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ABSTRACT - Purpose: Heavy and long-term alcohol consumption increase the risk of alcohol-related 
diseases. Epidemiological studies show moderate drinking reduces the risk of mortality, cardiovascular diseases, 
and brain infarction in the J-shaped or U-shaped curve effect. However, why moderate drinkers may be healthy 
and non-drinkers may be ill in diverse populations remains controversial. Herein, we examined the relationship 
between moderate/lifelong alcohol intake and aging, especially aging-related cognitive functions in senescence-
accelerated mouse prone 8 (SAMP8) model.  Methods: SAMP8 model (5-week-old, male, n = 36), a model of 
age-related cognitive deficit, were group-housed (n = 6/cage) and provided free access to water (water group, n 
= 18) or 1% ethanol (EtOH group, n = 18, intake started when mice were 9 weeks old). The object recognition 
test (ORT) and object location test (OLT) were used to evaluate cognitive functions. The intestinal flora at the 
age of 87 weeks was analyzed by terminal restriction fragment length polymorphism (T-RFLP). Results:  The 
lifespan of the EtOH-group mice was about 4 weeks longer than that of the water-group mice. In the EtOH 
group, spatial recognition impairment, assessed by OLT, was observed later (age, 73 weeks) than that in the 
water group (age, 52 weeks). The spinal curvature and skin conditions progressed significantly slower in the 
EtOH group than in the water group. Moreover, diarrhea symptoms only appeared in the water group, at the age 
of 82 weeks. The T-RFLP analysis of the intestinal flora indicated higher Lactobacillales order and lower 
Clostridium cluster XI in the EtOH group than in the water group, although those were extremely high in some 
mice close to death in both groups. Water-group mice with diarrhea presented significantly higher Clostridium 
cluster XI than did those without diarrhea (P = 0.017). Conclusion:  Moderate alcohol intake changes intestinal 
flora and positively affects aging of SAMP8 model. 
 
This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For Readers”) may 
comment by clicking on ABSTRACT on the issue’s contents page. 
  
 
INTRODUCTION 
 
Heavy and long-term alcohol consumption is 
associated with increased risk of alcohol-related 
diseases such as liver cirrhosis, cancer, pancreatitis, 
depression, and dementia (1, 2). Alcohol abuse is 
not only associated with serious physical and 
psychiatric illnesses, but also with familial 
dysfunction, violence, and economic losses, all of 
which place a substantial burden on society. 
 However, Marmot et al. reported that the 
mortality rate was lower in moderate-alcohol 
drinkers than in either non-drinkers or heavier 
drinkers (3). The relationship between the mortality 
and alcohol consumption shows a U-shaped curve. 

Many epidemiological studies also suggested that 
moderate alcohol consumption reduces the risk of 
mortality and some diseases such as cardiovascular 
diseases in the J-shaped curve or U-shaped curve 
(4, 5). Ruitenberg et al. reported that light-to-
moderate drinking was significantly associated with 
a lower risk of dementia, including vascular 
dementia (the Rotterdam Study) than that in the 
non-drinkers (6). Other epidemiological studies  
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have also indicated a reduction in the risk of 
dementia by moderate alcohol intake (7-11). 
Neafsey et al. reviewed 143 papers and concluded 
that light to moderate drinking did not impair 
cognition in younger subjects. In fact, it reduced the 
risk of dementia and cognitive decline in older 
subjects (9). However, epidemiological studies 
using populations of diverse backgrounds often 
present controversial results indicating that 
moderate drinkers might be healthy, but ex-drinkers 
and nondrinkers might be ill (12, 13). Bhala et al. 
reported ethnic variations in liver- and alcohol-
related disease hospitalisations and mortality (14). 
Some studies (10, 11) supported the idea that 
moderate alcohol intake reduces the risk of 
dementia, but they pointed out the heterogeneity of 
methodology and backgrounds. Therefore, further 
studies are needed to clarify the relationship 
between moderate alcohol intake and long-term 
healthy-aging in congenic rodents.  
 Although numerous alcohol studies in rodents 
mainly focused on the responses to high alcohol 
doses, several studies have been conducted on 
moderate alcohol intake and healthy effects (15-22). 
However, the relationship between 
moderate/sustained alcohol intake and health during 
a lifespan has been poorly studied. Most of the 
alcohol studies in rodents are conducted for a 
certain period, not until the death of the animals. 
Therefore, the present study aimed to examine the 
relationship among moderate/lifelong alcohol 
intake, lifespan, and aging, focusing on aging-
related cognitive functions during life using non-
invasive tests.  
 We used senescence-accelerated mouse prone 
8 (SAMP8) model in this study. The SAM models 
were established by Takeda et al. (23). The SAMP 
lines (from SAMP1 to SAMP11) show some age-
associated disorders similar to the humans, 
including accelerated accumulation of senile 
features, early onset and fast progress of age-
associated pathological phenotypes, impaired 
immune response, senile osteoporosis, and deficits 
in learning and memory (24). The SAMP substrains 
SAMP8 and SAMP10 show early deficits in 
learning and memory with changes in neuronal or 
glial components (25-28). In the previous studies, 
the cognitive functions of SAM mice were mainly 
evaluated by the passive avoidance test using 
electric shock (29, 30) or by forced swimming in 
Morris water maze (31, 32). Both of these tests are 

