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ABSTRACT
PURPOSE: To evaluate the renal and hepatic function, through biochemical analysis after 14 days of creatine supplementation in 
physically inactive rats. 
METHODS: Twenty four male, adult, Wistar rats were used which were kept in individual metabolic cages and were distributed into 
four groups, and received the following treatments by gavage:1) Control: distilled water; 2)Creatine 0.5g/Kg/day; 3) Creatine 1g/Kg/
day; 4) Creatine 2g/Kg/day. Their urinary outputs as well as food and water intake were daily measured. At the end of the experiment, 
the animals were euthanized and serum samples were stored for biochemical analysis. 
RESULTS: Creatine supplementation at the doses given produced no significant changes in plasma levels of aspartate aminotransferase, 
alanine aminotransferase, alkaline phosphatase, total protein, albumin, total cholesterol, HDL cholesterol, LDL cholesterol, VLDL 
cholesterol, triglycerides, glucose, creatinine, urea, and creatinine clearance, compared to control group (p> 0.05) Similarly, water and 
food intake, as well as urinary output, did not show significant changes among the four groups studied. 
CONCLUSION: At the doses used, oral creatine supplementation did not result in renal and/or hepatic toxicity.
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Introduction

At the beginning of the age of sports, the advantage gained 
by outstanding athletes was considered as an insurmountable barrier. 
Nowadays, there are different methods to improve performance, 
by complementing the training effect. Such methods, also known 
as ergogenic aids, may be classified into several categories, and 
nutritional supplementation figures as one of them1-3.

Recently published researches suggest that the use of 
these supplements can reach 46% of competitive athletes.4 Earlier 
there were compounds such as bee pollen, royal jelly, choline, 
followed by carbohydrates, and currently, creatine1,4-6. According 
to surveys, it is estimated that 80% of the athletes participating in 
1996 Atlanta Olympic Games made use of creatine for ergogenic 
purposes7. The rationale for such use has been the evidence that 
the availability of this compound is a major limitation to muscle 
performance during short-duration and high intensity activities, 
since its depletion results in the inability to resynthesize enough 
quantity of adenosine triphosphate (ATP)8-10.

Creatine is a nitrogenous amine referred to as 
methylguanidine acetic acid and its importance for the body 
was first demonstrated by Hunter7 At the same time, Heitz and 
Pettenkoffer11 discovered a new substance present in urine, 
identified by Liebig as creatinine, a by-product of creatine. 
Creatine synthesis is performed in the liver, kidneys, and pancreas, 
with three different amino acids as precursors: arginine, glycine 
and methionine12 .The storage occurs mainly in skeletal muscle, 
corresponding to 95%, where it can remain as free (40%) or 
phosphorylated creatine (60%); moreover, it is also found in the 
brain, liver, kidneys, and testicles, which corresponds to 5% of the 
total13,14. In addition to creatine synthesis in the body (endogenous 
creatine), food supplies about 1 gram of creatine/day, mainly 
through the consumption of  animal products, such as beef and 
fish15,16. The average daily requirement is 2 grams/day: 1 gram 
from diet and 1 gram from endogenous production17-19.

Creatine’s mechanism of action is based on effects that 
trigger improvement in muscle energy metabolism, in which 
phosphorylated creatine has the ability to re-synthesize ATP, 
from adenosine diphosphate, thus increasing their deposits by 6-8 
times19-21. Another beneficial effect of creatine supplementation is 
to increase the size of muscle fibers, as well as lean body mass, 
since there is increased protein synthesis and decreased catabolism. 
Finally, creatine prevents tissue damage, as it develops mechanisms 
of cellular membrane stabilization and ATP maintenance14,22,23.

 The reduction of creatine tissue levels has been associated 
with a number of diseases, and that is the reason why the effects of 

supplementation have been studied24,25. As an example to evidence 
such conduct, research papers on its antioxidant potential have 
been developed; the higher the availability of ATP obtained from 
phosphocreatine, the lower is the production of hypoxanthine 
when associated with parallel reduction of its catabolism in 
xanthine and urate, thus resulting in lower production of reactive 
oxygen species in the muscle fiber26-28.

