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Carnosine, the Protective, Anti-aging Peptide
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Carnosine attenuates the development of senile features when used as a supplement to a
standard diet of senescence accelerated mice (SAM). Its effect is apparent on physical and
behavioral parameters and on average life span. Carnosine has a similar effect on mice of
the control strain, but this is less pronounced due to the non-accelerated character of their
SEeNESCence Processes.
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ABBREVIATIONS: SAM Prone, SAMP-Senescence Accelerated Mice Prone; SAM
Resistant, SAMR-Senescence Accelerated Mice Resistant, Ros—Reactive Oxygen Species.

INTRODUCTION

Carnosine (B-alanyl-histidine), a natural dipeptide characteristic of innervated tis-
sues of vertebrates, was described as early as in 1900 {1]. The amount of carnosine
in muscle and brain [2] exceeds that of ATP, but its biological functions are still
obscure, Carnosine may serve as an effective pH buffer, providing about 60% of the
proton-binding capacity in skeletal muscles [3, 4]; it is also an ion-chelating agent
which neutralizes the damaging effect of ions of heavy metal such as copper, iron
and cobalt [5]. In 1984, an antioxidant activity of carnosine was described when
lipid peroxidation of biological membranes was stimulated in vitro [6]; this phenom-
enon was later confirmed by a number of other approaches [7-9].

The mechanism by which carnosine protects tissues against oxidative stress has
been analyzed recently; carnosine may be a potent hydrophilic antioxidant directed
mainly toward superoxide anion oxygen and hydroxide radical [10, 11]. The ability
of carnosine to protect tissues against oxidative stress was also demonstrated in in
vivo experiments under hypoxic and ischemic conditions [12, 13]. In addition to anti-
radical activity protecting membrane lipids and proteins from oxidative stress,
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carnosine has been found to possess anti-glycating properties which prevents the
damaging effect of aldo- and keto-sugars on biomacromolecules during oxidative
stress [14-16].

These properties of carnosine suggest that it might have anti-aging activity
which could attenuate the development of senile features [17]. Here we have tested
the anti-senescence effect of carnosine using mice with a genetic program of acceler-
ated senescence (so-called Senescence Accelerated Mice, SAM). SAM are charac-
terized by accelerated development of senile properties which are induced by
increased generation of reactive oxygen species {18].

MATERIALS AND METHODS
Animals

In our experiments SAM-Prone (SAMP1 strain, 160 animals) and SAM-Resist-
ant (SAMRI1 strain, another 160 animals) mice of both sexes were used at ages
ranging from 4 to 15 months, SAMRI being used as the control for SAMPI [19].
The animals were obtained from the Council for SAM Research (University of
Kyoto, Japan). They were fed a standard commercially available diet and kept in
an animal room with air conditioning at 25°C [19].

Consistent with data from the literature [17, 18], the first features of aging of
SAMPI1 mice appeared at the age of 4-5 months, and these features became pro-
nounced by the age of 7-8 months. At the age of 6 months the first observations of
mortality of SAMP1 animals were made. Mice of the control strain (SAMR1) at
this age were characterized by normal behavioral and physical features.

Carnosine Treatment

To characterize the protective effect of carnosine against the development of
senescent features, we randomly distributed animals of both strains into two sub-
groups of 80 mice each starting from the age of 4 months. For each strain one sub-
group was fed the standard diet while the other was treated with carnosine which
was added to drinking water in an amount corresponding to a daily dose of 100 mg/
kg body weight, the dose effective in prevention of rat brain against hypoxia [13].

Statistics

The characteristics of the animals were monitored using the Grading Score
System (GSS) [19]. Data were statistically analyzed using routine computer program.
p values less than 0.05 were considered as statistically significant.

