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ABSTRACT 
 
Creatine plays a vital role in the normal metabolism of the central nervous system, heart, bones, and muscle 
tissues. It is one of the most extensively used dietary supplements worldwide. Creatine plays a critical role in 
energy metabolism, functioning as a source of high-energy phosphate groups that facilitate the fast recycling of 
ADP into ATP within cells, particularly during stressed states. The biosynthesis of creatine requires the essential 
substrates arginine and S-adenosylmethionine, which can influence the regulation of metabolism in the human 
body. Creatine acts as a negative regulator of its own synthesis and transport. The daily creatine dose can reach 
0.4 g/kg of body weight. Although the absorption rate of high doses of creatine is 20-40%, they help enhance 
physical performance and athletic results. Despite the long history of creatine research and widespread use of 
creatine in sports, the precise molecular mechanisms governing its metabolism, excretion, and the functioning of 
the phosphocreatine energy buffer remain to be studied in detail. This review analyses the recent research on the 
impact of creatine supplements on health and athletic performance and the molecular mechanisms of its 
regulation within the human body. 
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INTRODUCTION 
 
Creatine (after the Greek word for meat, κρέας “kreas”, methylguanidoacetic acid, 
(H2N)(HN)CN(CH3)CH2CO2H) was originally isolated by Chevreul from skeletal muscles in 1832. The majority 
of creatine (about 90%) in the human body is accumulated in skeletal muscles, where the total concentration 
of creatine and phosphocreatine can reach up to 30 mM. In brain tissue, the content of creatine is significantly 
lower (up to 10mM) (Walliman et al., 1992; Wyss et al., 2007). The body's creatine reserves are maintained 
in two ways: by endogenous biosynthesis and through dietary intake (Bonilla et al., 2021; Wallimann & Harris, 
2016; Wyss & Schulze, 2002; Wyss et al., 2007). 
 
Creatine stimulates various physiological responses beyond its contribution to cellular energy needs. It 
promotes the differentiation of muscle cells and neurons and protects them from oxidative stress (Sestili et 
al., 2016; Wallimann et al., 2011). Mutations in the genes encoding the enzyme of creatine biosynthesis 
and/or its transporter cause psycho-neurological disorders that compromise speaking ability and motor skills. 
These results further indicate the importance of creatine in human health (Cheillan et al., 2012). In healthy 
individuals, creatine intake improves the time to react to choices and psychological balance and reduces 
mental fatigue (Candow et al., 2023; Watanabe et al., 2002). Creatine dietary supplements support normal 
heart function and bone tissue mineralization (Balestrino, 2021; Forbes et al., 2022). 
 
In most cases, using creatine dietary supplements provides increased anaerobic buffering capacity and 
reduces protein breakdown, resulting in increased muscle mass and physical performance (Twycross-Lewis 
et al., 2016). Consuming large amounts of creatine in doses higher than recommended can cause nausea, 
vomiting, diarrhoea, and acne. These adverse effects disappear quickly after properly adjusting creatine 
consumption (Ostojic & Ahmetovic, 2008). If the recommended doses are exceeded, most of the creatine 
consumed is excreted from the body within a day. The mechanisms and regulation of creatine excretion 
require further study. 
 
Creatine and its phosphorylated form are relatively unstable and degrade to creatinine at a rate of about 2% 
per day (Wyss & Kaddurah-Daouk, 2000). Creatinine is excreted from the body by the kidneys through 
organic ion transporters. The levels of creatinine in blood serum and urine depend on many factors. Despite 
that, the average amount of creatine and creatinine in the body is relatively constant for each individual 
(Chernozub et al., 2020). In several studies, this indicator has been used to evaluate the content of other 
marker compounds in the body (Hall & Trojian, 2013; Oosterwijk, 2022). 
 
Creatine is one of the most widely used ergogenic aids for athletes (Bonilla et al., 2021; Harris et al., 1992). 
Creatine is also increasingly used as a dietary supplement by other population groups, significantly increasing 
its production and sales (Bredahl et al., 2021). The purpose of this review is to provide an up-to-date summary 
and discussion of the current body of research focusing on: (1) the regulation of creatine metabolism, (2) the 
role of creatine in human health, (3) use of creatine as a dietary and bioactive supplement. 
 
