lee, C.S., Kim, T.W., Kim, S.H., Ryu, S.Y.,
Williams, B.H., Veech, R.I. and Lee, Y.S. (2000) Effects of
cyclocreatine in rat hepatocarcinogenesis model. Anticancer Re-
search 20, 1627-1633.

Koshy, K.M., Griswold, E. and Schneeberger, E.E. (1999) Interstitial
nephritis in a patient taking creatine. The New England Journal
of Medicine 340, 814-815.

Kreider, R.B. (2003) Effects of creatine supplementation on perform-
ance and training adaptations. Molecular and Cellular Biochem-
istry 244, 89-94.

Kreider, R.B., Melton, C., Rasmussen, C.J., Greenwood, M., Lancaster,
S., Cantler, E.C., Milnor, P. and Almada, A.L. (2003) Long-
term creatine supplementation does not significantly affect
clinical markers of health in athletes. Molecular and Cellular
Biochemistry 244, 95-104.

Maughan, R.J., King, D.S. and Lea, T. (2004) Dietary supplements.
Journal of Sports Sciences 22,95-113.

Mayhew, D.L., Mayhew, J.L. and Ware, J.S. (2002) Effects of long-term
creatine supplementation on liver and kidney functions in
American college football players. International Journal of
Sport Nutrition and Exercise Metabolism 12, 453-460.

McGuire, M., Bradford, A. and MacDermott, M. (2002). Contractile
properties of the diaphragm in creatine-fed rats. Clinical Ex-
perimental Pharmacology and Physiology 29, 782-783.

Mihic, S., Macdonald, J.R., Mckenzie, S. and Tarnopolsky, M.A. (2000)
Acute creatine loading increases fat-free mass, but does not af-
fect blood pressure, plasma creatinine, or CK activity in men
and women. Medicine and Science in Sports and Exercise 32,
291-296.

Nunez, M. (2006) Hepatotoxicity of antiretrovirals: incidence, mecha-
nisms and management. Journal of Hepatology 44, 132-139.

Oobpik, V., Timpmann, S., Medijainem, L. and Aleksejeva, T. (1996)
Effect of creatine administration on blood urea level and post-

exercise glycogen repletion in liver and skeletal muscle in rats.
Annals of Nutrition & Metabolism 40, 359-363.

Osorio, R.A., Christofani, J.S., D'almeida, V.K. and Picarro, I.C.
(2003a) Reactive oxygen species in pregnant rats: effects of ex-
ercise and thermal stress. Comparative Biochemistry and Physi-
ology. Part C, Comparative Pharmacology and Toxicology 135,
89-95.

Osorio, R.A., Silveira, V.1., Maldjian, S., Morales, A., Christofani, J.S.,
Russo, A.K., Silva, A.C. and Picarro, 1.C. (2003b) Swimming of
pregnant rats at different water temperatures. Comparative Bio-
chemistry and Physiology. Part A, Molecular & Integrative
Physiology 135, 605-611.

Peake, J., Nosaka, K. and Suzuki, K. (2005) Characterization of inflam-
matory responses to eccentric exercise in humans. Exercise
Immunology Review 11, 64-85.

Pline, K.A. and Smith, C.L. (2005) The effect of creatine intake on renal
function. The Annals of Pharmacotherapy 39, 1093-1096.

Poortmans, J.R. and Francaux, M. (1999) Long-term oral creatine sup-
plementation does not impair renal function in healthy athletes.
Medicine and Science in Sports and Exercise 31, 1108-1110.

Poortmans, J.R. and Francaux, M. (2000) Adverse effects of creatine
supplementation: fact or Fiction? Sports Medicine. 30, 155-170.

Poortmans, J.R., Auquier, H., Renaut, V., Durussel, A., Saugy, M. and
Brisson, G.R. (1997) Effect of short-term creatine supplementa-
tion on renal responses in men. European Journal of Applied
Physiology 76, 566-567.

Poortmans, J.R., Kumps, A., Duez, P., Fofonka, A., Carpentier, A. and
Francaux, M. (2005) Effect of oral creatine supplementation on
urinary methylamine, formaldehyde, and formate. Medicine and
Science in Sports and Exercise 37, 1717-1720.

Pritchard, N.R. and Kaira, P.A. (1998) Renal dysfunction accompanying
oral creatine supplements. Lancet 352, 1252-1253.

Robinson, T.M., Sewell, D.A., Casey, A., Steenge, G. and Greenhaff,
P.L. (2000) Dietary creatine supplementation does not affect
some haematological indices, or indices of muscle damage and
hepatic and renal function. British Journal of Sports Medicine
34,284-288.

Schilling, B.K., Stone, M.H., Utter, A., Kearney, J.T., Johnson, M.,
Coglianese, R., Smith, L., O’bryant, H.S., Fry, A.C., Starks, M.,
Keith, R. and Stone, M.E. (2001). Creatine supplementation and
health variables: a retrospective study. Medicine and Science in
Sports and Exercise 33, 183-188.