invasive tests for mice. However, the novel, object 
recognition test (ORT) and object location test 
(OLT) for spatial cognition (33-36) are non-
invasive and are conducted under conditions that 
are close to the human cognitive assessment. 
Moreover, the lifelong temporal changes in both 
ORT and OLT are unknown in SAMP8 model, 
because the recognition functions have been usually 
evaluated only at one or some aging points. 
 Therefore, we investigated the changes in 
cognitive functions with age by ORT and OLT 
across the life span, with measurements about every 
seven weeks, and examined the age-appropriate 
object selection. In addition to evaluating the 
recognition functions, the physical activity, and skin 
and spinal curvatures were also scored after the age 
of 70 weeks.  
 Mitsuoka et al. found that the human 
intestinal flora begins to change during the 
transition from middle age to old age using culture-
based methods (37, 38). With aging, 
Bifidobacterium decreases, but Clostridium 
perfringens, Lactobacillus, Enterobacteriaceae, and 
Enterococcus increase. Recently, Odamaki et al. 
reported the sequential changes in gut microflora 
composition in newborn to centenarian Japanese 
subjects (39). O'Toole et al. reported a framework 
for analyzing microflora-health associations, 
distinguishing correlation from causation, 
identifying microflora interaction with 
physiological aging processes, and developing 
microflora-based health surveillance for older 
adults (40). The relationship between each bacterial 
strain and clinical phenotypes of aging is 
complicated and still not well known. The gut-brain 
axis is the biochemical signaling pathway between 
the central and the enteric nervous systems and 
affects the health and disease (41). The intestinal 
flora plays a crucial role in the brain functions like 
dementia (42, 43). However, only a few studies 
have reported the relationship between moderate 
drinking and the intestinal flora (44, 45). Therefore, 
we conducted the intestinal flora analysis to 
examine the effects of moderate drinking on the 
intestinal flora.   
 The moderate human dose/intake cannot be 
applied in rodent models because the rate of alcohol 
metabolism is different between them (46). Holman 
et al. reported the relative risk of mortality in male 
drinkers compared with abstainers was lowest at 
1.0-1.9 standard drinks per day on J-curve by meta-
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analysis (47). Osaki et al. reported that 1% ethanol 
intake revealed a J-curve effect and significantly 
reduced the serum levels of alanine 
aminotransferase (ALT), lactate dehydrogenase 
(LDH), and ammonia as compared to the no-ethanol 
intake (18). In this study, the animals were provided 
free access to 1% ethanol through a drinking bottle 
as the moderate-alcohol dose based on the J-curve 
studies in rodents (18, 22) and other studies (48, 
49). 
 This study is, to our knowledge, the first 
report of a relationship between moderate drinking 
and health during lifespan in mice. 
 
MATERIALS AND METHODS  
 
Subjects 
Thirty-six SAMP8 male mice (5-weeks-old) (Japan 
SLC, Inc., Hamamatsu, Japan) were acclimated to 
the animal facility for 2 weeks. The floor of the 
cage was covered with pulp bedding (Palmas μ, 
Material Research Center, Tokyo, Japan), which 
was changed every week. The animals were group-
housed (6 mice per cage) with free access to water 
(water group, n = 18) or 1% (v/v) EtOH (EtOH 
group; water until 8 weeks of age, 1% (v/v) EtOH 
(Wako Pure Chemicals Industries, Ltd., Osaka, 
Japan) started from 9 weeks of age, n = 18), and 
standard chow (CRF-1, Charles River Laboratories, 
Yokohama, Japan). The animal facility was 
maintained at 23 ± 1°C with 55% humidity and a 
12-h/12-h light/dark cycle.   
 The ORT and OLT experiments were 
conducted from 09:00 to 17:00. All mice were 
enrolled in the experiment around the same time to 
allow adaptation to the circadian rhythms. More 
than 1 h before the beginning of the experiments in 
the morning or afternoon, the cages were moved 
from the breeding rack to a different rack to calm 
the mice. After the experiments ended, the cages 
were moved back to the breeding racks.  
All experiments were approved by the Institutional 
Animal Care and Use Committee of SAPPORO 
BREWERIES LTD. (permit numbers 2013-008 and 
2014-006) and followed the Guidelines for Proper 
Conduct of Animal Experiments on Science 
Council of Japan. 
 
Liquid Consumption, Food Consumption, and 
Body Weight 
The body weight of each mouse was recorded every 

week. The food and liquid consumption per cage 
were recorded every week and 3 times every week, 
respectively. They were expressed as one mouse 
consumption per day calculated by dividing the 
total consumption per cage by the number of mice 
in a cage. 
 
Grading Aging Scores 
We examined the grading aging scores such as 
behaviors, skin and hair conditions (glossiness, 
coarseness, and hair loss), ulcer, eye (cataract, 
periophthalmic lesion, capacity of cornea, and ulcer 
of cornea), and skeleton (spinal curvature) every 4 
weeks starting at 70 weeks of age as previously 
reported (50).  
 
Blood Sugar 
The blood sugar levels were measured at the age of 
71–75 weeks. The mice were fasted for 6 h before 
blood sampling. The blood sample was taken from 
tail vein with a razor blade and blood sugar levels 
were measured immediately using a blood 
glucometer (PRECISION XCEED with G3b smart 
blue electrodes, ABOTT JAPAN, Tokyo, Japan).  
 
