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Objective  To investigate  the underlying mechanism of  the compound Bugansan Decoction
(补肝散 ,  BGSD)  in  intervening  learning  and  memory  in  D-galactose  (D-gal)-induced  aging
rats.
Methods  A  total  of  40  rats  were  randomly  assigned  to  four  groups:  control,  model,  BGSD
[14.06  g/(kg·d)],  and  piracetam  [0.4  g/(kg·d)]  groups,  with  10  rats  in  each  group.  D-gal
[400 mg/(kg·d)] was injected intraperitoneally to establish the aging rat model. The rats' body
weight, water intake, food intake, and gripping strength were recorded each week. The eight-
arm maze and step-down test were used to measure the rats' capacity for learning and memo-
ry.  Liver,  thymus, spleen, and brain tissues were weighed to calculate the corresponding or-
gan indices; serum malondialdehyde (MDA) content and superoxide dismutase (SOD) activi-
ty were measured. Hematoxylin and eosin (HE) staining was adopted to observe the patholog-
ical changes of the hippocampus; enzyme-linked immunosorbent assay (ELISA) was used to
detect  the  levels  of  tumor  necrosis  factor  (TNF)-α,  interleukin  (IL)-6,  and  IL-1β in  the  hip-
pocampus.  Real-time quantitative  polymerase chain reaction (RT-qPCR) was used to  detect
the  expression  of  receptors  for  advanced  glycation  end  products  (RAGE),  nuclear  factor-κB
(NF-κB),  TNF-α,  IL-6,  and  IL-1β mRNA  in  the  hippocampus.  Western  blot  (WB)  was  em-
ployed to detect the expression levels of advanced glycation end products (AGEs), RAGE, and
NF-κB protein in the hippocampus.
Results  In D-gal-induced aging rats, BGSD significantly increased food intake, water intake,
body  weight,  gripping  strength,  and  organ  indices  (P <  0.05),  and  significantly  decreased
working memory error (WME), reference memory error (RME), and total memory errors (TE)
in an eight-arm maze (P < 0.05). In the step-down test, step-down latency was prolonged and
the frequency of errors dropped (P < 0.05). Additionally, BGSD could lessen the harm done to
hippocampus  neurons,  increase  serum  SOD  activity,  lower  MDA  levels,  and  down-regulate
the  expression  levels  of  the  pro-inflammatory  molecules  TNF-α,  IL-6,  and  IL-1β (P <  0.05).
Further  findings  showed  that  BGSD  significantly  decreased  hippocampal  AGEs,  RAGE,  and
NF-κB expression (P < 0.05).
Conclusion  By blocking the AGEs/RAGE/NF-κB signaling pathway,  BGSD may regulate the
neuroinflammatory  damage  in  D-gal-induced  aging  rats,  and  thus  improve  learning  and
memory.
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 1 Introduction

Aging is  a  normal  and natural  physiological  process  that
is  inevitably  accompanied  by  tissue  and  organ  break-
down  and  dysfunction,  as  well  as  several  serious  disor-
ders [1, 2].  Global  aging  is  on  the  rise,  and  China  has  al-
ready begun to enter an aging society [3]. Age-related neu-
rodegenerative  symptoms,  such  as  memory  loss  and
learning impairment, have progressively appeared in the
body  and  have  placed  an  enormous  burden  on  family
and society. Although the molecular mechanism of aging
remains  mysterious  and  complicated,  inflammatory  re-
sponse, oxidative stress, autophagy, mitochondrial injury,
and dysfunction of telomerase are related to aging or ag-
ing-related diseases [4]. In previous studies, a positive cor-
relation has  also been confirmed between aging and the
progressive  increase  in  inflammatory  cytokines [5, 6].  A
long-term inflammatory reaction is related to the decline
of learning and memory in particular [5, 7].  Long-term ad-
ministration of D-galactose (D-gal) could impair learning
and  memory,  as  well  as  motor  skills  in  animals  and  the
symptoms  are  similar  to  aging [8, 9].  Moreover,  D-gal-in-
duced  aging  in  rats  has  been  widely  used  to  investigate
the  mechanisms  of  aging  and  observe  potential  anti-ag-
ing agents [8].

As  an  important  part  of  complementary  and  alterna-
tive  therapies,  traditional  Chinese  medicine  (TCM)  has
distinctive  perspectives  on  aging. Miraculous  Pivot  · In
Natural Life Span (Ling Shu · Tian Nian,《灵枢·天年》)
says: “at  the age of  50,  the liver  Qi  begins  to  decline and
the liver lobes begin to thin, the bile begins to disappear,
and  the  eyes  begin  to  be  unclear”.  Therefore,  deficiency
of  liver  Qi  is  the  initial  factor  of  aging.  Bugansan  Decoc-
tion (BGSD) is a TCM preparation from Standards for Di-
agnosis and Treatment (Zheng Zhi Zhun Sheng,《证治准

绳》)  created  by  HUA  Boren  in  Ming  Dynasty  and  is  a
representative prescription with the function of tonifying
liver Qi. Besides, the main components of BGSD have po-
tential therapeutic effects on aging and aging-related dis-
eases. For example, Huangqi (Astragali Radix) and its ac-
tive  ingredients  showed  anti-aging  effects [10].  Similarly,
Shanzhuyu (Corni Fructus), Danggui (Angelicae Sinensis
Radix),  and  their  extracts  provide  neuroprotection  and
anti-neuroinflammatory  activity,  improve  memory,  and
prevent aging [11-13]. Based on this, our research group has
previously  attempted  to  explore  the  effect  of  BGSD  on
learning  and  memory  impairment  in  aging  rats  and  re-
vealed  its  beneficial  effects [14],  but  the  potential  mecha-
nism remains unclear.

