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Purpose: To elucidate the potential mechanisms of QFY for the treatment of Alzheimer’s Disease (AD), and explore the effective 
substances of QFY.
Materials and Methods: UPLC-LTQ-Orbitrap-MS was used to identify the chemical constituents of the serum samples and the 
cerebrospinal fluid samples of rats after QFY administration. Network pharmacology was used to predict potential targets and pathways of 
QFY against AD. The AD mice model was established by subcutaneous injection of D-gal for 8 consecutive weeks. New object recognition 
(NOR) and Morris water maze test (MWM) were used to evaluate the learning and memory abilities of mice. Moreover, the levels of TNF-α, 
IL-1β, and IL-18 in the brain hippocampus of mice were determined by ELISA. The expression of Bax, Bcl-2, Caspase-1, PSD95, SYP, ICAM- 
1 and MCP-1 proteins in the hippocampus was detected by Western blotting. Furthermore, qRT-PCR was used to detect the gene expressions of 
PSD95, SYP, M1 and M2 polarization markers of microglia, including iNOS, CD16, ARG-1, and IL-10 in the hippocampus.
Results: A total of 51 prototype compounds were detected in rat serum and 15 prototype components were identified in rat 
cerebrospinal fluid. Behavioral experiments revealed that QFY significantly increased the recognition index, decreased the escape 
latency, increased the platform crossing times and increased the residence time in the target quadrant. QFY also could alleviate the 
ultrastructural pathological changes in the hippocampus of AD mice. Meanwhile, QFY treatment suppressed the expression of 
inflammatory factors, such as TNF-α, IL-1β, and IL-18. QFY improved the synaptic plasticity of the hippocampus in D-gal model 
mice by significantly increasing the expression of proteins and mRNAs of PSD95 and SYP.
Conclusion: QFY could effectively improve the learning and memory impairment of D-gal-induced AD mice by inhibiting the 
excessive activation of microglia, enhancing the expression of M2 microglia, inhibiting the increase of inflammatory factors, cell 
adhesion factors and chemokines, anti-apoptosis, and improving synaptic plasticity.
Keywords: Qi-Fu-Yin, Alzheimer’s disease, D-galactose, microglia phenotype, neuroinflammation

Introduction
AD is a neurodegenerative disease associated with aging, and its clinical manifestations are mainly cognitive dysfunction,1 

behavioral and psychological symptoms, and impairment of daily living functions.2,3 With the aging of the population in the 
world, AD has not only become a killer disease that threatens the health and even lives of the elderly,4 but also brings a huge 
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social and economic burden. However, the pathogenesis of AD is complex, and clinical treatment with drugs, at present, is 
principally limited to symptomatic treatment,5 which cannot fundamentally prevent or reverse the process of the disease. 
Therefore, the search for drugs to prevent and delay the progress of AD or improve the symptoms of AD has become one of the 
most urgent tasks in the medical world.

TCM has a long history of preventing and treating AD, which is safe and effective.6 Especially in recent years, TCM 
has made good progress.7 QFY is a Ming Dynasty prescription recorded in Jingyue Quanshu compiled by Zhang Jingyue, 
which is composed of seven commonly used Chinese herbs,8 including: the radix of Panax ginseng C. A. Meyer 
(Araliaceae), the prepared rhizome of Rehmannia glutinosa (Gaetn.) Libosch. ex Fisch. et Mey. (Scrophulariaceae), the 
radix of Angelica sinensis (Oliv.) Diels (Umbelliferae), the rhizome of Atractylodes macrocephala Koidz (Asteraceae), 
the radix and rhizome of Glycyrrhiza uralensis Fisch. (Leguminosae), the seed of Ziziphus jujuba Mill.var.spinosa 
(Bunge) Hu ex H.F.Chou (Rhamnaceae), and the radix of Polygala tenuifolia Willd. (Polygalaceae).9,10 QFY, as a classic 
prescription for the treatment of AD, has also been reported clinically in recent years.11 However, due to the lack of basic 
research, especially the mechanism of action of QFY in the treatment of AD is still unclear, it is difficult to further 
promote its application.

