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ABSTRACT

The effect of carnosine on the life span and several brain biochemical characteristics in senes¬

cence-accelerated mice-prone 1 (SAMPl) was investigated. A 50% survival rate of animals
treated with carnosine increased by 20% as compared to controls. Moreover, the number of
animals that lived to an old age significantly increased. The effect of carnosine on life span
was accompanied by a decrease in the level of 2'-tiobarbituric acid reactive substances
(TBARS), monoamine oxidase b (MAO b), and Na/K-ATPase activity. There was also an in¬
crease in glutamate binding to N-methyl-D-aspartate receptors. These observations are con¬

sistent with the conclusion that carnosine increases life span and quality of life by dimin¬
ishing production of lipid peroxides and reducing the influence of reactive oxygen species
(ROS) on membrane proteins.

INTRODUCTION

SENESCENCE-ACCELERATED MICE-PRONE 1
(SAMPl) show rapid aging, which has been

attributed to genetic deficits of metabolism, re¬

sulting in overproduction of reactive oxygen
species (ROS).1-4 We have designed experi¬
ments to test the effects of carnosine, a natural
hydrophilic antioxidant, on life span and sev¬

eral biochemical indicators known to change
with age, studied in the SAMPl strain.1

Carnosine has been demonstrated to be a

protector of neurons from oxidative stress,
caused by excitotoxic compounds in vitro5 or

from experimental hypoxia in vivo.6'7 The effect
of carnosine may be specific, in that neither of

its component amino acids, histidine and /3-ala-
nine, show similar actions.8

MATERIALS AND METHODS

Animals
SAMPl animals were kept under standard

laboratory conditions and fed a balanced diet.
A distinct excess in signs of aging by the age
of 8-10 months was observed for SAMPl mice
in comparison with SAMR1 (senescence-accel¬
erated mice-resistant 1); this was reflected in
both the physical features and the behavioral
reaction of SAMPl strain.1 The maximal life
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span of SAMPl mice was 15 months in our con¬

ditions, whereas that for SAMR1 mice was 24
months.1 SAMPl mice of both sexes were ran¬

domly divided into two groups of 70 animals
each at the age of 2 months. For one group,
carnosine was added to the drinking water in
the amount corresponding to 100 mg/kg body
weight per day. A 50% survival rate was de¬
termined by following survival until the age of
15 months, estimating mortality and accumu¬
lation of age changes using the Grading Score
System (GSS).9

Methods
At an age of 10 months, distinct features of

aging appeared in the SAMPl animals. At this
time, some animals were decapitated, and to¬
tal microsomal, mitochondrial, and synaptoso¬
mal fractions were prepared from cortex.

Preparation of membrane fractions. Tissue sam¬

ples were homogenized in 10 mM potassium
phosphate buffer (pH 7.4). Homogenates were

centrifuged at 10,000g for 30 min. The total mi¬
crosomal fraction was prepared as described
elsewhere6 and used for measurement of mal-
onic dialdehyde (MDA) as an indicator of the
oxidizing capacity of brain membranes. Synap-
tosomes were prepared from brain cortex ac¬

cording to Hajos.10 Samples were homogenized
in a medium containing 10 mM HEPES, 0.32 M
sucrose, and 2 mM EDTA (pH 7.4). Initial mi-
crosomes were prepared by differential cen-

trifugation. The synaptosomal fraction was ob¬
tained from the last sucrose density gradient
centrifugation (1 part of 0.32 sucrose to 4 parts
of 0.8 mM sucrose). It was washed in distilled
water and suspended in a medium containing
30 mM histidine, 1 mM EDTA, and 0.25 mM
sucrose (pH 7.4). Samples were stored at

—

70°C
before analysis.

enee of 130 mM NaCl and 20 mM KC1 and those
measured in NaCl-free medium, containing
150 mM KC1.

Before radioligand binding analyses, the pro¬
tein samples (60-120 µ ) were solubilized with
0.05% Tritone X-100 with subsequent twofold
washing. Total glutamate binding was deter¬
mined in the presence of unlabeled glutamate
(200 nM), in the medium containing 10 nM
[3H]Glu, 1 µ glycine, and 50 mM Tris-acetate
buffer (pH 7.4 at 4°C). Nonspecific binding
was defined by 1 mM N-methyl-D-aspartate
(NMDA), and maximal value for NMDA-re-
ceptor binding (Bmax) was estimated as the dif¬
ference between these two values.12

Mitochondria were prepared from the brain
homogenate, suspended in 0.2 M K/Na-phos-
phate buffer (pH 7.4 at 4°C), and stored at

