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Abstract

Carnosine is a natural dipeptide synthesized by both vertebrate and invertebrate organisms and has functional 
properties that are specific to muscle and excitable tissues. Recent in vivo and in vitro studies have shown that 
carnosine presents metal chelating and antioxidant activities and has the ability to inhibit protein carbonylation 
and glycoxidation. This review describes the health benefits of carnosine in relation to its bioaccessibility, bioavail-
ability and biochemical properties as well as providing the current state-of-the-art knowledge on the potential use 
of carnosine as a nutraceutical. The therapeutic potential of carnosine has also been investigated by a number of 
preclinical and clinical studies for diseases such as diabetes and its associated complications, as well as fatigue, age-
ing, and some neurological disorders. Altogether the current literature provides supportive evidence on the use of 
carnosine as a natural dietary supplement with significant health boosting efficiency and without any side effects.
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1. Introduction

Carnosine (β-alanyl-L-histidine) is a naturally occurring cytoplas-
mic dipeptide widely distributed in both vertebrate and inverte-
brate organisms, and highly concentrated in tissues such as brain, 
eye lens and skeletal muscles. Carnosine has a number of deriva-
tives (Figure 1) with the most common variants being anserine 
and ophidine, both comprising a methylated imidazole ring of L-
histidine (Boldyrev et al., 2013). Since its first isolation from meat 
extract, a number of in vitro and in vivo studies have investigated 

the physiological and biochemical properties of carnosine. The bi-
ological function of carnosine as a metal ion chelator, as well as its 
physiological pH buffering, free radical scavenging, anti-glycation 
and anti-lipid peroxidation activities, have now been well estab-
lished (Boldyrev et al., 2013). Recognized as a potent antioxidant 
molecule, carnosine is generally associated with pleiotropic phar-
macological effect, such as anti-oxidation, anti-inflammation, anti-
ageing, neuroprotection e.g., prevention of Alzheimer’s disease 
(AD), diabetes regulation as well as therapeutic effects on ocular 
disorders. Recently, carnosine was shown to inhibit oxidative non-
enzymatic modifications as well as reverse advanced glycoxida-
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tion and lipid oxidation end product. These results have supported 
its clinical use for the prevention of chronic diseases such as type 2 
diabetes, diabetic nephropathy, and cardiovascular neurodegenera-
tive diseases (Baye et al., 2017). A number of investigations have 
described the functionality of carnosine and ascertained its health 
benefits in humans. The value of carnosine as a nutritional supple-
ment/nutraceutical remains unknown to the general public. Hence 
this review presents the most recent advances on the bioaccessibil-
ity, bioavailability, and biological activities of carnosine.

2. Chemical characterization

Carnosine is a water-soluble cytoplasmic dipeptide comprised 
of β-alanine and L-histidine. The imidazole ring of L-histidine 
confers the dipeptide its biological activity while β-alanine has a 
regulatory functions on its rate of synthesis (Boldyrev et al., 2013). 
Carnosine is synthesized by carnosine synthetase and hydrolyzed 
by carnosinase, which are both primarily expressed in the mus-
cle tissue and in some areas of the brain (di Pierro et al., 2011). 
The rate of the enzymatic condensation reaction is limited by the 
availability of β-alanine (Derave et al., 2010). The hydrolysis of 
carnosine occurs predominantly in the serum where carnosinase 
activity is higher compared to other tissues. (Lenney et al., 1985). 
There are two forms of carnosinase: CN1, which is present in the 
serum and CN2, which is expressed in tissues. CN2 accounts for 
a significantly smaller fraction of the dipeptide’s breakdown in 
humans (Derave et al., 2010). In contrast, carnosine is found in 
all excitable tissues of the human body, including brain, myocar-
dium, and skeletal muscle (Kyriazis, 2010), however, 99% of the 
body’s carnosine is present in the muscle (Derave et al., 2010). 
In mammals, only skeletal muscle and olfactory bulb present mil-
limolar concentration range of carnosine while brain regions, other 
tissues and body fluids have 10- to 1,000- fold lower concentration 
(Boldyrev et al., 2013). The acid dissociation constant, pKa value 
(6.83) of the imidazole ring of histidine confers the dipeptide its 

pH buffering ability in muscle cells, which maintains pH and pro-
motes exercise capacity by counteracting the enhanced production 
of lactic acid during prolonged physical activity ( Park et al., 2005; 
di Pierro et al., 2011). Contrastingly, free histidine has a pKa value 
of 5.83 and is a poor physiological buffer compared to carnosine 
(Hill et al., 2007).