TCM formula is a complex system with multiple types of components, of which the active components can exert an 
integral effect by being absorbed into the blood and acting on the corresponding targets.12 After the components of TCM 
enter the body, the interaction between the ingredients and the interaction between the ingredients and the body have 
added many obstacles to the research on the bioactive constituents of TCM.13 After gastrointestinal metabolism, the types 
and number of components in TCM are greatly reduced, thus simplifing the complexity of TCM research.14 Thus, the 
analysis of the components entering the blood and the brain can further clarify the bioactive constituents of TCM and its 
integrative mechanism. In the current study, the components of QFY entering the blood circulation and penetrating the 
blood brain barrier were analyzed using UPLC-LTQ-Orbitrap-MS. The mechanism of QFY improving neuroinflamma-
tion in an AD model mice induced by D-galactose was studied through behavioral, morphological, and molecular 
biological techniques. The findings obtained in the present study will lay a solid foundation for a wider and more 
reasonable clinical application of QFY in the treatment of AD.
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Materials and Methods
Animals
Male Sprague-Dawley (SD) rats weighting 210–250 g (License No. SCXK-HEI- 2018-004) were provided by the experi-
mental animal center of Heilongjiang University of Chinese Medicine. Male Kunming mice weighting 25–30 g (License No. 
SCXK-LIAO-2018-0001) were purchased from Liaoning Changsheng Biotechnology Co., Ltd (Shenyang, China). All 
animals were kept in a 12-hour light / dark cycle room with a humidity of 62±2% and a temperature of 21±2 °C. Animal 
experimentations were approved by the Ethics Committee of Heilongjiang University of Chinese Medicine (Approval 
No. 2020062202), and all animal procedures were conducted to follow the Regulations for the Administration of Affairs 
Concerning Experimental Animals approved by the State Council of the People’s Republic of China.

Chemicals and Reagents
All herbs were purchased from Beijing Tongrentang Co., Ltd. (Beijing, China) and were authenticated by Xiaozhong 
Chen, associate professor of Heilongjiang University of Chinese medicine. D-galactose was purchased from Shanghai 
Macklin Biochemical Co., Ltd. Piracetam was purchased from Tianjin Jinshi Pharmaceutical Co., Ltd; The primary 
antibodies for Bcl-2, Caspase-1, Bax, PSD95, SYP and β-actin were purchased from Wuhan Boster Biological 
Technology Co., Ltd. IL-1β, IL-18 and TNF-α ELISA kits were obtained from Elabscience Biotechnology Co., Ltd. 
DAPI purchased from Beijing Solarbio Science & Technology Co., Ltd.

Preparation of QFY Samples
Ginseng, prepared rehmannia root, Angelica sinensis, fried Atractylodes macrocephala Koidz, honey-fried licorice root, 
semen ziziphi spinosae and Processed Radix Polygalae were mixed according to the prescription ratio of QFY at 
6:9:9:5:3:6:5. Then, the mixed herbal products were crushed into small pieces and decocted with 10 times the amount 
of water for 2 hours. The residue was decocted in the same amount of water for another hour. Subsequently, the filtrate 
was combined and condensed into 1g/mL liquid, which was stored in the refrigerator for later use.

Preparation of Rat Serum and Cerebrospinal Fluid Samples
SD rats were randomly divided into two groups, blank group and administration group, with 6 rats in each group. 
Distilled water and QFY liquid (7.74 g/kg) were given by gavage respectively. After administration, blood was collected 
from the orbits of rats at 30, 60, and 120 min respectively, centrifuged at 2000 rpm for 10 min, and the serum samples 
were stored at −80 °C. After blood collection, the rat head was fixed, and then cerebrospinal fluid was extracted with 
infusion needle and centrifuged at 2000rpm for 10min. The upper cerebrospinal fluid was collected and stored at −80°C.

UPLC-LTQ-Orbitrap-MS Analysis Conditions
The serum and cerebrospinal fluid samples analysis was performed using UPLC-LTQ-Orbitrap-MS. The samples were 
loaded onto an ACQUITY UPLC HSS T3 (100mm×2.1mm, 1.8μm) chromatographic columns at 40 °C. The mobile 
phase consisted of 0.1% formic acid-water (A) and 0.1% formic acid-acetonitrile (B). The flow rate was 0.4 mL/min, and 
the gradient elution program was as follows: 0–3.5 min: 0–15% B; 3.5–6 min: 15–30% B; 6–12 min: 30–70% B; 12–12.5 
min:70% B; 12.5–18 min: 70–100% B; and 18–24 min: 100% B. The injection volume was 5 μL.