-

70°C before measurement of monoamine ox¬

idase b (MAO b) activity.1 MAO b activity in
mitochondrial fraction was measured by accu¬
mulation of benzaldehyde. The reaction was
initiated by the addition of benzylamine (1
mM) and stopped by the addition of 5%
trichloroacetic acid (final concentration) after 2
h of incubation at 37°C. To control samples,
benzil amine was added after the reaction was

stopped. Accumulation of benzaldehyde was

measured against the control sample after their
extraction in hexane. The measurements were
made at 241 nm using LKB spectrophotometer
Pharmacia LKB-Ultrospec III (molar extinction
coefficient of benzaldehyde in hexane,  =

13,080 M-^m"1).^
Lipid peroxidation (LPO) in brain micro-

somes was determined by MDA accumulation,
measured as a 2'-thiobarbituric acid reactive
substance (TBARS) Molar extinction coefficient
at  = 535 nm is 1.56 X IO5 M-1.13 The initial
level of MDA as well as its accumulation after
90 min of LPO induced by FeS04 (10 mM) and
ascorbic acid (200 µ ) were measured.6

Biochemical parameters. Na/K-ATPase activ¬
ity in the synaptosomal fraction was measured
by inorganic phosphate liberation.11 The reac¬
tion was carried out in the medium containing
130 mM NaCl, 20 mM KC1,3 mM MgCl2,3 mM
ATP, and 30 mM PIPES (pH 7.4 at 37°C). Na/K-
ATPase activity was calculated as the differ¬
ence between activities measured in the pres-

Statistical analysis. All parameters measured
were expressed as mean ± SEM calculated
from no less than three samples. Statistical
analysis was carried out using a routine com¬

puter program, and  values of <0.05 were con¬

sidered to be statistically significant. GSS pa¬
rameters were analyzed using the Students'
paired t test.1'9
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FIG. 1. Life span of SAMPl animals treated and non-
treated with carnosine. Each group analyzed contained
70 animals.

RESULTS

When SAMPl animals were given carnosine in
their diet, their maximal life span did not sig¬
nificantly increase, but 50% survival rate in¬

creased by 20%, because there was an increase
in the number of animals living to older ages
(Fig. 1). Carnosine had a clear effect on exter¬
nal appearance of animals in that the coat full¬
ness and color were much closer to that of nor¬

mal animals (Fig. 2). Table 1 shows the
parameters measured. Some but not all indica¬
tors of aging were significantly retarded by
carnosine, including hair glossiness, appear¬
ance of skin ulcers, periophthalmic lesions,
spinal lordokyphosis, and behavioral re¬

sponses such as activity and passive avoidance.
There was no effect on other parameters, such
as body weight, loss of hair, coarseness of hair,
and presence of corneal opacities. On the basis
of the GSS parameters, these animals met the
criteria for being more resistant to features of
aging.

Table 2 shows results of the biochemical
measurements in carnosine-treated animals
and controls. Brain membranes of carnosine-
treated animals had lower MDA levels, both
when measured initially (decreased by 35%)
and after 90 min of induced lipid peroxidation

 
FIG. 2. Exterior of 9-month-old SAMPl animals treated (A) and nontreated (B) with carnosine.
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Table 1. Effect of Carnosine on the Morphological and Physiological
Parameters of 8-10-month-old SAMPl Animals3

Parameter measured SAMPl (n = 36) SAMPl + carnosine (n = 36)

Skin and hair
Loss of hair
Loss of glossiness
Coarseness
Skin ulcers

Eyes
Corneal opacity
Periophthalmic lesions

Spine lordokyphosis
Physiological behavior

Reactivity
Passive avoidance

Body weight

91 ± 1
95 ± 1
73 ±2
36 ± 3

48 ± 2
92 ± 1
83 ± 3

9 ± 2
17 ± 2

29.0 ± 0.6

92 ± 2
56 ± 7***
78 ± 2
14 ± 2***

45 ± 2
78 ± 2***
72 ± 3*

58 ± 4***
23 ± 1**

28.0 ± 0.7

aCriteria used are from the test system for grading score of senescence (percentage of animals in a group
corresponding to every criterion).

*p < 0.02; **p < 0.01; ***p < 0.001.

(decreased by 30%). However, the relative in¬
duction of MDA after FeS04 (value at 90 min
over that initially) was not significantly
changed.