3. Isolation of carnosine from meat products

Generally, carnosine is highly abundant in the muscle of animals, 
however its content may be affected by the type of breed, gen-
der, breeding activity and age (Crush, 1970). Carnosine content in 
pork, beef, chicken, and seafood is summarized in Table 1. In all 
six types of commercial chicken, carnosine content ranged from 
0.66 to 1.83 mg/g, interestingly, carnosine content was 7-fold 
higher in the chicken breast compared to thigh muscles (Jung et 
al., 2013). Content was quantified at 35 and 104 mg/100g in female 
chicken thigh and breast muscle, respectively; as opposed to 30 
and 71 mg/100g in males (Peiretti and Meineri, 2015). An oppos-
ing trend was described in the duck muscle, with female ducks 
showing lower levels of carnosine compared to males, suggesting 
that gender differences vary between species (Lee et al., 2015). 
Anserine concentrations were found to be higher than carnosine 
in the breast and thigh meat extract of chicken as well as turkey 
(Huang and Kuo, 2000; Peiretti et al., 2012). In beef extract, carno-
sine content was quantified as 3.79 mg/g in raw meat (Chan et al., 
1993) while in cured beef products, higher concentrations ranging 
from 5.8 to 7.1 mg/g, were found (Marcolini et al., 2015). A higher 
concentration of carnosine in cured beef product would be related 
with the loss of water during the processing of meat. In the study 
of Purchas et al. (2004), the content of carnosine in uncooked beef 
muscle was 4.1 mg/g, which was decreased to be 3.3 mg/g after 
the cooking process. The bioactive molecule carnosine was water-
soluble cytoplasmic dipeptide, thus during the cooking process, 
the loss of carnosine was related with the generation of cooking 

Figure 1. Chemical structure of carnosine (β-alanine-L-histidine) and its naturally occurring derivatives (adapted from Boldyrev et al., 2013). 
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juices. In pork, carnosine content was compared between seven 
types of muscle with concentrations ranging from 0.13 to 4.19 
mg/g. A higher carnosine content was found to be associated with 
glycolytic muscles e.g., the semimembranosus, the biceps femoris, 
the gluteus maximus and the longissimus dorsi (Mora et al., 2008). 
According to Suzuki, et al. (2002), this might be explained by the 
high buffering capacity of carnosine which is a vital feature for 
glycolytic muscles, where anaerobic metabolism results in the ac-
cumulation of lactic acid. Seafood and prawns also present high 
content of carnosine ranging within 9.25–11.6 mg/g, while fish has 
lower content ranging from 0.11 to 7.78 mg/g, e.g., tuna, mackerel 
and rainbow trout (Jones et al., 2011; Preedy, 2015), whether it is 
boiling or broiling, the cooking process cause up to 50% loss of 
carnosine in beef and turkey meat, while the degradation of carno-
sine is lessened during microwave cooking (Peiretti and Meineri, 
2015). The use of microwave cooking would thus help reduce the 
loss of carnosine and imidazole-related compounds.

4. Bioaccessibility

As a bioactive peptide widely found in meat and meat products, 
carnosine intake mainly relies on the absorption of meat protein 
through the gastrointestinal tract. It was determined that, upon 
digestion, the amount of dietary carnosine absorbed through the 
intestine was strongly associated with its original concentration 
in the food product, as well as with the amount that could be re-
leased from the food matrix. Contributing factors, such as pH in 
the intestine, affect the concentration of carnosine released from 
food e.g., beef, as it was shown that an in vitro digestive treat-
ment at pH 2 led to higher release of carnosine compared to pH 7 
(Marcolini et al., 2015). Importantly, the chewing and subsequent 
acidification occurring during the digestion process were shown to 
achieve more than 90% release of carnosine from cured beef prod-
ucts. Upon release, the absorption of carnosine is mainly medi-
ated via proton-coupled peptide transporters in the small intestine 
(Son et al., 2004) as represented in Figure 2, while the paracellular 

transport of intact carnosine was ruled out by earlier authors. Son 
et al. (2004) also examined the transport of carnosine in a Caco-2 
epithelium cell model and found that the dipeptide’s transport was 
mediated by the proton-dependent peptide transporter PepT1. The 
authors showed an enhanced PepT1-mediated uptake of carnosine 
that occurred when the pH of the transport solution decreased from 
7.4 to 6.0. Competitive uptake was observed when other dipeptides 
were present in the transport solution, while inclusion of amino 
acids did not affect the uptake of carnosine. PepT1 transporter is 
expressed in the small intestine, renal proximal tubule, and liver 
(Bhardwaj et al., 2006). Ferraris, et al. (1988) found that carnosine 
uptake was at its highest in the jejunum of mice. Upon PepT1-
mediated transport across the brush-border membrane, carnosine 
is faced with two fates: (1) hydrolysis by carnosinase within the 
enterocyte or (2) transport across the basolateral membrane into 
the blood as an intact dipeptide (Boldyrev et al., 2013). The mech-
anism underlying the basolateral transport of carnosine enterocytes 
is more obscure than its apical counterpart, and warrants further 
investigations.

Derave et al. (2010) speculated that the release of carnosine 
from muscle cells may be mediated by PepT2, since PepT2-knock-
out mice were found to have reduced muscle carnosine concentra-
tions. It was also hypothesized that the reduction in muscle carno-
sine levels during exercise-induced acidosis may be mediated by 
the proton-dependent PepT2 transporter. PepT2 is known to be in 
an integral transporter in the reabsorption of carnosine in the renal 
tubules (Boldyrev et al., 2013). The PepT2-mediated apical trans-
port of carnosine across renal epithelial cells occurred at 15 times 
higher rate compared to its basolateral transport (Jappar et al., 
2009). It was hence hypothesized that the efflux of carnosine from 
renal epithelial cells was regulated by a facilitative carrier, which 
would limit its transepithelial transport. Carnosine accumulates to 
some degree within the renal epithelial cell and undergoes degra-
dation by CN2 leading to the release of histidine and β-alanine, 
which then moves across the basolateral membrane via amino acid 
transporters. Finally, Histidine and β-alanine are subsequently 
reassembled in the tissue via the enzymatic activity of carnosine 