The mass spectrometer system equipped with an electrospray ionization source, and the spray voltages in positive and 
negative ion modes were set to 3.5 KV and 3.2 KV, respectively. The temperature of ion transfer tube was maintained at 
320 °C and the auxiliary gas heating temperature was set at 350 °C. Full scans of 50 to 1500 m/z were subjected in the 
Orbitrap mass spectrometers.

Network Pharmacology Analysis
The chemical composition information from QFY absorbed into brain were collected from Traditional Chinese Medicine 
Systems Pharmacology (TCMSP, http://tcmspw.com/) and DrugBank (https://drugbank.ca/). The potential targets of the 
components were supplemented through the Swiss Target Prediction website (http://www.swisstargetprediction.ch/). All targets 
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related to AD were determined by DisGeNET (https://www.disgenet.org/). The protein-protein interaction (PPI) network was 
visualized by Cytoscape (Version 3.8.2) software. Metascape (http://metascape.org/gp/index.html#/main/step1) was used for GO 
functional annotation and KEGG pathway analysis.

Animal Grouping and Treatments
After 1 week of acclimation, the mice were randomly assigned to four groups: (1) normal control group (n=15), (2) D-gal 
group (125mg/kg/d, n=15), (3) D-gal plus piracetam treatment (208mg/kg/d, n=15), and (4) D-gal plus QFY treatment 
(11.18g/kg/d, n=15). Mice in each administration group and D-gal group were subcutaneously injected with D-gal for 8 
consecutive weeks, while normal control group was given the same dose of normal saline. Except that the normal control 
group and D-gal group were given the same dose of normal saline, the other groups were administered corresponding 
drugs by gavage.

Behavioral Analysis
Novel Object Recognition (NOR) Test
In the NOR, all mice were individually exposed to an empty arena for 5 min without limitation during the environment 
habituation period. The next day, the mice were placed in the arena with their backs facing two identical objects for 5 min. 
After an hour’s interval, one of the two same objects was exchanged for a different one, and then the mice were put back into 
the arena again for 5 min. The contact time of the mice to the novel object (TN) and the contact time of the mice to the familiar 
object (TF) within 5 min were recorded separately. The recognition index (RI), which reflects the learning and memory 
abilities of mice to explore novel objects, was defined as RI ¼ Tn � Tfð Þ= Tnþ Tfð Þ.

Morris Water Maze (MWM) Test
The circular pool was divided into 4 quadrants, and a platform was placed in the fourth quadrant and submerged 2cm 
below the water surface. In the first 4 days, animals in each group were placed in the maze facing the pool wall in 
quadrants 1, 2, and 3, respectively. The mice were given 90s to find the platform and allowed to stay on it for 30s. Mice 
that failed to find the submerged platform within 90s were directed onto the platform and remained there for 30s, and the 
escape latency was recorded as 60s. On day 5, the submerged platform was removed in the probe trial. The number of 
times the mice crossed the previous position of the platform and the residence time in the target quadrant within 90s were 
recorded and analyzed.

Histopathologic Examinations
Hematoxylin-Eosin (HE) Staining
After fixation with 4% paraformaldehyde, the brain tissues of mice were dehydrated, embedded in paraffin, sectioned, 
dewaxed, stained with hematoxylin, and sealed with neutral gum. The histopathological changes were observed under 
light microscope.

Immunofluorescence Staining
The expression level of Iba-1 in brain tissues of mice was detected by immunofluorescence staining. Tissue sections were 
blocked in 5% BSA for 1 h followed by incubation with the primary antibodies at 4 °C overnight. After being washed, 
the sections incubated with the secondary antibody for 1 h at room temperature. Finally, the nucleus was stained with 
DAPI for 5 min. The sections were imaged under a confocal microscope.

