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Abstract

With the average life span of humans on the rise, aging in the world has drawn considerable attentions. The
monoamine neurotransmitters and neurotrophic factors in brain areas are involved in learning and memory
processes and are an essential part of normal synaptic neurotransmission and plasticity. In the present study, the
effect of Zhuang Jing Decoction (ZJD) on the learning and memory ability in aging rats was examined in vivo
using Morris water maze. Furthermore, the levels of monoamine neurotransmitters and neurotrophic factors in
brain were detected by high-performance liquid chromatography with a fluorescence detector and enzyme-
linked immunosorbent assay, respectively. These data showed that oral administration with ZJD at the dose of
30 g$kg-1 exerted an improved effect on learning and memory ability in aging rats. The results revealed that
ZJD could effectively adjust the monoamine neurotransmitters and neurotrophic factors, restore the balance of
the level of monoamine neurotransmitters and neurotrophic factors in brain, and finally attenuate the degen-
eration of learning and memory ability. These findings suggested that ZJD might be a potential agent as
cognitive-enhancing drug in improving learning and memory ability. It may exert through regulating the levels
of monoamine neurotransmitters and neurotrophic factors in brain, which demonstrated that ZJD had certain
antiaging effects.

Introduction

Globally, people aged over 65 will be close to
500,000,000. According to the sixth census data re-

leased in 2010,1 the number of people aged over 65 in China
is 118,831,709, accounting for 8.87%. China has entered the
aging society; therefore, research on the mechanisms of
aging and antiaging medicine has become a focus of public
medical service.2

Changes in synaptic structure and synapse loss with age
by neuroanatomical region have been thoroughly reviewed,
and the evidence is robust.3 A recent study found that age-
dependent declines in cognition and memory may best be
explained as a decline in synaptic stability.4 The monoamine
neurotransmitters in brain areas are involved in learning and
memory processes and are an essential part of normal syn-
aptic neurotransmission and plasticity. To the best of our
knowledge, the neurotransmitters namely catecholamines
(norepinephrine [NE], dopamine [DA]) and serotonin (5-
hydroxytryptamine [(5-HT]) play critical role in emotions,
sleep, arousal, and cognitive function.5,6 Neurotrophic fac-

tors are critical for neuronal differentiation, maturation, and
survival. However, as the aging, the balance of neurotrophic
factors is disturbed. Level of basic fibroblast growth factor is
upregulated, whereas the levels of neurotrophic factors are
reduced in the hippocampus, the frontal cortex, and the
parietal cortex.7 Obviously, monoamine neurotransmitters
and neurotrophic factors in brain areas play important roles
in learning and memory processes.

Nowadays, many research results have found that the
Chinese medicine compound can improve learning and
memory ability.8,9 Zhuang Jing Decoction (ZJD), a tradi-
tional Chinese medicine (TCM) formula consisting of Ta-
linum crassifolium, Gynostemma pentaphylla, Euonymus
fortunei, and Curculigo capitulata root, has been reported to
be effective in the treatment of perimenopausal women
syndrome, which demonstrated that the ZJD may have
certain effects on antiaging.10 Moreover, it has been re-
ported that some of the components had beneficial effects on
learning and memory ability.11,12 This study was designed
to investigate the effect of ZJD on learning and memory
ability, monoamine neurotransmitters, and neurotrophic
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factors in aging rats. Our data indicated that ZJD treatment
might act through regulating the levels of monoamine
neurotransmitters and neurotrophic factors in the brain,
which played a role in improving learning and memory
ability in aging rats.

Materials and Methods

Animals

Forty aging Sprague-Dawley (SD) female rats (12 months
old, weighing 300 – 20 g) and 10 young SD female rats (5
months old, weighing 260 – 20 g), specific pathogen-free
grade, were provided by Youjiang Medical College for
Nationalities of Guangxi laboratory animal center: SCXK
( ) 2012-0003. Animal cares were in keeping with the
international standards established by the National Institutes
of Health ‘‘Guide for the Care and Use of Laboratory An-
imals’’.13 All the animals were housed under conventional
conditions at a controlled temperature (23�C – 2�C), hu-
midity(55% – 10%), and maintained under a natural light/
dark cycle. Rats had free access to a standard laboratory diet
and water during this experiment.