Table 1.  Carnosine contents in raw meat extract obtained from different kind of species

Type of extract Carnosine concentration (mg/g) Reference

Beef 5.8∼7.12 Marcolini et al., 2015

Pork 0.13∼4.19 Mora et al., 2008

Horse 1.22∼4.07 Abe, 2000

Lamb 7.06 Jones et al., 2011

Rabbit 3.6∼4.6 Peiretti and Meineri, 2015

Chicken 0.66∼1.83 Jung et al., 2013

Turkey 0.86∼7.9 Gil-Agustí et al., 2008, Peiretti et al., 2012

Duck 0.14∼0.16 Lee et al., 2015

Lobster 0.1 Kantha et al., 2000

Prawn 9.25∼11.6 Preedy, 2015

Tuna 5.29 Jones et al., 2011

Mackerel 7.78 Jones et al., 2011

Rainbow Trout 0.11 Jones et al., 2011

Bonito (katsuo) 5.0∼7.9 Kantha et al.,2000

Conger eel (hamo) 0.2 Kantha et al., 2000
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synthetase, as shown in Figure 2. Another transport system was de-
scribed by Bhardwaj et al., (2006), whereby the proton-dependent 
uptake of intact carnosine was mediated by the human peptide/
histidine transporter 1 (hPHT1) in a transfected monkey kidney 
COS-7 cell system. Carnosine uptake via hPHT1 was observed 
to increase as pH decreased, and transport was determined to be 
optimal at pH 5.0. Through mRNA and protein analysis of gut sec-
tions and protein lysates obtained from the human gastrointestinal 
tract, PHT1 was found to be mainly expressed in the epithelium of 
the small intestine. Knowledge on the transport of carnosine via 
hPHT1 remains scarce and requires further investigations.

An additional gap in the understanding of carnosine bioaccessi-
bility resides in the translation of results obtained in animal models 
(i.e., hamsters, mice, horses, pigs) to human applications. Findings 
resulting from these animal models should be cautiously interpret-
ed, as the CN1 levels in humans are significantly higher than those 
found in animals e.g., misinterpretation of the levels of carnosine 
found in serum (Boldyrev et al., 2013; Derave et al., 2010).

5. Bioavailability

While carnosine was reported as being a bioavailable dietary pep-
tide capable of reaching the blood in an intact form via absorption 
through the gastrointestinal tract, its oral bioavailability remains 
limited (di Pierro et al., 2011). In the transcellular absorption, the 
cellular uptake of carnosine was mediated by PEPT2 at the apical 
membrane, and the efflux from basolateral membrane into blood 
was very low. The limited bioavailability of carnosine is signifi-
cantly associated with its poor basolateral transport. Compare with 
carnosine, the uptake of β-alanine was easier to be absorbed by 
the intestinal cells. It was documented that supplementation with 
the rate-limiting precursor β-alanine, rather than carnosine itself, 
can produce up to 80% increase in carnosine levels in the skeletal 
muscle tissue (Derave et al., 2010). A galenic formulation was de-
veloped that contained equal amounts of pure carnosine and pure 
β-alanine after 8- hour oral ingestion. Finally, oral ingestion of a 
dietary supplement containing carnosine was found not to increase 

carnosine levels in muscle more than a supplement containing 
equimolar amount of β-alanine alone (Derave et al., 2010). In sup-
port of its bioaccessibility, a study in which mini-pigs were fed 
various types of meat showed that the hydrolytic degradation of 
carnosine in the gut lumen did not occur fast enough to prevent ab-
sorption of the dipeptide across the gastrointestinal tract (Bauchart 
et al., 2007). Previous authors developed complexes composed of 
carnosine and Trolox, a vitamin E analog, to inhibit degradation 
by human serum carnosinase. They found that the carnosine de-
rivatives performed better in reducing oxidative stress compared to 
carnosine or Trolox individually, but also showed more resistance 
to serum carnosinase degradation (Stvolinsky et al., 2010).

In a human cohort study, Park et al. (2005) examined the effects 
of beef consumption on serum carnosine levels at given time in-
tervals. Subjects were asked to abstain from carnosine-containing 
food for 24 hours prior to the study to ensure a consistent baseline 
level of serum carnosine, which was confirmed by blood collec-
tion. Subjects then consumed 200 g of cooked ground beef con-
taining a total of 268 mg carnosine and subsequently had their 
blood collected at regular intervals. As represented in Figure 3, 
carnosine was detected in the blood as early as 15 minutes after 
ingestion. Carnosine concentrations in serum peaked at 3.5 hours 
post-ingestion and went below detection levels in blood after 5.5 
hours. In a study by Marcolini et al. (2015), the gap between total 
carnosine content and its free diffusible fraction was significant in 
bresaola products. The authors concluded that carnosine was easily 
released from the food matrix upon digestion within the gastroin-
testinal tract hence available for optimal absorption.