Neuroinflammation  is  one  of  the  critical  factors  that
could speed up the aging process [7].  Increasing evidence
also supports that the binding of advanced glycation end
products  (AGEs)  to  receptors  of  AGEs  (RAGE)  contri-
butes  to  the  occurrence  of  neurodegenerative  disorders

by  promoting  nuclear  factor-κB  (NF-κB) [15, 16].  AGEs/
RAGE/NF-κB  signaling  pathway  is  essential  for  neuroin-
flammation [17] and the modulation of learning and mem-
ory [18]. However, it is unknown whether the neuroinflam-
mation caused by AGEs/RAGE/NF-κB is connected to the
intervention  of  BGSD  on  learning  and  memory  impair-
ment  in  aging rats.  Therefore,  this  study aimed to  ascer-
tain  whether  BGSD  has  a  protective  effect  against  learn-
ing  and  memory  decline  in  aged  rats  and  to  analyze  its
molecular  mechanism  from  the  viewpoint  of  the  AGEs/
RAGE/NF-κB signaling pathway. Our research would pro-
vide  experimental  evidence  for  the  further  clinical  prac-
tice of BGSD.

 2 Materials and methods

 2.1 Animals

Forty  male  Sprague-Dawley  (SD)  rats  (6  -  8  weeks,  body
weight: 160 - 200 g) in specific-pathogen-free (SPF) grade
were purchased from Beijing Vital  River  Laboratory  Ani-
mal  Technology  Co.,  Ltd.  (SCXK  [Jing]  2016-0006).  The
rats were housed in a room with standard laboratory con-
ditions  (temperature,  20  -  25  °C;  humidity,  30%  -  40%;  a
12  h  light/dark  cycle)  and  allowed  access  to  water  and
food ad libitum. All  the experimental  protocols  were ap-
proved  by  the  Ethics  Committee  of  Hebei  University  of
Chinese Medicine (DWLL2018040).

 2.2 Preparation of BGSD

BGSD  consists  of  Huangqi  (Astragali  Radix)  15  g,  Shan-
zhuyu  (Corni  Fructus)  15  g,  Mugua  (Chaenomelis  Fruc-
tus)  15  g,  Danggui  (Angelicae  Sinensis  Radix)  15  g,
Wuweizi  (Schisandrae  Chinensis  Fructus)  15  g,  Shanyao
(Dioscoreae  Rhizoma)  15  g,  Chuanxiong  (Chuanxiong
Rhizoma) 15 g, Baizhu (Atractylodis Macrocephalae Rhi-
zoma)  3  g,  Shudihuang  (Rehmanniae  Radix  Praeparata)
3  g,  Suanzaoren  (Ziziphi  Spinosae  Semen)  12  g,  and
Duhuo  (Angelicae  Pubescentis  Radix)  12  g.  All  Chinese
herbs  were  obtained  from  Beijing  Tongrentang  Health
Pharmaceutical Co., Ltd. (Shijiazhuang, China), and were
prepared  following  the  standardized  procedure  as  de-
scribed,  that  is,  the  Chinese  herbal  decoction  pieces  are
soaked  in  deionized  water  for  half  an  hour,  decocted
twice, mixed, and concentrated [19]. According to the stan-
dard weight of adults (60 kg), the dose for rats was calcu-
lated in line with the formula: total weight of BGSD (135 g)/
adult  weight  (60  kg)  ×  conversion coefficient  (6.25).  A  fi-
nal dosage of 14.06 g/kg was selected for rats.

 2.3 Models and drug administration

A D-gal-induced aging rat model was established to eval-
uate  the  effects  of  BGSD  on  learning  and  memory  in
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aging  rats [20].  After  one  week  of  adaption,  the  rats  were
allocated  to  four  groups:  control,  model,  BGSD,  and
piracetam groups (n = 10 in each group). Piracetam group
was the positive control  group. Rats in the control  group
were  intraperitoneally  injected  with  normal  saline
[10  mL/(kg·d)],  while  the  rats  in  other  groups  were  in-
traperitoneally  injected  with  D-gal  [400  mg/(kg·d),  dis-
solved  in  normal  saline,  10  mL/kg;  Sigma-Aldrich,  USA]
for  eight  weeks  to  induce  aging.  Meanwhile,  each  group
was  given  corresponding  drug  intervention  after  model-
ing,  the rats in the BGSD and piracetam groups received
gavage  of  BGSD  [14.06  g/(kg·d)]  and  piracetam
[0.4  g/(kg·d),  dissolved  in  normal  saline,  10  mL/kg;
Huazhong  Pharmaceutical  Co.,  Ltd.,  China]  for  eight
weeks,  respectively,  while  the  rats  in  control  and
model  groups  received  the  same  volume  of  saline
[10 mL/(kg·d)].

