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Near-infrared fluorescent probe for evaluating the
acetylcholinesterase effect in the aging process
and dietary restriction via fluorescence imaging†

Na He,a Lei Yu, b Minghua Xu,c Yan Huang,de Xiaoyan Wang,de

Lingxin Chen *def and Shouwei Yue*a

Dietary restriction (DR), as a natural intervention, not only benefits the neuroendocrine system, but also

has an antiaging action. Acetylcholinesterase (AChE) is one of the most important bioactive substances

and plays a major part in choline changes in the aging process. Thus, we aim to evaluate the effect

of DR on AChE in the brains of aging animals. In this study, we synthesize a NIR fluorescent probe

BD-AChE for the real-time and in situ monitoring of AChE level changes in living cells and living mice,

notably in brains. In situ visualization with BD-AChE verified a decrease in the AchE level in the brains of

mice aging models. Evidently, the prepared probe has the excellent capability of measuring AChE

variation in the brains of aging mice with DR via NIR fluorescence bioimaging, indicating that long-term

DR can effectively affect AChE levels in the brain. The attenuation of AChE level in the brain of aging

mice after DR could be helpful in infering the advantageous impact of DR on age-related

neurodegenerative disease, as a better treatment alternative in the future.

1. Introduction

The world’s population is aging rapidly. Aging, an inescapable
biological process, has been defined as the gradual accumula-
tion of various harmful changes with time which increases the
chance of illness and death. Many neurotransmitter systems
appear to be compromised during human aging.1 The choli-
nergic system is the main neurotransmitter system, which is
responsible for cognitive symptoms in normal aging. The
aging-related decline in cholinergic function of the central
nervous system is considered to be one of the causes for
short-term memory impairment during the aging process.2

The cholinergic hypothesis of senile memory dysfunction
raised by Bartus assumes that there are functional disorders

in the cholinergic activity in the brains of patients with demen-
tia and healthy older people and that these functional disorders
play a vital role in related cognitive problems and memory loss.
Therefore, recovery of cholinergic function may relieve the
cognitive loss.3,4 This hypothesis has been strongly supported
by the fact that acetylcholinesterase (AChE) inhibitors
show positive therapeutic effects on cognition in people with
Alzheimer’s disease (AD). Since the initial proposal, many
studies on the clinical development of cholinergic agents have
followed, and though the overall clinical efficacy is limited,
cognitive enhancers for modulating cholinergic function are
still one of the most widely used drugs which have been
approved for AD.5 Due to its ability to rapidly hydrolyze the
neurotransmitter acetylcholine into choline and acetate, AChE
makes it possible to control the precise time of synaptic
activation. Therefore, the biological activity of AChE is the key
marker for cholinergic metabolism. AChE is also closely related
to brain growth, learning, memory and nerve injury, besides
participating in cholinergic transmission.6

Dietary restriction (DR), as a method of reducing calorie
intake without malnutrition, has been widely believed to affect
multiple physiological events, involving the neuroendocrine
signalling systems.7 It modifies protein turnover, changes the
expression of numerous genes, and reduces the glycosylation of
macromolecules and has been proved to enhance the function
of synaptic plasticity, including learning ability and long-term
potentiation.8,9 In previous studies, the rats that maintained
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DR performed better on memory and learning tasks than the
age-matched rats that were fed ad libitum.10 Relying on the
capability of prompting the effective expression of neurotrophic
factors and particular gene encoded proteins which facilitate
synaptic plasticity and neuronal survival, DR has great benefits
for the nervous system.11 Importantly, it has anti-aging action;
the mild nutritional stress stimulated by DR might effectively
induce metabolic response to provide better survivability and
extend lifespan.12