Terminal Restriction Fragment Length 
Polymorphism 
Terminal restriction fragment length polymorphism 
(T-RFLP) analysis is a technique for assessment of 
complex microbial communities based on 16S 
ribosomal RNA gene analysis.  
 We conducted the intestinal flora analysis by 
using T-RFLP at the age of 87 weeks. The feces of 
SAMP8 mouse were frozen at -30C. T-RFLP 
analysis (Nagashima method) (51, 52) to analyze 
the intestinal flora was conducted by TechnoSuruga 
Laboratory Co. Ltd. (Shizuoka, Japan). The 
constitutive bacterial ratios (Bifidobacterium, 
Lactobacillales order, Bacteroides, Prevotella, 
Clostridium cluster IV, Clostridium subcluster 
XIVa, Clostridium cluster XI, Clostridium cluster 
XVIII, others) were expressed as the relative peak 
area/total peak area (%). 
 
ORT and OLT Apparatus 
We used the same boxes (ORT boxes: D: 300 mm × 
W: 300 mm × H: 350 mm; Brain Science Idea Inc., 
Osaka, Japan) to evaluate both ORT and OLT (36). 
The floor was covered with sliced paper and pulp 
bedding (Palmas μ, Material Research Center, 
Tokyo, Japan) similar to the breeding cage. The 
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ORT box was placed in light- and sound-
attenuating chamber equipped with a fan. Video 
cameras were placed on the ceiling of each chamber 
to record the behavior. The video was recorded and 
locomotor activity for 10 min (staying time and 
locomotor distance in each area of the ORT box) 
was quantified using the ANY-maze video tracking 
system (Stoelting Co., Wood Dale, IL, USA). The 
illuminant conditions were 25 lux.  
 
Objects for ORT and OLT Test 
The shape and size of objects are important for 
ORT and OLT tests. Age-appropriate object sizes 
were used for ORT and OLT (Table 1). Small 
objects were used for young SAMP8 because the 
young mice bite the bulged or sharp figures and 
climbed figures, a behavior that leads to errors in 
the ORT preference time. During the aging 
progression, mice did not discriminate between the 
familiar and novel objects. Therefore, we replaced 
small objects by large objects and repeated the same 
large-objects every seven weeks to precisely 
evaluate the age-related changes in ORT and OLT. 

 For small ORT objects, many objects were 
screened and 2 sets of small objects with similar 
size and preference were selected: 1) pale 
green/plastic mice (25 mm tall) as the training 
object vs. pink triplet/plastic figure (23 mm tall) as 
the novel object, 2) dark blue/glass ball (15 mm 
diameter) as the training object vs. white ceramic 
cylinder with brown stripes put horizontally (23 
mm tall × 12 mm diameter) as the novel object. For 
large ORT objects, a white golf ball (43 mm 
diameter) was selected as the training object vs. 
white film case (29 mm diameter × 50 mm tall) as 
the novel object.  
 We selected fluorescent pink super balls (19 
mm diameter) as small OLT objects (short-term 
memory) and wood apple blocks without coloring 
(31 mm width and 50 mm height of main body and 
15 mm height of stem end) as large OLT objects 
(short-term memory). Green cylindrical wood 
blocks (44 mm diameter × 44 mm tall put 
horizontally) were used as large OLT objects (long-
term memory). After each test, the objects were 
cleaned with distilled water.  

 
 
Table 1. Age of mice at the time of the experiments and the type of objects used for object recognition and 
object location tests 
 

Object 
size 

Training object Test object 
Age 

(weeks)  
Object

size 
Training and test object 

Age 
(weeks) 

Small 

glass marble 
(15 mm 
diameter) 

ceramic cylinder 
(23 mm tall × 12 
mm diameter) 

8, 11  

Small 
super ball 
(pink) 
(19 mm diameter) 

8-9 

green mice doll 
(25 mm tall) 

pink doll 
(23 mm tall) 

16  
 

glass marble 
(15 mm 
diameter) 

ceramic cylinder 
(23 mm tall × 12 
mm diameter) 

23  24 

Large 

golf ball 
(43 mm 
diameter) 
 
 

film case 
(29 mm diameter 
× 50 mm tall) 

30  

Large 

wooden apple block 
(31 mm width and 50 mm 
height of main body and 15 mm 
height of stem end) 

31 

 
 37-38 

51  
wooden 
cylinder block 
(green) 
(44 mm diameter × 44 mm tall 
put horizontally) 

52 
58  59 
65  66 
72  73 
79  80 
86  88 

The interval between training and test phases was 24 h for long-term memory (ORT and OLT) and 70 min for short-term 
memory assessment.  
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ORT and OLT Procedures 
ORT (33-35) and OLT (36) consisted of the 
following 3 phases: habituation, training, and test. 
The training and test object position are described 
in Figure 1.  
 
 

 
 
Figure 1. Schematic Representation of the Three Phases 
(Habituation, Training, and Test Phases) for the Object 
Recognition Test (ORT) and Object Location Test (OLT) 
 
 
Habituation: Each mouse was free to explore the 
ORT box without objects for 10 min, once a day for 
3 consecutive days during the ORT habituation 
phase and for 2 consecutive days during the OLT 
habituation phase. For the locomotor activities at 85 
weeks of age, the locomotor activity at the first 
habituation day was measured. To properly assess 
the locomotor activities, a black patch was attached 
to the back of each mouse to enable correct tracking 
in the ORT chamber covered with white sliced 
paper.  
 
Training: Two of the same objects (A) were fixed 
on the floor. In the ORT and OLT training phases, 
mice were placed in the box and allowed to freely 
access the two objects for 10 min.  

