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Abstract. Multi infarct dementia (MID) is a form of dementia 
that is preventable and treatable. However, at present, the drugs 
used in MID treatment were developed for Alzheimer's disease. 
While only a limited range of drugs is available, the incidence 
of MID is increasing year on year. The present study aimed to 
investigate the effect and underlying mechanisms of a combi‑
nation of ginsenosides and astragalosides (CGA) on cognitive 
decline in rats with MID. A rat model of MID was established 
using micro‑thromboembolism, and the behavioral changes in 
the rats were evaluated using the Morris water maze and open 
field tests at 60 days post‑CGA intervention. The pathological 
morphology of the hippocampal CA1 area was observed 
using hematoxylin and eosin staining. The contents of ATP, 
ADP and AMP were determined using high‑performance 
liquid chromatography. Mitochondrial swelling and changes 
in the membrane potential in the hippocampus were detected 
using flow cytometry, and the changes in insulin, glutamate 
and γ‑aminobutyric acid  (GABA) content were detected 
using ELISA. Additionally, the expression of PI3K and AKT 
proteins was detected using western blot analysis. In a rat 
model of MID, CGA shortened the escape latency, increased 

the frequency of platform crossing, improved the disordered 
vertebral cell arrangement and reduced the cell number in the 
hippocampal CA1 area. CGA also reduced the degree of mito‑
chondrial swelling, increased the mitochondrial membrane 
potential, and elevated the energy load and ATP content in 
the brain of rats with MID. Furthermore, CGA increased the 
insulin content and upregulated the expression of PI3K and 
AKT in the brain of rats with MID. In addition, in the rat 
model of MID, CGA also enhanced the movement time and 
the frequency of standing, and decreased the concentration of 
glutamate and GABA in the brain tissue. Amelioration of the 
cognitive decline in rats with MID by CGA was associated 
with its regulatory effect on the PI3K/AKT signaling pathway 
and neurotransmitter systems.

Introduction

Multi‑infarct dementia (MID) is a common type of vascular 
dementia that is characterized by multiple lesions and infarc‑
tion of small arteries in the cerebral gray‑white matter (1). The 
brain is an organ that consumes a high amount of energy and 
requires stable blood flow to deliver a sufficient amount of 
energy to maintain synaptic activity (2,3). A number of studies 
have reported that cerebral hypoperfusion is caused by cardiac 
arrest, arrhythmia and heart failure (4,5), decreased cerebral 
blood flow induced by hyperlipidemia, atherosclerosis and 
diabetes  (6), as well as ageing and the apolipoprotein  E 
gene (7), which are major risk factors for cognitive impair‑
ment. Insufficient or low cerebral blood flow, especially acute 
cerebral ischemia, can cause insufficient glucose uptake, 
significantly reduced ATP content (8) and the accumulation of 
lactic acid in the brain (9). The mitochondria is the main site 
of ATP synthesis (10) and an excessive accumulation of lactic 
acid can cause mitochondrial dysfunction (11), inducing oxida‑
tive stress, mitochondrial autophagy and apoptosis (12,13), 
which in turn exacerbate MID lesions and cognitive decline. 
Therefore, regulating energy metabolism in the brain may be 
an effective strategy to improve cognitive impairment in MID.
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Saponin, which is the main active constituent of ginseng 
and astrogalus, has also been reported to significantly improve 
symptoms in ischemic disease animal models  (14‑17) and 
cognitive decline in dementia animal models (18‑21). However, 
the use of a combination of ginseng and astrogalaus (CGA) 
saponin in vascular dementia has not yet been reported. 
Therefore, the present study aimed to investigate the effect of 
CGA on cognitive function in rats with MID and to explore 
the potential mechanisms of action from the aspect of energy 
regulation.

Materials and methods

Animals. A total of 65 male specific pathogen‑free 
Spraque‑Dawley rats (weight, 200±20 g; age, 6 weeks) were 
purchased from Chengdu Dashuo Experimental Animal Co., 
Ltd. All rats were maintained at 22±2˚C with 65±5% humidity 
and had free access to drinking water and feed on a 12‑h 
light/dark cycle. The experimental procedure was approved by 
the Institute of Materia Medica Integration and Transformation 
for Brain Disorders Ethical Committee.