Transmission Electron Microscope (TEM)
The hippocampus of mice was immersed in 2.5% glutaraldehyde at 4 °C for 4 h and then transferred to 1% osmic acid for 
fixation. The samples were gradient dehydrated, embedded with epoxy resin and cut into 70–90 nm. The sections were 
stained with 2% toluidine blue and observed under the TEM.
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Enzyme-Linked Immunosorbent Assay (ELISA)
The levels of inflammatory factors TNF-α, IL-1β and IL-18 were detected in the hippocampus of mice according to 
the instructions of ELISA kit. Specifically, 50 μL of blank, standard, and sample solutions were added to the 96 well 
plate supplied in the reagent kit. Following 30 minutes of incubation at 37 °C, the 96 well plate was washed using 
buffer solution. With the exception of blank wells, each well was added with 100ul of enzyme-labeled reagent, 
incubated, and then added with chromogenic agent. After the reaction was terminated, the absorbance was measured at 
450nm.

Western Blot Analysis
The total protein of hippocampus in mice was extracted and quantified with BCA protein assay kit. Samples were 
separated by 10% SDS-PAGE gel and then transferred to the PVDF membrane. After blocking the membrane with 5% 
skim milk for 2 h, the primary antibody was added and incubated at 4 °C overnight. The primary antibodies used were as 
follows: PSD95, SYP, Bax, Bcl-2, Caspase-1, ICAM-1 and MCP-1. The blots were incubated with HRP-conjugated 
secondary antibody (1:5000) for 2 h. Finally, Lane 1D software of gel imaging system was used for detection.

RT-PCR Assay
Total RNA samples from the hippocampus in mice were extracted via the TRIzol reagent according to the manufacturer’s 
protocols, and then the concentration of RNA was measured by Nanodrop 2000. The relative expression of the target 
mRNA was normalized with β-actin using the 2−ΔΔCt method. The primer sequences are shown in Table 1.

Statistical Analysis
All results were expressed as mean ± SD and analyzed by SPSS 21.0 software. The Shapiro–Wilk test and Q-Q plots 
were utilized to determine whether the data conformed to a normal distribution. The two-sample t-test was utilized for the 
comparison of the two groups, while statistical evaluations among multiple groups were determined by a one-way 
ANOVA followed by post-hoc tests. A value of P<0.05 was considered statistical significance.

Results
Identification Constituents of QFY in Rat Serum and Cerebrospinal Fluid
To accurately analyze the effective compounds in QFY, the UPLC-LTQ-Orbitrap-MS method was used to detect the 
components of QFY in rat serum and cerebrospinal fluid in the positive and negative ion modes, respectively. The total ion 
chromatograms were shown in Figure 1. According to retention time, mass-to-charge ratio, fragmentation behavior and related 
database, a total of 51 prototype compounds were detected in rat serum and 15 prototype components were identified in rat 
cerebrospinal fluid after the oral administration of QFY. Surprisingly, the 15 prototype components found in cerebrospinal 
fluids were also components in blood. Detailed information for each constituent was listed in Table 2. The structural formula of 
QFY components entering into blood and brain were shown in Supplementary Figure 1.

Table 1 Primer Sequence of Target Gene and Internal Reference Gene

Primer Name Upstream Primer (5’-3’) Downstream Primer (3’-5’)

PSD95 CCATCGCCATCTTCATCCG CATCTCCCGCTGTCGAAACTTC

SYP TGTTTGCCTTCCTCTACTCCATG TACTACCTGAAAGACCGATGTCG
iNOS AATGCCCGTACCAGGCCCAAT GGTCACCTACCGCACCCGAGAT

CD16 ACTGTGGTTGGCTTTTGGGAT GAGTGATTTCTGACTGGCTGCTG

Arg-1 TCTTTGGCAGATATGCAGGGA CACAGTCTGGCAGTTGGAAGC
IL-10 GCCTGGGGCATCACTTCTACC CTGGACAACATACTGCTAACCGAC

β-actin GGCTGTATTCCCCTCCATCG TGTACCGTAACAATGGTTGACC
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A B

C D

E F

G H

I J

Figure 1 Total ion chromatograms of QFY in rat serum and cerebrospinal fluid were determined by UPLC-LTQ-Orbitrap-MS. Positive ion mode: (A) QFY sample, (B) blank 
serum, (C) serum containing QFY, (D) blank cerebrospinal fluid and (E) cerebrospinal fluid containing QFY. Negative ion mode: (F) QFY sample, (G) blank serum, (H) 
serum containing QFY, (I) blank cerebrospinal fluid and (J) cerebrospinal fluid containing QFY.
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Table 2 Identification of Phytochemical Constituents of QFY in Rat Serum and Cerebrospinal Fluid