 2.4 Observation of the general conditions of the rats

General  conditions  of  the  rats,  including  body  weight,
food,  and  water  intake,  were  observed  and  recorded  on
days 0, 7,  14, 21, 28, 35, 42, 49, and 56 during the experi-
ment.  Food  and  water  intake  were  calculated  based  on
the  formulas:  food  intake  =  the  previous  day’s  fixed
amount  −  remaining  food;  water  intake  =  the  previous
day’s fixed amount − remaining water.

 2.5 Gripping strength test

Place the rat on the grip board, gently grip the back 1/3 of
the  rat's  tail  with  right  hand,  and  slowly  and  evenly  pull
back  until  the  rat  releases  its  claws  from  the  grip  board.
The  gripping  strength  of  rats  of  each  group  was  mea-
sured  three  times  per  week,  with  the  mean  value  as  the
rat's gripping strength.

 2.6 Eight-arm maze

The eight-arm maze task was performed following previ-
ous research [21, 22]. All rats were fasted 24 h before the test.
The  experiment  lasted  for  5  d  and  the  initial  two  days
were  the  adaptation  phase,  during  which  a  food  pellet
was  placed  at  the  end  of  each  arm.  Next,  the  rats  were
placed in the center of the maze, and permitted to travel
around to familiarize themselves with the maze for 5 min.
Subsequently,  in  the  remaining  two  days,  a  food  pellet
was placed on the four arms (1, 2, 4, and 6), and the rats
were trained to enter the baited arms only one time. Rats
were assessed on the last day, and the above procedures
were repeated. Entering the baited arms only for the first
time  was  considered  as  a  correct  choice,  whereas  re-en-
trance  into  a  baited  arm  that  had  already  been  visited
during  the  test  was  referred  to  as  a  working  memory  er-
ror (WME). Entrance into unbaited arms was recorded as

a reference memory error (RME). The summary of WWE
and  RME  was  expressed  as  the  number  of  total  errors
(TE).

 2.7 Step-down test

The  step-down  test  was  applied  to  assess  learning  and
memory [23]. The rats were adapted to the environment for
5 min, then placed on the grid and subjected to electrical
stimulation  (36  V  and  3  mA).  The  rats  immediately
jumped on the insulated platform to avoid electric shock,
with the training lasting for 5 min. On the second day, the
rats were placed on the platform and the grid was electri-
fied for 5 min, and the number of errors in which the rats
were subjected to electric shock within 5 min was record-
ed.  Additionally,  the  step-down  latency  (the  time  from
the insulated platform onto the grid for the first time) was
also recorded.

 2.8 Sample collection and preparation

Seven  rats  in  each  group  were  randomly  selected  and
were  injected  with  2%  pentobarbital  sodium  (4  mg/
100 g). Subsequently, blood samples were obtained from
the femoral artery. Serum samples were obtained by cen-
trifugation (3 500 rpm,  10  min)  in  sterile  EP  tubes  and
stored at  −  80  °C for  measurement  of  superoxide dismu-
tase (SOD) and malondialdehyde (MDA) levels. Next, the
rats  were decapitated and the brains  were dissected and
weighed. The hippocampus was dissected on ice, divided
into  three  parts,  and  stored  in  three  sterile  EP  tubes  at
− 80 °C for enzyme-linked immunosorbent assay (ELISA),
real-time  quantitative  polymerase  chain  reaction  (RT-
qPCR) and Western blot (WB), respectively. Liver, spleen,
and  thymus  tissues  were  removed  from  the  rats  and
weighed for organ index calculation. The remaining three
rats  underwent  left  ventricular-aortic  perfusion  and
pathological  observation of  hippocampal tissue was per-
formed.  The  procedure  was  as  follows:  perfused  with
0.9%  saline  and  then  fixed  with  4%  paraformaldehyde
(PFA). The brains were isolated and post-fixed in 4% PFA
(4 °C for 24 h).

 2.9 Measurement of organ index

The  final  body  weight,  brain,  liver,  spleen,  and  thymus
were  weighed,  and  the  organ  indices  were  calculated
based on the formula:  organ index = organ weight (mg)/
the final body weight (g).

 2.10 Hematoxylin and eosin (HE) staining

The brain tissue was dehydrated with different gradients
of  ethanol,  cleared  with  xylene,  embedded  in  paraffin,
and  sliced  into  4  μm  thickness  sections.  Subsequently,

LI Wei, et al. / Digital Chinese Medicine 6 (2023) 317-327 Mechanism of BGSD to ameliorate learning and memory impairment in aging rats    319



the  sections  were  dewaxed  in  xylene,  hydrated  with
ethanol  of  different  gradients,  stained  with  hematoxylin,
differentiated with acid-alcohol solution (a mixture of 1%
hydrochloric  acid  in  70%  ethanol),  stained  with  eosin,
and dehydrated for HE staining. Finally, the histopatholo-
gy  was  observed  under  a  light  microscope  (BX53,  Olym-
pus, Japan).