Drugs and reagents. The ginseng and astrogalus total sapo‑
nins were purchased from Baoji Herbest Bio‑Tech Co., Ltd. 
(batch nos. 20171120 and 20171121, respectively). CGA is 
a combination of ginseng total saponin (cat. no. 20171120; 
purity, 90% determined by supplier using HPLC.) and 
astragaloside total saponin (cat. no. 20171121; purity, 90% 
determined by supplier using HPLC) at 1:1. ATP, ADP and 
AMP disodium salt were purchased from Sigma‑Aldrich; 
Merck KGaA.

Model preparation and grouping. After 3  days of adap‑
tive feeding, the MID rat model was prepared using 
the micro‑thromboembolic method, as previously 
described (24‑25). The sham‑operation group received the 
same surgical procedure, but the thrombus was replaced with 
normal saline. At 2 weeks post‑operation, Y maze was used 
to evaluate the success of modeling. Animals were assigned 
to treatment groups following the Y‑maze task; groups were 
counterbalanced based on the number of errors animals made 
during the Y‑maze task, such that there was no difference in 
error times between treatment groups (P=0.999 for error times) 
The evaluation criteria (26) were as follows: If the number of 
errors was >5, the modeling was deemed successful, animals 
that were not successful were excluded; successful model rats 
were ranked from low to high according to the number of 
errors and then put into five cages in sequence according to a 
zigzag method (27) to ensure that the number of errors by rats 
in each cage was not significantly different. The cages were 
randomly assigned to the following groups (n=10 per group): 
Model, Hydergine (0.7 mg/kg; Tianjin Huajin Pharmaceutical 
Co., Ltd.), high‑dose CGA (CGAH; 20 mg/ml), low‑dose CGA 
(CGAL; 10 mg/ml) (22,23) and control groups. The control 
group consisted of 10 sham‑operated rats. The rats in the drug 
treatment groups were intragastrically administered with the 
corresponding drugs once per day for 60 days, at a dose of 
10 ml/kg. The rats in the sham‑operation and model groups 
were intragastrically administered with 10 ml/kg of normal 
saline once per day for 60 consecutive days.

Morris water maze
Hidden platform experiment. On day 54 of drug interven‑

tion, the five‑day hidden platform experiment was performed 
in all groups of rats. The rats were trained twice a day, during 
which the time taken to find the platform within 60 sec (escape 
latency period) was recorded for each rat. If a rat failed to find 
the platform within 60 sec, it was guided to and kept on the plat‑
form for 10 sec, and the escape latency was recorded as 60 sec.

Spatial probe test. The spatial probe test was implemented 
on day 59 of drug intervention. The platform was removed. 
Subsequently, the rats were placed into the maze in the same 
position and their movement trajectories, as well as their 
frequency of crossing the position that formerly held the plat‑
form, within 60 sec were recorded.

Open field test. The open field test was performed with an 
OFT‑100 opening experiment system (TechMan Software, 
WMT‑100; Chengdu Taimeng Software Co., Ltd.). The move‑
ment time, immobile period and frequency of standing in a 
5 min session were recorded and used as evaluating indicators.

Mitochondrial swelling and membrane potential detection. 
After the water maze experiment, a total of 24  rats were 
sacrificed and 80 mg of brain tissue was collected from the 
hippocampus of each rat. Manual grinding with PBS using a 
glass homogenizer and divided the homogenate into two parts, 
then centrifuged (600 x g; 5 min; 4˚C) with one part of the 
homogenate, and the supernatant carefully transferred to another 
tube for further centrifugation (1,200 x g; 10 min; 4˚C). The 
supernatant was discarded and the precipitate resuspended in 
500 µl Mitochondria Storage Buffer (cat. no. C3609; Beyotime 
Institute of Biotechnology) at a concentration of 1x105 cells/ml 
per tube, mixed for the detection of mitochondrial swelling. 
The second part of homogenate was collected and the concen‑
tration was adjusted to 1x106 cells/ml. Subsequently, 5 µl of 
a mitochondrial membrane potential detection JC‑1 kit (cat. 
no. 551302; Becton‑Dickinson and Company) was added to 
100 µl sample, incubated at 37˚C for 15 min and then washed 
with PBS. After centrifugation (350 x g; 5 min; 4˚C).The 
precipitate was collected. The precipitate was resuspended in 
300‑400 µl JC‑1 dilution, mixed and mounted for the detection 
of mitochondrial membrane potential. Mitochondrial swelling 
and membrane potential were analyzed using a flow cytometer 
(CytoFLEX; Beckman Coulter, Inc.) and Kaluza software 
(version 2.1; Beckman Coulter, Inc.)