METHODS 
 
This review was completed using a narrative, non-systematic approach. The search for papers was 
conducted using the following databases: PubMed, Cochrane, ScienceDirect, EBSCO-host from 2000 to 
2024. The search was performed using the following keywords and their combinations: creatine, creatine 
biosynthesis regulation, creatine transport, creatine supplementation, human health, sport performance, 
resistance training, muscle damage, training adaptation, creatinine clearance. Articles were chosen for 
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inclusion based on the information they outlined and with a specific focus on creatine biosynthesis regulation, 
creatine transport, creatine supplementation, human health. Further citations were found, evaluated, and 
incorporated. Thus, in some instances, several articles beyond the period mentioned above were included. 
 
DISCUSSION 
 
Creatine biosynthesis and transport 
The first reaction in creatine biosynthesis, the transfer of the amidino group of L-arginine to the N-amine 
group of L-glycine, is catalysed by L-arginine-glycine amidinotransferase (AGAT) (EC 2.1.4.1) (Tormanen, 
1990; McGuire et al., 1984). This is the rate-limiting step in this biosynthetic pathway. In this reaction, L-
arginine formed within the kidney is used as a donor of the amidino group (Wyss, 2000). Although arginine 
is formed de novo in humans, these synthetic pathways do not provide sufficient arginine quantities. Thus, 
humans do have dietary needs of it. It should be noted that arginine serves not only as a building block of 
proteins but also as an essential substrate for the synthesis of nitric oxide, an effector of MTOR and focal 
adhesion kinase cell signalling pathways. Lack of arginine can compromise immunity, anti-oxidative 
responses, wound healing etc. The products of the first reaction in creatine biosynthesis are L-ornithine and 
guanidinoacetate. It is believed that in the human body, most guanidinoacetate is synthesized in the kidneys. 
Two forms of L-arginine: glycine amidinotransferase have been identified in kidney cells: cytosolic and 
mitochondrial, both encoded by the GATM gene (Humm et al., 1997). N-guanidinoacetate is transported 
through the blood to the liver, where it is methylated. S-adenosylmethionine (SAM) is used as the methyl 
group donor. About 40% of S-adenosylmethionine synthesized is thought to be spent on creatine 
biosynthesis (Brosnan et al., 2011). The synthesis of S-adenosylmethionine, the transfer of the adenosyl 
group from ATP to methionine, is catalysed by methionine adenosyltransferase (EC 2.5.1.6). Methionine 
adenosyltransferase exists in three forms that differ by subunit composition (mains are encoded by the human 
genes MAT1A and MAT2A), tissue expression and kinetic properties (Chamberlin et al., 2000). It is hard to 
overstate the importance of S-adenosylmethionine balance for human metabolism. This compound is used 
as the sole source of the methyl group in most methylation reactions, including creatine biosynthesis, 
whereas its metabolites, S-adenosylhomocysteine and homocysteine, can provoke various diseases. The 
methyl group from S-adenosylmethionine is transferred to guanidinoacetate at the final step of creatine 
biosynthesis, catalysed by guanidinoacetate-N-methyltransferase (GAMT) (EC 2.1.1.2) (Joncquel-Chevalier 
Curt et al., 2015). Thus, the biosynthesis of creatine requires two potentially deficient substrates, arginine 
and S-adenosylmethionine, whereas a decrease in their content can influence the regulation of human body 
metabolism. Someone could speculate that substantial amounts of both arginine and S-adenosylmethionine 
are stored for cellular needs under creatine supplementation conditions. 
 