 
Test: In the test phase, the right object was replaced 
by a novel object (B) for ORT or was placed at a 
different position (A’) for OLT as shown in 
Figure 1. Each mouse was placed in the ORT box 
and allowed to explore the two objects freely for 10 
min.  
 The interval between the training and test 

phase was 24 h for the assessment of long-term 
memory during the ORT and OLT or 70 min for 
short-term memory during the OLT. 
 The time of exploration of each object was 
measured with a CCD camera, played back, and 
was individually counted by two stopwatches. The 
exploration time was measured as the time when the 
mouse nose was at about 2 cm from each object, 
removing the time during which the mouse stepped 
on an object or dug the floor chips.  
 In the training phase, the recognition index of 
right and left objects during the training phase for 
each mouse was expressed as the ratio of the 
amount of time spent exploring object left A (Time 
left A×100)/(Time left A + Time right A) and the 
amount of time spent exploring object right A 
(Time right A ×100)/(Time left A + Time right A) 
for both ORT and OLT. During the test phase, the 
recognition index for each mouse was expressed as 
the ratio of the amount of time spent exploring 
familiar object A (Time A×100)/(Time A + Time 
B) and the amount of time spent exploring novel 
object B (Time B×100)/(Time A + Time B) for 
ORT or familiar object A (Time A×100)/(Time A + 
Time A’) and the amount of time spent exploring 
novel location object A’ (Time A’×100)/(Time A + 
Time A’) for OLT.  
 Differences between recognition indexes of 
left and right (or novel location) objects were 
assessed by using the unpaired t-test for ORT 
(OLT) in each phase. 
 
Data Analysis 
SPSS software 10.0.7J for Windows (IBM Co., 
Armonk, NY, USA) was used for Fisher's exact test 
(between-group comparison of diarrhea symptoms 
and Lactobacillales order in T-RFLP analysis). 
Microsoft Excel 2010 (Microsoft Corporation, 
Redmond, WA, USA) was used for unpaired t-tests 
(between-group comparisons for grading aging 
scores, T-RFLP analysis, blood sugar, locomotor 
activity, ORT, and OLT). Data in the text and 
figures are presented as mean ± standard error of 
the mean (SEM). In all analyses, a P-value <0.05 
was considered statistically significant. 
 
RESULTS 
 
Liquid Consumption, Food Consumption, Blood 
Sugar, and Body Weight 
Because EtOH has calories, we investigated 

ORT

OLT

Habituation Training Test

A A

A B

A

A’

ORT objects ●A: familiar object, ▲B: novel object
OLT  objects ●A: familiar object, ●A’: novel location object
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whether moderate EtOH intake changes food 
consumption, blood sugar level, and body weight. 
 Food and liquid consumption were expressed 
as the consumption of one mouse per day calculated 
by dividing the total consumption by the number of 
mice per cage. Liquid consumption gradually 
decreased with age. The average liquid 
consumption showed wide fluctuations in volume, 
especially at the age of about 100 weeks because 
the number of live animals was small. Low EtOH 
concentration, 1% EtOH, did not result in an 
escalation of the drinking volume.  
 Until about 50 weeks of age, the water 
consumption was higher than that of EtOH and 

there was no significant difference afterward 
(Figure 2A). Food consumption decreased with age 
and there was no difference between the water and 
EtOH groups (Figure 2B). The blood sugar levels 
were measured at the age of 71–75 weeks. The 
average blood sugar levels were 114 ± 19 mg/dL 
(water group, n = 9) and 105 ± 35 mg/dL (EtOH 
group, n = 10), which were not significantly 
different from each other (P = 0.520). Body weight 
increased until 30 weeks of age; however, it 
gradually decreased from 52 weeks (1 year) of age. 
The changes in body weight were similar between 
the water and EtOH groups (Figure 2C).  

 
 

   
 

   
 
Figure 2. Liquid and Food Consumption, Body Weight, and Survival Analysis of the Mice Drinking Water or EtOH 
A. Liquid consumption (g/mouse/day) changes during the lifespan of the mice.  
B. Food consumption (g/mouse/day) changes during the lifespan of the mice. 
C. Body weight (g/mouse/day) changes during the lifespan of the mice. 
D. Survival analysis. 
Line: water group; broken line: EtOH group 
◆: water group, □: EtOH group 
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Aging Grading Scores, Locomotor Activity, and 
Lifespan 
Next, we investigated whether moderate/lifelong 
EtOH intake protects aging and prolongs lifespan.  
 
Aging Grading Scores: Physical activity, skin 
conditions, eye inflammation, and spinal curvature 
of SAMP8 model were examined starting from 70 
weeks of age. The degrees of spinal curvature at the 
age of 70–71, 73-74, 77-78, and 82 weeks are 
described in Figure 3A. The spinal curvature in the 
EtOH group was significantly lower than that in the 
water group at each measurement (70–71 weeks, P 
= 0.017; 73-74 weeks of age, P = 0.010; 77-78 
week of age, P = 0.027; and 82 weeks of age, P = 
0.016). As shown in Figure 3B, the sum of three 
skin scores (glossiness, coarseness, and hair loss) of 
the water group at the age of 73-74 weeks was 
significantly higher than that of the EtOH group (P 
= 0.016), although those at the age of 70-71 weeks, 
77-78 weeks, and 82 weeks were not significant (P 
= 0.074, P = 0.080, and P = 0.061, respectively). 
There was no significant difference in terms of 

physical activities and eye inflammation between 
the groups (data not shown, P > 0.05).  
 
Locomotor Activity: Locomotive syndrome is one 
of the aging parameters. We investigated whether 
moderate/lifelong EtOH intake protects dysfunction 
of motor activity in mice. The locomotor activities 
for 10 min (ORT habituation day 1) at 85 weeks of 
age were 16.4 ± 1.8 m in the water group (n = 8) 
and 16.5 ± 2.0 m in the EtOH group. There was no 
significant difference between groups (data not 
shown: P > 0.05). 
 