In this context, it is observed that physiological levels of 
creatine have beneficial effects on the body8,29. However, due to its 
intense use as a nutritional supplement, it is necessary to conduct 
a careful evaluation on the possible toxicity to metabolism and 
liver morphology, as well as to renal function, as a result from 
such supplementation, since its toxicological effects are still 
controversial in scientific literature30. Studies have shown that 
creatine supplementation did not cause damage to kidney and 
liver function in rats31,32. However, some experimental and clinical 
studies have associated its supplementation to some side effects, 
such as the appearance of hepatitis, harmful effects on glomerular 
filtration rate and on renal plasma flow33,34.

Considering these differences regarding the toxicological 
effect of creatine supplementation on liver and kidney metabolism, 
across the studies performed, it is necessary to develop new 
researches in order to investigate the renal and hepatic effects of 
this supplementation.

Methods

The study was conducted in the Vivarium animal 
experimentation room and in the Biochemistry Laboratory at the 
Medical School of Itajuba (FMIt), complying with Federal Law 
11.794 and with Brazilian College of Animal Experimentation 
(COBEA) guidelines and it was carried out only after approval 
of the project by the Research Ethics Committee (REC) of the 
Medical School of Itajuba (FMIt), under protocol number 04/11. 

Were used twenty four male, adult Wistar rats. The animals 
weighed between 200 and 250g, aged between 60 and 90 days old, all 
of them from the vivarium of the Medical School of Itajuba – FMIt. 

Treatment and dosages

The animals were kept in individual metabolic cages 
with a controlled 12-hour light-dark cycle during the 14 days of 
the experiment and they were given ad libitum access to water 
and food 32. It was an air-conditioned room, with a controlled 
temperature of 22 + 1°C, with little noise and relative humidity of 
the air within the limits standardized by the Vivarium.
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The animals were randomly divided into four groups of 
six rats each (n = 6)32,34. The rats received the treatments described 
below, at one single oral dose per day (gavage), in the afternoon, 
for fourteen days:

• Group 01 (Control - n = 6) - distilled water - Orally 
(gavage);

• Group 02 (n = 6) - micronized creatine diluted with 
water (15 ml) - 0.5g/kg/day - Orally (gavage)32;

• Group 03 (n = 6) - micronized creatine diluted with 
water (15 ml) - 1g/kg/day - Orally (gavage);

• Group 04 (n = 6) - micronized creatine diluted with 
water (15 ml) - 2g/kg/day - Orally (gavage).

It is important to emphasize that the supplement used 
was micronized creatine HPLC, Probiótica, Sao Paulo, Brazil32.

Animals had their urine measured every day during the 
experimental period. Graduated cylinders were used in order to 
measure 24-hour urine volume. Then, urine samples were collected on 
experiment day 14 and spun in a clinical centrifuge (Excelsa, Fanen) 
at 2000 rpm for five minutes and the supernatant obtained was stored 
in capped test tubes inside the freezer (-4°C) for laboratory tests.

It is noteworthy that animals’ water and food intake was 
measured every day during the experimental period. Graduated 
cylinders were used to measure fluid intake and a balance was 
used to weigh the food.

At the end of the experiment, complying with a 12-hour 
fasting period, the animals were anesthetized with Ketamine (50 
mg/kg) / Xylazine (25 mg/kg), intramuscularly (IM), and they 
underwent intracardiac aspiration puncture for euthanasia and 
sampling. The blood sample was spun in a clinical centrifuge 

(Excelsa, Fanen) at 2000 rpm for 10 minutes and the serum 
obtained (± 2 ml/rat) was stored in closed test tubes inside a freezer 
(-4°C) for laboratory analysis.

The stored serum samples were used to determine the 
following biochemical parameters, with the use of a spectrophotometer 
(Quimis Q-108DRD): aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase (ALP), total protein, 
albumin, total cholesterol, HDL cholesterol, LDL cholesterol, VLDL 
cholesterol, triglycerides, fasting glucose, creatinine, urea, and 
creatinine clearance. Labtest kits were used to determine concentrations.

After the procedure of euthanasia, the animals were placed 
inside red plastic bags and delivered to the company responsible 
for the collection of potentially contaminated materials and waste, 
contracted by the City Hall of Itajuba.

BioEstat software, version 5.0, was used for statistical 
analysis. Student’s t test was used between two independent 
populations to compare the groups at each timepoint, with the 
calculation of p-statistics. Data obtained also underwent ANOVA 
test to check discrepancies between the four groups. In cases where 
p was lesser than 0.05, the statistics was considered significant.