Synthesized creatine is distributed through the blood to body tissues and absorbed according to their needs. 
The creatine absorption is facilitated by a high-affinity transporter CRT-1 (gene SLC6A8). The properties of 
this transporter have been well studied and described in numerous works and reviews (Ferrada et al., 2024; 
Salomons et al., 2003, Tropak et al., 2023). The human SLC6A12 gene encodes another potential creatine 
transporter. A mutation in this gene, found in patients with cataracts, significantly reduces creatine transport. 
In rats lacking the SLC6A12 homolog, elevated creatine concentrations have been observed in urine 
(Abplanalp et al., 2013). Possibly, the potential creatine transporter encoded by the SLC6A12 gene is not 
expressed in the cells of the central nervous system (Bhatt et al., 2023). This is indirectly supported by studies 
on the role of the main creatine transporter (CRT-1) and mutations in its gene SLC6A8 that cause psycho-
neurological disorders (Ferrada et al., 2024). The involvement of both transporters in the excretion of creatine 
and creatinine should be investigated, especially in persons who use creatine dietary supplements. 
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Although creatine biosynthesis in homeothermic species has been explored for a long time, questions 
regarding the regulation of this pathway, the involvement of different cells and tissues in its synthesis, and 
their ability to transport creatine have to be studied in detail (Barcelos et al., 2016; Carducci et al., 2012; Yan 
& Bu, 2024). 
 
Phosphocreatine as an energy buffer 
The involvement of phosphocreatine in energy metabolism has been extensively studied using muscle cells 
as a model. During the initial seconds of physical exertion, when the level of ADP in myocytes rises 
significantly, phosphocreatine is used for fast regeneration of ATP (Bessman & Carpenter, 1985; Wallimann 
& Harris, 2016). The transfer of phosphate groups from phosphocreatine to ADP is catalysed by creatine 
kinase present in myofibrils (MM-CK) (Bessman & Carpenter, 1985; Guimarães-Ferreira, 2014; Zhao et al., 
2007). The products of this reaction are creatine and ATP, which is used again as an energy source for 
muscle contraction. Creatine and orthophosphate formed in the myofibrils diffuse back to the mitochondria. 
In mitochondria, the ATP level is very high, whereas the levels of phosphocreatine and ADP are low. This 
balance favours the phosphorylation of creatine using the energy from ATP. The reaction is catalysed by 
creatine kinases located in the mitochondrial intermembrane space (Bonilla et al., 2021; Echegaray & Rivera, 
2001; Qin et al., 1999; Wallimann & Harris, 2016). It should be noted that one of them, namely umtCK creatine 
kinase, interacts with the inner membrane ATP transporter and the outer membrane anion transporter VDAC 
(voltage-dependent anion carrier), facilitating the rapid transfer of phosphocreatine from the mitochondria to 
the cytosol (Wallimann & Harris, 2016). 
 
The products of this reaction are phosphorylated creatine and ADP. The formed phosphocreatine diffuses 
back from mitochondria to myofibrils, where ADP is phosphorylated to ATP again. Thus, mitochondrial 
aerobic metabolism is the primary source of energy that is transferred to creatine by means of 
phosphorylation. Then, this high-energy phosphate group is transferred on ADP, rapidly restoring ATP 
concentration in the myofibrils. This energy supply mechanism, known as the “phosphocreatine shuttle” 
serves as an effective “energy buffer” for muscle tissue (Bessman & Carpenter, 1985; Bonilla et al., 2021; 
Miotto & Holloway, 2016; Wallimann & Harris, 2016). 
 
A plausible explanation for such a complex transfer of high-energy bonds is that the phosphocreatine 
molecule is significantly smaller and diffuses faster than the relatively large ATP molecule (Balestrino, 2021). 
This ensures the relative stability of ATP concentration, which is the most essential and indispensable effector 
of the regulation of metabolisms. The capacity and efficiency of this energy supply mechanism depend on 
the creatine concentration in muscles, the intensity of mitochondrial aerobic metabolism (oxidative 
phosphorylation), and the balance of creatine kinases activity. Similar mechanisms have been found to 
operate in the cells of the nervous and immune systems (Saito et al., 2022; Schlattner et al., 2016).  
 