Hill et al. (2007) examined the effects of β-alanine supplemen-
tation on carnosine concentrations found in the muscle. Subjects 
were given increasing doses of β-alanine every day for 4 vs. 10 
weeks. The orally ingested dose of β-alanine started at 4.0 g per 
day, divided into 8 separate supplement ingestion. The dose of 
β-alanine was gradually increased by 0.6–0.8 g on a weekly basis 
until week 4 when the dose reached 6.4 g per day. Carnosine con-
centrations were measured in vastus lateralis biopsies and were 
found to increase by 58.8% and 80.1% in the 4th and 10 week 
treatment groups, respectively (Hill et al., 2007). As mentioned 

Figure 2. Proposed mechanisms of carnosine uptake by enterocytes. Carnosine uptake is mediated by the proton-dependent peptide transporter PepT1. It 
is subsequently hydrolyzed within the enterocyte by tissue carnosinase (CN2) or transported intact into the blood where it is hydrolyzed by serum carnosi-
nase (CN1) into its substituents β-alanine and L-histidine. (adapted from Boldyrev et al., 2013).
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previously, supplementation with carnosine or β-alanine both re-
sulted in an increased amount of carnosine in muscle, whereas 
β-alanine alone elicited a greater increase than carsosine (Derave 
et al., 2010).

In the human muscle, the concentrations of carnosine classical-
ly reach up to 20 mM/kg (dry weight of muscle) and ingestion of 
supplement made of carnosine, β-alanine or meat products would 
all promote an increasing effect (Derave, Everaert, Beeckman, and 
Baguet, 2010). The main differences between the ingestion of car-
nosine from food matrix vs. supplement e.g., capsule, would be 
in its bioaccessibility and bioavailability. Indeed, the release and 
absorption rate of carnosine from meat products would be propor-
tional to its original concentration in the food product and would 
be dependent on the gastrointestinal environment, while the ab-
sorption rate of carnosine upon ingestion of capsule supplements 
would be equal to the dose indicated on the label (Marcolini et al., 
2015). So far there have been no reports indicating differences in 
the biological activity of carnosine depending on the source or na-
ture of the food matrix ingested. Thus, the direct supplementation 
of carnosine capsule or uptake the food rich in carnosine would all 
possess the benefit for the health of body.

6. Metabolism

In the diet, the supplement of carnosine was mainly reliant on the 
ingestion of meat and therefore the vegetarian diet would lack car-
nosine. The provision of carnosine through the diet is mainly relli-
ant on the ingestion of meat; hence a vegetarian diet would result 
in carnosine deficiency. Once in the serum or the tissue, carnosine 
is degraded by carnosinase. In humans, CN2 is almost completely 
absent from the skeletal muscle tissue; hence CN1 is responsible 
for the majority of its degradation (Derave et al., 2010). Carnosine 
was shown to be resistant to breakdown by peptidases (Boldyrev et 
al., 2013; Hipkiss et al., 1995), while a non-enzymatic breakdown 
of carnosine does not exist (Derave et al., 2010). Therefore, the 
very specific degradation of carnosine suggests that its metabo-
lism is tightly regulated. The rate-limiting precursor β-alanine re-
sults from the hepatic breakdown of uracil and thymidine as well 
as from the degradation of dietary dipeptides derived from meat 
sources (Derave et al., 2010). In contrast, the precursor histidine, 
which confers the dipeptide’s bioactive properties, is one of the 
essential amino acids found in sufficient quantities in the serum. 
Carnosine is the only histidine-containing dipeptide found in hu-
man tissues. Studies reported gender-based differences in the con-
centrations of carnosine found in the muscle, potentially linked to 
androgen levels (Boldyrev et al., 2013), while other authors did not 
find any difference (Stuerenburg and Kunze, 1999).

Upon ageing, the degenerative loss of skeletal muscle mass, 
also known as sarcopenia, is concomitant with a decline in car-
nosine concentrations, resulting in decreased muscle power and 
strength, and increased frequency of muscle fatigue (Rizvi and 
Jha, 2011). Tallon, et al. (2007) compared the carnosine concen-
trations in biopsy samples of the vastus lateralis of elderly pa-
tients—who underwent knee arthroplasty due to osteoarthritis—to 
those of young, relatively active subjects. A 53% reduction in car-
nosine concentrations was found in the type II muscle fibers (or 
fast-twitch muscle fibers) of the elderly subjects, while carnosine 
concentrations in type I muscle fibers (slow-twitch) did not differ 
from those measured in the young subjects. The age-related re-
duction of carnosine concentrations in the muscle has been widely 
documented (Boldyrev et al., 2013; Stuerenburg and Kunze 1999) 
and supplementation with β-alanine was shown to be beneficial in 
elderly patients as evidenced by an increase in carnosine concen-
trations and muscle exercise capacity (Derave et al., 2007).

7. Heath benefits

Carnosine and its precursor β-alanine both exhibit a robust list of 
health benefits including antioxidant activity, metal chelating, in-
teraction with lipid peroxidation end products, anti-glycation ac-
tivity, prevention of protein crosslinking, carbonyl group scaveng-
ing, reduction of diabetic pathologies, anti-inflammatory activity, 
and prevention of senile cataracts (Bauchart et al., 2007; Kyriazis, 
2010). Table 2 summarizes the anti-oxidant, anti-glycation and 
anti-inflammation activity of carnosine as well as the health per-
formance associated with the intake of carnosine.