Shao, A., Hathcock, J,N. (2006). Risk assessment for creatine monohy-
drate. Regulatory Toxicology and Pharmacology 45, 242-251.

Taes, Y.E., Delanghe, J.R., Wuyts, B., Van De Voorde, J. and Lameire,
N.H. (2003) Creatine supplementation does not affect kidney
function in an animal model with pre-existing renal failure. Ne-
phrology Dialysis Transplantation 18(2), 258-264.

Tarnopolsky, M.A., Bourgeois, J.M., Snow, R., Keys, S., Roy, B.D.,
Kwieeien, J.M. and Turnbull, J. (2003) Histological assessment
of intermediate and long-term creatine monohydrate supplemen-
tation in mice and rats. American Journal of Physiology. Regu-
latory, Integrative and Comparative Physiology 285, 762-769.

Terjung, R.L., Clarkson, P., Eichner, E.R., Greenhaff, P.L., Hespel, P.J.,
Israel, R.G., Kraemer, W.J., Meyer, R.A., Spriet, L.L., Tar-
nopolsky, M.A., Wagenmakers, A.J. and Williams, M.H. (2000)
American College of Sports Medicine roundtable. The physio-
logical and health effects of oral creatine supplementation.
Medicine and Science in Sports and Exercise 32, 706-717.

Thorsteinsdottir, B., Grande, J.P. and Garovic, V.D. (2006) Acute renal
failure in a young weight lifter taking multiple food supple-
ments, including creatine monohydrate. Journal of Renal Nutri-
tion 16(4), 341-345.

Van Der Meulen J.H., Kuipers, H. and Drukker, J. (1991) Relationship
between exercise-induced muscle damage and enzyme release
in rats. Journal of Applied Physiology 71, 999-1004.

Vieira, R.P., Duarte, A.C., Claudino, R.C., Perini, A., Santos, A.B.,
Moriya, H.T., Arantes-Costa, F.M., Martins, M.A., Carvalho,
C.R. and Dolhnikoff, M. (2007) Creatine supplementation exac-
erbates allergic lung inflammation and airway remodeling in
mice. American Journal of Respiratory Cell and Molecular Bi-
ology 37, 660-667.

Vieira, R.P., Franga, R.F., Damaceno-Rodrigues, N.R., Dolhnikoff, M.,
Caldini, E.G., Carvalho, C.R. and Ribeiro, W. (2008a) Dose-
dependent hepatic response to subchronic administration of
nandrolone decanoate. Medicine and Science in Sports and Ex-
ercise 40, 842-847.



680

Creatine supplementation damages liver and kidney

Vieira, R.P., Duarte AC, Santos AB, Medeiros MC, Mauad T, Martins
MA, Carvalho CR, Dolhnikoff M. (2008b) Exercise reduces ef-
fects of creatine on lung. International Journal of Sports Medi-
cine 30, 684-690.

Volek, J.S. and Kraemer, W.J. (1996) Creatine supplementation: its
effect on human muscular performance and body composition.
Journal of Strength & Conditioning Research 10, 200-210.

Waldron, J.E., Pendlay, G.W., Kilgore, T.G., Haff, G.G. and Reeve, J.S.
(2002) Concurrent creatine monohydrate supplementation and
resistance training does not affect markers of hepatic function in
trained weightlifters. Journal of Exercise Physiology Online 5,
1-11.

Walker, J.B. (1979) Creatine Biosynthesis, regulation and function.
Advances in Enzymology and Related Areas of Molecular Biol-
ogy 50, 117-242.

Yoshizumi, W.M. and Tsourounis, C. (2004) Effects of creatine supple-
mentation on renal function. Journal of Herbal Pharmacother-
apy 4, 1-7.

Young, R.E. and Young, J.C. (2007). The effect of creatine supplemen-
tation on mass and

performance of rat skeletal muscle. Life Sciences 81, 710-716.

Yu, P.H. and Deng, Y. (2000) Potential cytotoxic effect of chronic
administration of creatine, a nutrition supplement to augment
athletic performance. Medical Hypotheses 54, 726-728.

Key points

e Creatine supplementation is an established er-
gogenic aid in sports and is now claimed to have
therapeutical applications in a variety of diseases.

e Although acknowledged, this nutritional supplement
is rarely monitored precisely about their possible
side effects.

e Previous studies indicated that short-term creatine
supplementation associate with the physical exercise
may be safe, but the effect of long-term creatine
supplementation is still unknown.

e There is a need for further research to elucidate the
controversial points refers to renal and hepatic func-
tion after creatine supplementation.

e The results of the current study indicate that supra-
physiological long-term creatine supplementation
(up to 4-8 weeks) may adversely affect kidney and
liver structure and function of sedentary but not of
exercised rats.
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