Four creatine kinase genes have been identified in the human genome. The CKMT1B gene, encoding 
mitochondrial (ubiquitous) creatine kinase umtCK, is located on chromosome 15 (15q15.3) in the sequence 
with coordinates 15:43300001-44500000. The CKMT2 gene, encoding muscle sarcomeric mitochondrial 
creatine kinase smtCK, is located on chromosome 5 (5q14.1) in the sequence with coordinates 5:81201341-
81301565. The CKM gene, encoding muscle cytosolic creatine kinase CK-MM, is located on chromosome 
19 (19q13.32) in the sequence with coordinates 45306413-45322875. The CKB gene, encoding brain 
cytosolic creatine kinase BB-CK, is located on chromosome 14 (14q32.33) in the sequence with coordinates 
14:103519667-103522833 (https://www.ebi.ac.uk/gwas/genes/CKB). Several nucleotide substitutions 
(polymorphisms) were identified in the human genes encoding creatine kinases. Some of them are very rare 
(frequency less than 0.5%), which may indicate their impact in the development of pathologies 

https://www.ebi.ac.uk/gwas/genes/CKB
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(https://www.ebi.ac.uk/gwas/). A search for information in the PubMed database revealed contradictory 
results regarding the impact of creatine kinase gene polymorphisms on the development of motor skills (Chen 
et al., 2017; Echegaray & Rivera, 2001; Ginevičienė et al., 2021). More data are required to verify such 
possible influence of the genetic background. 
 
Regulation of creatine metabolism 
Using human haploid cells (HAP1) as a model, it was found that the amount of AGAT protein fused with a 
reporter protein is regulated in response to creatine concentrations in the incubation medium. Authors 
speculated that there is a specific mechanism of creatine-dependent transcriptional regulation of this 
pathway, as proposed in the rat model (McGuire et al., 1984; Tropak et al., 2023). Similar patterns have been 
observed in studies of the mouse brain: a decrease in creatine availability caused an increase in the 
expression of the creatine transporter gene (Jensen et al., 2020). Based on the comparative analysis of these 
studies, one can suggest that in homeothermic species, the expression of genes involved in creatine 
biosynthesis and transport increases significantly during creatine deficiency. Thus, creatine is a negative 
effector of its own biosynthesis and transport. Most likely, this mechanism is of particular importance for the 
proper balance of S-adenosylmethionine and arginine, the key substances in the metabolism of methyl 
groups and nitric oxide, respectively. 
 
Interestingly, the use of creatine precursor guanidinoacetate as a dietary supplement caused a significant 
increase in creatine concentration in the blood of healthy individuals (Ostojic et al., 2013; Ostojic, 2022; 
Schulze, 2003; Stockler-Ipsiroglu & van Karnebeek, 2014). These findings indirectly suggest that 
guanidinoacetate may be involved in mechanisms activating the second reaction of creatine synthesis. 
Possibly such a mechanism evolved evolutionary to avoid cytotoxicity of guanidinoacetate. In addit ion, the 
activity of the creatine transporter is regulated by AMP-activated protein kinase via the mTOR pathway, 
reflecting a possible influence on energy metabolism (Li et al., 2010). Although these hypotheses can explain 
the substantial impact of exogenous creatine on physical performance, they must be studied in detail. 
 
At least two types of post-translational modifications were reported to regulate the activity of muscle cytosolic 
creatine kinase (M-CK), namely modifications of a cysteine residue and phosphorylation. M-CK loses 
enzymatic activity when a cysteine residue (Cys283) is chemically modified or when an intermolecular 
disulfide bond is formed (Hurne et al., 2000; Montasell et al., 2022). Additionally, the oxidized form of the 
enzyme cannot interact with myomesin, a protein of the M-line in the sarcomere. The formation of a disulfide 
bond between two subunits (oxidized form of the enzyme - O-CK) leads to reduced enzyme stability. Unlike 
the reduced form (R-CK), the oxidized form of the enzyme undergoes rapid degradation (Peris-Moreno et al., 
2020; Zhao et al., 2007). Thus, the oxidation of this creatine kinase blocks the utilization of creatine phosphate 
for rapid ATP resynthesis in myofibrils. 
 