The anti-oxidant properties of carnosine stem from its ability 
to directly interact with singlet oxygen, as well as its ability to 
scavenge peroxyl and superoxide radicals, thereby preventing the 
negative effects resulting from the production of reactive oxygen 
species (Preedy, 2015). The direct interaction of carnosine with 
these reactive species prevents the production of lipid peroxidation 
end products such as malondialdehyde (MDA), which are deleteri-
ous to an organism. Another aspect of the anti-oxidant activity of 
carnosine resides in its ability to chelate metals, including transi-
tion metals, which would otherwise give rise to free radicals via 
the Fenton reaction. Carnosine was also documented for its ability 
to prevent copper- and zinc-associated neurotoxicity by binding 
directly with divalent metals (Derave et al. 2010). In a study con-
ducted by Evran et al. (2014), a carnosine pretreatment in rats led 
to decreased lactate dehydrogenase and aspartate aminotransferase 
in plasma, reflecting its role during oxidative stress while im-
proved histopathological changes were observed in heart tissues. 
The same protective effect was confirmed by Kalaz et al. (2014). 
Upon ageing, carnosine levels were found to decrease in rats hence 
resulting in an increased susceptibility toward ageing-related oxi-
dative stress. In a D-galactose-induced liver damage model, the 
authors showed that supplementation with carnosine was able to 
maintain the pro-oxidant status found in the liver together with 
histopathological ameliorations (Kalaz et al., 2014). Similarly, car-
nosine has cardiovascular protective properties reliant on its ability 
to inhibit low-density lipoprotein oxidation (Park et al., 2005). The 
anti-proliferative properties of carnosine were also investigated in 
colon cancer cells where canosine was shown to reduce the genera-
tion of reactive oxygen species (ROS) (Iovine et al., 2012).

Glycation is the process by which aldehydes and ketones react 
with proteins to form aberrant glycated proteins. The abnormal 
proteins proceed to crosslinking into larger complexes of dysfunc-
tional proteins and the accumulation of such cross-linked glycated 

Figure 3. Serum concentration of carnosine in subjects post-consump-
tion of 200 mg cooked ground beef containing 134 mg/g tissue (cooked) 
of carnosine (adapted from Park et al., 2005). 
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proteins subsequently leads to the formation of advanced glyca-
tion end products (AGEs). AGEs react in turn with reactive oxygen 
species, which leads to the development of age-related chronic de-
generative diseases (Kyriazis, 2010). When proteins undergo gly-
cation or oxidation, damage occurs in the amino acid side groups, 
during which carbonyl groups are being formed. These carbonyl 
groups cause the target proteins to become aberrant, crosslink 
with other proteins and turn into AGEs (Brownson and Hipkiss, 
2000). Glycation and oxidation are inherent aspects of ageing 
leading to age-related accumulation of AGEs in tissues (Brown-
son and Hipkiss, 2000). Individuals suffering from diabetes have 
a greater prevalence of glycation events since there is more sugar 
sources available in their body. These glycation reactions serve as 
the initial step in the development of diabetic pathologies (Hipkiss 
et al., 1995). In a study by Abdelkader et al. (2016), carnosine was 
shown to have effective anti-glycation activity in cultured porcine 
lenses and human lens epithelial cell models. Even in the absence 
of a diabetic condition, the use of carnosine as a supplement may 
also help reduce glycosylated damage on lens redox glutathione 
system. Further investigations are warranted on the pharmacology 
of carnosine as an inhibitory agent against the development of gly-
cation-induced diabetic cataract and other diseases (Babizhayev, 
2012; Peters et al., 2014). For example, hypertension is a large 
concern for diabetic patients and arises from the sugar-mediated 
crosslinking of proteins in blood vessels, which causes a reduc-
tion in the elasticity of the vessel (Hipkiss et al., 2001; Yapislar 
and Taskin, 2014). Carnosine interferes with glycation at different 
stages of the process. First, carnosine can bind directly with small 
ketones and aldehydes to form non-mutagenic glycated carnosine 
(Brownson and Hipkiss, 2000, Hipkiss et al., 1995), functioning 
as a sacrificial agent in these reactions (Hipkiss et al., 2001). Such 
a process will in turn protect other proteins from being glycated 
and becoming dysfunctional. One of the most striking properties 
of carnosine resides in its carbonyl group scavenging activity. 
Carnosine is capable of scavenging and interacting directly with 
carbonyl groups on proteins to form protein-carbonyl-carnosine 
adducts through carnosinylation, which in turn inhibits crosslink-
ing events and AGE formation of aberrant proteins (Brownson and 
Hipkiss, 2000). Interestingly, carnosine is also able to bind low 
molecular weight AGEs (Brownson and Hipkiss, 2000). The final 
fate of these protein-carbonyl-carnosine adducts has not yet been 
established, however, current literature proposed three potential 
outcomes: (1) these adducts remain in the cell as lipofuscin, (2) 
they exit the cell via exocytosis, or (3) they undergo proteasomal 
and lysosomal breakdown (Hipkiss et al., 2001). As an anti-gly-
cation agent, there is strong supportive evidence that carnosine 
indeed delays the effects of ageing at a cellular level. Highly oxi-
dized proteins resulting from age-associated oxidation are known 
to induce senescence, hence reducing the maximum division po-
tential of cells and resistance to proteolytic degradation (Hipkiss 
et al., 2001). Reliant on its anti-oxidant and anti-glycation activity, 
carnosine may prove to be a valuable bioactive component in the 
inhibition of certain ageing processes.