NO. tR 

(Min)
Formula Molecular 

Weight
Ionization 
Mode

Fragment Ions (m/z) Identification

1 0.77 C18H32O16 549.16617 [M-H]− 383.12, 341.11, 101.02, 89.02, 59.02 Mannotriose

2 3.65 C16H22O10 373.11319 [M-H]− 149.06, 123.04 Geniposide acid

3 4.44 C16H18O9 353.08724 [M-H]− 191.05, 179.03, 135.04 Neochlorogenic acid
4 4.7 C16H24O10 375.12895 [M-H]− 213.08, 169.09, 151.02, 95.05, 59.01 Loganic acid

5 4.95 C16H17NO3 272.12732 [M+H]+ 161.06, 107.05 Higenamine

6* 5.29 C10H12O3 163.07499 [M+H]+ 131.05, 107.05, 103.05 Coniferyl alcohol
7 5.63 C16H18O9 353.08713 [M-H]− 353.08, 191.05 Chlorogenic acid

8 5.81 C22H30O14 517.15505 [M-H]− 175.04, 160.02 Sibiricose A5
9 6.07 C23H32O15 547.16581 [M-H]− 223.06, 205.05, 190.03, 175.00 Sibiricose A6

10 6.32 C18H19NO4 312.12349 [M-H]− 297.10, 282.08, 284.08 Laurolitsine

11* 6.63 C19H21NO4 328.15346 [M+H]+ 297.11, 265.09 Boldine
12 6.67 C27H30O15 593.15042 [M-H]− 353.07, 297.08 Vicenin II

13 7.02 C17H20O9 367.1025 [M-H]− 191.05, 173.04, 134.04, 93.03 3-O-Feruloylquinic acid

14 7.08 C26H28O14 563.13966 [M-H]− 383.08, 353.07, 325.07, 297.08 Isoschaftoside
15 7.17 C24H26O14 537.12387 [M-H]− 285.04, 267.03, 257.05 Sibiricaxanthone B

16 7.34 C27H30O15 593.1502 [M-H]− 413.09, 293.05, 175.00 Vitexin-4”-O-glucoside

17 7.4 C25H28O15 567.13437 [M-H]− 345.06, 297.04, 282.02, 272.03 Polygalaxanthone III
18 7.46 C24H34O15 607.18664 [M-H]− 561.18, 323.10, 237.08, 103.05 Glomeratose A

19* 7.59 C11H12O4 191.06979 [M+H]+ 146.94, 145.86, 102.95, 87.92 3,4-Dimethoxycinnamic acid

20* 7.59 C15H12O4 257.08012 [M+H]+ 147.04, 137.02 Isoliquiritigenin
21 7.62 C21H22O9 419.13238 [M+H]+ 257.08, 147.04, 137.02 Isoliquiritin

22 7.69 C21H22O9 417.11837 [M-H]− 255.07, 135.01 Liquiritin

23* 7.7 C10H10O4 177.05418 [M+H]+ 177.05, 134.04 Ferulic acid
24* 8.29 C11H12O5 207.06455 [M+H]+ 47.04, 119.05, 91.05 3,5-dimethoxy-4-hydroxycinnamic acid

25 8.36 C21H22O10 433.11303 [M-H]− 356.97, 261.78, 123.04, 101.02 Naringenin-7-o-glucoside

26 8.62 C47H80O18 977.5299 [M-H]− 931.52, 799.48, 475.38, 101.02, 71.01 Notoginsenoside R1
27 8.74 C27H30O13 607.16577 [M-H]− 619.37, 361.64, 237.08, 161.02 Glycyroside

28 8.81 C12H14O5 221.08013 [M+H]+ 190.06, 147.04 3,4,5-Trimethoxycinnamic acid

29 8.82 C31H38O17 681.20203 [M-H]− 443.12, 137.02 Tenuifoliside A
30 9.01 C16H12O4 269.08 [M+H]+ 237.05, 213.09, 118.04 Formononetin