Lifespan: The number of mice who survived at the 
end of experiments is shown in Figure 2D. Both 
lines crossed-over and there was no significant 
difference in term of lifespan between the water and 
EtOH groups. However, the average length of life 
was 71.0 ± 5.8 weeks (n = 18) in the water group 
and 75.4 ± 5.8 weeks (n = 18) in the EtOH group. 
The maximum ages were 109 weeks in the water 
group and 116 weeks in the EtOH group. 

 
 

 
 
Figure 3. Comparison of Grading Aging Scores between the Water and EtOH Groups. 
A. Spinal curvature changes in the water and EtOH groups from the age of 70–71 to 82 weeks. 
B. Skin conditions (sum of glossiness, coarseness, and hair loss scores) between the water and EtOH groups from the age of 
70–71 to 82 weeks. 
*P < 0.05, unpaired t-test 
 
 
ORT-Long-term Memory 
Next, we investigated whether moderate/lifelong 
EtOH intake protects against the age-related 
impairment of recognition in ORT and OLT.  
 The recognition indexes of the familiar object 
(left) and novel object (right) during the test phase 
are illustrated in Figure 4A (water group) and 
Figure 4B (EtOH group). During the training phase, 
the recognition indexes were almost 50% and no 

significant difference was observed between the 
recognition of left and right objects (data not 
shown) because both objects were identical. In 
Figure 4A and Figure 4B, the circle surrounding the 
symbols of familiar and novel recognition indexes 
indicates no significant difference during the 
training phase, but a significant difference in the 
test phase. During the test phase at 8–11 weeks of 
age,   the   recognition  index  of   the  novel   object  
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Figure 4. Comparison of the Age-Related Changes in Object Recognition between the Water and EtOH Groups. 
A. Recognition indexes of the mice in the water group during the test phase of ORT.  
B. Recognition indexes of the mice in the EtOH group during the test phase of ORT.  

The circle surrounding the symbols of familiar and novel recognition indexes indicates no significant difference during the 
training phase, but a significant difference during the test phase. The numbers shown in parentheses correspond to the 
number of mice alive at the different ages. 

: right object (familiar object), ■: left object (novel object) 
***P < 0.001, *P < 0.05; unpaired t-test 
 
 
(ceramic cylinder) was significantly higher than that 
of the familiar object (glass marble) in both groups 
(P < 0.001).  
 The objects were replaced by the set of large 
objects, familiar object (white golf ball) or novel 
object (white film case), to perform long-term ORT 
starting at the age of 30 weeks. In both water and 
EtOH group mice, the recognition index of the 
novel object (film case) was significantly higher 
than that of the familiar object (golf ball) at the age 
of 51 weeks (both groups; P < 0.001), 58 weeks 
(water group, P = 0.002; EtOH group; P < 0.001), 
65 weeks (both groups; P < 0.001), and 79 weeks 
(both groups; P < 0.001). However, there was also a 
significant difference between the right and left 
objects (same objects) in the training and test 
phases at the age of 72 weeks in the water group. 
Therefore, it was not evaluated in the test phase. In 
the last ORT at the age of 86 weeks, the long-term 
ORT was only significant in the EtOH group, but 
not in the water group (water group, P = 0.299; 
EtOH group, P = 0.014).  
 
OLT–Short-term and Long-term Spatial 
Memory 
The recognition indexes of the familiar object (left) 
and novel position during the test phase are shown 
in Figure 5A (water group) and Figure 5B (EtOH 
group). In short-term OLT, mice significantly 
recognized the novel position compared to the 

familiar position at about 70:30 in both groups (P < 
0.001) at the age of 8–9, 24, and 31 weeks (both 
groups; P < 0.001) and 37–38 weeks (water group; 
P = 0.021, EtOH group; P < 0.001). We then 
assessed the long-term spatial recognition starting at 
the age of 52 weeks. At the age of 52 weeks, mice 
from both groups displayed long-term spatial 
recognition (both groups; P < 0.001). However, at 
the age of 59, 66, and 73 weeks, the recognition 
index of the novel position object was significantly 
higher than that of the familiar position object only 
in the EtOH group (59 weeks, P = 0.016; 66 weeks, 
P = 0.004; and 73 weeks, P = 0.017), but not in the 
water group. Furthermore, at the age of 73 weeks, 
there was a significant difference between the right 
and left objects (same objects) in the training phase 
in the water-group mice. Sometimes, it became 
difficult for the aging mice to approach the two 
same objects equally as compared to the young 
mice in the training phase. 
 
Diarrhea Symptom and T-RFLP Flora Analysis 
Probiotics such as lactobacilli and bifidobacteria 
prevent diarrhea by improving the intestinal 
bacterial balance (53). The intestinal flora changes 
with aging (37, 38). Caracciolo et al. reviewed the 
relationship among cognitive decline, dietary 
factors, and gut-brain interaction (43). Therefore, 
we investigated whether moderate/lifelong EtOH 
intake affects diarrhea and the intestinal flora. 
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Diarrhea Symptom: Diarrhea appeared at the age 
of 82 weeks. At the age of 87 weeks, 8 mice in the 
water group and 8 mice in EtOH group were alive. 
The ratio of mice presenting diarrhea to healthy 
mice was 5/8 mice in the water group and 0/8 mice 
in the EtOH group. The number of mice with 
diarrhea was significantly higher in the water group 
than that in the EtOH group (Fisher's exact test, P = 
0.026). 
 