Experimental drugs

ZJD is composed of Talinum crassifolium (30 g), Gy-
nostemma pentaphylla (25 g), Euonymus fortunei (20 g), and
Curculigo capitulata root (10 g). The herbs were decocted by
boiling in distilled water at 100�C for 30 minutes. The so-
lution was then freeze-dried under a vacuum and made into
a powder, which was stored in aliquots at -20�C. The
powder was dissolved in distilled water when administrated
to rats. Each rat received 3 mL liquid daily through the oral
gavage needle (10 cm) and injector (5 mL).

Reagents

Standard substance: noradrenaline (batch No. 100169-
201103), dopamine (batch No. 100070-201006), and serotonin
(batch No. 111656-50679) (National Institute for the Young
control of Pharmaceutical and Biological Products). Mobile
phase: acetonitrile, purified water; potassium dihydrogen
phosphate; EDTA-2Na (Wuhan Boster Bioengineering Com-
pany Limited). Enzyme-linked immunosorbent assay (ELISA)
kits: Brain derived neurotrophic factor (BDNF) (31.2 pg/mL
/2000 pg/mL) Emax immunoassay kit; Nerve growth fac-
tor (NGF) (31.2 pg/mL /2000 pg/mL) Emax immunoassay
kit (batch No. 190987822) (Wuhan Boster Bioengineering
Company Limited).

Modeling

The method of natural aging was used to select appro-
priate rats. After adapting to the new housing environment
for a week, the vaginal exfoliated cells smear method was
taken to monitored the estrous cycle of each rat (12 months
old) for 2 weeks. Rats with irregular estrous cycles and
persistent anestrus were selected as aging rats.14

Grouping and treating

Five-month-old SD female rats were chosen as the young
control group. The 12-month-old SD female rats were di-
vided into four groups in accordance with the random

number table: aging group, low-dose ZJD (low dose),
medium-dose ZJD (med dose), high-dose ZJD (high dose),
10 rats in each group. The young control group and aging
group were given saline, 10 mL$kg-1, the low-, medium-,
and high-dose ZJD groups. All the rats were administered
three doses of ZJD (7.5 g$kg-1 [low dose], 15 g$kg-1 [me-
dium dose], 30 g$kg-1 [high dose]) through oral gavage once
daily for 8 weeks.

Morris water maze test

The Morris water maze test consists of a circular pool
(diameter: 180 cm; height: 60 cm; depth of water: 32 cm)
with a featureless inner surface and a hidden escape plat-
form (diameter: 10 cm) submerged 2 cm below the surface
of the water and invisible from the surface of the water.
There were some specific graphics on the pool wall
available to the rats. The water was darkened with 50 mL
of prepared ink and maintained at 22�C – 1�C. A video
camera recorded each rat, and a tracking system (Institute
of Material Medical, Chinese Academy of Medical Sci-
ences, China) analyzed each rat’s path. The dependent
measure was swim distance (m), with less swim distance
interpreted as better performance. The animals were ac-
climatized before starting swim trails. After each trial, the
rats were moved temporarily into the heated cage until
their fur was dried. The test was given starting from day 50
to day 55. All animals received four trials per day for five
consecutive days with approximately an equal interval
between trials.15 The probe trial was performed 24 hours
after the hidden platform experiment on day 56. The
platform in the pool was removed, and rats were put into
the pool from the original point with the head toward the
pool wall. The rats swimming trajectories within 100
seconds were systematically recorded and analyzed.16 The
dependent measures for the probe trial were the percentage
of total swim distance (cm) in the target quadrant com-
pared with the opposite quadrant.

Monoamine neurotransmitters assay

After the Morris water maze test, each rat was rapidly
decapitated. The cerebral cortex was removed, and the hip-
pocampus was dissected bilaterally on ice. The tissue samples
were put into the liquid nitrogen tank, then stored at -80�C.17