Using hibernating animals as a model it was found that non-phosphorylated muscle creatine kinase exhibits 
higher activity than the phosphorylated form of the enzyme (Abnous & Storey, 2007). A similar regulatory 
mechanism was reported in the cardiac muscle of rats, where M-CK is phosphorylated by protein kinase C. 
Phosphorylation of M-CK shifts the equilibrium of the reaction toward the synthesis of creatine phosphate. In 
contrast, dephosphorylation of the enzyme shifts the equilibrium of the reaction toward the resynthesis of 
ATP from ADP (Lin et al., 2009). The obtained results indirectly suggest that the respiratory activity of the 
tissue, i.e. ATP/ADP/AMP ratio may influence the mechanisms of ATP resynthesis by regulating the activity 
of creatine kinases (Peris-Moreno et al., 2020; Reddy et al., 2000). Nevertheless, phosphocreatine decreases 
the sensitivity of mitochondrial respiration to ADP, whereas creatine has the opposite effect. During transition 
from rest to high intensity exercise, decrease in the phosphocreatine/creatine ratio will effectively increase 
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the sensitivity of mitochondrial respiration to ADP (Walsh et al., 2001). One can suggest that there could be 
mutual interdependence between ATP/ADP and phosphocreatine/creatine ratios that could serve as an 
additional mechanism of fast respiration regulation in tight accordance to organisms needs. Obviously, this 
hypothesis provides some sufficient details to our understanding of molecular basis of a proper regulation of 
respiration, but it has to be verified experimentally. 
 
Thus, various mechanisms are involved in regulating creatine phosphate metabolism, responding to the 
concentration of creatine in cells, the cell's current energy needs, and respiratory activity. Although most 
experiments were done on animal models, it can be assumed that very similar mechanisms of regulation of 
creatine metabolism function in the human body. 
 
Using creatine to enhance sports performance 
Creatine supplementation is one of the most efficient and useful ergogenic aids for athletes, which has been 
used since the early twentieth century. Its production and use both rose dramatically during the last decade 
of the twentieth century (Harris et al., 1992). Endogenous synthesis of creatine provides about half of the 
daily needs (Brosnan & Brosnan, 2016). The remaining part of the necessary creatine is obtained from 
animal-derived food products. Vegetarians who have creatine levels in tissues lower by 20–30% are 
recommended to consume 2–3g/day of creatine to maintain its physiological level (Kreider & Stout, 2021). 
 
Results of molecular genetic studies of psycho-neurological disorders caused by creatine deficiency 
emphasize the importance of creatine metabolism for human health. Inherited creatine deficiency 
compromises speaking ability and motor skills and can cause progressive epilepsy and/or autism spectrum 
disorders (Cheillan et al., 2012). These disorders are caused by mutations in human genes involved in 
creatine biosynthesis or transport (Cheillan et al., 2012; Haghighatfard et al., 2023). Creatine 
supplementation (8g/day for 5days) increases oxygen consumption in the brain and reduces mental fatigue 
during repetitive mathematical calculations in healthy individuals (Watanabe, 2002). Administration of 
significantly higher doses (20g/day for 7days) improves time to react to choices and psychological balance 
(McMorris et al., 2006). Therefore, creatine supplementation positively affects the central nervous system, 
particularly under conditions of fatigue (Candow et al., 2023). 
 
The creatine metabolism is essential for the normal functioning of the heart. Apparently, the phosphocreatine 
“energy shuttle” is extremely important for the proper functioning of the myocardium. It is suggested that 
healthy subjects will benefit from creatine supplementation, but such benefit could not be confirmed by in 
vivo human heart studies (Balestrino, 2021). During heart failure, levels of both creatine and phosphocreatine 
in cardiomyocytes decrease. It can be speculated that phosphocreatine is better retained by cardiomyocytes 
than creatine, as observed for the glucose-phosphoglucose pair in hepatic cells. This suggestion remains to 
be checked experimentally. 
 