From what has been discussed above, AChE plays a very
significant part in the choline changes in the aging process.
DR, as a mild intervention, not only has beneficial effects on
the neuroendocrine system, but also has antiaging action. We
aim at assessing the underlying effect of DR on AChE in the
brains of aging animals. Thus, an efficient tool for detecting the
AChE level can be more helpful in exploring the connection
between DR and AChE. Until now, there have been several
methods for detecting AChE, such as the colorimetric Ellman
method or the detection of hydrogen peroxide generated by
choline oxidation.13 In addition, most of them detect AChE
according to other biomolecules. Due to the low sensitivity, and
poor indirectness and specificity of these methods, they cannot
be well applied to the analysis of biological samples.14–17 The
bioimaging technology coupled with small molecule fluorescent
probes has the outstanding advantages of high spatio-temporal
resolution, in situ and real-time detection, high sensitivity and
specificity, as well as non-invasive and rapid analysis, and has been
developed into an excellent technology for examining biological
species in biosystems.18–21 Thus, small molecule fluorescent probes
can accurately assess the level of a biological enzyme while
sustaining the activity of the biological enzyme in living
systems.22 Since AChE plays a significant role in the pathological
and physiological processes, a number of researchers have been
committed to designing and synthesizing fluorescent probes for
the detection of AChE in biological systems.23–33 However, in view
of the fact that the excitation and emission wavelengths of these
probes are located in the visible region, bioimaging is frequently
hindered by background fluorescence, which makes them not
suitable for imaging deep tissues. Therefore, it is urgently necessary
to design and synthesize an ideal and appropriate NIR fluorescent
probe for the detection and imaging of AChE in living cells and
animals.

In this study, we generated a desirable probe BD-AChE as
a chemical bioimaging tool to image and detect AChE in
living cells and in vivo. BD-AChE was capable of providing
excellent selectivity and sensitivity to AChE in a biological
environment. The experimental results validated that the
AChE levels decreased in the brain of mice aging models.
We also indicated that the AChE levels in the brains of aging
mice significantly decreased after DR. To the best of our
knowledge, BD-AChE is the first fluorescent probe for the
imaging of AChE in old DR mice, and provides clear evidence
on the connection between the AChE level and DR in aging
mice. These results help to infer the beneficial effects of DR
on age-related neurodegenerative diseases as a better treat-
ment option in the future.

2. Experimental
2.1. Synthesis of BD-AChE

Cesium carbonate (0.326 g, 1 mM) and compound 4 (0.529 g,
1 mmol) were mixed in dichloromethane. The mixture was
stirred at room temperature under argon for 30 min; then, we
added dimethylcarbamoyl chloride to the compound (400 mL).
Next, the compound was stirred for 3 days and dimethyl
methotrexate (200 L) was added twice a day. By performing
column chromatography on silica with CH2Cl2/CH3OH (10 : 1)
as the eluent, the compound was purified, and we obtained a
yellow product (0.395 g, 59%). 1H NMR (500 MHz, CD3OD-D4) d
(ppm): 8.16–8.14 (m, 1H), 8.06–8.04 (m, 2H), 7.88–7.80 (m, 2H),
7.51–6.92 (m, 13H), 4.85 (s, 12H), 2.97–2.84 (m, 2H). 13C NMR
(125 MHz, CD3OD-D4) d (ppm): 166.1, 163.5, 158.6, 157.7, 157.4,
150.3, 139.5, 138.7, 130.8, 129.5, 129.0, 128.9, 128.8, 128.7,
128.6, 128.3, 128.2, 128.1, 127.9, 127.6, 126.8, 121.7, 115.8,
115.3, 115.1, 37.5. LC–MS (ESI+): m/z C38H32BF2N5O4, calcd
671.2515, [M + H]+ 672.2468.

2.2. Animals and diet

In this research, we utilized female Swiss albino (Balb/C) mice
as the research objects. The mice kept in polycarbonate cages
were reared under normal laboratory conditions (25 � 2 1C;
12 h light/dark cycle), and fed with normative water and pellet
feed according to the established experimental plan. To deter-
mine the potential relationship between normal activity of
AChE and age, we selected four distinct age groups (1, 6, 12,
and 18 months). The laboratory procedures of animals were
performed in accordance with the institutional regulations for
laboratory animal use and care. All mice experimental proce-
dures were performed in conformity with the institutional
regulations and guidelines for the use and care of laboratory
animals, and the related protocols were approved by the
Institutional Animal Care and Use Committee in Binzhou
Medical University, Yantai, China. Approval Number: No.
BZ2014-102R.

2.3. Fasting regimen

We divided the 18 month-old mice in this study into two groups
according to the experimental protocol. The first group was the
control group. The mice in the first group were fed freely, and
they were provided with a continuous food supply. The mice
in the second group were made to fast for 24 hours. It should
be noted that water was periodically provided to all
experimental mice.