T-RFLP Flora Analysis: The results of T-RFLP 
flora analysis of the mice feces at the age of 87 
weeks is shown in Figure 6A. The relative bacterial 
ratios varied for each mouse. Bifidobacterium was 
not detected in any mouse. When comparing the 
water (n = 8) and EtOH groups (n = 8), there was 
no significant difference in Bacteroides, Prevotella, 
Clostridium cluster XVIII, and Clostridium cluster 
IV by (unpaired t-test, P > 0.05). Only 1 of 8 mice 
presented a ratio of less than 20% Lactobacillales 
order in the in EtOH group, whereas 6 of 8 mice 
(Figure 6B) showed this ratio. The EtOH-group 
mice presented a significantly higher ratio of 
Lactobacillales order (P = 0.041; Fisher's exact 
test). Four mice (two mice from the water group 
and two mice from the EtOH group) presenting an 
extremely high ratio of Lactobacillales order (more 
than 35%) died within three weeks. The ratio of 
Clostridium cluster XI was higher in the water 
group than that in the EtOH group (P = 0.052). 
Furthermore, the mice with diarrhea (n = 5) showed 
significantly higher Clostridium cluster XI ratio 
than that in the mice without diarrhea (n = 11) (P = 
0.014, unpaired t-test) (Figure 6C). As shown in 
Figure 6D, the ratio of Clostridium subcluster XIVa 
was slightly higher in the EtOH group than that in 
the water group (P = 0.152, unpaired t-test). 
Moreover, the ratio of Clostridium subcluster XIVa 
in mice with diarrhea (n = 5) was lower than that in 
mice without diarrhea (n = 11) (P = 0.108, unpaired 
t-test). The other orders (including multiple 
candidates) were also significantly higher in the 
water group than in the EtOH group (Figure 6A, P 
= 0.005, unpaired t-test)  
 
DISCUSSION 
 
Liquid Consumption, Food Consumption, and 
Body Weight 
In both (water and EtOH) groups, liquid 
consumption gradually decreased with age (Figure 

2A). The intake of a low dose of EtOH, 1% EtOH, 
by SAMP8 model, did not increase the drinking 
volume as observed for addiction. A previous study 
reported that C57BL/6 mice showed a high alcohol 
preference, escalating their drinking volume, and 
adaptation to the high concentration of EtOH (54). 
However, why the liquid consumption was lesser in 
the EtOH group than in the water group until about 
50 weeks of age in this study remains unknown. 
The EtOH group mice consumed water until the age 
of 8 weeks and were switched to 1% EtOH at the 
age of 9 weeks. The taste alteration in the EtOH 
group may affect the drinking volume. However, 
the decrease in the consumption with age was more 
significant than the difference in consumption 
between both groups. In mice, the EtOH 
metabolism is fast and the mice in EtOH group did 
not seem drunk after consuming 1% EtOH. We 
previously reported the relationship between 
moderate EtOH intake and reward assessed by 
using conditioned place preference (CPP) test and 
locomotor sensitization in DBA/2 CrSlc mice. We 
found that moderate, but long-term, EtOH dose may 
confer a lower risk for reward progression than the 
high dose for shorter periods (17). The results of 
this study supported the low risk of reward by low 
alcohol, although the oral intake in this experiment 
was different from i.p. administration in the 
previous report (17). 
 The consumption of 1% EtOH in place of 
water did not affect blood sugar levels at the age of 
71–75 weeks or lifelong food consumption (Figure 
2B). There are 7 kcal/g of EtOH and the 
consumption of 5 ml of 1% (v/v) EtOH represents 
about 0.28 kcal, while consumption of 4 g of solid 
food, CRF-1, represents 14.3 kcal. The EtOH-
calories corresponded to only 2% of the total 
calories in the EtOH-group mice and barely 
contributed to the increase in blood sugar and body 
weight (Figure 2C). The blood sugar was measured 
at the age of 71–75 weeks. Cuesta et al. reported 
that the glucose metabolism of SAMP8 model 
changed with aging and growth hormone could 
improve insulin resistance (55). The diabetes 
increases a risk for cognitive impairment (56). 
However, there was no significant difference in the 
blood sugar levels between water and EtOH groups. 
 
Aging Manifestation 
There was no significant difference in term of 
locomotor activity and eye inflammation between  
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Figure 5. Comparison of the Age-Related Changes in Spatial Recognition between the Water and EtOH Groups.  
A. Recognition indexes of the mice in the water group during the test phase of the OLT. 
B. Recognition indexes of the mice in the EtOH group during the test phase of the OLT.  
The circle surrounding the symbols of familiar and novel location recognition indexes indicates no significant difference 
during the training phase, but a significant difference during the test phase. The numbers in parenthesis correspond to the 
number of mice alive at the different ages. 
○: upper location (familiar location) object, ●: lower location (novel location ) object 
***P < 0.001, *P < 0.05; unpaired t-test 
 
 

 
 

 
 