RESULTS

Physical characteristics and mortality of the animals were monitored through-
out the experiment (from 4 to 16 months of age, when all the animals of the SAMP1
group had died). By the end of the experiment the death of a significant number of
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Table 1. Morphological and Physiological Characteristics of 10-month old SAM under
Different Conditions (Criteria used are from the GSS Representative Analysis; % of
Animals in Groups Corresponding to Each Criterion is Presented; in Each Group

n=36)

Parameter SAMRI1 SAMPI1 SAMPI1 + Carnosine
1. Skin and hair:

(a) loss of hair 0 9l + 14 92+2

(b) loss of glossiness 0 95+ 14# 56 £ TF**

(c) coarseness 0 73+ 24 78+2

(d) skin ulcers 0 36+ 34 14 + 2%**
2. Eyes:

(a) corneal opacity 0 48 +2# 45+2

(b) periophthalmic lesions 0 92+ 14 T8 £ 2%**
3. Spinal lordokyphosis 6+2 83 +3¢# T2 4£3%*
4. Physiological behavior:

(a) reactivity 7317 924 58 & g*

(b) passive avoidance 6712 17+ 2# 23+1%
5. Body weight 30.7+£0.9 29.0+0.6 28.0+0.7

#=p<0.001 for SAMR1 vs. SAMPI1; * = p<0.05, ** = p<0.02 and *** = p<0.01 for
SAMPI1 vs. SAMP! + carnosine.

SAMRI1 animals had also occurred. The behavioral features and physical character-
istics of the SAMP1 and SAMRI animals are compared in Table 1; the data are in
good agreement with the senescence-accelerated nature of the SAMPI strain. The
table shows that at 10 months of age SAMP1 animals were characterized by partial
loss of hair (91% of animals), appearance of skin ulcers (36% of animals), perio-
phthalmic lesions (92% of animals), and other physical features like lordokyphosis.
Nearly all SAMP1 animals had decreased reactivity and only 17% demonstrated the
normal reaction of passive avoidance. The main features of SAMRI1 animals at 10
months of age were close to normal (non-accelerated) senescence as noted earlier
[20]. The average body weight of mice of both strains remained at the same
(expected) level.

No large differences were found in the behavioral characteristics of carnosine-
treated and control SAMRI1 animals. Their average body weights were 30.7+0.9¢g
(control and 29.3 + 0.5 g (carnosine-treated); these values are not statistically signifi-
cantly different. Some differences were noted in physiological reactions: at 10
months of age only 27% of the control SAMRI group had normal reactivity, while
for the carnosine-treated group the corresponding value was 53%. Normal passive
avoidance was observed for 33% of control and 41% of carnosine-treated mice
(p<0.05).

Consistent with the data in the literature, our data illustrate a significant differ-
ence in the average life spans of SAMP1 and SAMRI1 animals and accelerated sen-
escence of SAMP1 animals (Fig. 1).

Our data allow us to compare the effect of carnosine on the mortality curves
of the two studied strains. The effect of carnosine is rather clear on comparison of
the mortality curves presented in Fig. 1. Carnosine-treated SAMRI1 animals were
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characterized by slightly higher viability between 12 and 14 months of age; no differ-
ence was found at earlier and later ages.

The difference between the mortality curves of carnosine-treated and control
SAMPI animals was much more pronounced; it was statistically significant for the
period between 8 and 15 months of age (Fig. 1). For the carnosine-treated SAMPI
animals maximal life span did not increase significantly, but the mean life span was
20% longer (calculations were done as in [19]) and the number of animals living to
older ages was increased.

Differences in physical characteristics of both groups of mice were also pro-
nounced; the differences for SAMP1 animals were more marked (Fig. 2). Morpho-
physiological characteristics of these animals showed an apparent effect of carnosine
inhibiting the accumulation of senile features (Table 1). For only a few parameters
no difference was found between carnosine-treated and control SAMP1 animals, for
example, loss of hair and coarseness of skin. However, for some other parameters a
marked protective effect of carnosine against aging was observed, e.g., for perio-
phthalmic lesions {p<0.001), physiological reactivity (p<0.001), skin ulcers
(p<0.001) and spinal lordokyphosis ( p <0.02). According to the GSS parameters,
the carnosine-treated animals can be characterized as more resistant to the develop-
ment of features of aging. However, the body weight of animals of both groups did
not change, so the effect of carnosine was not connected with the activation of
anabolic processes.