PBS buffer was added at the ratio of 1:5 followed by the same
volume of 5% perchloric acid. Then, the tissue was homog-
enized in ice for 30 seconds and centrifuged at 12,000 r/min
for 15 minutes below 4�C. Finally, the supernatants were
filtered through 0.2 lm microporous membranes and used for
the analysis of monoamine neurotransmitters by using high-
performance liquid chromatography with fluorescence de-
tector (HPLC-FD).18,19 Chromatographic conditions: mobile
phase (the ratio of aqueous phase and acetonitrile is 90 to 10.
Preparation: 1 L aqueous phase containing 0.2 mol mono-
potassium phosphate, 0.1 mol EDTA $2Na, was dissolved by
ultrasound then filtered through a 0.2 lm microporous
membrane and reserved after ultrasonic degassing), the pH is
adjusted to three with phosphoric acid; the column temper-
ature was 28�C, with the flow speed 0.5 mL/min; the emission
wavelength of 338 nm, the excitation wavelength of 220 nm.
In this chromatographic condition, NE, DA, and 5-HT are
separated from the baseline.
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ELISA for neurotrophic factors

The hippocampus level of NGF and BDNF was deter-
mined through the ELISA double-antibody sandwich
method. The operation is according to the ELISA kit in-
structions. Used 96-well plates, and the absorbance wave-
length was 450 nm.

Statistics

All statistical analyses were performed using Statistic
Package for Social Science (SPSS) 17.0 software. The dif-
ferences of Morris water maze test in escape latency were
analyzed by repeated measures analysis of variance (AN-
OVA) followed by the least significant difference (LSD)
post hoc test. Other data were analyzed by the one-way
ANOVA followed by LSD post hoc test, or the nonpara-
metric test where appropriate. A value of p < 0.05 was
considered as statistically significant.

Results

ZJD improved the learning and memory ability

The space exploration experiment was performed to
evaluate the effect of ZJD on SD aging rats. As depicted in
Figure 1, the rats in the aging group had a poor performance
on finding the platform when compared with the young
control group ( p < 0.01). However, the treatment of the
high-dose group significantly improved spatial learning and

memory ability. The swim distance of rats treated with high-
dose ZJD was significantly shorter ( p < 0.01). What’s more,
the high-dose group explored longer distance in the target
quadrant ( p < 0.01) in the probe trial, which indicated that
these rats remembered the location of the hidden platform
and found it purposively. The result suggested that ZJD
could improve the spatial learning and memory ability in
aging rats.

ZJD regulated the level of monoamine
neurotransmitters in hippocampus and cerebral cortex

As shown in Figure 2, a prominent decrease of the mono-
amine neurotransmitter level in the hippocampus and cerebral
cortex was observed in the aging group when compared with
the young control group ( p < 0.01). However, this decrease in
the monoamine neurotransmitter level was markedly attenu-
ated by ZJD treatment ( p < 0.01), namely, ZJD could adjust
the expression level of monoamine neurotransmitters in the
brain in aging rats.

ZJD enhanced the expression level of neurotrophic
factors in hippocampus

Emerging evidence indicated that neurotrophic factors
could contribute to the reduction on the risk of the pro-
gression of cognitive impairment in neurotrophic systems,
affecting neuronal survival and function and improving
synaptic plasticity and long-term memory.20 As shown in

FIG. 1. Use Morris water maze test to evaluate the effect of Zhuang Jing Decoction (ZJD) on learning and memory ability in
aging rats. (A) Swim distance in water maze during the platform trial. (B) Swim distance in the target quadrant versus the opposite
quadrant during the probe trial. (C) Representative tracings of the animal’s path during the retention test. These dates revealed that
ZJD improved the learning and memory ability in aging rats. Data are shown as the mean – SE. ##p < 0.01 versus the young control
group. *p < 0.05 and **p < 0.01 versus the aging group. Color images available online at www.liebertpub.com/rej
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FIG. 2. Use high-performance liquid chromatography with fluorescence detector to detect the effect of ZJD on levels of
monoamine neurotransmitters in the hippocampus and cerebral cortex in aging rats. (A) Scheme of experimental design. (B)
The level of norepinephrine (NE), dopamine (DA), and 5-hydroxytryptamine (5-HT) in the hippocampus; the level of NE,
DA, and 5-HT in the cerebral cortex. These dates revealed that ZJD improved the levels of monoamine neurotransmitters of
brain in aging rats. Data are shown as the mean – SE. #p < 0.05 and ##p < 0.01 versus the young control group. **p < 0.01
versus the aging group.