2.4. Dietary restriction regimen

We divided the 18 month-old mice in this study into four
distinct groups according to the experimental plan. The first
group was the control group. The mice in control group were
fed freely, and they were provided with a continuous food
supply. The mice in the DR regimen group were given food
on alternate days for 1, 2 and 3 months, separately. It should
be noted that water was periodically provided to all
experimental mice.
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3. Results and discussion
3.1. Design of probe BD-AChE

The chemical synthetic procedure for BD-AChE is clearly exhibited
in Schemes S1 and S2 (ESI†). The details of chemical synthesis of
various compounds are described in the ESI† of this article. The
reaction mechanism of BD-AChE is displayed in Scheme 1. The
various compounds shown in this article were characterized using
1H NMR, 13C NMR and HRMS. We used a BODIPY dye to serve as
a fluorophore unit for emitting a fluorescence signal, and its
emission wavelength was located in the NIR range. Given that
tissue auto-fluorescence and absorption are very low in the NIR

region, optical bioimaging with an NIR fluorophore exhibits better
penetration of deep tissues and higher sensitivity. In this study, in
order to acquire an excellent probe for detecting AChE, the
particular recognition moiety of the dimethyl carbamate group
was merged into the fluorophore unit. The dimethyl carbamate
group can bind covalently to a serine residue in the active site of
AChE, then cause the carbamylation of serine in the active site of
AChE, resulting in the deactivation of AChE. The carbonyl group
of BD-AChE is bound to the oxygen atom, the emission of
BODIPY was quenched by the dimethyl carbamate group due

Scheme 1 Detection mechanism of BD-AChE towards AChE.

Fig. 1 Spectral properties and enzymatic properties of BD-AChE. (a) Variations in the fluorescence emission spectra of BD-AChE (10 mM) with a wide
range of concentrations of AChE (0, 2.0, 4.0, 6.0, 8.0, 10.0, 12.0, 14.0, 16.0, 18.0 and 20.0 U mL�1). (b) The plot of the linear relationship between the
relative fluorescence intensity at 740 nm and AChE concentration (0–20.0 U mL�1). (c) Michaelis–Menten plot of the reaction between different
concentrations of BD-AChE (0.05–100 mM) and 20.0 U mL�1 AChE. (d) Plot of fluorescence intensity of BD-AChE (10 mM) against the reaction time with
various AChE concentrations (0, 2, and 20 U mL�1). (e) Fluorescence responses of BD-AChE (10 mM) towards various enzymes 2–10 (1.0 mg mL�1), 11–17
biospecies (0.1 mM) and AChE (20.0 U mL�1) after being mixed for 15 min: (1). Blank, (2). butyrylcholine esterase, (3). pepsin, (4). peroxidase,
(5).horseradish, (6). glutathione S-transferases, (7). nitroreductase, (8). monoamine oxidase A, (9). monoamine oxidase B, (10) alkaline phosphatase,
(11). BSA, (12). glucose, (13). cysteine, (14). alanine, (15). glycine, (16). lysine, (17). arginine and (18). AChE. (f) Fluorescence responses of BD-AChE (10 mM),
towards 100 mM of a variety of anions and metal ions (1). Blank, (2). Na+, (3). K+, (4). Zn2+, (5). Mg2+, (6). Ca2+, (7). Cl�, (8). Br�, (9). HSO3

�, (10). SO2�
4 , (11). SO2�

3 , (12).
S2O2�

3 , (13). CO2�
3 , (14). H2PO2�

4 , and (15). AChE. lex = 680 nm, lem = 740 nm. The tests were carried out in HEPES (10 mM, pH 7.4, 37 1C).
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to the photoninduced electron-transfer (PET) mechanism; thus,
BD-AChE displays faint fluorescence. Then, the dimethyl carba-
mate in BD-AChE is recognized by AChE, and the ester bond is
cleaved, resulting in BD-AChE being transformed to free BODIPY
with fluorescence enhancement. The reaction mechanism is
displayed in Scheme 1. Utilizing BD-AChE, we monitored the
change of AChE in the brains of mice aging models in real time.
Furthermore, in association with BD-AChE, the physiological
function of AChE in the brains of aging mice with DR was
investigated.

