Biochemistry (Moscow), Vol. 65, No. 7, 2000, pp. 866-868. Translated from Biokhimiya, Vol. 65, No. 7, 2000, pp. 1018-1021.
Original Russian Text Copyright © 2000 by Gallant, Semyonova ,Yuneva.

Carnosine as a Potential Anti-senescence Drug
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AbstractThe naturally occurring dipeptide carnosine (β-alanyl-L-histidine) has been found to exert an anti-senescence
effect when used as a dietary supplement. Carnosine clearly improved the external appearance of experimental animals
and provided beneficial physiological effects, thus maintaining the animals in better condition than control animals
receiving no carnosine or a mixture of β-alanine and L-histidine.
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Many diverse properties of the dipeptide carnosine,
which are more completely described elsewhere in this
volume, stimulated the idea that carnosine may have
some useful therapeutic value, particularly with regard to
old age. We were greatly inspired by the pioneering work
of McFarland and Holliday [1], where it was shown and
later confirmed [2] that the endogenous dipeptide carnosine (β-alanyl-L-histidine) was able not only to rejuvenate
human cells in cultures, but also influence the formation
of long-lived clones affecting earlier events during serial
subculture. The work of Kantha et al. who had also
shown an anti-senescence effect of carnosine in vitro [3]
encouraged us to test it on small mammals in order to
obtain some in vivo data. The Senescence Accelerated
Mice line (hereafter SAM) was chosen for our initial
experiments because of the short lifespan of the animals
and the already large amount of literature that exists
about this line [4]. In SAM animals, an over-production
of free radicals occurring in their tissues may cause the
accelerated senescence [5-8]. The full details of our experiments are described elsewhere [9, 10]. These experiments
revealed that carnosine at a daily dose of 100 mg/kg of
body weight was able to extend the mean lifespan of the
mice by 20% but had no effect on the maximum lifespan.
The polypotent effects of carnosine which are
described throughout this journal and the wider literature make it an ideal candidate as a so-called geroprotectoran agent which may delay or prevent some
conditions intrinsic with old age.
* To whom correspondence should be addressed.

EXPERIMENTAL METHODS
The animals of SAMR1 (resistant) and SAMP1
(prone) strains were kept under standard conditions on
a balanced diet. Aging features were found to accumulate at the age of 10 months for the SAMP1 strain in
comparison with SAMR1 animals of the same age. This
was particularly reflected in the external appearance of
SAMP1 and in their behavioral reactions [9]. The maximum lifespan of SAMP1 is 15 months and for SAMR1
it is 24 months. At the age of 2 months, mice of SAMP1
strain of both sexes were randomly divided into three
groups of 80 animals each. One experimental group
received carnosine in their drinking water in an amount
corresponding to 100 mg/kg of body weight per day.
Another experimental group received the mixture of βalanine and L-histidine (the compounds were mixed in
molar proportion as they are in carnosine). In order to
determine behavior and exterior characteristics of the
animals, the Grading Score System (GSS) [4] was used.
RESULTS AND DISCUSSION
Aging and dependent pathologies are supposed to
be connected with increased production of reactive oxygen species (ROS) [11, 12]. Consequently, the use of
ROS scavengers should have been logical for treatment.
Indeed, many synthetic ROS scavengers like N-tertbutyl-α-phenylnitrone [13] and the lazaroids [14, 15] are
under clinical evaluation as stroke therapies. However,
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many have significant side effects and as such, severe
clinical limitations. Generally, synthetic ROS scavengers
have sufficient ability to protect the brain but are generally accompanied by unacceptable side effects or other
limitations arising from their xenobiotic nature. For this
reason a search had been going on for some time to find
a natural brain protector that may be used not only in an
emergency situation, but also on a prophylactic basis.
Carnosine could be one of these natural brain protectors
[16, 17]. Our experiments with SAMP1 may also support
this possibility.
If SAMP1 animals were maintained on a carnosinecontaining diet, their maximum lifespan hardly increased,
while the mean lifespan was 20% longer, accompanied by
an increased number of animals living to old ages (figure).
Additionally, the exterior of the SAMP1 animals treated
with carnosine was much more satisfactory. According to
the GSS parameters, these animals may be said to have
become more resistant to aging (table). With regard to
certain parameters there were no differences found
between SAMP1 treated and non-treated with carnosine.
However, some others, such as periophtalmic lesions (p =
0.001), glossiness of the skin (p = 0.001), physiological
reactivity (p = 0.001), skin ulcers (p = 0.001) and spinal
lordokyphosis (p = 0.02), showed a strong protective
effect of carnosine against aging. The body weight of the
animals was controlled, so we cannot say dietary restriction played a role in the carnosine effect.
Some biochemical characteristics of SAMP1 animals were also affected under carnosine treatment,
which was shown in our previously published experi-
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The mean lifespan of SAMP1 animals treated with carnosine
(a) in comparison with the mean lifespan of animals treated
with the mixture of β-alanine and L-histidine (b) and of control animals (no additions) (c). For groups (a) and (c) the differences are significant for ages 6, 8, 14, and 16 months, while
for groups (a) and (b) the data are statistically significant only
for ages 14 and 16 months.
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Morphological and physiological characteristics of 10month-old SAMP1 mice (n = 36) treated and non-treated with carnosine (criteria used are from the GSS
(Grading Score System) representative analysis [4]; % of
animals in groups corresponding to each criterion is
presented; data are mean ± S.E.M.)
SAMP1