Son et al. (2008) examined the anti-inflammatory effects of 
carnosine in the human intestinal epithelial cell line Caco-2 as 
measured by interleukin (IL)-8 secretion. Pretreatment with carno-
sine was found to decrease the level of IL-8 secretion in hydrogen 
peroxide (H2O2)- and tumor necrosis factor (TNF)-α-stimulated 
Caco-2 cells. A 67% and 89% reduction in IL-8 secretion was ob-
served in Caco-2 cells treated with 5 mM and 50 mM, respective-
ly. Carnosine concentrations of up to 50 mM did not exhibit any 
cytotoxic effects in this cell model. Interestingly, the carnosine-
mediated inhibition of IL-8 secretion occurred through a transla-
tional, rather than a transcriptional mechanism, and required the 

presence of the dipeptide in its intact form. Carnosine was found 
to inhibit the phosphorylation of the translation initiation fac-
tor eIF4E, which has for role to prevent any further translational 
mechanisms. This departs from the anti-inflammatory mechanisms 
of other histidine-containing dipeptides (HCD) such as glycine-
histidine (Gly-His), alanine-histidine (Ala-His), and the methyl-
ated form of carnosine, anserine (β-Ala-1-methyl-His), which 
inhibited both the mRNA expression and secretion of IL-8. One 
study explored the effect of carnosine supplementation in elderly 
people presenting verbal episodic memory and reported decreased 
secretion of inflammatory cytokines, such as monocyte chemoat-
tractant protein (MCP)-1 and IL-8. A treatment with carnosine was 
shown to preserve delayed recall and maintain brain perfusion in 
the elderly subjects (Hisatsune et al., 2016). In a study by Sun et al. 
(2017), the therapeutic potential of carnosine was investigated in 
a sepsis-induced male albino rats. The administration of carnosine 
was shown to renormalize the activity of anti-oxidative enzymes 
(i.e., catalase, superoxide dismutase, glutathione peroxidase and 
myeloperoxidase activities) and simultaneously decrease the se-
cretion of pro-inflammatory cytokines (i.e., IL-β, TNF-α, and IL-
8). Histopathological analysis confirmed that the tissue damages 
associated with sepsis were significantly reduced upon carnosine 
treatment, in association with the upregulation of IκBα and the 
down-regulation of p65 and p-IKKα/β (Ser 180/Ser 181).

Carnosine, in its acetylated form, i.e., N-alpha-acetyl-carnosine 
(NAC), was reported to prevent crosslinking events occurring be-
tween the age-related glycated crystalline molecules present in the 
lens of the eye, an event leading to senile cataracts. A number of 
studies also suggested that NAC may reduce telomere shorten-
ing, which is another characteristic feature associated with age-
ing (Kyriazis, 2010). NAC is currently marketed as a liquid oph-
thalmic solution to be used topically on the eye and is reported to 
improve visual acuity and glare sensitivity, however these claims 
are not supported by organizations such as the Royal College of 
Ophthalmalogists in the U.K. (Kyriazis, 2010). In a study by Ding 
et al., (2018), the oral ingestion of carnosine in elderly people pos-
sessing the APOE e4 allele, a known risk gene for the development 
of AD, led to a reduced decline in their progressive memory, hence 
inhibiting the development of AD in APOE e4+ individuals.

Upon oral administration of carnosine in a mouse model of per-
manent focal cerebral ischemia, infarct size and neuronal damage 
were significantly decreased together with reduced levels of reac-
tive oxygen species in the ischemic brain (Rajanikant et al., 2007). 
Similarly, the neuroprotective properties of carnosine were also 
studied for their compensatory effect on brain damage induced by 
ischemic injury. The robust anti-oxidant, anti-excitotoxic, and mi-
tochondria protecting activities of carnosine mainly rely on its pro-
tective effects against oxygen-glucose deprivation and against ac-
cumulation of reactive oxygen species (Bae et al., 2013). In a mice 
model of salsolinol-induced neurotoxicity, carnosine was shown to 
decrease the MDA and restore the activity of Glutathione(GSH), 
Superoxide dismutase (SOD) and catalase along with the reduced 
apoptosis and Reactive Oxygen Species (ROS) production, sug-
gesting its therapeutic effect in salsolinol-induced Parkinson’s dis-
ease (PD) (Zhao et al., 2017). In summary, an increasing number of 
studies have provided supportive evidence on the capacity of car-
nosine to restore or promote the activity of antioxidant enzymes, 
its ability to inhibit lipid oxidation together with its capacity to 
inhibit anti-crosslinking between amyloid-β and prion peptides, 
which altogether encourage the use of carnosine as a preventive 
and therapeutic approach against PD and AD.

The ingestion of carnosine was also determined to exert a thera-
peutic effect on chronic metabolic disorders, a property which 
is likely associated with its potent anti-oxidative, anti-glycation, 
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Table 2.  Biological activity of carnosine defined by in vitro and in vivo studies

Bioactive activity Experimental Model Observed effects Reference

Anti-oxidant Chemical detection Inactivate free radicals;Metal-chelating, such 
as copper;Conjugating with potentially toxic 
aldehydic lipid oxidation products

Decker et al., 2000

Cerebellum granule cells ↓ROS signal;↓Excitotoxic effect of 
N-methyl-d-aspartic acid (NMDA)

Boldyrev et al., 2004

Rat ↓Lactate dehydrogenase Park et al., 2005

Wistar rats and 
Mongolian gerbils

↓Lipid peroxidation of brain membrane; 
↑Resistance of neuronal membranes under 
oxidation; ↓malonyl dialdehyde (MDA)