Figure 6. Comparison of the Intestinal Flora by T-RFLP Analyses of Mice Feces between the Water and EtOH Groups at 
the Age of 87 Weeks. 
A. Bacterial classification of the intestinal flora of each mouse. (Water group, n = 8; EtOH group, n = 8) 
B. Ratio of Lactobacillus order in the intestinal flora of each mouse. *: dead mice within 3 weeks from feces sampling. 
C. Ratio of Clostridium Cluster XI in the intestinal flora of each mouse. 
D. Ratio of Clostridium Cluster XIVa in the intestinal flora of each mouse. 
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the groups (data not shown), probably because the 
individual differences were large. In contrast, 
drinking 1% EtOH significantly protected against 
the aging of hair condition (glossiness, coarseness, 
and hair loss) and spinal curvature. Moderate 
drinking showed anti-aging effects (Figures 3A and 
3B). Osaki et al. reported that the aging scores in 
SAMP1 mice drinking 1% EtOH were lower than 
those drinking water or 2% EtOH (22). The intake 
of 1% EtOH had anti-aging effects in SAMP lines. 
The SAMP lines are often used to evaluate the anti-
aging effects of anti-oxidant foods such as reduced 
coenzyme Q10 (57) and teas (58, 59). Ethanol is 
metabolized by alcohol dehydrogenase and 
aldehyde dehydrogenase, microsomal ethanol 
oxidation system (MEOS), and catalase. Ethanol 
metabolism causes oxidative stress and alcohol-
related diseases (60, 61). Chronic and high-dose 
alcohol consumption has been shown to induce the 
MEOS and catalase that leads to the production of 
free radicals and oxidative stress (62). In contrast, 
the low dose alcohol intake showed anti-aging 
effects, like anti-oxidative food intake, in this study. 
Therefore, it can be suggested that the low-dose 
alcohol intake might induce anti-aging effects.  
 
Lifespan 
The average lifespan of mice in the EtOH group 
was about one month longer than mice in the water 
group (Figure 2D). We speculated that the cause of 
death for each mouse in both groups was different. 
Some mice died suddenly due to cancer (e.g., 
ascites with the increased body weight) or from 
aging, although they ate food the day before their 
death. 
 Moderate EtOH intake increases the levels of 
high-density lipoprotein cholesterol (63), 
decreasing the risk of coronary heart disease 
(CHD). However, the SAMP8 model is not a CHD 
model like the Apo-E knockout mice. Additionally, 
in this study, the SAMP8 model were fed on normal 
food (CRF-1), but not on high fat or high 
cholesterol food. Therefore, we did not measure the 
serum cholesterol levels. Knoops et al. reported that 
the physical activity and non-smoking were 
associated with a lower risk of all-cause mortality 
(64). In this study, there was no difference in term 
of food consumption and body weight between the 
groups, indicating similar feeding efficiency. 
Therefore, we speculated that there was no 
difference in term of physical activities between the 

groups.  
 Thus, the lifelong low dose EtOH intake did 
not negatively affect the survival of SAMP8 model 
fed on the normal diet. 
 
ORT and OLT 
Areas in the brain such as the insular cortex (65), 
perirhinal cortex (66), and the ventromedial 
prefrontal cortex (67) are associated with the object 
recognition in ORT, while the hippocampus, 
especially the CA1 region, is associated with the 
spatial recognition in OLT (68, 69).  
 The young SAMP8 model recognized small 
and novel objects in ORT (Figure 4A and Figure 
4B); however, at 23 weeks of age, they did not. 
Once the larger objects replaced the small objects, 
the animals recognized the objects at the age of 30 
weeks. The object selection was important for ORT. 
The recognition indexes of both the water and 
EtOH groups for the novel object (right) were 
significantly higher than those for the familiar 
object (left) until the age of 79 weeks, respectively. 
However, a significant difference was only 
observed for the EtOH group at the age of 86 weeks 
(Figures 4A and 4B). Mice in both groups presented 
a better long-term memory than we expected.  
 Murai et al. reported that there were 
significant differences in location of the familiar 
location and the novel location objects for only 
short-time memory (the interval between training 
and test within 2 h) in ICR mice (36). We also 
found that DBA/2 mice were unsuitable for OLT 
for the long-term memory (24 h) (data not shown). 
As shown in Figures 5A and 5B, the young SAMP8 
model recognized the novel location, even, small 
objects (70 min, short-term memory). After 
changing the small OLT objects with larger objects, 
mice in both groups recognized the novel location 
(long-term memory) at the age of 52 weeks as well 
as at the age of 37–38 weeks (by using large apple 
object of woody color, short-term memory). The 
loss of spatial recognition in OLT (Figures 5A and 
5B) progressed faster than that of object recognition 
in ORT (Figures 4A and 4B). The SAMP8 model 
possessed a long-term memory of spatial 
recognition under the conditions for OLT used in 
this study. However, the impairment of spatial 
recognition was observed in the water-group mice 
at the age of 59 weeks. The recognition index of the 
object at the novel location was significantly higher 
only in the EtOH group at the age of 59 weeks and 
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remained higher until the age of 73 weeks. Thus, 
the intake of a low dose of EtOH for long period 
protected against the loss of spatial memory by 
aging. 
 Matsui et al. reported that SAMP8 model 
show impairment of learning and memory at the age 
of 4 and 6 months in ORT (70). Similarly, 
Yokozawa et al. reported that SAMP8 model 
presented a deficit in object recognition and spatial 
recognition at 41-42 weeks of age (71). In these 
reports, the mice were younger than in our study 
when the memory deficit was detected. 
Furthermore, the experimental conditions were not 
the same, e.g., the type of objects and the 
experimental procedures.  
 Stragier et al. reported that chronic and 
moderate EtOH intake produces marked epigenetic 
changes that result in the overexpression of brain-
derived neurotrophic factor (BDNF) and 
downstream hippocampal neurogenesis in 
C57BL/6J mice (72). In contrast, Ebada et al. 
reported that C57BL/6J mice suffered from memory 
deficit due to a chronic intermittent intake of a low 
dose (1% EtOH) of ethanol (73). They used the 
two-bottle choice (all procedures took about 2 
months) and showed a reduction in the hippocampal 
BDNF levels, although 1% alcohol with a low 
concentration of corticosterone improved the 
memory deficit in both the ORT and OLT (73).  
 Yuan et al. reported that an enriched 
environment improves cognitive performance in 
SAMP8 model (74). The BDNF plays an intrinsic 
role in improving the synaptic plasticity and 
cognition by environmental enrichment (75, 76).  
 In this study, we could not evaluate if the 
continuous measurement of ORT and OLT every 7 
weeks stressed or enriched the life of SAMP8 
model. However, not only low-dose EtOH but also 
low stress or enrichment-like physical activities by 
repeated ORT and OLT unlike mice housed in the 
standard environment may contribute to improving 
the memory deficit with aging.  
 