SAMP1 +
carnosine

Skin and hair
loss of hair
loss of glossiness
coarseness
skin ulcers

91 ± 1
95 ± 1
73 ± 2
36 ± 3

92 ± 2
56 ± 7*
78 ± 2
14 ± 2*

Eyes
corneal opacity
periophtalmic lesions

48 ± 2
92 ± 1

45 ± 2
78 ± 2*

Spinal lordokyphosis

83 ± 3

72 ± 3*

Physiological behavior
reactivity
passive avoidance

9±2
17 ± 2

58 ± 4*
23 ± 1*

29.0 ± 0.6

28.0 ± 0.7

Parameters
measured

Body weight, g

* p < 0.05 (SAMP1 versus SAMP1 + carnosine).

ments [10]. The brain membranes of animals treated
with carnosine were characterized by a lower malonic
dialdehyde (MDA) level, both initial (decreased by 35%)
and that produced at 90 min of lipid peroxidation
induced by ferric ions and ascorbic acid (by 30%) [10].
Comparison of brain mitochondrial monoamine oxidase
B (MAO B) showed a 44% decrease in its activity for
carnosine treated mice, which may indicate the creation
of conditions where fewer toxic compounds would be
produced in brain tissue [18].
However, these facts may not be the entire explanation of the effect of carnosine as other ROS scavengers
have failed to rejuvenate human fibroblasts [1]. Some
experiments carried out in different laboratories demonstrate that one of carnosines targets can be DNA molecules. Ikeda and co-authors showed that carnosine
caused expression of vimentin protein in rat 3Y1 fibroblasts, resulting in extending cell viability (vimentin is
thought to play a fundamental role in maintaining cell
structure and integrity) [19]. In the experiments of Gille
et al., carnosine significantly reduced the frequency of
aberrant cells and number of chromosomal aberrations
in Chinese hamster cell cultures exposed to hyperoxia
[20]. In our experiments glutamate receptors of Nmethyl-D-aspartate (NMDA) type were characterized
by higher level of ligand binding in brain of mice treated
with carnosine (this fact corresponds to positive changes
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in the behavior of this group of animals) (table) [10].
These facts suggest that carnosines effect can be also
aimed at DNA, influencing the expression of certain
genes.
Moreover, A. Hipkiss describes in this volume
how carnosine, being a potent antiglycating agent,
may suppress the deleterious effects of protein carbonyls by reacting with them to form adducts, which
may either prevent their interaction with scavenging
AGE (Advanced Glycated End Products) receptors
(RAGES), or alter the cellular response by modulating
signal transduction and subsequent generation of
ROS.
It is known that carnosine is metabolized into βalanine and L-histidine and as they are both biologically active molecules, they could have played some role in
the anti-senescence effect of carnosine in SAM.
However, according to data obtained in our experiments we observed no effect of these compounds on the
mean lifespan when animals were treated with the mixture of β-alanine and L-histidine, taken in the same
molar proportion as they are in carnosine (figure). This
treatment also had no influence on the exterior of the
animals, unlike the effect carnosine produced. Analysis
of these data shows that carnosine acts as a true antioxidant protector rather than as an anabolic drug; the
weight of the animals treated with carnosine was not
significantly different from that of the control animals
(table).
Anyway, the question How could such a small
molecule have such profound effects? remains unanswered, though we hope through increased global scientific collaboration that we shall have the answers sooner
rather than later.
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