 2.11 Measurement of SOD and MDA

The activity of SOD and the level of MDA in serum of the
rats  were  determined  following  the manufacturer’s in-
structions. The SOD activity was measured using the xan-
thine  oxidase  method  with  an  absorbance  at  450  nm
wavelengths  after  incubation  for  20  min  at  37  °C.  The
MDA levels were assayed by the thiobarbituric acid (TBA)
method  and  the  absorbance  was  detected  at  532  nm
wavelength.

 2.12 ELISA

The expression levels of Interleukin (IL)-6, IL-1β,  and tu-
mor necrosis factor (TNF)-α (Thermo Fisher, USA) in the
homogenized hippocampus of rats were detected follow-
ing the instructions of the assay kits.

 2.13 RT-qPCR

The hippocampus was homogenized and the total mRNA
was extracted using a  total  RNA extraction kit  (Promega,
USA). RNA was reverse transcribed into first-strand com-
plementary  DNA  (cDNA)  using  the  GoScript  Reverse
Transcription System (Promega,  USA) based on the pro-
tocols of  annealing at  25 °C for 5 min, extension at  42 °C
for 60 min, and inactivation at 70 °C for 15 min. RT-qPCR
amplification  was  performed  using  the  GoTaq®  qPCR
Master Mix (Promega, USA) in the following protocol: pre-
denaturation at 95 °C for 10 min followed by 40 cyclic reac-
tions (denaturation: 15 s at 95 °C, annealing: 60 s at 60 °C).
The mRNA levels of RAGE, NF-κB, IL-1β, IL-6, and TNF-α
were normalized to GAPDH. The RT-qPCR data were an-
alyzed  by  the  comparative  threshold  cycle  (Ct)  method,
and  calculated  as  RQ  =  2-ΔΔCt.  The  primer  sequences  are
listed in Table 1.

 2.14 WB

The hippocampal tissues were homogenized in Radio Im-
munoprecipitation Assay (RIPA) lysis buffer [24]. After cen-
trifugation  at 8 000 rpm  at  4  °C  for  10  min,  the  super-
natant of the homogenate was collected. The protein con-
centration  was  determined  by  the  bicinchoninic  acid
(BCA)  method  (Solarbio,  China).  An  equal  amount  of
protein  (50  μg)  was  separated  on  a  sodium  dodecyl  sul-
fate-polyacrylamide gel  electrophoresis (SDS-PAGE, 10%
gel).  The  proteins  were  transferred  to  a  polyvinylidene
fluoride  membrane  for  30  min  with 250  mA.  The  mem-
brane  was  blocked  with  5%  nonfat  milk  for  1  h  at  room
temperature.  Subsequently,  the  membranes  were  incu-
bated  with  the  following  primary  antibodies  (1  :  1  000,
Abcam, UK) against  AGEs ,  RAGE, NF-κB, and β-actin at
4 °C overnight. The membranes were washed thrice with
Tris Buffered Saline with Tween (TBST, 10 min each), and
incubated  with  horseradish  peroxidase  (HRP)-labeled
goat anti-rabbit IgG antibody (1 : 10 000, Servicebio Tech-
nology Co.,  Ltd.,  China) for  1 h.  The staining was visual-
ized  using  the  ECL  WB  Detection  Kit  (Vazyme,  China).
The grey intensity was detected by the Image-Pro Plus 6.0
software (IBM, USA).

 2.15 Statistical analysis

Statistical  analyses  were  performed  using  the  SPSS  23.0
statistical  software.  One-way  analysis  of  variance  (ANO-
VA)  was  used  to  assess  group  differences  for  homoge-
neous and normally distributed data, followed by the Stu-
dent-Newman-Keuls  (SNK)  test  for  pairwise  compar-
isons. The results are presented as mean ± standard devi-
ation  (SD).  Otherwise,  the  data  were  analyzed  using  the
Kruskal-Wallis  test. P <  0.05  was  considered  statistically
significant.