Dobrota et al., 2005

Chemical detection Metal-chelating;↓Lipid peroxidation Derave et al., 2010

Colon cancer cells ↓ROS; ↓ERK1/2 phosphorylation; ↓Proliferation Iovine et al., 2012

Sprague-Dawley male rats ↓Oxidative stress; Restores the histopathological 
and biochemical signs; ↓Apoptotic condition

Aydin et al., 2015

Mice ↑Glutathione peroxidase (GPX), Superoxide dismutase 
(SOD), and Catalase;↓ MDA ; ↓Reactive oxygen species

Tsai et al., 2010

Recreationally-active 
men volunteer

↑GSH ↑CAT, PRX2, SOD1, and TRX1 Varanoske et 
al., 2017

Broiler chickens ↑Antioxidant enzymes; ↓MDA and carbonyl compounds Cong et al., 2017

Wistar rats ↑CAT,SOD and total antioxidant capacity (TAC) Hasanein and 
Felegari, 2017

Cirrhotic rats ↑Locomotor activity; ↓ROS formation; ↓Liver 
TBARS; ↑GSH in liver; ↓ Protein carbonylation; 
↓Liver fibrogenesis; ↓ Liverfailure

Jamshidzadeh 
et al., 2017

Human erythrocytes 
and lymphocytes

↓Oxidative damage; Restores enzyme 
activities and antioxidant power

Husain and 
Mahmood, 2017

Anti-glycation Chemical detection ↑Glyc3P-induced loss of enzyme 
activity; ↓Protein modification

Seidler, 2000

Human Peritoneal 
Mesothelial Cells (HPMC)

↑HPMC viability; ↓Advanced glycation end products (AGE) 
complications; Protection cellular protein from modification;

Alhamdani et 
al., 2007

E. coli K-12 Strains ↑Cell viability;↓Glycation; ↓Methylglyoxal toxicity Pepper et al., 2010

Gray chinchilla rabbits ↓Gycation-induced diabetic cataract Babizhayev et 
al., 2012

Human lens epithelial 
cell models

↓Glycosylated damage; ↑Lens cell viability Abdelkader et 
al., 2016

Aged rats ↓AGE and MDA; ↓Protein carbonyl and 
advanced oxidized protein products

Bingül et al., 2017

Anti-inflammatory Caco-2 cells ↓IL-8 secretion Son et al., 2008

Male Balb/cA mice ↓c-reactive protein (CRP), IL-6 tumor and TNF-α Liu et al., 2008

Balb/cA mice ↓IL-6, TNF-α, and MCP-1 Yan et al., 2009

Mice ↓TNF-α and IL-6 levels Tsai et al., 2010

Elderly people ↓MCP-1 and IL-8 Hisatsune et 
al., 2016

Sepsis-induced 
male albino rats.

↓IL-β, TNF-α, and IL-8;↑IκBα; ↓p65 and 
p-IKKα/β (Ser 180/Ser 181); ↓Lung Injury

Sun et al., 2017

Human cancer cell 
line HepG2

↓PI3K and Akt ; ↑Caspase-8 ; ↓Proliferation; ↑apoptosis Liu et al., 2017

Wistar rats ↓TNF-α and IL-6 levels Hasanein and 
Felegari, 2017
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and anti-inflammatory properties. Houjeghani et al. (2018) in-
vestigated the effect of carnosine supplementation on the clinical 
symptoms of type 2 diabetes patients over a 12 week-period. Fat 
mass and fat-free mass were significantly lower in the intervention 
group together with lower levels of fasting blood glucose, glycated 
hemoglobin, carboxymethyl lysine, serum triglyceride and TNF-α, 
compared to the placebo group. Supplementation with carnosine 
also led to lower levels of hemoglobin A1c, urinary albumin excre-
tion, tubular damage marker α1-microglobulin (A1M), and MDA 
while higher antioxidant capacity was observed. Altogether, these 
phenomena are known to promote glycemic control and renal 
function, particularly in pediatric patients suffering from diabetic 
nephropathy (Elbarbary et al., 2018). In a recent pilot randomised 
controlled trial, fasting insulin and insulin resistance was ham-
pered in individuals who were given carnosine (de Courten et al., 
2016). The properties of carnosine were also examined in obese 
individuals with the aim to investigate its effect on the compo-
sition of plasma lipidome (Baye et al., 2017). As expected, car-
nosine supplementation led to lower levels of trihexosylceramide 
(THC) and free cholesterol, whereas the concentrations of phos-
phatidylcholine (PC) were higher. From the perspective of lipid 
metabolism, the beneficial roles of carnosine may be associated 
with regulation of signal transmission, cell adhesion, growth factor 
and protein transporters, which further contribute to regulation of 
insulin resistance and glucose uptake.