FIG. 3. Use enzyme-linked immunosorbent assay to determine the effect of ZJD on levels of neurotrophic factors in
the hippocampus in aging rats. (A) The levels of BDNF and NGF in hippocampus. These dates revealed that ZJD enhanced
the levels of neurotrophic factors of brain in aging rats. Data are shown as the mean – SE. ##p < 0.01 versus the young
control group. *p < 0.05 versus the aging group. BDNF, brain derived neurotrophic factor; NGF, nerve growth factor.
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Figure 3, we observed that the expression level of neuro-
trophic factors in the hippocampus tissue had a significant
decrease in the aging group compared with the young con-
trol group ( p < 0.01). After being treated with ZJD, the
content of neurotrophic factors was increased significantly
( p < 0.05). These findings indicated that ZJD could improve
the expression level of neurotrophic factors in the hippo-
campus in aging rats.

Discussion

Aging initiates under the condition of normal biological
maturity, with the increase of age, gradual decline of ca-
pacity of body systems, falling of the internal environmental
stability and the ability of stress reaction, and structural
constituent progressively degenerative changes. It is an ir-
reversible trend and finally results as death.21 In TCM, the
theory ‘‘the kidney nourishes marrow and brain is the sea of
marrow,’’ which was recorded in the ancient book of The
Medical Classic of the Yellow Emperor (Huang Di Nei
Jing), has been instructing traditional Chinese medical
practitioners in preventing and treating dementia in aged
people for thousands of years.22

In this study, the Morris water maze test, which is widely
used to evaluate the spatial learning and memory ability of
animals, was used to explore the antiaging effects of ZJD on
learning and memory ability in aging rats.23,24 The MWM
result revealed that the high-dose ZJD obviously improved
the learning and memory ability in aging rats.

Learning and memory ability is one of the advanced
neural functions of the central nervous system and is closely
associated with monoamine neurotransmitters.25,26 Mono-
amine neurotransmitters are the endogenous chemicals,
which are released at the end of a nerve fiber by the arrival
of a nerve impulse, by diffusing across the synapse or
junction, and effect the transfer of nerve impulse to another
nerve fiber. 5-HT, DA, and NE were important monoamine
neurotransmitters in the central nervous system and were
closely related to neural functions and aging.27 More spe-
cifically, 5-HT excites the functions of learning and mem-
ory28,29 and can trigger facilitation, and DA has an
excitatory effect on overall behavior and participates in the
reappearance of memory trace. NE regulates excitation of
the cerebral cortex and influences awakening, sensation,
emotions, and advanced cognitive functions; increased ex-
citability of NE improves learning and memory.30

It was reported that the initial decline of memory function
with age is due to changes in synaptic function rather than a
loss of neurons.31 Synapse loss in the hippocampal region
significantly correlates with the severity of their cognitive
symptoms.32 As one of the widely distributed neurotrophic
factors in the brain, BDNF involved in neuronal growth,
maintenance, and in different aspects of activity-dependent
synaptic physiology by acting in neuronal plasticity and
mediating long-term potentiation and memory fixation.33

Recent studies have shown that decreased levels of BDNF
correlate with the severity of cognitive impairment, sug-
gesting that reduced BDNF availability may be an early
cofactor involved in aging.34 NGF is a potential mainte-
nance factor for cholinergic neuron function. It not only may
increase the sprouting of cholinergic neurons but also may
rescue the cholinergic neuron from lesion-induced atrophy

to enhance the neuronal survival.35,36 Spatial memory im-
pairments in aging rats were reversed by NGF and neuro-
trophins 3 and 4/5, but not by BDNF, which indicated that
NGF might play a critical role in the cognition function.37

Our finding demonstrated that ZJD may increase the levels
of monoamine neurotransmitters and neurotrophic factors in
brain in aging rats, and the effects were related to the con-
centration of ZJD.

In conclusion, our preliminary observation indicated that
chronic administration with ZJD significantly improved
learning and memory ability in aging rats. ZJD treatment
increased monoamine neurotransmitter levels in the brain
and enhanced the expression of neurotrophic factors in the
hippocampus of the aging rats. Therefore, ZJD may have
potential as a cognitive-enhancing drug for antiaging.
However, further investigation to confirm our findings and
to explore possible mechanisms of action is warranted.
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