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Abstract. Sirtuin 1 (Sirt1) has a range of molecular func-
tions and has emerged as an important protein in aging and 
metabolic regulations. Studies have reported a correlation 
between disturbance of Sirt1 activity and the onset of aging‑ or 
obesity‑associated diseases, including diabetes, cardiovascular 
disease and neurodegenerative disorders. However, a systematic 
investigation to examine the changes of Sirt1 expression in a 
wide range of ages and to what degree it changes has yet to be 
performed. To assess the effects of aging on the changes of Sirt1 
expression, an in vivo model of aging, senescence-accelerated 
mouse prone 8 (SAM‑P8) and a control counterpart strain, 
senescence-accelerated mouse resistant 1 (SAM‑R1) was used. 
The mRNA and protein expression levels of Sirt1 were detected 
in four different tissues, including brain, liver, skeletal muscle 
and white adipose tissue, in both strains at different ages (1-, 4-, 
8- and 12-month old). Therefore, different life stages, including 
young age prior to maturation, adult, middle age and old age 
were examined. The results identified that Sirt1 expression 
declined with age at the transcriptional and translational levels 
in the brain, liver, skeletal muscle and white adipose tissue in 
SAM-P8 and SAM‑R1. The Sirt1 expression level was lower in 
SAM-P8 than in SAM‑R1, particularly at old age. Among the 
four tissues, it was most significantly reduced in the brain.

Introduction

Sir2-related proteins or sirtuins are highly conserved NAD(+) 
dependent deacetylases that have been demonstrated to regu-
late the lifespan of lower organisms (1,2) and affect diseases 
associated with aging in mammals, including diabetes, 
inflammation and neurodegenerative disorders (3). The Sir2 
ortholog Sirtuin 1 (Sirt1) functions as an intracellular energy 

sensor to detect the concentration of NAD(+), and controls 
in vivo metabolic changes under caloric restriction and star-
vation through its deacetylase activity to numerous targets, 
including histones, nuclear transcriptional factors and enzymes 
important for aging and disease (4,5). Sirt1 has a range of 
molecular functions and has emerged as an important protein 
in aging and metabolic regulation (6). During the past decade, 
studies have reported a correlation between Sirt1 activity and 
aging-associated diseases, including diabetes, cardiovascular 
disease and neurodegenerative disorders. Transgenic mice with 
~2-fold higher levels of Sirt1 expression globally are protected 
against metabolic decline due to aging (7-9). Sirt1 mutant mice 
were small and exhibited notable developmental defects of 
the retina and heart, and only infrequently survived postna-
tally (10,11). However, systematic investigations reporting the 
association of changes in Sirt1 expression with age are lacking.

In vivo animal models facilitate investigations aimed at 
elucidating changes in Sirt1 expression. The senescence‑accel-
erated mouse (SAM) is an accelerated aging model that was 
established through phenotypic selection from a common 
genetic pool of the AKR/J strain of mice (12). The SAM model 
was established in 1981, including nine major senescence-
accelerated prone, short-lived mice (SAM-P) substrains and 
three major senescence-accelerated resistant, long-lived mice 
(SAM-R) substrains. In the SAM-P strains, normal develop-
ment and maturity of reproductive function are observed, and 
the values for numerous (but not all) physiological and patho-
logical parameters are similar to those in SAM-R strains at a 
young to mature age. The SAM-P strains grow normally, but 
then they exhibit early signs of senescence, including reduction 
in physical activity and skin quality, hair loss, periophthalmic 
lesions and increased lordokyphosis. These characteristic path-
ological phenotypes are similar to those observed in elderly 
humans. The life span of the SAM-P strains is ~26% shorter 
than that of the SAM-R strains. The common aging charac-
teristic of SAM-P strains is senescence acceleration following 
normal development and maturation.