 3 Results

 3.1 Effects of BGSD on body weight, food, and water in-
take in D-gal-induced aging rats

No significant differences were observed in body weight,
food,  and  water  intake  among  rats  in  different  groups  at

Table 1   Primer sequences used for RT-qPCR

Gene symbol Forward primer Reverse primer

RAGE 5'-AGAAACCGGTGATGAAGGACA-3' 5'-GGTTGTCGTTTTCGCCACAG-3'

NF-κB 5'-TGAGTCCCGCCCCTTCTAAA-3' 5'-CCTGGATCACTTCAATGGCCT-3'

IL-6 5'-AGCGATGATGCACTGTCAGA-3' 5'-GGAACTCCAGAAGACCAGAGC-3'

IL-1β 5'-GACTTCACCATGGAACCCGT-3' 5'-GGAGACTGCCCATTCTCGAC-3'

TNF-α 5'-CATCCGTTCTCTACCCAGCC-3' 5'-AATTCTGAGCCCGGAGTTGG-3'

GAPDH 5'-AGGAAATGATGACCTCCTGAACT-3' 5'-TGTTTTTGTAAGTATCTTGGTGCCT-3'
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the beginning of the experiment (P > 0.05). On the day 21

of  modeling,  the  body  weight  of  rats  was  significantly

decreased in the model group compared with that in the

control  group  (P <  0.05).  On  the day  28  of  modeling,  the

body  weight  of  rats  in  the  BGSD  group  was  significantly

increased  compared  with  that  in  the  model  group

(P <  0.05, Figure  1A).  And  the  food  intake  in  the  model

group  was  significantly  lower  than  that  in  the  control

group (P < 0.05). On the day 35 of modeling, the food in-

take  of  rats  in  the  BGSD  group  was  significantly  higher

than that in the model group (P < 0.05, Figure 1B). On the

day 42 of modeling, the water intake in model group was

remarkably  reduced  compared  to  that  in  the  control

group (P < 0.05). On the day 49 of modeling, BGSD treat-

ment significantly reversed the decline in water intake in

aging rats (P < 0.05, Figure 1C).
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Figure  1    Body  weight,  food,  and  water  intake  in  aging
rats
A, body weight. B, food intake. C, water intake. ●: control group.
■: model group. ▲: BGSD group. ▼: piracetam group. *P < 0.05,
compared with the control group. #P < 0.05, compared with the
model group.

 3.2 Effects  of  BGSD  on  gripping  strength  in  D-gal-in-
duced aging rats

The  gripping  strength  of  rats  was  illustrated  in Figure  2.
Rats  in  the  model  group  appeared  significantly  de-
creased gripping strength on the day 35 of modeling com-
pared with the control group at the same time point (P <
0.05).  Rats  in  the  BGSD  group  appeared  significantly  in-
creased gripping strength on the day 42 of modeling com-
pared with the same time point  in the model  group (P <
0.05).

 3.3 Effects  of  BGSD  on  learning  and  memory  impair-
ment in D-gal-induced aging rats

The  eight-arm  maze  task  and  step-down  test  were  con-
ducted to assess the learning and memory of the rats. The
results  of  the  eight-arm  maze  task  indicated  that  rats  in
the  model  group  showed  a  significant  increase  in  WME,
RME,  and  TE  compared  with  those  in  the  control  group
(P <  0.05, Figure  3A - 3C).  However,  rats  in  the  BGSD
group  showed  a  significant  decrease  in  WME,  RME,  and
TE compared with those in the model group (P < 0.05). In
the step-down test, the number of errors was significant-
ly  increased  (P <  0.05),  and  the  step-down  latency  was
significantly  shortened  in  the  model  group  compared
with  the  control  group  (P <  0.05).  By  contrast,  the  num-
ber  of  errors  in  the  BGSD  group  was  significantly  de-
creased  (P <  0.05),  and  the  step-down  latency  in  the
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Figure 2   Gripping strength in aging rats
●:  control  group. ■:  model  group. ▲:  BGSD  group. ▼:  pirac-
etam  group. *P <  0.05,  compared  with  the  control  group. #P <
0.05, compared with the model group.
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Figure  3    Learning  and  memory  performance  in  the
eight-arm maze task and step-down test
A,  number  of  WME.  B,  number  of  RME.  C,  number  of  TE.  D,
number  of  errors.  E,  step-down  latency. *P < 0.05,  compared
with  the  control  group. #P <  0.05,  compared  with  the  model
group.
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BGSD  group  was  significantly  prolonged  compared  with
that  in  the  model  group  (P <  0.05, Figure  3D and 3E).
These results demonstrated that BGSD markedly amelio-
rated  the  impairment  of  learning  and  memory  in  aging
rats.

 3.4 Effects  of  BGSD on the brain,  liver,  spleen,  and thy-
mus indexes in D-gal-induced aging rats

The results showed that the indices of brain, liver, spleen,
and  thymus  in  the  model  group  were  significantly  de-
creased  compared  with  those  in  the  control  group  (P <
0.05, Figure 4). In contrast, the organ indices were signifi-
cantly ameliorated by BGSD treatment (P < 0.05).
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Figure 4   Indices of brain, liver, spleen, and thymus of rats
A, brain index. B, liver index. C, spleen index. D, thymus index.
*P < 0.05, compared with the control group. #P < 0.05, compared
with the model group.
 

 3.5 Effects  of  BGSD on  pathological  changes  in  the  hip-
pocampus of D-gal-induced aging rats

HE  staining  was  used  to  determine  the  pathological
changes  in  hippocampal  tissues  (Figure  5).  The  number
of hippocampus neurons was remarkably decreased,  the

arrangement  was  disordered,  and  the  cell  morphology
was  irregular  in  the  model  group.  These  pathological
changes  suggest  that  the  hippocampus  of  the  aging  rats
displayed  noticeable  degeneration.  By  contrast,  BGSD
treatment markedly alleviated the pathological changes.