DISCUSSION

One of the causes of accelerated senescence in SAMPI1 animals is known to be
a deficit in the antioxidant defense system which is accompanied by an over-pro-
duction of reactive oxygen species (ROS) in their tissues [18,20,21]. These data
suggest that ROS scavengers might be protective. Recently, data have been pub-
lished showing that 14-day injection of the synthetic ROS scavenger N-tert-butyl-a-
phenylnitrone at dose 30 mg/kg body weight resulted in pronounced protection of
brain membranes against oxidative attack [22].

However, synthetic ROS scavengers may not be suitable for clinical use because
of their apparent negative side effects during systemic treatment. Thus, a number of
natural antioxidants and membrane protectors, such as tocopherols, ascorbic acid,
and carotenes have been suggested as food additives to treat patients under chronic
ROS attack [23]. Carnosine might be also suitable for use as a natural protector
{5,13,24].

In addition to the data already presented here, some biochemical characteristics
of brain and other tissues of SAM have been studied. They clearly demonstrate that
metabolic features of SAMPI are actually connected with over-production of ROS
[20], and carnosine may serve as a potent natural defense against intracellularly
generated ROS [13].

The biological mechanism of the effects of dietary carnosine remains unclear.
In rodents, carnosine taken with food penetrates mainly (by 80%, see Ref. [3]) into
the blood stream and because of relatively low activity of serum carnosinase is only
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Fig. 1. Survival of SAMRI1 (A) and SAMPI (B) animals under different conditions. Each sub-group
analyzed began as 80 animals at 4 month age. Asterisks above bars correspond to difference between
carnosine treated (red bars) and untreated (black bars) sub-groups which is statistically significant at

p<0.05.

Fig. 2. Physical features of 9 month old SAMP! animals with no (A) and with (B)
carnosine treatment.
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partially split before being accumulated by the cells. Thus, as a result of such treat-
ment carnosine may directly affect metabolic pathways by suppressing the cellular
level of ROS because of the useful properties discussed above. This reasonable
suggestion is supported by the presence of special carnosine transporters facilitating
its penetration through the brush border or blood-brain barrier and causing carnos-
ine accumulating within cells [5, 25]. Secondary effects of products of carnosine met-
abilism cannot be totally excluded, but the expected products of carnosine
hydrolysis, B-alanine and histidine, do not have such protective properties, and histi-
dine even degrades the behavioral features of animals [26].

As shown earlier [5, 11, 15, 16], carnosine may specifically stimulate a natural
defense system and increase the viability of cells under unfavorable conditions, fea-
tures not belonging to histidine or B-alanine [5]. Carnosine treatment may be an
effective way to slow senescence and to increase life span. The presence of carnosine
in human tissues suggests that carnosine may be involved in natural anti-senescence
mechanisms in human beings.

ACKNOWLEDGEMENTS

This study is supported by the Extend Foundation, Ltd. (UK). The authors
thank Professor T. Takeda and M. Hosokawa (Kyoto University, Japan) for making
SAM animals available. We also thank M. S. Semenova, M. O. Yuneva, and G. G.
Kramarenko (Moscow State University, Moscow, Russia) for their enthusiastic
work on the care of the mouse strains and for the statistical analysis. We thank Dr.
Richard Lozier for reading the primary version of the manuscript and making some
useful consideration. The important input of Mr. Ildar Bagaoutdinov (Medtekhnika
Ltd., Kazan, Russia) into the project is especially noted. Finally, we would like to
memorize the efficient stimulus of Paul Michaels (Life Plus, Ltd., Dunstable, UK)
at the very beginning of this work.

REFERENCES

1. Gulevich, V., and Amiradgibi, S. (1900) Uber das Carnosin, eine neue organische Base des Fleisch-
extraktes. Hoppe-Seiler’s Z. Physiol. Chem. 33:1902—1903.

2. Crush, K. G. (1970) Carnosine and related substances in animal tissues. Comp. Biochem. Physiol.
34:3-30.

3. Skulachev, V. P. (1978) Membrane-link energy buffering as the biological function of Na/K-gradient.
FEBS Lett. 87:171-179.

4. Abe, H. (1995) Histidine-related dipeptides: distribution, metabolism, and physiological function. In:
Biochemistry and Molec. Biol. of Fishes (P. W. Hochachka and T. P. Mommsen, eds.) 4:310-333.