Detection of hippocampus energy load. A total of 65 mg of 
hippocampus tissue was collected, mixed with normal saline 
(weight of hippocampus: Normal saline volume,  1:10) and 
homogenized in an ice bath. Subsequently, 0.6 ml homog‑
enate was collected, mixed with an equal volume of 0.5 mol/l 
perchloric acid in a vortex mixer, and centrifuged at 4˚C and 
12,000 x g for 10 min. Furthermore, 0.8 ml supernatant was 
collected, and the pH was neutralized using NaOH (5 mol/l). 
The supernatant was allowed to stand for 30 min and was then 
centrifuged at 4˚C and 12,000 x g for 10 min. Subsequently, 
the supernatant was directly sampled and analyzed using 
high‑performance liquid chromatography (Agilent1260; Agilent 
Techonologies, Inc.) to determine the contents of AMP, ADP and 
ATP. ATP, ADP and AMP disodium salts were used as internal 
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standards. The conditions used were as follows: Hypersil™ 
ODS C18 column (particle size, 5 µm; 250x4.6 mm2); column 
temperature, 25˚C; The mobile phase is phosphate buffer and 
methanol, 0.05 mol/l PBS (pH 6.5); flow rate, 1.0 ml/min; 
sample temperature, 10˚C; sampling volume, 10 µl; and ultra‑
violet wavelength, 254 nm. The energy load was calculated as 
follows: EC = ([ATP] + 0.5[ADP])/([ATP] + [ADP] + [AMP]).

Hematoxylin and eosin staining. The rats were sacrificed 
and placed in an ice bath to harvest the brain. Part of the left 
hemisphere was fixed with 4% paraformaldehyde at room 
temperature for 24 h, replaced with new 4% paraformaldehyde, 
and then fixed for 48 h at room temperature, dehydrated and 
embedded with paraffin. Subsequently, the tissue was cut into 
5 µm slices, stained with hematoxylin for 30 min and eosin 
for 5 min at room temperature, vitrified with xylene, sealed 
with neutral resin, and then placed under a optical microscope 
(x200; model, Olympus Optical CX22; Olympus Corporation) 
to observe the morphology of neurons in the hippocampal CA1 
region in 3 visual fields of each sample. Pathological scoring 
was performed as previously described (28), the pathological 
scoring standard is shown in Table I.

Western blot analysis. Thirty milligrams of brain tissue was 
weighed, mixed with RIPA buffer (cat. no. WB020; 1 mg: 
10 µl; Multisciences (Lianke) Biotech, Co., Ltd.) homogenized 
in an ice bath and centrifuged at 4˚C and 12,000 x g for 10 min. 

The resulting supernatant was collected for protein determi‑
nation by BCA. Equal amounts (50 µg) of the total protein 
were separated by 8% SDS‑PAGE, transferred to a PVDF 
membrane and blocked with 5% BSA (cat. no. EZ3416D317; 
BioFroxx; neoFroxx GmbH) at room temperature for 90 min. 
Subsequently, the membrane was incubated with the following 
primary antibodies at 4˚C overnight: anti‑PI3K (cat. no. 4257S; 
1:1,000; Cell Signaling Technology, Inc.), anti‑phosphorylated 
(p)‑PI3K (cat. no. 4228S; 1:1,000; Cell Signaling Technology, 
Inc.), anti‑AKT (cat. no.  4685S; 1:1,000; Cell Signaling 
Technology, Inc.), anti‑p‑AKT (cat. no. 4060S; 1:1,000; Cell 
Signaling Technology, Inc.) and GAPDH (cat. no.  180411; 
1:5,000; Wuhan Servicebio Technology Co., Ltd.). Subsequently, 
the membrane was washed with TBST solution three times 
and incubated with the horseradish peroxidase‑conjugated 
goat anti‑rabbit IgG secondary antibody [cat. no. A8040064; 
1:5,000; Hangzhou Multisciences (Lianke) Biotech Co., Ltd.] 
at room temperature for 90 min. The membrane was washed 
with TBST solution three times. Protein bands were visual‑
ized using a hypersensitive ECL kit (cat. no. 4AW011‑100; 
Beijing 4A Biotech Co., Ltd.). Protein expression was quanti‑
fied using Quantity One (version 4.6.2; Bio‑Rad Laboratories, 
Inc.) software with GAPDH as the loading control.