 3.6 Effects of BGSD on the SOD activity and MDA level
in serum of D-gal-induced aging rats

Compared with the control group, the SOD activity in the
model group was significantly decreased, while the MDA
level was significantly increased in the model group (P <
0.05, Figure 6). By contrast, BGSD treatment significantly
increased the activity of SOD but inhibited the formation
of MDA compared with the model group (P < 0.05). These
data suggested that BGSD could alleviate oxidative dam-
age in aging rats.
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Figure 6   The SOD activity and MDA level in serum of rats
A,  SOD.  B,  MDA. *P <  0.05,  compared  with  the  control  group.
#P < 0.05, compared with the model group.
 

 3.7 Effects  of  BGSD  on  the  levels  of  IL-6,  IL-1β,  and
TNF-α in the hippocampus of D-gal-induced aging rats

To  verify  the  changes  of  inflammation  in  hippocampal
tissues of aging rats, the proinflammatory cytokines IL-6,
IL-1β,  and  TNF-α were  detected  by  ELISA.  Rats  in  the
model  group  showed  significantly  higher  levels  of  IL-6,
IL-1β,  and  TNF-α in  the  hippocampus  than  those  in  the
control  group  (P <  0.05, Figure  7).  However,  BGSD
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Figure 5    Pathological changes in the hippocampus CA1
region
A, control group. B, model group. C, BGSD group. D, piracetam
group.
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Figure 7   The levels of pro-inflammatory cytokines in the
hippocampus of rats
A, IL-6. B, IL-1β. C, TNF-α. *P < 0.05, compared with the control
group. #P < 0.05, compared with the model group.
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treatment  significantly  lowered  IL-6,  IL-1β,  and  TNF-α
levels  in  the  hippocampus  compared  with  the  model
group  (P <  0.05).  These  results  indicated  that  BGSD
down-regulated  the  expression  of  proinflammatory  fac-
tors.

 3.8 Effects  of  BGSD  on  the  mRNA  expression  levels  of
RAGE, NF-κB, IL-6, IL-1β, and TNF-α in the hippocam-
pus of D-gal-induced aging rats

Compared  with  the  control  group,  a  significant  increase
was  found  in  the  mRNA  expression  levels  of  RAGE,  NF-
κB,  IL-6,  IL-1β,  and  TNF-α in  the  hippocampus  in  the
model group (P < 0.05, Figure 8).  By contrast,  the mRNA
expression levels of RAGE, NF-κB, IL-6, IL-1β, and TNF-α
in the BGSD group were significantly lower than those in
the model group (P < 0.05).
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Figure 8    mRNA expression levels of RAGE, NF-κB, IL-6,
IL-1β, and TNF-α in the hippocampus
A - E, the mRNA expression levels of RAGE, NF-κB, IL-6, IL-1β,
and  TNF-α in  four  groups,  respectively. *P <  0.05,  compared
with  the  control  group. #P <  0.05,  compared  with  the  model
group.

 3.9 Effects  of  BGSD  on  the  protein  expression  levels  of
AGEs, RAGE, and NF-κB in the hippocampus of D-gal-
induced aging rats

Rats  in  the  model  group  showed  higher  protein  expres-
sion levels of hippocampal AGEs, RAGE, and NF-κB com-
pared  with  the  control  group  (P <  0.05).  By  contrast,
BGSD treatment down-regulated the expression levels of
NF-κB,  AGEs,  and  RAGE  in  the  hippocampus  compared
with the model group (P < 0.05, Figure 9).

 4 Discussion

The body system gradually presents a series of degenera-
tive  changes  during  the  aging  process,  especially  the
structural  and  functional  changes  in  the  brain,  resulting
in  progressive  impairment  of  learning  and  memory [25].
Therefore, it has become a major public issue and an im-
portant  challenge  to  find  effective  methods  to  improve
aging-related  learning  and  memory  impairment.  In  this
study, we found that BGSD improved the behavioral per-
formance in the eight-arm maze task and step-down test,
and reversed the pathological  changes in the hippocam-
pus.  Mechanistically,  BGSD  possibly  exerted  the  func-
tions  by  reducing  inflammatory  reactions  and  inhibiting
the  expression  of  AGEs,  RAGE,  and  NF-κB  in  the  hip-
pocampus.