To assess the effects of aging on the changes of Sirt1 
expression, an in vivo model of aging, SAM-P8, and a control 
counterpart strain, SAM-R1, were used. The life span of SAM-P8 
mice ranges from 10-17 months, which is shorter than that of 
SAM-R1, which ranges from 19-21 months (13). The mRNA 
and protein levels of Sirt1 were detected in four different tissues, 
including brain, liver, skeletal muscle and white adipose tissue 
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in both strains at different ages (1-, 4-, 8- and 12-month old), 
thus covering various different life stages, including young age 
prior to maturation, adult, middle age and old age. The results 
indicated that Sirt1 expression progressively decreased with age.

Materials and methods

Animals. Male SAM-R1 and SAM-P8 at 1-, 4-, 8- and 
12-months old were donated by Professor Jianping Cai 
(Department of Molecular Biology, The Key Laboratory of 
Geriatrics, Beijing Hospital and Beijing Institute of Geriatrics, 
Ministry of Health, Beijing, China). All the animals were 
housed at 21˚C in a 12 h light/dark cycle. The chow and water 
were provided ad libitum. The animals were allowed to accli-
matize for 1 week. The rats were then weighed prior to sacrifice 
and the food intake over this time was calculated according 
to the formula: Weight of the initial chow (Wi) - weight of 
the leftover chow (Wl)  - weight of the spilled chow (Ws)/
number of mice per cage/days. All the mice were sacrificed by 
cervical dislocation. The tissues were dissected on ice, washed 
with ice-cold phosphate-buffered saline (PBS), snap frozen in 
liquid nitrogen, ground into powder with mortar and pestle in 
liquid nitrogen and then stored at -80˚C.

This study was approved by the Biomedical Ethics 
Committee of Beijing Hospital and Beijing Institute of 
Geriatrics, Ministry of Health. The National Institutes of 
Health (Bethesda, MD, USA) Guidelines for the Care and 
Use of Laboratory Animals were strictly followed and all 
of the experiments were approved by the Biomedical Ethics 
Committee of Peking University (Beijing, China).

RNA extraction and quantitative polymerase chain reaction 
(qPCR). Total RNA was isolated from 2-50 mg tissues using 
TRIzol® reagent (Invitrogen Life Technologies, Carlsbad, CA, 
USA) following the manufacturer's instructions. First-strand 
cDNA was synthesized from 2 µg of total RNA with random 
hexamer oligonuclueotide primers using a 20 µl reverse tran-
scription system (New England Biolabs, Ipswich, MA, USA). A 
total of 1 µl of cDNA was amplified by qPCR (7500; Applied 
Biosystems, Foster City, CA, USA) with SYBR-Green (Takara 
Bio, Inc., Shiga, Japan). HPRT was used as internal control to 
normalize the amplification result and the expression level of 
the SAM-R1 1-month-old group was normalized as ‘1’. The 
pr imers for each PCR are as fol lows: Si r t1-US, 
CAG T G T CAT G G T T C C T T T G C  a n d  S i r t1- D S, 
CACCGAG GA ACTACCTGAT; H PRT‑US,  TGAC 
A C T G G C A A A A C A A T G C A  a n d  H P R T- D S , 
GGTCCTTTTCA CCAGCAAGCT.

Protein extraction and western blot analysis. Approximately 
50 mg of the tissues were lysed in RIPA buffer supplied with 
5 mM ethylenediaminetetraacetic acid (EDTA), 1 mM PMSF 
and complete protease inhibitor cocktail (Sigma, St. Louis, 
MO, USA). Following a brief sonication and incubation for 
30 min on ice, the lysate was centrifuged at 14,000 x g at 4˚C 
for 15 min and the supernatant was used as a whole cell extract. 
The protein concentration was determined with a BCA protein 
assay kit (Pierce Biotechnology, Inc., Rockford, IL, USA) using 
BSA as a standard. The proteins in the sample buffer were 
denatured by maintaining them at 100˚C for 3-5 min. A total 