Diarrhea Symptoms 
 Diarrhea appeared only in the water group at about 
82 weeks of age. At the age of 87 weeks, the 
number of mice presenting diarrhea in the water 
group was significantly higher than that in the 
EtOH group. The diarrhea symptoms in mice 
continued until death. Eighteen mice of the water 
group were divided into 3 cages at the beginning of 

this study (at the age of 5 weeks). Five diarrhea 
mice were detected in all 3 cages at the similar 
ages. Therefore, it was speculated that the increase 
in the number of mice with diarrhea was 
spontaneously caused in each mouse, but not caused 
by mouse-to-mouse infection within a cage. We 
speculated that the intestinal flora was affected by 
the low-dose alcohol intake and prevented diarrhea 
in the EtOH-group mice. 
 
T-RFLP Flora Analysis 
The results of T-RFLP flora analysis of the feces at 
the age of 87 weeks varied for each mouse (Figure 
6A). Between-group differences were observed in 
Lactobacillales order, Clostridium cluster XI, and 
other orders (including multiple candidates). 
Mitsuoka et al. and other researchers have reported 
that the intestinal flora changes with aging and the 
Lactobacillus strains are increased with aging (37, 
38), although some Lactobacillus strains are used as 
probiotic strains (53, 77). In this study, the average 
ratio of Lactobacillales order in the EtOH group 
was higher than that in the water group. This result 
seemed to be opposite to the anti-aging 
phenomenon. Surprisingly, some mice nearing 
death (within 3 weeks) in both groups presented an 
extremely high ratio of Lactobacillales order 
(Figure 6B). These results suggest the complexity 
of Lactobacillus contribution to the functions of the 
intestinal flora. The role of Lactobacillales order 
intestinal flora might result from a balance between 
the probiotic-like positive effects and dominant 
negative effects close to the death. 
 Clostridium difficile causes diarrhea (78) and 
is a member of Clostridium cluster XI. In this study, 
the mice presenting diarrhea (n = 5) showed 
significantly higher Clostridium cluster XI than that 
in mice with no symptoms of diarrhea (n = 11) 
(Figure 6C).  
 It was recently demonstrated that not all 
Clostridium species in the intestinal flora are bad 
for health (79). Furusawa et al. reported that 
commensal microbe-derived butyrate induces the 
differentiation of colonic regulatory T cells that 
play a central role in the cell-mediated immunity 
(79). Clostridium subcluster XIVa, which is mainly 
composed of butyrate-producing strains, was 
slightly higher in the EtOH group than in the water 
group (Figure 6D). Finally, we speculated that the 
difference in the spinal curvature was associated 
with the difference in calcium absorption by the 
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flora in the intestine.  
 Yang et al. reported that dietary lactoferrin 
up-regulates the intestinal gene expression of 
BDNF, ubiquitin thiolesterase (UCHL1), and 
alkaline phosphatase activity to alleviate early 
weaning diarrhea (80). The gut–brain axis is the 
biochemical signaling between the central and the 
enteric nervous system, linking emotional and 
cognitive centers of the brain with peripheral 
intestinal functions (81). Although the causal 
association between the intestinal flora and aging 
progression could not be demonstrated from these 
results, the change in the intestinal flora might 
contribute to the phenotype difference between the 
water and EtOH groups.  
 The lifelong clinical study is impractical in 
human under various life environments. Therefore, 
animal studies are important to understand EtOH 
intake in human as pre-clinical studies. We believe 
that some aspects of moderate alcohol on human 
health aging are extrapolatable from animal data. 
The relative density of microflora between human 
and mice are different (52, 82-85). For example, 
that of Lactobacillus in mice is higher than in 
human, while that of Bifidobacterium in human is 
higher than in mice. In addition, there are many 
examples of food ingredients on microflora changes 
in rodent. These changes are similar to those in 
human microflora (86-93).  
 
Overall Effects 
Our results confirmed the previous reports that 
moderate alcohol consumption is associated with 
improved cognitive functions (7-11, 94).  
 The effect of moderate alcohol intake, harm 
or benefit, depends on the individual constitution or 
living environment in the human. 
 
CONCLUSIONS 
 
The effects of low-dose alcohol intake on aging 
were investigated using SAMP8 model. Low-dose 
alcohol intake had no negative effect on the 
lifespan. The average lifespan in the EtOH group 
was about 4 weeks longer than that in the water 
group. The spatial memory deficit, skin aging, and 
the spinal curvature progressed more slowly in the 
low-dose EtOH group compared to the water group. 
Moreover, the diarrhea symptoms only appeared in 
the water group and the intestinal flora was 
different between the water and EtOH groups. 

Although further research is required to identify the 
mechanisms underlying the effects of chronic low-
dose EtOH intake on the intestinal flora, the spatial 
memory, and aging and their relationship, our 
results suggested that the low-dose alcohol intake 
has positive effects on healthy aging in SAMP8 
model. 
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