As a reducing sugar,  D-gal  is  commonly found in the
body and can be metabolized and absorbed by the body
under  normal  physiological  conditions [26].  However,
long-term  administration  of  D-gal  produces  D-galacto-
hexodialdose and hydrogen peroxide under the action of
galactose  oxidase  and  galactitol  by  aldose  reductase,
causing the imbalance of reactive oxidative stress and ac-
tivity  of  antioxidant  enzyme,  especially  MDA  level [27].
Thus, the D-gal-induced aging model can mimic the nat-
ural  aging  process [4, 8].  MDA  content  and  SOD  activity
serve  as  common  biological  markers  and  cornerstones
for assessing aging models [28], given the fact that they can
indicate  the  extent  of  oxidative  damage  to  cells  and  the
body's  potential  for  antioxidant  defense.  We  also  found
that chronic administration of D-gal promoted MDA lev-
el, but reduced SOD activity, which is consistent with pre-
vious  literature [27].  In  addition,  aging is  accompanied by
atrophy  of  various  organs,  and  the  organ  index  also  de-
creases  accordingly.  In  this  study,  we  detected  organ  in-
dices.  First,  the  decline  of  the  brain  index  might  be
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Figure  9    Protein  expression  levels  of  AGEs,  RAGE,  and
NF-κB in the hippocampus
A, expressions of AGEs, RAGE, and NF-κB by WB analysis. B - D,
quantitative evaluation of AGEs, RAGE, and NF-κB, respectively.
*P < 0.05, compared with the control group. #P < 0.05, compared
with the model group.
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related to impairment of learning ability. Second, the de-
cline of other organ indices would support the successful
establishment of  our model.  According to the aforemen-
tioned  findings,  the  aging  model  had  been  successfully
established.

Chinese  medicine  is  efficient  in  treating  various  dis-
eases  with  low  adverse  effects.  Based  on Inner  Canon of
Huangdi (Huang Di Nei Jing,《黄帝内经》), five viscera
are important to sustain the normal function of the body
and  abnormality  in  the  five  viscera  contribute  to  aging.
Plain Questions ·  Treatise  on the Six Periods and Visceral
Manifestation (Suwen  · Liujie  Zangxiang  Lun,《素问  ·
六节藏象论》)  stated: “the liver reflects its brilliance in
the  nails  and  fullness  in  the  tendons  to  produce  blood
and Qi”. The combination of general biological character-
ization  and  reduced  gripping  strength  partially  confirms
the  existence  of  liver  Qi  deficiency  in  aging  rats.  BGSD
acts  as  a  representative  prescription  of  supplementing
liver  Qi.  Tonifying  liver  Qi  can  delay  aging [14].  In  the
present  study,  the  rats  receiving  D-gal  were  character-
ized by reduced body weight,  food and water intake,  de-
creased organ indices of the brain, liver, spleen, and thy-
mus,  declined  SOD  activity,  and  elevated  MDA  level.  All
these symptoms indicated that the aging model was suc-
cessfully established in rats.  In this study, piracetam was
selected as  the positive  control  in  the treatment of  aging
and  aging-related  memory  impairment [29].  Similar  to
piracetam,  BGSD  not  only  increased  body  weight,  food
intake, water intake, gripping strength, and organ indices
of aging rats, but also decreased oxidative damage by re-
versing the activity of SOD and reducing MDA level. Pre-
vious  research  confirms  that  the  main  components  of
BGSD  include  Huangqi  (Astragali  Radix),  Shanzhuyu
(Corni  Fructus),  Danggui  (Angelicae  Sinensis  Radix).
Huangqi  (Astragali  Radix)  and  its  active  ingredients  can
provide  anti-aging  effects [10, 30],  which  is  in  line  with  our
study.  Meanwhile,  Shanzhuyu  (Corni  Fructus),  Danggui
(Angelicae  Sinensis  Radix),  and  their  extracts  provide
neuroprotection,  anti-neuroinflammatory  activity,  mem-
ory  improvement,  and  aging  prevention [11-13].  These  re-
sults indicated that BGSD would be an efficient agent for
preventing aging.

Aging  is  associated  with  impaired  function  of  multi-
ple organs. Among them, the brain is more vulnerable to
impairment,  resulting  in  progressive  deterioration  of
learning and memory function [31]. Moreover, age-related
neurodegenerative  diseases  are  related  to  neuron  dam-
age [32].  The  eight-arm  maze  and  step-down  test  are  two
classical  behavioral  methods  to  evaluate  learning  and
memory  performance,  and  are  widely  used  in  studies  of
aging-related  learning  and  memory  disorders [33].  Our
study  suggested  that  the  model  group  of  rats  expressed
impaired  learning  and  memory  behaviors.  Conversely,
the  BGSD  group  showed  better  performance  in  learning
and  memory.  These  results  demonstrated  the  potential

efficacy  of  BGSD  in  ameliorating  learning  and  memory
impairment associated with aging in rats.

In  addition  to  the  free  radical  theory,  the  neuroin-
flammatory  theory  has  gained  attention  in  the  complex
mechanism  of  aging [34].  The  decline  of  learning  and
memory is closely related to neuroinflammation, and the
hippocampus,  a  well-known  region  for  learning  and
memory, is more susceptible to damage by inflammatory
responses [35]. Trigger factors can stimulate microglia acti-
vation, resulting in the release of neurotoxic products, in-
cluding  pro-inflammatory  mediators  such  as  IL-6,  IL-1β,
and TNF-α to  induce chronic neuroinflammation,  there-
by  damaging  neurons  and  causing  irreversible  neuronal
injury, eventually causing progressive decline in learning
and memory [36, 37].  Consistently,  our  results  also demon-
strated that D-gal-induced aging was associated with the
up-regulation  of  proinflammatory  cytokines  in  the  hip-
pocampus.  This  alter-ration  could  be  reversed  by  BGSD
treatment,  suggesting that BGSD could inhibit  the secre-
tion of proinflammatory cytokines in the hippocampus.