of 30 µg of the total proteins were separated on a 12% (W/V) 
sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE) 
and transferred onto a PVDF membrane (EMD Millipore, 
Billerica, MA, USA). After blocking the membrane with 5% 
(W/V) non-fat milk in Tris-buffered saline Tween-20 (TBST), 
the membrane was incubated overnight with primary antibody, 
washed in TBST, incubated with horseradish peroxidase (HRP) 
conjugated secondary antibody (anti-rabbit IgG from Sigma; 
anti-mouse IgG from Upstate Biotechnology, Lake Placid, NY, 
USA) at a dilution of 1:5,000 in TBST, washed and developed 
with ECL (Pierce Biotechnology, Inc.). The following primary 
antibodies were used: Sirt1 (05-707; Upstate Biotechnology), 
α-tubulin (ab7291; Abcam, Cambridge, MA, USA) and β-actin 
(A5441; Sigma).

Statistical analysis. Statistical analyses were performed 
using SPSS statistical software. One-way analysis of vari-
ance (ANOVA) was used. Data are expressed as the group 
mean ± standard error of the mean (SEM). P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Changes in body weight of SAM-P8 and SAM-R1 with age. To 
assess the effects of aging on the changes of Sirt1 expression, 
four different age groups of both SAM-R1 and SAM-P8 were 
established; 1-, 4-, 8- and 12-months old, thus covering various 
different life stages, including young age prior to maturation, 
adult, middle age and old age.

Body weight (Fig.  1A) and appearance did not differ 
between the SAM-R1 and SAM-P8 at 1-month old 
(21.5±0.52 and 20.4±0.45 g, respectively). However, the body 
weights of SAM-P8 were 8.7%  (P<0.05), 8.4%  (P<0.05) 
and 11.0% (P<0.05) lower than SAM-R1 in the 4-, 8- and 
12-month old groups, respectively (Fig.  1A). These data 
indicated that following developmental maturation, the 
SAM-P8 mice had a higher reduction in body weight than 
that of the SAM-R1 mice (Fig. 1A). Of note, there were no 
significant differences in the amount of food intake between 
the two strains at the different ages (Fig. 1B). These results 
suggested that the amount of food intake is not or at least not 
the only reason for the differences in body weight between 
the different ages and strains.

Sirt1 expression pattern in adult SAM-R1 tissues. To attempt 
to elucidate the expression pattern of Sirt1 in different tissues 
of normal adult mice, the protein level of Sirt1 in 12 tissues 
from 4-month old SAM-R1 rats were investigated (Fig. 1C). 
Among these 12 tissues, the testis, spleen, white adipose tissue 
and lung had the highest expression level, while pancreas, 
thymus, liver and brain had moderate expression levels, and in 
the skeletal muscle and intestine, the signals were extremely 
weak. The expression of Sirt1 in the kidney and heart was too 
low to be detectable.

Age-dependent changes in Sirt1 mRNA expression level in 
different tissues of SAM. Then, the changes of Sirt1 expression 
patterns with age were investigated in the different tissues, 
including the liver, skeletal muscle, white adipose tissue and 
brain. These tissues cover high (white adipose tissue), moderate 
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(liver and brain) and low (skeletal muscle) expression level in 
all of the 12 tissues scanned. Furthermore, the liver, white 
adipose tissue and skeletal muscle belong to the metabolic 
system and regulate energy storage and consumption, and the 
brain is part of the central nervous system and thus secretes 
metabolism‑regulating hormones.

Sirt1 mRNA levels decreased with age in all four tissues 
in both SAM-R1 and SAM-P8 (Fig. 2). The hypothesized 
maximal difference was to be between SAM-R1 1-month and 
SAM-P8 12-month old groups. Compared with the SAM-R1 
1-month old group, the Sirt1 mRNAs level in the SAM-P8 
12-month old group reduced to 31.7% (P<0.01) in the brain 
(Fig. 2A), 38.3% (P<0.01) in the liver (Fig. 2B), 46.4% in skel-
etal muscle (Fig. 2C) and 38.3% (P=0.064) in white adipose 
tissue (Fig. 2D). These differences were enhanced compared 
with those observed between the 12-month and 1-month old 
groups within the same strain. In the brain tissue compared with 
1-month old mice, the Sirt1 mRNA level of 12-month old mice 
decreased to 38.1% (P<0.01) in SAM-R1 and 38.3% (P<0.01) 
in SAM-P8 (Fig. 2A); in the liver, decreased to 52.0% (P<0.01) 
in SAM-R1 and 48.8%  (P<0.01) in SAM-P8 (Fig. 2B); in 
skeletal muscle, decreased to 55.7% in SAM-R1 and 46.5% in 
SAM-P8 (Fig. 2C) and in white adipose tissue, decreased to 
45.4% in SAM-R1 and 47.5% in SAM-P8 (Fig. 2D).