There are some contradictions in published data concerning the impact of creatine supplementation on the 
mineralization and metabolism of bone tissue (Forbes et al., 2018; Forbes et al., 2022). Possibly the reason 
for such inconsistency is differences in doses and approaches of creatine supplementation. In addition, it has 
been found that doses of creatine and the method of its consumption are important factors influencing the 
metabolism of bone cells – osteoblasts and osteoclasts (Zhu et al., 2023). In cell culture models, adding 
creatine to the cultural medium has been shown to enhance metabolic activity and differentiation of 
osteoblasts (Gerber et al., 2005). However, it was suggested that activation of the phosphocreatine energy 
buffer in osteoclasts led to an activation of bone tissue resorption processes (Zhu et al., 2023). The results 
of these studies indicate that creatine metabolism and the functioning of the phosphocreatine energy buffer 
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are both essential for bone tissue synthesis and resorption (Forbes et al., 2022; Gerber et al., 2005; Zhu et 
al., 2023). 
 
Creatine is recommended as an ergogenic aid in strength sports and for athletes who endure regular maximal 
loads (e.g., American football, soccer, basketball, tennis, etc.) (Kreider et al., 2017). In addition to its positive 
impact on physical performance, creatine supplementations improve psychological balance and time to react 
to choice (McMorris et al., 2006). In most cases, using creatine as a dietary supplement leads to an increase 
in energy buffer capacity and muscle mass growth that results in enhanced physical performance (Twycross-
Lewis et al., 2016). However, in some studies, no positive effect of creatine supplements on physical 
performance was observed (Armentano et al., 2007). This inconsistency may be explained by individual 
differences in the maximal creatine contents in the body (Hall & Trojian, 2013). In approximately 30 % of 
individuals, primarily those with creatine levels close to 150 mmol/kg of dry muscle, creatine supplements 
proved ineffective or only slightly effective. At the same time, in individuals with an initial creatine content of 
less than 110 mmol/kg of dry muscle, significant performance increases were observed with creatine 
supplementation (Greenhaff et al., 1993; Harris et al., 1992). 
 
The mechanisms of the positive effects of exogenous creatine are not understood well. The observed 
ergogenic effects could be explained by an increased content both of in creatine and its phosphorylated form 
in muscles or by a decrease content of AMP breakdown products in muscles. According to this hypothesis, 
the primary role of phosphocreatine is to prevent the accumulation of ADP and AMP, as well as their 
metabolic products, inosine monophosphate and hypoxanthine. In favour of this hypothesis, creatine 
dependent reduction of muscle inosine monophosphate content was observed (McConell et al., 2005). Later 
it was reported that creatine supplementation causes decrease of hypoxanthine and uric acid in plasma (Tang 
et al., 2014). Creatine also can stimulate the healing of muscular microtears caused by physical loads, 
thereby improving muscle growth and maintenance (Bredahl et al., 2021; Hashchyshyn et al., 2022). It is 
important to note that high dosages of exogenous creatine can completely block its biosynthesis in the human 
body (Peters et al., 2015). Thus, creatine supplementation could improve the balance of arginine and S-
adenosylmethionine, which is currently used as an antidepressant. The impact of these mechanisms on the 
overall ergogenic effect of creatine has to be studied in detail. 
 
Table 1. Creatine supplementation recommended in different sports. 
№ Dosage/Duration Sport activity Citation 
1. 30 g/day X 7 days Soccer Ostojic, 2004. 

2. 20-30g/day X 6-7 days + 5g/day X 63 days Soccer Mielgo-Ayuso et al., 2019. 

3. 
(~20 g/day) 0.3 g/kg of body weight X 6 days + 
~2 g/day X 28 days 

Tennis Pluim et al., 2006. 

4. (~30 g/day) 0.35 g/kg of body weight X 7 days Sprint running Delecluse et al., 2003. 

5. 
20 g/day X 1-4 days 
10 g/day X 5-6 days 
5 g/day X 7-28 days 

Volleyball Lamontagne-Lacasse et al., 2011. 