ELISA. A total of 50 mg of brain tissue was weighed and mixed 
with PBS containing 1% PMSF (1 mg: 9 µl), homogenized in 
an ice bath and centrifuged at 4˚C and 5,000 x g for 10 min. 

Table I. The pathological grading standard.

Grade	 Microscopic description

-	 No lesion.
	 0.
+	 1. Focal edema of gray and white matter, cells dissolved;
	 2. Focal atrophy of gray and white matter, hyperchromatic nuclei and cytoplasm;
	 3. Focal slight cellular proliferation (mainly gliacyte);
	 4. Slight perivascular edema;
	 5. Slight vascular engorgement and hemorrhage;
	 6. Slight inflammatory cell infiltration;
	 7. Slight gray matter atrophy;
	 8. Slight ependymal cells proliferation.
	 It was graded as ‘+’ when conformed to one of all above, score of which was 1.
++	 1. Multifocal edema of gray and white matter, cells dissolved;
	 2. Focal atrophy of gray and white matter, hyperchromatic nuclei and cytoplasm;
	 3. Focal cellular proliferation (mainly gliacyte);
	 4. Medium vascular edema and hemorrhage;
	 5. Medium inflammatory cells infiltration;
	 6. Medium perivascular edema.
	 It was graded as ‘++’ when conformed to one of all above, score of which was 2.
+++	 1. diffuse edema of gray and white matter, cells dissolved;
	 2. Multifocal atrophy of gray and white matter, hyperchromatic nuclei and cytoplasm;
	 3. Focal mass cellular proliferation (mainly gliacyte);
	 4. Severe vascular edema and hemorrhage;
	 5. Severe inflammatory cell infiltration.
	 It was graded as ‘+++’ when conformed to one of all above, score of which was 3.
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The supernatant was collected. Subsequently, 100 µl super‑
natant was used to determine the concentrations of insulin 
(Rat insulin ELISA kit; cat. no. E‑EL‑R2466c ; Elabscience 
Biotechnology Co., Ltd.), glutamate (glutamic acid measure‑
ment kit; cat. no. A074‑1‑1; Nanjing Jiancheng Bioengineering 
Institute.) and γ‑aminobutyric acid (GABA) (γ‑aminobutyric 
acid assay kit; cat. no. H168; Nanjing Jiancheng Bioengineering 
Institute.), according to the manufacturers' protocols.

Statistical analysis. Data are presented as the mean ± standard 
deviation. Statistical analyses of the data was performed in a 
double‑blinded fashion. Morris water maze escape latency data 
were analyzed using a two‑way ANOVA followed by Tukey's 
post‑hoc test. The other data in line with normal distribution 
were analyzed using a one‑way ANOVA followed by Tukey's 
post‑hoc test . The pathological results were analyzed using 
Kruskal Wallis followed by Dunn's post hoc test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Effect of CGA on learning and memory in rats with MID. 
The escape latency of each group displayed a time‑dependent 
pattern, and was indicated to decrease as training time 
increased (Fig. 1A). The escape latency of the rats was signifi‑
cantly increased in the model group compared with the sham 
group, while the escape latency of the rats in the CGA group 
was significantly shorter than the model groups  (Fig. 1A). 
Meanwhile, the percentage of residence time in the target 
quadrant in the model group was decreased compared with the 
sham, hydergine and CGA groups, but the percentage in the 
opposite quadrant was increased compared with the sham and 
CGA H groups (Fig. 1B). Similarly, the frequency of crossing 

the target quadrant in the model group was significantly 
reduced compared with the sham, hydergine and CGA groups, 
while the frequency of crossing the opposite quadrant displayed 
no statistical difference between all the groups (Fig. 1C).