The majority of the Sirt1 mRNA expression in SAM-P8 
was lower than that in the SAM-R1 strain at the same age. The 
levels in SAM-P8 were 82.9, 98.9, 89.7 and 83.4% of that in the 
SAM-R1 from 1- to 12-months old, respectively, in the brain 

(Fig. 2A); 79.5, 80.1, 86.8 and 74.6% in the liver (Fig. 2B); 81.6, 
82.1, 86.3 and 85.5% in white adipose tissue (Fig. 2D); and 
89.1 and 83.3% of SAM-R1 at 8-months and 12-months old, 
respectively, in the skeletal muscle (Fig. 2C).

In the brain tissues (Fig. 2A), in SAM-R1, the Sirt1 mRNA 
level reduced to 55.8% (4-month; P<0.01), 45.0% (8-month; 
P<0.01) and 38.1% (12-month; P<0.01) sequentially, compared 
with the 1-month old group; in SAM-P8, it reduced to 66.6% 
(4-month), 48.7% (8-month; P<0.05) and 38.3% (12-month; 
P<0.01). In the liver (Fig. 2B), compared with the 1-month 
old group, the Sirt1 mRNA level gradually declined to 95.6, 
58.8% (P<0.01) and 52.0% (P<0.01) in SAM-R1, and to 96.3, 
64.2% (P<0.01) and 48.8% (P<0.01) in SAM-P8 at 4-, 8- and 
12-month old, respectively. The differences between 4-month 
old group with older groups were also significant (P<0.01) in 
both strains. In the skeletal muscle (Fig. 2C), the mRNA level 
also gradually declined, as compared with the 1-month old 
group in both strains; in SAM-R1, to 88.4, 65.8 and 55.7% at 
4-, 8- and 12-month old, respectively; and in SAM-P8, to 88.8, 
58.8 and 46.5% at 4-, 8- and 12-month old, respectively. In 
white adipose tissue (Fig. 2D), compared with the 1-month old 
group, in SAM-R1, the expression level decreased to 84.7% 
(4-month), 59.8% (8-month) and 45.4% (12-month), sequen-
tially; in SAM-P8, decreased to 85.2% (4-month), 63.2% 
(8-month) and 47.5% (12-month) sequentially.

These data indicated that the Sirt1 mRNA expression level 
decreased with age in all four tissues in both strains, and the 
most marked reduction was detected in the brain.