6. (~3 g/day) 0.04 g/kg of body weight X 70 days Rowing Fernández-Landa et al., 2020. 

7. (~20 g/day) 0.3 g/kg of body weight X 5 days Ice-hockey Cornish et al., 2006. 

8 ~5 g/day 0.3 g/ X 4 days Swimming Theodorou et al., 2005. 

9. 4 g/day X 42 days Taekwondo Manjarrez-Montes de Oca et al., 2013. 

10. 20 g/day X 5-7 days 
Weightlifting 
Powerlifting 

Kreider, 2003. 

 
Based on the studies by Harris et al. (1992), it was recommended to take 20 grams of creatine monohydrate 
per day for 5-10 days, achieving a 25-30% increase in muscle creatine levels. Table 1 presents several 
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different approaches, but there are many more protocols for creatine supplementation (Wax et al., 2021). 
Depending on the type of sport, consuming 3-30 grams per day of creatine as supplements to sports cocktails 
is recommended. Plasma concentration of creatine typically reaches its maximum approximately 60 minutes 
after oral ingestion of creatine monohydrate (Hultman et al., 1996; Kreider et al., 2017). After muscles creatine 
stores are fully saturated, it is recommended to consume 3-5 grams of creatine per day to keep them. 
However, some studies suggest that in some instances, dosages of 5-10 grams per day may be necessary 
(Hall & Trojian, 2013; Harris et al., 1992; Hultman et al., 1996; Greenhaff et al., 1994; Kreider, 2003). The 
alternative dosing protocol involves taking 3 grams per day of creatine monohydrate over 28 days (Hultman 
et al., 1996). 
 
The use of the metabolic precursor of creatine, guanidinoacetic acid, to increase creatine levels in the body 
was reported earlier. It was found that oral administration of guanidino acetic acid is an effective aid to 
increase creatine content in muscles (Ostojic, 2022; Ostojic et al., 2013; Schulze, 2003; Stockler-Ipsiroglu & 
van Karnebeek, 2014). Obtained results could indicate a possible role of guanidinoacetic acid as a positive 
effector of creatine biosynthesis. However, this approach may cause severe issues due to the toxicity of 
guanidinoacetic acid and increased homocysteine levels in plasma. The latter is a risk factor in cardiovascular 
disease development (Peters et al., 2015). Disturbance of methyl group transfer and elevated homocysteine 
levels are thought to be both a cause and a consequence of metabolic syndrome (Ulloque-Badaracco et al., 
2023). That can lead to disturbances in eating behaviour and changes in the human microbiome, resulting in 
decreased performance and athletic achievement (Lind et al., 2018; Radziejewska et al., 2020). So, such an 
approach is not currently recommended. 
 
While creatine is a relatively safe supplement, it can cause a few adverse effects when overdosed. The most 
common side effect is temporary weight gain due to water retention. It is known that creatine causes 
moderate water retention and reduces diuresis, especially during the loading phase. Increased intracellular 
water volume increases the risk of developing compartment syndrome and muscle spasms (Butts et al., 2018; 
Kim et al., 2015). Creatine supplementations also could lead to both liver and kidney function disturbances. 
Other digestive tract disturbances, such as nausea, vomiting, diarrhoea, and acne, may occur (Ostojic & 
Ahmetovic, 2008). To reduce these, it is recommended to fortify creatine-containing sports cocktails with 
optimal proportions of vitamins B6, B9, B12, and betaine (Selhub, 1999; Ulloque-Badaracco et al., 2023). 
Adverse effects caused by creatine overdose quickly disappear after creatine consumption is appropriately 
reduced. 
 
In most cases, using recommended creatine supplements significantly increases its content in muscles. 
However, simple calculations based on published data indicate that the absorption rate is less than 40%, 
whereas experimental data suggest that about half of the consumed creatine is excreted in urine within 
24 hours (Burke et al., 2001). It is possible that creatine could diffuse into the intestines, where it might 
degrade under the influence of the gut microbiota (Wyss & Kaddurah-Daouk, 2000). 
 