AGEs are formed by combining the aldehyde group of
glucose  with  the  amino  group  of  proteins,  nucleic  acids,
and lipids through a non-enzymatic process called glyca-
tion,  which  plays  an  important  role  in  degenerative  dis-
eases [38, 39].  AGEs accumulate in tissues during aging and
damage cell function directly through cytotoxicity [40]. Ad-
ditionally, AGEs also impair the structure and function of
the  brain  by  interacting  with  its  specific  receptors  to  in-
duce  neuroinflammation [41].  RAGE  is  one  of  the  most
widely  investigated  receptors  of  AGEs,  which  is  a  mem-
ber  of  the  immunoglobulin  superfamily.  RAGE  is  widely
expressed in microglia, neurons, and endothelial cells [42].
The binding of AGEs with RAGE can activate a variety of
signaling  pathways,  among  which  the  inflammatory  re-
sponse induced by the NF-κB pathway was closely relat-
ed to learning and memory [39]. NF-κB is abundant in neu-
rons and micro-glial cells. As a nuclear transcription fac-
tor,  NF-κB  can  enhance  transcription  and  promote  neu-
roinflammation [43, 44].  The binding of AGEs to RAGE acti-
vates the NF-κB pathway and triggers  the release of  pro-
inflammatory  mediators  to  induce  nerve  inflammation,
contributing  to  learning,  and  memory  dysfun-
ction [45].  In  this  study,  the  expressions  of  AGEs,  RAGE,
and  NF-κB  were  prominent  in  the  hippocampus  of  the
aging rats, while BGSD administration suppressed the ex-
pression  of  AGEs,  RAGE,  and  NF-κB,  indicating  that
BGSD might mitigate neuroinflammation.

 5 Conclusion

BGSD  demonstrated  neuroprotective  effects  on  learning
and  memory  impairment  in  D-gal-induced  aging  rats,
likely  through  regulating  the  AGEs/RAGE/NF-κB  signal-
ing pathway.  BGSD holds potential  as  an intervention to
delay aging and treat age-related diseases.
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基于 AGEs/RAGE/NF-κB 通路探讨补肝散改善 D-半乳糖致衰大鼠
学习记忆障碍机制研究

李伟a, 王硕a, 王杰鹏a, b, 方芳a, b, 方朝义a, b*
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【摘要】目的  探讨复方补肝散（BGSD）干预 D-半乳糖致衰大鼠学习记忆能力的潜在作用机制。方法  40 只大

鼠被随机分为对照组、模型组、BGSD［14.06 g/(kg·d)］组和吡拉西坦［0.4 g/(kg·d)］组，每组 10 只。腹腔注

射 D-半乳糖［400 mg/(kg·d)］建立衰老大鼠模型。每周记录大鼠体质量、摄水量、摄食量和抓力；八臂迷宫和

跳台实验评估大鼠学习记忆能力；称取肝脏、胸腺、脾脏和脑组织重量以计算相应脏器指数；检测血清丙二醛

（MDA）含量和超氧化物歧化酶（SOD）活性；苏木精-伊红（HE）染色观察海马病理学改变；酶联免疫吸附法

（ELISA）检测海马肿瘤坏死因子-α（TNF-α）、白细胞介素（IL）-6 及 IL-1β 水平；实时荧光定量 PCR（RT-qPCR）

检测海马晚期糖基化终末产物受体（RAGE）、核因子-κB（NF-κB）、TNF-α、IL-6 和 IL-1β mRNA 表达；蛋白免疫

印迹法（WB）检测海马晚期糖基化终末产物（AGEs）、RAGE 和 NF-κB 蛋白表达。结果  补肝散可显著增加 D-半

乳糖致衰大鼠的摄食量、摄水量、体质量、抓力及脏器指数（P < 0.05），减少八臂迷宫中工作记忆错误（WME）、

参考记忆错误（RME）以及总记忆错误次数（TE）（P < 0.05），降低跳台实验中错误次数并延长跳台潜伏期（P <

0.05）。此外，补肝散可减少海马神经元损伤，提高血清 SOD 活性，降低 MDA 含量及下调促炎因子 TNF-α、IL-

6 和 IL-1β 水平（P < 0.05）。进一步研究结果显示，补肝散可显著降低海马 AGEs、RAGE 和 NF-κB 表达（P <

0.05）。结论  补肝散可通过抑制 AGEs/RAGE/NF-κB 信号通路调节 D-半乳糖致衰大鼠神经炎症损伤从而改善

学习记忆能力。

【关键词】补肝散；肝气虚；衰老；学习记忆；神经炎症；AGEs/RAGE/NF-κB 信号通路
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