3.2. Spectroscopic properties

Under analogous physiological conditions (10 mM HEPES
buffer, pH 7.4, and 0.5% Tween 80), we measured the absorp-
tion and fluorescence spectra of BD-AChE (10 mM). As displayed
in Fig. S1 (ESI†), the maximum absorption wavelength of BD-
AChE was at 693 nm (e693 nm = 3.42 � 104 M�1 cm�1). After
adding AChE (20.0 U mL�1), the maximum absorption peak
changes to 710 nm (e710 nm = 4.79 � 104 M�1 cm�1). We
performed the fluorescence titration of BD-AChE in the
presence of AChE in a concentration range of 0–20.0 U mL�1.
In Fig. 1a, the corresponding fluorescence emission profiles
increased with peaks centered at 740 nm. The quantum yield of
BD-AChE increased, ranging from 0.03 to 0.27. We detected the
excitation and emission wavelengths of BD-AChE in the NIR
range, indicating that BD-AChE had the advantage of reducing
background interference, which could greatly accelerate the

detection sensitivity. In the range of 0–20.0 U mL�1, the
fluorescence response of BD-AChE and AChE was linearly
concentration dependent (Fig. 1b). The equation gained from
the calibration curve was F740 nm = 19.73 [AChE] U mL�1 + 19.92
(r = 0.9940). The detection limit toward AChE was calculated to
be 0.21 U mL�1 (3s/k), which demonstrated that the probe BD-
AChE had great sensitivity towards AChE under simulated
environments. The ability of our probe as an effective chemical
tool to qualitatively and quantitatively detect AChE has been
demonstrated by the above results.

3.3. Kinetic investigation of BD-AChE toward AChE

With the assistance of the synthesized probe, we assessed the
response of BD-AChE toward AChE under analogous experi-
mental conditions. In Fig. 1c, different concentrations of
BD-AChE (0.05, 0.10, 1.0, 5.0, 10.0, 20.0, 40.0, 50.0 and 100.0 mM)
were added into the AChE solution (20.0 U mL�1). With the
increase in BD-AChE concentration, the reaction rate was acceler-
ated, demonstrating that enzyme activity was the factor which
limited the reaction rate. The fluorescence intensity at 1 min
was chosen as the basis to quantify the initial rate of reaction.
The kinetic parameters, including the Michaelis constant (Km)
and maximum initial reaction rate (Vmax), for the enzymatic
cleavage reaction of BD-AChE were computed to be 85 mM and
5.78 mM min�1 (Fig. 1c), separately. The results proved that the
probe has a good response towards AChE. The catalytic activity of
AChE towards BD-AChE was also evaluated. Higher concentrations

Fig. 2 Confocal microscopy images and flow cytometry assay of PC12 cells for measuring AChE levels in living cells. (a) AChE imaging with BD-AChE in
PC12 cells at different time points: 0, 10, 20, and 30 min via confocal laser-scanning microscope as the control. (b) Prior to being treated as described for
the control, PC12 cells were performed with pretreatment of 10 mM neostigmine for 30 minutes. (c) PC12 cells were treated as described for the control
after AChE transfection. (d) Flow cytometry analysis of (a–c). (e) Mean fluorescence intensity of PC12 cells in (a–c). (f) Western Blot analysis of AChE
changes in PC12 cells. We employed b-actin as the internal control. (g) Quantitative analysis of AChE expression in (f). Red channel: lex = 680 nm,
lem = 720–780 nm. The data are displayed as mean (s.d.). Scale bars: 20 mm.
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of AChE induced a faster response and a greater fluorescence
increase, which was proved by studying the fluorescence kinetic
curves of BD-AChE with different concentrations of AChE (0, 2.0,
and 20.0 U mL�1) for 30 min (Fig. 1d). When the AChE concen-
tration was 20.0 U mL�1, the fluorescence intensity could reach the
plateau within 15 min. These results clarified that BD-AChE
responded very quickly to AChE. For further exploring AChE levels
in complex biological environments, the real-time imaging cap-
ability of BD-AChE for AChE is indispensable.