Effect of CGA on the pathomorphology of hippocampal 
CA1 area in rats with MID. The vertebral nerve cells in 
the hippocampal CA1 area were sparsely arranged, and the 
number of cells with incomplete structure, nerve cell necrosis 
and degeneration was increased in the model group compared 
with the sham group (P<0.05; Fig. 2). The sparse arrangement, 
necrosis and degeneration of the nerve cells were significantly 
improved in the CGA groups compared with the model group 
(P<0.05; Fig. 2).

Effect of CGA on hippocampal mitochondrial function in 
rats with MID. The mitochondrial membrane potential in 
the hippocampus decreased significantly in the model group 
compared with the sham group (P<0.01; Fig. 3A and B). The 
CGA groups displayed significantly reversed effects of MID 
on the mitochondrial membrane potential compared with 
the model group (P<0.05; Fig. 3A and B). Furthermore, the 
mitochondrial swelling in the hippocampus was significantly 
increased in the model group compared with the sham group 
(P<0.01; Fig. 3C and D), while the mitochondrial swelling 
was significantly decreased in the CGA H and CGA L groups 
compared with the model group (P<0.05; Fig. 3C and D).

Effect of CGA on brain energy load in rats with MID. 
ATP content in the brain tissue was significantly decreased 
(P<0.05; Fig. 4A), AMP and ADP contents were not signifi‑
cantly altered (P>0.05; Fig. 4B and C), and the brain energy 
load was significantly decreased (P<0.05; Fig. 4D) in the model 

Figure 1. Effect of CGA on learning and memory in rats with MID. (A) Escape latency. (B) Percentage of residence time in target and opposite quadrants. 
(C) Frequency of crossing target and opposite quadrants. *P<0.05 and **P<0.01 vs. the sham group; #P<0.05 and ##P<0.01 vs. the model group. CGA, compat‑
ibility of ginsenosides and astragalosides; MID, multi‑infarct dementia; CGA H, high‑dose CGA; CGA L, low‑dose CGA.

Figure 2. Effect of CGA on the pathomorphology of the hippocampal CA1 region of the brain in rats with MID. *P<0.05 vs. the sham group; #P<0.05 vs. the 
model group. CGA, compatibility of ginsenosides and astragalosides; MID, multi‑infarct dementia; CGA H, high‑dose CGA; CGA L, low‑dose CGA.
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group compared with the sham group. The ATP content in 
the brain tissue was significantly increased (P<0.05; Fig. 4A), 
AMP and ADP contents were not significantly altered (P>0.05; 
Fig. 4B and C), and the brain energy load was significantly 
increased (P<0.05; Fig. 4D) in the CGA and Hydergine groups 
compared with the model group.

Effect of CGA on the PI3K/AKT signaling pathway in rats 
with MID. The insulin content in the brain was significantly 
lower in the model group compared with the sham group 
(P<0.05; Fig. 5A). However, the insulin content in the brain 
was significantly increased in the CGA and Hydergine 
groups compared with the model group (P<0.05; Fig. 5A). 
The ratio of p‑PI3K/PI3K and p‑AKT/AKT in the brain 
was significantly decreased in the model group compared 
with the sham group (Fig. 5B and C). In contrast, the ratio 
of p‑PI3K/PI3K and p‑AKT/AKT was significantly increased 
in the CGA and Hydergine groups compared with the model 
group (Fig. 5B and C).