Figure 1. Basic information of SAM. The changes in (A) body weight and (B) food intake of SAM-R1 and SAM-P8 with age are expressed as the mean ± SEM. 
R1, SAM-R1; P8, SAM-P8; 1M, 4M, 8M and 12M, 1-, 4-, 8- and 12-month old groups, respectively. (C) Western blot analysis of Sirt1 (upper panel), β-actin 
(middle panel) and α-tubulin (lower panel) expression in 4-month old SAM-R1 tissues: testis, spleen, lung, pancreas, thymus, liver, white adipose tissue, skel-
etal muscle, brain, kidney, heart and intestine. The dash indicates the difference is significant between the two groups (P<0.05). SAM, senescence-accelerated 
mouse; SAM-R1, senescence-accelerated mouse resistant 1; SAM-P8, senescence-accelerated mouse prone 8; Sirt1, sirtuin 1; SEM, standard error of the mean.
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Age-associated changes in Sirt1 protein expression level in 
different tissues of SAM. The Sirt1 protein level was also 
detected in the tissues of the two strains at the various different 
ages. It also decreased with age in all of these four tissues in 
both strains (Fig. 3). With regard to the supposed maximal 
difference, compared with the SAM-R1 1-month old group, 
the Sirt1 protein level in the SAM-P8 12-month old group 
reduced to 31.8% in the brain (Fig. 3A and B), 65.6% in the 
liver (Fig. 3A and C), 65.9% in skeletal muscle (Fig. 3A and D) 
and 74.5% in white adipose tissue (Fig. 3A and E). These 
differences were not always increased compared with those 
between 1- and 12-month old within the same strain of all 
the tissues. In the brain tissue, compared with the 1-month 
old mice, the Sirt1 protein level of the 12-month old group 
decreased to 54.4% in SAM-R1 and 35.3% in SAM-P8 
(Fig. 3A and B). In the liver tissue, the expression decreased 
to 67.4% in SAM-R1 and 80.4% in SAM-P8 (Fig. 3A and C). 
In the skeletal muscle, it decreased to 74.4% in SAM-R1 and 
65.4% in SAM-P8 (Fig. 3A and D), and finally, in the white 
adipose tissue, the expression decreased to 91.9% in SAM-R1 
and 59.2% (P<0.05) in SAM-P8 (Fig. 3A and E).

As for the differences between SAM-P8 and SAM-R1 
in the brain at the same age (Fig. 3A and B), the levels of 
SAM-P8 were lower than those of SAM-R1 at the same age 
and the differences increased with age: 90.0, 64.7, 62.2 and 
58.4% (vs. SAM-R1) from 1- to 12-month old, respectively. 
While in the liver (Fig. 3A and C), there were almost no 
marked differences between the two strains, except that at 
1-month old, the protein level of SAM-P8 was 18% lower 

than that of SAM-R1, although this difference was not 
significant. In the skeletal muscle (Fig. 3A and D), Sirt1 
protein levels in SAM-P8 were also lower than in SAM-R1 
at 8-month (10%) and 12-month old (7.6%). In white adipose 
tissue (Fig. 3A and E), Sirt1 protein level in SAM-P8 was 
marginally higher (1.26-fold vs. SAM-R1) at 1-month old and 
lower (0.81-fold vs. SAM-R1) at 12-month old.

In the brain (Fig. 3A and B), the Sirt1 protein level declined 
evidently with age from 1-month old in both strains and more so 
in SAM-P8 (35.3%) than in SAM-R1 (54.4%): in SAM-R1, the 
protein expression reduced to 78.0, 60.7 and 54.4% (P=0.051) 
and in SAM-P8, it reduced to 56.1, 42.0% (P<0.05) and 35.3% 
(P<0.05) at 4-, 8- and 12-month old, respectively. In the liver 
(Fig. 3A and C), Sirt1 protein level in SAM-R1 reduced by ~30% 
at 1-month old, while were relatively stable and only reduced 
moderately following 4-months: 72.9, 69.1 and 67.4% at 4-, 
8- and 12-month old compared with 1-month old, respectively. 
In SAM-P8, the protein levels also only decreased slightly to 
95.3, 90.2 and 80.4% at 4-, 8- and 12-month old compared with 
1-month old, respectively. In the skeletal muscle (Fig. 3A and D), 
the change in Sirt1 protein level expression in SAM-R1 was 
similar to that in the liver: reduced from 1- to 4-month old, 
then maintained relatively stable: the levels were 75.1, 73.5 and 
74.5% in 4-, 8- and 12-month old group as at 1-month old group, 
respectively. While in SAM-P8, the Sirt1 protein level declined 
gradually from 1- to 8-month old, then remained stable from 
8- to 12-month old: 71.9% (4-month), 62.8% (8-month, P<0.05) 
and 65.5% (12-month) compared with the 1-month old group. 
In the white adipose tissue (Fig. 3A and E), the changing trends 