3.4. Selectivity of BD-AChE towards AChE

Next, we measured the fluorescence response of BD-AChE
toward other biologically relevant species. As illustrated in
Fig. 1e, the probe was incubated with many enzymes (butyr-
ylcholine esterase, pepsin, peroxidase, horseradish, glutathione
S-transferases, nitroreductase, monoamine oxidase A, mono-
amine oxidase B, and alkaline phosphatase), BSA, glucose, and
biospecies (cysteine, alanine, glycine, lysine and arginine). The
experimental results obviously revealed that a significant
increase in fluorescence emission can only be observed in the
presence of AChE, and neither common metal ions (Na+, Ca2+,
K+, Mg2+, and Zn2+) nor anions (Cl�, Br�, HSO3

�, SO2�
4 , SO2�

3 ,
S2O2�

3 , CO2�
3 , H2PO2�

4 ) triggered conspicuous fluorescence
signals (Fig. 1f). In conclusion, these results validated that

BD-AChE had excellent selectivity towards AChE and it is an
ideal and effective tool for sensitively detecting AChE levels
under sophisticated biological systems.

3.5. Imaging of AChE in living cells

Since BD-AChE displayed excellent selectivity towards AChE, we
next utilized BD-AChE to detect AChE in living neural cells. The
representative PC12 cells were chosen as the testing models. Before
the various cell experiments, we applied MTT assay to assess the
cytotoxicity of BD-AChE in PC12 cells. The experimental results
broadly illustrated that BD-AChE showed less cytotoxicity to PC12
cells under physiological environments (Fig. S2, ESI†).

Using laser scanning confocal microscopy, we performed
cell imaging experiments with BD-AChE. Prior to fluores-
cence imaging, all tested PC12 cells were incubated with BD-
AChE at 37 1C for 30 min. We then employed flow cytometry
to reveal the variation in fluorescence intensity. The tested
PC12 cells were divided into three groups separately, as
displayed in Fig. 2. The PC12 cells without any treatment as
the control are shown in Fig. 2a. Fig. 2b shows the PC12 cells
that were pretreated with neostigmine, which is a high-
efficiency AChE inhibitor and is used in clinics at present.
The PC12 cells shown in Fig. 2c were transfected with AChE-
RNA to overexpress AChE. Within the detection time of
30 minutes, the fluorescence of the control group gradually

Fig. 3 Imaging of AChE levels in the brains of mice aging models. (a) Imaging of AChE levels in mice brains according to distinct ages: 1, 6, 12 and 18
months old. The mice in the four groups were pretreated with intracranial injection of BD-AChE for 30 min. (b) Imaging of brain slices of mice aging models.
(c) Western blot analysis of AChE variation of brain tissue in distinct ages. (d) Quantitative analysis of AChE expression in (c). (e) Mean fluorescence intensity of
the images in (a). Fluorescence imaging channel: lex = 680 nm, and lem = 720–780 nm. Data are displayed as mean � SD (n = 5).
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increased. Compared to Fig. 2a, the fluorescence observed in
Fig. 2b is much weaker, illustrating that the AChE level of PC12
cells in Fig. 2b is lower. Due to the higher AChE level in PC12 cells,
a stronger fluorescence is observed in Fig. 2c. The bright field of
Fig. 2a–c are displayed in Fig. S3 (ESI†). To further verify the
fluorescence variation of the three groups of cells, a flow cytome-
try assay was employed as shown in Fig. 2d. Fig. 2e displays the
mean fluorescence intensity of PC12 cells. These results displayed
satisfactory consistency to the fluorescence image results. Besides,
we checked the AChE levels in the three groups of PC12 cells
using western blotting (Fig. 2f and g). All results confirmed that
BD-AChE was capable of being utilized as an effective and
promising tool for the rapid detection of AChE in living cells.

3.6. Level variation of AChE in the brains of mice aging
models

Having confirmed that the level of AChE in cells could be
tracked using BD-AChE, we next employed BD-AChE to

explore the fluctuation of AChE levels in living mice,
particularly in the brain. Before exploring the potential
relationship between the level of AChE and DR in old mice,
we first examined the changes in the level of AChE in cell
aging models. Based on the difference in age: 1, 6, 12 and
18 months old, we divided the mice models into four
groups. Before imaging, the mice in the four groups were
pretreated by intracranial injection of BD-AChE. The
fluorescence intensity of the brain became weaker as the
age increased (Fig. 3a), clarifying that the AChE level
decreased with age. The mean fluorescence intensity is
displayed in Fig. 4e. The fluorescence imaging of the brain
slices (Fig. 3b) and western blot (Fig. 3c and d) were
performed for further evaluating the fluctuation in AChE
levels. These results not only demonstrated that BD-AChE
can be potentially utilized to detect the AChE level in vivo,
but also revealed the fact that the AChE level decreased
with increase in age.