Results

Creatine supplementation at doses of 0.5g/kg/day; 
1g/kg/day and 2g/kg/day produced no significant changes in 
laboratory measurements of glucose, creatinine, total cholesterol, 
triglycerides, HDL-C, LDL-C, VLDL-C, AST, ALT, alkaline 
phosphatase, total protein, albumin, urea, and creatinine clearance, 
compared to the control group, p>0.05. (Table 1).

PARAMETERS CONTROL CREATINE 0.5g/kg/day CREATINE 1g/kg/day CREATINE 2g/kg/day
Glucose (mg/dl) 185.3 ± 29.9 197.3 ± 33.5 190.0 ± 21.0 181.7 ± 26.7

Creatinine (mg/dl) 0.3 ± 0.1 0.2 ± 0.2 0.3 ± 0.1 0.3 ± 0.1
Total Cholesterol (mg/dl) 59.5 ± 18.0 53.3 ± 8.4 54.2 ± 15.8 40.2 ± 6.4

Triglycerides (mg/dl) 43.2 ± 13.3 41.5 ± 11.0 39.0 ± 15.8 35.0 ± 7.0

HDL-C (mg/dl) 13.8 ± 7.7 10.8 ± 4.1 12.0 ± 5.2 8.3 ± 4.3
LDL-C (mg/dl) 37.0 ± 12.2 34.2 ± 11.0 34.3 ± 11.8 24.8 ± 9.2

VLDL-C (mg/dl) 8.6 ± 2.7 8.3 ± 2.2 7.8 ± 3.2 7.0 ± 1.4
AST (U/L) 111.2 ± 31.8 153.5 ± 84.2 144.0 ± 96.0 177.3 ± 91.3
ALT (U/L) 13.2 ± 4.3 19.2 ± 6.9 25.8 ± 32.0 22.2 ± 11.6

Alkaline Phosphatase (U/L) 155.8 ± 71.4 219.3 ± 68.0 185.5 ± 66.1 165.5 ± 32.5
Total Protein (g/dl) 6.0 ± 0.7 6.8 ± 0.5 6.4 ± 0.5 6.6 ± 0.4

Albumin (g/dl) 3.6 ± 0.2 3.8 ± 0.2 3.8 ± 0.3 3.8 ± 0.3
Urea (mg/dl) 8.6 ± 4.2 7.1 ± 4.9 8.0 ± 3.5 9.5 ± 3.1

Creatinine Clearance (ml/min) 0.4±0.4 0.6±0.8 0.5 ± 0.5 0.2 ± 0.1

TABLE 1 - Plasma levels of the parameters assessed for Control group and Creatine groups. Results are expressed as average 
and standard deviation.
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The analysis of fluid intake during the fourteen days of 
the experiment showed no significant daily changes (p = 0.1195) 
among the four groups (Figure 1). 

FIGURE 1 - Temporal change of fluid intake between the groups, during 
the fourteen days of the experiment.

Creatine supplementation at doses of 0.5g/kg/day; 1g/kg/
day and 2g/kg/day did not produce significant daily changes (p = 
0.6381) among the four groups (Figure 2).

FIGURE 2 - Temporal change in urinary output among the groups, during 
the fourteen days of the experiment.

Likewise, food intake during the fourteen days of the 
experiment showed no significant daily changes (p = 0.7161) 
among the four groups (Figure 3). 

FIGURE 3 - Temporal change in food intake among the groups, during 
the fourteen days of the experiment.

Discussion

Creatine is a nitrogen amine referred to as methyl 
guanidine-acetic acid7. Its mechanism of action is based on the 
improvement of the muscle energy metabolism, in which the 
phosphorylated creatine has the ability to re-synthesize ATP19-21. 
Creatine supplementation also produces other beneficial effect, 
such as increased size of muscle fibers, as well as lean body mass. 
However, in light of these benefits it is necessary to analyze its 
toxic effect on kidney and liver metabolism.