5. Boldyrev, A. A. (1998) Carnosine: Biological meaning and possible clinical application, Moscow
University Publ. House (Moscow), p. 320.

6. Dupin, A. M. et al. (1984) Carnosine protects Ca-transporting system from factors inducing lipid
peroxidation. Bull. Exp. Biol. Med. (Moscow) 97(8):186-188.

7. Boldyrev, A. A. et al. (1987) The antioxidative properties of carnosine, a natural histidine containing
dipeptide. Biochem. Int. 15:1105-1113.

8. Kohen, R. Y. et al. (1988) Antioxidant activity of carnosine, homocarnosine, and anserine present
in muscles and brain. Proc. Nat. Acad. Sci. USA 85:3175-3179.

9. Aruoma, O. L., Laughton, M. J., and Halliwell, B. (1989) Carnosine, homocarnosine, and anserine:
could they act as antioxidants in vivo? Biochem. J. 264:863-869.



Carnosine as Anti-aging Agent 587

20.

21.
22.

23.

24,

25.

26.

. Boldyrev, A. A. (1990) Retrospectives and perspectives on the biological activity of histidine contain-

ing dipeptides. Int. J. Biochem. 22:129-132.

. Boldyrev, A. A. (1993) Does carnosine possess direct antioxidant activity? /nt. J. Biochem. 25:

1101-1107.

. Alabovsky, V. V. et al. (1997) Effect of histidine containing dipeptides on rat heart under ischemia/

reperfusion conditions. Biochentistry (Moscow) 62:91-102.

. Boldyrev, A. A. er al. (1997) Biochemical and physiological evidence that carnosine is an endogenous

neuroprotector against free radicals. Cell. Molec. Neurobiol. 17:259-271.

. Kanta, S. S. et al. (1996) Carnosine sustains the retention of cell morphology in continuous fibroblast

culture subjected to nutritional insult. Biochem. Biophys. Res. Commun. 223:278-282.

. Boldyrev, A. et al. (1998) Carnosine prevents neurons from excitotoxic effects of NMDA and kainate.

In: Maturation Phenomenon in Cerebral Ischemia (U. Ito, C. Fieschi, F. Orzi, T. Kuroiwa, and 1.
Klatzo, eds.) Springer, p. 329.

. Hipkiss, A. R. (1998) Carnosine, a protective anti-aging agent? /nt. J. Biochem. Cell. Biol. 30:

863-868.

. McFarland, G. A., and Holliday, R. (1999) Further evidence for the rejuvenating effects of the

dipeptide 1.-carnosine on cultured human diploid fibroblasts. Expt! Gerontol. 34:35-45.

. Hosokawa, M. er al. (1997) Management and design of the maintenance of SAM mouse strains: an

animal model for accelerated senescence and age-associated disorders. Expt! Gerontol. 32:111-117.

. Takeda, T. et al. (1981) A new murine mode! of accelerated senescence. Mechanisms of Aging and

Development 17:183—194.

Bulygina, E. et al. (1999) Characterization of the age changes in brain and liver enzymes of Senescence
Accelerated Mice (SAM). J. Anti-Aging Med. 2:43-49.

Park, J. W, er al. (1996) Oxidative status in senescence accelerated mice. J. Gerontol. 51:B337-B345.
Butterfield, D. A. et al. (1997) Free radical oxidation of brain proteins in accelerated senescence and
its modulation by N-tert-butyl-a-nitrone. Proc. Nat. Acad. Sci. USA 94:674-678.

Kandlish, J. K., and Das, N. P. (1997) Antioxidants in food and chronic degenerative diseases.
Biomed. Environ. Sci. USA 94:674-678.

Roberts, P. O. et al. (1998) Dietary peptides improve wound healing following surgery. Nutrition
14:266-269.

Yamashita, T. er al. (1997) Cloning and functional expression of a brain peptide/histidine transporter.
J. Biol. Chem. 272:10295-10211.

Dutra-Filho, C. N. et al. (1989) Reduction locomotor activity of rats made histidinemic by injection
of histidine. J. Nutrition 119:1223-1227.