Mitochondrial MAO b activity was de¬
creased by 44% in carnosine-treated mice.
This may reflect the generation of fewer toxic
radicals in brain: both products of the reac¬

tion—aldehydes and peroxides—are the fac¬
tors of oxidative stress.1,8 On the other hand,
there was an increase in glutamate binding to
NMDA receptors in carnosine-treated mice,
possibly corresponding to the greater reac¬

tivity in treated animals. Na/K-ATPase was

significantly reduced in carnosine-treated an¬

imals and, in fact, approached that reported
for SAMR1.1

DISCUSSION

Because carnosine is an endogenous com¬

pound present in high concentration in a num¬

ber of tissues, including brain, its action on bi¬
ological systems and pathologic insults has
become a subject of considerable interest.
Carnosine has been shown to delay cell aging
as well as to increase maximum cell division
capacity in cultured human fibroblasts.14
Carnosine protects against protein glycation in
cultured rat fibroblasts.15 In both brain and
heart, carnosine protects against the harmful
effects of ischemia and promotes viability in
experimental animals.6-8'16 Our experiments
show that long-term administration of carno¬
sine increases the life span of SAMPl animals.

Table 2. Effect of Carnosine on the Biochemical Parameters of 10-month-old SAMPl Animals (n = 5)

Parameter measured SAMP 1 SAMPl + carnosine

Initial MDA level, nmol/mg protein
MDA level to 90 min induction,

nmol/mg protein
Inducibility of LPO (B/A)
MAO b activity, /¿mol/mg protein per h
Glutamate binding by NMDA-receptors

(Bmax), pmol/mg
Na/K-ATPase activity, µ    Pi/mg

protein per h

1.70
5.80

3.41
57.60

6.90

0.18
0.60

0.11
6.50
1.03

43.00 ± 1.00

1.10
4.00

3.64
32.40
15.80

0.20
0.20

0.12
1.20
2.37

35.00 ± 2.00

<0.05
<0.01

>0.01
<0.01
<0.01

<0.05
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Carnosine was originally described in brain.
In rodents, >70% of ingested carnosine is ab¬
sorbed and deposited in tissues, particularly
muscle and brain.8 Although carnosine is read¬
ily metabolized in the body, its effects after in¬
jection are prolonged.17 This long-lasting action
cannot be explained by the appearance of
degradation products, since neither histidine
nor /3-alanine show similar effects, and high
doses of histidine actually depress physiologi¬
cal activity.8'18'19

The mechanism of the protective effect of
carnosine in SAMPl animals is still uncertain.
Carnosine clearly has antiradical activity. It
both inhibits lipid peroxidation of brain mi-
crosomes and decreases mortality of animals
subjected to experimental brain ischemia.5
These and other observations20"22 are consis¬
tent with a role for endogenous carnosine as a

free radical scavenger.
Our observations with MDA and MAO b

suggest the possibility that carnosine not only
scavenges ROS but also may reduce ROS
production. Carnosine treatment suppressed
MDA accumulation in brain membranes, but
also suppressed its production in response to
in vitro stimulation of LPO (Table 2). The ac¬

tivity of MAO b, a major generator of ROS, is
significantly higher in SAMPl brains than in
SAMR1,1 but, after treatment with carnosine,
falls to levels approaching those in the SAMR1
controls.1

The effects of carnosine on glutamate bind¬
ing and Na/K-ATPase activity are not easily
explained by any of the above mechanisms. It
is possible that carnosine has effects on ex¬

pression of different proteins through mecha¬
nisms presently not understood, but indepen¬
dent of its antioxidant activity. In addition,
carnosine has been reported to have a rejuve¬
nating effect in cell cultures, indicating an abil¬
ity to affect protein synthesis.14'15'23

Aging is associated with accumulation of
nonenzymatic glycation of proteins, followed
by formation of Amadori products and cross-

linkages between macromolecules. These mod¬
ified molecules lose ability to function nor¬

mally, but may be more stable against
proteolysis. Carnosine has been shown to re¬

duce or prevent protein glycation in a number
of model systems,15'24'25 perhaps because

carnosine can itself react with the carbonyl
groups of damaged proteins, resulting in com¬

plex formation and subsequent removal of gly-
cosyl radicals from the protein molecule.25 This
may explain the restorative effect of carnosine
on crystalline lens.20 The cross-linking of lens
proteins results in development of cataracts,
but carnosine acts to reverse this process more

rapidly than can be explained by new protein
synthesis. Thus, carnosine possesses not only
an antioxidant effect but may also demonstrate
other abilities, including prevention of glyca¬
tion processes, which may protect proteins
against aldehyde attack involving the senes¬

cence reactions.
Although from the present data we cannot

determine which of the mechanisms of protec¬
tive effect of carnosine—ROS scavenging, re¬

duced ROS production, antiglycation activity,
or some other effect—plays the major role in
the model of accelerated senescence we stud¬
ied, it is noteworthy that the result of carnosine
treatment is significant increase of the 50% sur¬

vival rate of SAMPl animals.
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