Effect of CGA on the concentration of neurotransmitters. A 
number of emotional behavioral changes were observed in 
the model rats, except cognitive decline. The movement time 
was significantly lower in the model group compared with the 

sham group (P<0.05; Fig. 6A). Furthermore, the silent period 
was significantly increased in the model group compared with 
the sham group (P<0.05; Fig. 6B). However, the effect of the 
MID model on both movement time and immobile period 
were reversed by administering CGA H. Meanwhile, the MID 
model‑induced lower frequency of standing was also reversed 
by the administration of CGA (P<0.05; Fig. 6C). Subsequently, 
the concentration of GABA and glutamate in the brain tissues 
was detected. The concentration of glutamate in the brain 
tissue of model rats was higher compared with the sham rats 
(P<0.05; Fig. 6D). When compared with the model group, the 
concentration of glutamate in the Hydergine and CGA groups 
decreased significantly (P<0.05; Fig. 6D). CGA also signifi‑
cantly reduced the GABA content in the brain of MID model 
rats when compared with the model group (P<0.01; Fig. 6E).

Discussion

Worldwide, vascular dementia is the second most common 
form of dementia accompanied by obvious cognitive dysfunc‑
tion after Alzheimer's disease (29), and MID is a common 
type of vascular dementia. Currently, no licensed drugs are 
available for the treatment of vascular dementia  (30), and 
the reported therapeutic strategies for the disease primarily 

Figure 3. Effect of CGA on hippocampal mitochondrial function in rats with MID. Flow cytometry (A) analysis and (B) quantification of mitochondrial 
membrane potential. Flow cytometry (C) analysis and (D) quantification of mitrochondrial swelling. **P<0.01 vs. the sham group; #P<0.05 and ##P<0.01 vs. 
the model group CGA, compatibility of ginsenosides and astragalosides; MID, multi‑infarct dementia; CGA H, high‑dose CGA; CGA L, low‑dose CGA; 
PE‑A, phycoerythrin‑A; SSC‑H, side scatter‑height; FSC‑H, forward scatter‑height.
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focus on inhibiting oxidative stress, apoptosis and inflamma‑
tion (31,32). Multiple and cortical microinfarctions are closely 
related to dementia and cognition (33), which is associated with 

their direct influence on the production of ATP in the brain (7). 
Therefore, regulating the energy metabolism in the brain and 
maintaining the physiological function of normal nerve cells 

Figure 5. Effect of CGA on the insulin content and PI3K/AKT protein expression levels in the hippocampus of rats with MID. (A) Concentration of insulin. 
Levels of p‑PI3K, PI3K, p‑AKT and AKT protein expression were (B) determined by western blot analysis and the ratio of (C) p‑PI3K/PI3K and (D) p‑AKT/AKT 
were quantified. *P<0.05 and **P<0.01 vs. the sham group; #P<0.05, ##P<0.01 and ###P<0.001 vs. the model group. CGA, compatibility of ginsenosides and 
astragalosides; MID, multi‑infarct dementia; p, phosphorylated; CGA H, high‑dose CGA; CGA L, low‑dose CGA.

Figure 4. Effect of CGA on brain energy load in rats with MID. (A) ATP, (B) ADP and (C) AMP content. (D) EC. *P<0.05 vs. the sham group; #P<0.05 
and ##P<0.01 vs.  the model group. CGA, compatibility of ginsenosides and astragalosides; MID, multi‑infarct dementia; CGA H, high‑dose CGA; 
CGA L, low‑dose CGA; EC, energy charge.
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in patients with MID may be effective therapeutic strategies 
in the treatment of this disease. The present study suggested 
that CGA significantly improved the cognitive function, and 
disordered arrangement and sparseness of vertebral cells in the 
hippocampal CA1 area in rats with MID. Furthermore, CGA 
regulated mitochondrial swelling and membrane potential, 
and significantly increased ATP content and brain energy load 
in rats with MID. In addition, CGA significantly increased the 
insulin content and the expression of PI3K and AKT in the 
brain of rats with MID.

The presence of multiple arteriolar vascular infarctions in 
the gray matter is a key characteristic of MID (34). Injection 
of a small amount of thrombus (diameter, 50‑100 µm) into the 
internal carotid artery can simulate multiple arterial infarctions 
in cognitive areas, including the cortex and hippocampus (35), 
making it an ideal method for modeling MID. The present study 
displayed significantly declined cognitive function, lesions in 
the hippocampal CA1 area, structural and functional impair‑
ment of the mitochondria, and brain ATP and energy load in rats 
with MID. Continuous low‑level brain energy not only affects 
neuronal function, but also induces autophagy and apoptosis via 
the mTOR, PI3K, peroxisome proliferator activated receptor‑γ 
and AMP‑activated protein kinase signaling pathways (36). 