Excretion of creatinine from the body 
Creatine and its phosphorylated form are somewhat unstable. They irreversibly degrade to creatinine. The 
degradation rate is approximately 2% per day (Wyss & Kaddurah-Daouk, 2000). Apparently, creatinine has 
no biological function and is excreted by the kidneys. Organic cation transporter (OCT2) had been shown to 
play a key role in the active excretion of creatinine (Ciarimboli et al., 2012; Lepist et al., 2014; Shen et al., 
2015). Recently, it was suggested that some other transporters (namely organic anion transporter (OAT2), 
multidrug and toxin extrusion pump (MATE1/2K)) could also be involved in creatinine extrusion (Mathialagan 
et al., 2024; Mathialagan et al., 2021). One can assume that these transporters are involved in creatine 
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excretion, too. That can explain the high excretion of creatine into the urine when creatine monohydrate is 
used as a supplement. Besides, creatinine can diffuse into the intestines, where it could undergo further 
degradation by bacterial enzymes (Zakalskiy et al., 2020; Wyss & Kaddurah-Daouk, 2000). 
 
The creatinine concentration in plasma is used in routine medical practice to determine the glomerular 
filtration rate, an integral indicator of a kidney excretory function. The normal creatinine levels in blood for 
women is 44-97µM, whereas for men – 62-115µM. Decreased creatinine concentration is observed with 
insufficient meat consumption (for instance, vegetarian diets, fasting) and during the first and second 
trimesters of pregnancy. Hypercreatininemia can be associated with kidney pathology, including conditions 
caused by medications (such as contrast agents for X-rays, aminoglycoside antibiotics, cephalosporin 
antibiotics, statins, etc.). When only one kidney is functioning, the creatinine level in blood typically increases 
to 159-168µM. Elevated serum creatinine concentration (above 177µM and 885µM for children and adults 
correspondingly) indicates renal insufficiency (Banfi et al., 2012). Dehydration, muscle damage, and 
consumption of large amounts of creatine as a dietary supplement can cause significantly increased 
creatinine content in blood and urine (Samra & Abcar, 2012). 
 
In healthy individuals, the levels of creatinine in serum and urine are characteristic indicators for each person, 
depending on total muscle mass, fitness level, individual genetic traits, daily water intake, etc. (Chernozub et 
al., 2020; Karakukcu, 2024; Oosterwijk, 2022). This observation allows for assessing adaptive changes in 
training processes and the detailed analysis of changes in other biochemical markers during adaptation to 
physical exertion. 
 
CONCLUSIONS 
 
Creatine is a widely used ergogenic aid among athletes. In most cases, it has been shown that supplementing 
with creatine can significantly improve an individual's ability to adapt to intense physical exertion and enhance 
athletic performance. The effectiveness of creatine supplementation can vary considerably among 
individuals, and this variation can be attributed to individual genetic characteristics. These characteristics 
determine the efficiency of creatine absorption and accumulation. Understanding these genetic factors is 
crucial because it can help explain why creatine supplementation is more effective for some individuals than 
others. The role of the potential creatine transporter SLC6A12 in the processes of its absorption and excretion 
requires further investigation. The inconsistent results of recent studies on the impact of creatine kinases 
genes polymorphisms on the development and manifestation of motor skills illustrate the complexity of the 
subject and underline the need for further investigation. Consuming excessive amounts of creatine can 
suppress its own biosynthesis, increasing the levels of arginine and S-adenosylmethionine, with concomitant 
positive physiological effects. Creatine is regarded as one of the positive effectors in the regulation of 
myoblast proliferation and differentiation. The importance of these effects of creatine in adaption to physical 
load requires further investigation. However, it should be noted that the type and frequency of physical 
exertion affect the level of creatine accumulation. Possibly, there is a close interrelationship between the 
regulation of the phosphocreatine buffer's functioning and the intensity of respiration. Future studies may 
provide insight into the mechanisms that regulate creatine homeostasis in the human body. 
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