Figure 2. The changes of Sirt1 mRNA expression patterns in SAM-R1 and SAM-P8 in (A) brain, (B) liver, (C) skeletal muscle and (D) white adipose tissue  
with age. The values (mean ± SEM) are expressed as a percentage relative to the SAM-R1 1-month-old group. n=3-6 animals/group. R1, SAM-R1; P8, SAM-
P8; 1M, 4M, 8M and 12M, 1-, 4-, 8- and 12-month old groups, respectively. The dash indicates the difference is significant between the two groups (P<0.05). 
SAM, senescence-accelerated mouse; SAM-R1, senescence-accelerated mouse resistant 1; SAM-P8, senescence-accelerated mouse prone 8; Sirt1, sirtuin 1; 
SEM, standard error of the mean.

  A   B

  C
  D
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were weakly different from the above two tissues. In SAM-P8, 
the Sirt1 protein level gradually reduced to 81.7, 74.3 and 59.2% 
(P<0.05) at 4-, 8- and 12-month old compared with 1-month old, 
respectively; while in SAM-R1, it remained stable from 1- to 
4-month (1.04-fold vs. 1-month) and from 8-month (0.91‑fold 
vs. 1-month) to 12-month (0.92-fold vs. 1-month) and reduced 
slightly from 4- to 8-month old (13.6% as 4-month).

These data demonstrate that the Sirt1 protein level also 
decreased with age in all of the four tissues in both strains, 
however the degree at which the expression changed was not as 
marked as that observed at an mRNA level, except in the brain. 
The protein expression was reduced most in the brain than in 
the other three tissues. The differences between SAM-P8 and 
SAM-R1 at the same age were not evident in the liver, muscle 

and white adipose tissue, but the levels in SAM-P8 were lower 
than SAM-R1 in the brain.

Discussion

Aging in most species is associated with impaired adaptive 
and homeostatic mechanisms, leading to susceptibility to 
environmental or internal stresses with increasing rates of 
disease (14,15). Aging is a multifactorial process characterized 
by a progressive decline in physiological function of bodily 
organs (16). Sirt1 is expressed throughout the body and has 
broad biological effects. Sirt1 has been demonstrated to have 
a crucial role in mammalian health and disease, and the regu-
lation of metabolism, stress responses, genome stability and 

Figure 3. (A) Representative western blotting images and quantitative densitometric analysis of the changes of Sirt1 protein expression patterns in SAM-R1 and 
SAM-P in (B) brain, (C) liver, (D) skeletal muscle and (E) white adipose tissue with age. The values (mean ± SEM) are expressed as a percentage relative to 
the SAM-R1 1-month-old group. n=3-6 animals/group. R1, SAM-R1; P8, SAM-P8; 1M, 4M, 8M and 12M, 1-, 4-, 8- and 12-month old groups, respectively. The 
dash indicates the difference is significant between the two groups (P<0.05). SAM, senescence-accelerated mouse; SAM-R1, senescence-accelerated mouse 
resistant 1; SAM-P8, senescence-accelerated mouse prone 8; Sirt1, sirtuin 1; SEM, standard error of the mean.
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aging. To clarify systematically the natural changing pattern of 
Sirt1 expression may facilitate our understanding of the natural 
aging process. It is possible that the level of Sirt1 expression in 
each tissue may be a potential marker that reflects the degree 
of physiological function decline in a tissue with age.

In the present study, various different groups of animals 
which covered multi-facet parameters were established: i) age 
comparisons were selected between the young, maturing and 
old mice (1-, 4-, 8- and 12-month old); ii) both senescence-
accelerated prone and resistant strains, SAM-P8 and SAM-R1, 
which have different aging speeds were utilized; iii)  four 
different tissues were examined, including brain, liver, skeletal 
muscle and white adipose tissue, which not only cover from 
low, moderate to high expression levels in all the 12 tissues that 
were originally scanned, but also include organs important in 
regulating metabolism and central nervous functioning; iv) 
finally, both transcriptional and translational Sirt1 expression 
levels were examined. These parameters contributed to the 
reliability of this systematic investigation of Sirt1 expression 
level with age.