This study demonstrated that supplementation with 
creatine at the given doses produced no significant changes 
in plasma levels of aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase, total protein, 
albumin, total cholesterol, HDL cholesterol, LDL cholesterol, 
VLDL cholesterol , triglycerides, glucose, creatinine, urea, and 
creatinine clearance, compared to the control group. Furthermore, 
it has shown that fluid intake, urinary output and daily food intake 
had no significant changes among the four groups, during the 
fourteen days of the experiment.

These results obtained are consistent with previous 
published studies. According to Vieira et al.32 histological and 
biochemical analysis (levels of aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), alkaline phosphatase (ALP), 
gamma-glutamyl transferase (GGT), total protein, albumin, 
total cholesterol, HDL cholesterol, LDL cholesterol, VLDL 
cholesterol, and triglycerides showed no significant liver change 
in the rats supplemented with creatine at a dose of 0.5 g/kg/day, 
during the fourteen days of the experiment. However, such study 
examined the potential hepatotoxicity by using only a single dose 
of supplementation; additionally, only liver parameters were 
observed, and potential renal toxicity was not assessed, unlike the 
present study.
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Some studies have shown that elevations in plasma 
levels of liver enzymes, such as AST, ALT, GGT, and alkaline 
phosphatase are associated with increased metabolic rate in the 
liver, indicating liver toxicity, especially when exposed to drugs, 
viral or bacterial agents35.

Other studies have also evaluated liver and kidney 
toxicity in rats supplemented with creatine. However, the 
methodologies used in those studies are different from the ones 
in our study. For instance, Taes et al.31 have investigated the effect 
of creatine supplementation upon pre-existing renal disease. 
For such, they used rats with induced renal failure by surgical 
removal of 2/3 of the kidney tissue. The animals were divided 
into four groups: false-operated control, false-operated creatine, 
2/3 nephrectomized control and 2/3 nephrectomized creatine. 
After four weeks of supplementation, the data on cystatin c, inulin 
clearance of urea, creatinine and albumin and urinary protein 
excretion showed no effect of creatine supplementation, both in 
nephrectomized and in false-operated rats. The authors concluded 
that such supplementation does not damage renal function, even 
with pre-existing renal disease, which was also observed in the 
present study, where animals with intact renal function showed no 
changes after supplementation either.

On the other hand, Edmunds et al.36 have investigated the 
effect of creatine on renal function, by using Han:Sprague Dawley 
(SPRD-cy) rats model of polycystic kidney disease. These were 
divided into control and creatine groups (2g/kg of diet for seven 
days, followed by 0.48g/kg of diet for 35 days). In this study, 
creatine was combined with glutamine (5:1). In this case, creatine 
caused the progression of polycystic kidney disease, since the 
rats had higher levels of kidney weight and kidney fluid content. 
In addition, animals experienced worsening of renal function, 
which was evidenced by decreased creatinine clearance, increased 
creatinine, and urea retention. However, in the study mentioned, 
animals had a previous history of renal pathology, differently from 
the present study, in which animals had intact kidney function. 
Furthermore, creatine was combined with glutamine, unlike the 
present study, which used only creatine as supplementation36.

Likewise, Tarnopolsky et al. 33 evaluated the effects 
of creatine supplementation, at different doses, in the tissues 
of 21 rats, whether genetically modified or not, after 50, 56, 
150, 159 and 365 days of creatine supplementation. The results 
showed that supplementation led to the appearance of a diffuse 
inflammatory infiltration of the liver, both in genetically and not 
genetically modified animals. In the study mentioned, no other 
changes were found in any of the 20 other tissues analyzed and 
it was concluded that creatine supplementation induces a setting 

of hepatotoxicity, regardless of the dose. However, the presence 
of isolated inflammatory foci in the liver could be considered as 
transient hepatic abnormalities, since the authors have showed no 
other change in morphology and liver function.

By virtue of the foregoing, gaps in literature are under 
analysis, taking into account potential nephrotoxicity and 
hepatotoxic of creatine supplementation in rats with intact renal 
and hepatic function, as in the present study. Therefore, dose- and 
time-dependent studies are needed to better understand the effects 
of creatine supplementation on liver and kidney metabolism. 
Similarly, studies on creatine supplementation effects on liver and 
kidney functions of physically active animals are also necessary, 
because despite several clinical applications of creatine, most of 
its use is associated with the practice of sports.

Conclusion

At the doses used, oral creatine supplementation did not 
result in renal and/or hepatic toxicity.
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