Fig. 4 Effects of DR on the AChE levels in the brains of aging mice. (a) Imaging of AChE levels in the mice brains after short-term 24 h fasting. The aging
mice were treated with a continuous supply of food as a control, while the mice in the 24 h fasting group were fasted for 24 hours (24 h-fasted). All the
aging mice were treated with BD-AChE by intracranial injection for 30 min. (b) Imaging of the brain slices of (a). (c) Western Blot analysis of AChE variation
in the brain tissue of (a). (d) Quantitative analysis of AChE expression in (c). (e) Mean fluorescence intensity of the images in (a). (f) Imaging of AChE levels in
the mice brains after long-term DR. Aging mice treated with a continuous supply of food were used as the control group, while the mice under DR were
only fed on alternate days for 1, 2 and 3 months, respectively. (g) Imaging of the brain slices of (f). (h) Western blot analysis of AChE variation of the brain
tissue in (f). (i) Quantitative analysis of AChE expression in (h). (j) Mean fluorescence intensity of the images in (f). (k) The body weight changes of the aging
mice in the DR 3 months group. Fluorescence imaging channel: lex = 680 nm, and lem = 720–780 nm. Data are presented as mean � SD (n = 5).
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3.7. Effect of DR on the level of AChE

On the basis of the theory of hormesis mechanism, iterative
slight stress has a positive impact from the cell responses and
the repair and maintenance processes stimulated by repeated
exposure to stress results in aging-retardant action.34–36 DR is a
cumulative slight stressor which improves the body’s capability
in coping with serious stressors by increasing cellular meta-
bolic adjustments, stress resistance and adaptability.37 Recent
studies focused on the mechanism by which DR provides its
benefits. Research studies confirm that DR is an intervention
that protects the body against protein misfolding diseases, and
ER hormesis is used as a major mechanism of DR function.38

Encouraged by the satisfying function of BD-AChE in speci-
fically detecting and imaging endogenous AChE in cells and
in vivo, we next attempted to explore the effect of DR on AChE
levels in the brains of aging mice. Before detecting the effects of
long-term DR on AChE, we first detect how AChE changes after
a short 24 h fasting. We divided the old (18 months) mice in our
studies into two groups. The first group is the ad libitum fed
control group with a continuous supply of food, while the mice
in the second group were fasted for 24 hours (24 h-fasted).
However, we regularly supplied water to all the groups. Before
imaging, all the tested mice were pretreated with intracranial
injection of BD-AChE. As shown in Fig. 4a, no significant
fluorescence fluctuation in the brain was observed in the two
groups. Fig. 4e displays the mean fluorescence intensity of
Fig. 4a. The fluorescence imaging of brain slices was performed
to further confirm the level of AChE, as was western blot
(Fig. 4b–d). These results indicated that a 24 h short-term
fasting had no obvious effect on AChE in the brain of aging
mice. Then, we investigated whether the level of AChE changed
after long-term DR. The first group was the control. In the other
group, aging mice under the DR regimen were only fed on
alternate days for 1, 2 and 3 months, respectively. In Fig. 4f, the
fluorescence intensity in the DR groups was much weaker than
that in the control group, and the fluorescence degrees in the
DR groups was as follows: 1 months 42 months 43 months.
We also acquired the fluorescence imaging of the brain slices,
as well as western blot data (Fig. 4g–i). In the data we obtained,
we noticed that the body weight of aging mice decreased during
long-term DR (3 months) (Fig. 4k). These results revealed the
intimate connection between DR and AChE, and the level of
AChE decreased after long-term DR. Our research displayed
that DR had a more pronounced and long-lasting effect on
AChE compared to 24 h fasting.

4. Conclusions

In conclusion, by concentrating on the part of DR in the
regulation of AChE in the brains of aging animals, we designed
a probe BD-AChE for detecting AChE variation in living cells
and in vivo with excellent selectivity and sensitivity, particularly
in the brain. Our experimental results validated that the AChE
levels decreased in the brains of mice aging models. Notably,
the AChE levels in the brains of aging mice significantly

decreased after DR. With the assistance of BD-AChE, in vivo
visualization for the first time displayed the significant impact
of DR on AChE in the brains of aging mice, which helps to provide
a natural alternative to treating a variety of age-related neurode-
generative diseases without the use of exogenous drugs.
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