In general, the results of the present study demonstrated that 
Sirt1 expression decreased with age in all four tissues investi-
gated in both strains at a transcriptional and translational level 
(Figs. 2 and 3). At a transcriptional level, the age-dependent 
reduction in Sirt1 expression was more marked in SAM-P8 than 
SAM-R1 in the liver and skeletal muscle, or similar to SAM-R1 
in white adipose tissue and brain. In all the four tissues, the 
largest differences were evident between 1-month old SAM-R1 
and 12-month old SAM-P8. At a translational level, the expres-
sion in SAM-P8 decreased more than SAM-R1 in skeletal 
muscle, white adipose tissue and brain. Furthermore, Sirt1 
transcriptional level in SAM-P8 was ~10-25% lower than in 
SAM-R1 at almost all the time points in these tissues following 
maturation. The protein level in SAM-P8 was also lower than 
in SAM-R1 at least at old age (12-month old) in all the four 
tissues. Previously, Sasaki et al (17) identified that the loss of 
Sirt1 with age was accelerated in mice with accelerated aging 
but was not observed in long-lived growth hormone receptor 
knockout mice. In another study, diabetic animals demonstrated 
increased cellular senescence in renal glomerulus and retinal 
blood vessels, along with reduced Sirt1 mRNA expression in 
these tissues (18). Hyperglycemia accelerates aging-associated 
processes in the vascular endothelial cells and it appears such 
processes are mediated via the downregulation of Sirt1 (18). 
In the kidney, aging markedly decreased Sirt1 protein level in 
24-month old animals as compared with 2- and 12-month old 
animals (16). These studies are in accordance with our findings 
and these data suggested there is a parallel correlation between 
Sirt1 expression level and the degree of aging, and the loss of 
Sirt1 may be an important trigger for the aging process.

Loss of Sirt1 with age has tissue specificity to a certain 
degree, particularly at a protein level. From 1- to 12-month old, 
Sirt1 mRNA decreased gradually in the liver, skeletal muscle and 
white adipose tissue to ~50% (45.4-55.7%), while in the brain it 
reduced to <40%: 38.1% in SAM-P8 and 38.3% in SAM-R1. At 
a protein level, Sirt1 also decreased gradually in the brain and 
reduced more in SAM-P8 (to 35.3%) than in SAM-R1 (54.4%). 
However, in the other three tissues, this effect was weaker than 
in the brain, particularly following maturation. In the brain, Sirt1 
protein levels of SAM-P8 were lower than those of SAM-R1 at 

all the ages and the differences increased with age. These results 
suggested that the brain was the most sensitive to changes in 
Sirt1 induced by age, particularly in the SAM-P8 model. Since 
the SAM model was established in 1981 (12), the substrain 
SAM-P8 mice have attracted notable attention in the geronto-
logical research of dementia. This model is characterized by a 
marked increase in oxidative stress in the brain and the devel-
opment of early learning and memory deficits (between 8 and 
10 months) together with other characteristics similar to those 
observed in Alzheimer's disease (AD). Other characteristics of 
these mice include an altered circadian rhythm, reduced anxiety 
behavior (19), immune dysfunction late in their lifespan (20) 
and reduced life expectancy (21,22). Sirt1 has been demon-
strated to be involved in all of the above functions, including 
circadian rhythms (23,24), immune responses (25,26), oxidative 
response (27) and AD (28,29). As demonstrated in the results 
that the Sirt1 expression level decreased more in SAM-P8 than 
in SAM-R1, it is possible that the loss of Sirt1 in SAM-P8 has 
an important role in the pathological characteristics of SAM-P8.

In conclusion, the present study systematically investigated 
age-associated changes in Sirt1 expression pattern and found 
that Sirt1 expression declined with age at the transcriptional 
and translational levels in liver, skeletal muscle, white adipose 
and brain tissues in two in vivo models of aging, SAM-P8 and 
SAM-R1. It was demonstrated that the Sirt1 level was lower in 
SAM-P8 than in SAM-R1, particularly at old age, and the most 
sensitive organ to this reduction was the brain. 
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