In a study by Derave et al. (2007), the anti-fatigue activity of 
carnosine was evaluated in a cohort of well-trained, 400-m sprint 
runners upon oral supplementation with β-alanine for 4 weeks. As 
expected, the oral intake of β-alanine was shown to increase car-
nosine content in both the soleus (+47%) and the gastrocnemius 
(+37%). Compared with the placebo group, the dynamic knee ex-
tension torque was improved significantly; this was the first report 
that, under repeated exhaustive contractions, muscle fatigue may 
be attenuated in the later stages of exercise (bouts 4 and 5) under 
the effect of carnosine. Similar results were obtained in a young 
cohort of sportive individuals, whereby carnosine intramuscular 
contents were found to be higher together with fatigue attenuation 
(Varanoske et al., 2017). In the elderly population, a reduction in 
muscular endurance was shown to be associated with a significant 
decline in skeletal muscle carnosine concentrations (Tallon et al., 
2007). Upon supplementation with β-alanine, higher carnosine 
levels were detected in the elderly subjects (>55 years) along with 
improvements in the time-to-exhaustion test, while there were no 
changes in the placebo treatment (del Favero et al., 2012). In a 
mouse model, the administration of carnosine (1.8%) resulted in 
markedly higher carnosine levels (+160%) together with increased 
resistance to fatigue in the soleus (+2–4%) and a marked leftward 
shift of the force-frequency relation under the +10–31% relative 
forces in the extensor digitorum longus as well as in the soleus 
(Everaert et al., 2013). In a study by Dutka et al.(2011), carnosine 
was reported to improve Ca2+ sensitivity in contractile apparatus 
and promote Ca2+ release in the sarcoplasmic reticulum of human 
skeletal muscle fibers. A significant biological property of carnos-
ine is its buffering capacity to whereby higher levels of carnosine 
enhance the buffering capacity within the muscle hence delaying 
muscle fatigue (Zanella et al., 2017). Oral supplementation with 
β-alanine elevates endogenous level of carnosine leading to sup-
pression of muscular fatigue. This has encouraged the public to re-
gard β-alanine as a powerful supplement especially among athletes 
and elderly people today.

Current research on its ability to reduce oxidative stress, buffer 
pH microenvironment and prevent age-related accumulation of gly-
cation products provides convincing evidence that carnosine is a 
highly beneficial bioactive compound. In brief, the potential thera-

peutic effect of carnosine on chronic metabolic disorders mainly 
relies on its excellent anti-oxidative, anti-glycation and anti-inflam-
matory activities, as well as its role in the regulation of anti-oxidant 
enzymes, pro-inflammatory cytokines and IκBα expression, etc. 
Further investigations on its physiology and on its associated genet-
ics will be required to gain a fuller understanding of the varied func-
tions and health-related applications of this intriguing molecule.

8. Safety considerations

Carnosine is a safe bioactive component in its dietary and sup-
plemental forms. There have been no significant side effects docu-
mented, likely owing to the fact humans have abundant levels of 
serum carnosinase which serve to rapidly degrade carnosine in the 
body. The only side effect that has been reported is paresthesia, 
which is a benign sensation of tingling and numbness, when cir-
culating β-alanine concentrations exceed 100 µM, compared with 
less than 0.5 µM of β-alanine concentration (Derave et al., 2010). 
To prevent this undesirable side effect, it is recommended that indi-
viduals take a slow-release β-alanine supplement (Boldyrev et al., 
2013) or not exceed a dose of 10 mg per kilogram of bodyweight 
(Derave et al., 2010). In a human clinical trial assessing the health 
benefit of carnosine, carnosine doses ranging from 0.8 to 2.8 g/
day were used upon oral administration while the β-alanine dosing 
regimens always ranged from 1.6 to 6.4 g/day, which all showed 
to be good tolerance and no side effect was checked in the previ-
ous study (Chez et al., 2002; Elbarbary et al., 2018; Houjeghani et 
al., 2018). Despite significant differences in baseline values, sup-
plementation with carnosine or β-alanine showed similar increases 
in the gastrocnemius and the soleus muscles regardless of gender. 
The congenital lack of the degradative enzyme carnosinase re-
sults in serious conditions such as carnosinemia (Kyriazis, 2010). 
Hence consumers have expressed concern that too large a dose of 
carnosine may lead to overwhelming concentrations of carnosine 
resulting in carnosinemia. This was, however, shown not to occur 
in normal individuals with abundant levels of serum carnosinase.

Overall, carnosine and its precursor β-alanine are safe bioac-
tive food components have tremendous health-beneficial proper-
ties, which heavily outweigh the sole side effect ever reported, i.e., 
paresthesia.

9. Conclusion

Carnosine is a naturally occurring dipeptide, which may be in-
gested and absorbed via consumption of meat or dietary supple-
ments. A growing body of evidence supports its role as a potent 
antioxidant and anti-glycation bioactive dietary dipeptide along 
with studies strongly supporting its bioaccessibility, bioavailabil-
ity, and health benefits. Due to its tightly regulated metabolism 
managed by the concerted activities of carnosine synthetase and 
carnosinase, carnosine proves to be a safe food component as part 
of a balanced dietary intake of meat-derived proteins. Given the 
known properties of carnosine as well as the age-related reduc-
tion in muscle carnosine levels, supplementation with carnosine or 
β-alanine should be considered as an efficient approach to improve 
the endurance of muscle. Despite an impressive body of carnosine-
focused studies, research gaps remain. Human cohort studies are 
lacking to determine the actual bioavailability of carnosine and 
how this may impact on health performance. Further investigations 
are warranted on the mechanisms underlying carnosine-mediated 
increased health performance, such as cell signaling pathways, 



Journal of Food Bioactives | www.isnff-jfb.com16

Carnosine—a natural bioactive dipeptide Xing et al.

impact on the intestinal microflora and overall gut health, and ge-
nome.
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