The PI3K/AKT signaling pathway is a key regulator involved 
in the metabolism, growth, proliferation and survival of cells, 
which can be activated by multiple receptors or proteins, 
including insulin, insulin‑like growth factor‑1, low‑density 
lipoprotein‑related receptor 1 and toll‑like receptors (37‑39). 
After being activated by insulin, the PI3K signaling pathway 
is involved primarily in energy metabolism in vivo. The present 
study suggested that the insulin content and expression of PI3K 
and AKT proteins was significantly decreased in the brain of 
rats with MID compared with control rats.

Saponin is the main active substance of ginseng and 
Huangqi, and has been reported to improve learning and 
memory functions in a number of studies (14,15,17,20). The 
present study suggested that CGA significantly improved the 
decline in the learning and memory of rats with MID and 
improved the degeneration and necrosis of nerve cells in the 
hippocampal CA1 area. A number of studies have reported that 
the active ingredients of ginseng, including Rb1, Rg1, Rh2E2, 
Re, Rg3, Rd and Rf, can regulate energy metabolism (40‑46). 
Similarly, the saponin ingredient of Huangqi exerts a similar 
effect to Astragaloside IV, which regulates energy metabolism 
by regulating glycolytic pathways (47,48). The present study 
suggested that CGA regulated the structure and function of the 

Figure 6. Effect of CGA on the behavior and neurotransmitter systems of rats with MID. The (A) movement time, (B) silent period and (C) frequency of 
standing of rats, measured by an open field test. Concentration of (D) glutamate and (E) GABA. *P<0.05 and ***P<0.01 vs. the sham group. #P<0.05, ##P<0.01 
and ###P<0.001 vs. the model group. CGA, compatibility of ginsenosides and astragalosides; MID, multi‑infarct dementia; GABA, γ‑aminobutyric acid; 
CGA H, high‑dose CGA; CGA L, low‑dose CGA.
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mitochondria, increased brain ATP content and energy load, 
and significantly increased insulin content in the brain of rats 
with MID. It further revealed that CGA significantly upregu‑
lated the phosphorylation levels of PI3K and AKT, therefore, 
CGA may activate the PI3K/AKT signaling pathway to 
regulate energy metabolism. However, identifying the specific 
saponin ingredients that activate the suppressed PI3K/AKT 
signaling pathway in MID requires further investigation.

Glutamate and GABA are excitatory and inhibitory 
neurotransmitters, respectively  (49). A large number of 
studies have indicated a role for both neurotransmitters in 
the occurrence and development of dementia, similar to other 
neurotransmitters, including acetylcholine (50‑52). Similarly, 
glutamic acid and GABA in the nerves located in the ventral 
tegmental region display a regulating effect on risk factors 
for dementia, including insomnia and insufficient sleep (53). 
The present study suggested that the activity and standing 
times of MID model animals decreased significantly, and the 
contents of glutamate and GABA in the brain tissue increased 
abnormally compared with control rats, which was similar to 
the results reported in the aforementioned studies. GABA is 
derived primarily from glutamate metabolism, indicating why 
the two neurotransmitters should display an opposite pattern 
of expression  (54). The relationship between GABA and 
glutamate in the present study was consistent with previous 
findings (55‑57), suggesting that either the source of glutamate 
increased or the elimination of GABA decreased. However, 
further investigation is required to clarify this.

In conclusion, improvements in brain energy metabolism 
in rats with MID by CGA was closely associated with the 
regulatory effect of CGA on the PI3K/AKT signaling pathway 
and neurotransmitter systems. The majority of drugs that 
have been reported to improve dementia display antioxidant, 
anti‑inflammatory and antiapoptotic mechanisms. However, 
the present study focused on energy metabolism and to the 
best of our knowledge, suggested for the first time that CGA 
regulated energy metabolism via the PI3K/AKT signaling 
pathway to achieve an anti‑vascular dementia effect. The 
results of the present study suggested that the use of CGA may 
be beneficial for the treatment of vascular dementia.
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