31 9.01 C22H22O9 413.12189 [M+H]+ 147.04, 119.05, 105.03 Ononin

32 9.35 C16H14O5 285.07636 [M-H]− 270.05, 177.02, 150.03, 49.02 Licochalcone B
33 9.58 C15H20O4 263.12821 [M-H]− 219.14, 204.11, 151.07, 136.05 Abscisic acid

34* 10.6 C30H46O5 469.32983 [M+H]+ 189.16, 187.15, 175.15, 119.09 Quillaic acid

35* 10.63 C54H92O23 1131.58783 [M+H]+ 945.54, 783.49 Ginsenoside Rb1
36 10.63 C30H48O 407.36595 [M+H]+ 217.19, 147.12, 109.10, 95.09 Lupenone

37 10.85 C36H56O12 593.15031 [M-H]− 455.32, 425.31, 71.01, 59.01 Tenuifolin

38* 10.86 C30H46O3 437.34008 [M+H]+ 187.15, 123.12, 121.10, 81.07 Wilforlide A
39 10.86 C30H48O4 455.35046 [M+H]+ 135.12, 131.22, 95.09 Corosolic acid

40 10.87 C48H76O19 955.48729 [M-H]− 569.38 Ginsenoside Ro

41 10.93 C53H90O22 1123.58726 [M-H]− 1077.58, 945.54, 191.05, 101.02 Ginsenoside Rc
42* 10.95 C53H90O22 1101.57807 [M+H]+ 789.47, 335.09 Ginsenoside Rb3

43 11.2 C15H12O4 255.0656 [M-H]− 135.01, 119.05, 91.02 Liquiritigenin

44 11.34 C48H82O18 991.54597 [M-H]− 783.49, 113.02, 101.02, 71.01 Ginsenoside Rd
45* 11.42 C42H62O16 823.4088 [M+H]+ 453.34, 121.10, 95.09 Glycyrrhizic acid

46* 12.85 C15H20O3 231.13737 [M+H]+ 167.46, 134.32, 99.92, 88.9 Atractylenolide III

47* 12.91 C12H16O2 193.12184 [M+H]+ 175.11, 147.12, 137.06, 105.07, 91.05 Senkyunolide A
48 13.07 C42H72O13 829.49405 [M-H]− 621.43, 113.02, 101.02, 71.01 Ginsenoside Rg3

49 13.15 C21H22O4 339.15802 [M+H]+ 297.15, 121.03, 107.05 Licochalcone A

50* 13.82 C12H14O2 191.10611 [M+H]+ 145.10, 117.07, 91.05 Ligustilide
51* 14.2 C15H20O2 233.15293 [M+H]+ 233.15, 187.15, 131.08, 151.08 Atractylenolide II

Note: *Represents the shared components in the blood and brain.
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Analysis of Candidate Targets of QFY Against AD
In order to explore the protective mechanism of QFY against AD, the potential targets of QFY in AD were analyzed by 
network pharmacology. As a result, there were 115 intersecting targets between ingredients of QFY absorbed into brain 
and AD (Figure 2A). PPI network analysis of 114 intersecting targets yielded 25 core target genes of QFY acting on AD. 
GO analysis showed that these genes were mainly related to protein kinase activity, cellular response to nitrogen 
compound and membrane raft, etc. (Figure 2D). As shown by the KEGG pathways (Figure 2E), the most related 
pathway mainly involved in Alzheimer’s disease, HIF-1 signaling pathway, apoptosis, etc. Finally, we mapped QFY, 15 
prototype components in rat cerebrospinal fluid and the predicted targets onto 20 corresponding pathways, as shown in 
Figure 2C.

QFY Attenuated Learning and Memory Impairment in D-Gal-Treated Mice
In the NOR memory test, the RI of the AD mice stimulated with D-gal decreased obviously (P<0.01) compared with the 
control group. However, QFY group and piracetam group increased the RI significantly (P<0.01) compared with model 
group, indicating that the administration of QFY improved D-gal-induced impairment of NOR memory in mice 
(Figure 3A).

In MWM, compared with the control group, mice in the D-gal model group exhibited longer escape latency to the 
platform, lower crossing times and residence time in the target quadrant, indicating that spatial learning and memory 
abilities of mice was impaired by D-gal induction. Whereas, QFY and piracetam significantly mitigated the above trend. 
The findings revealed that QFY could block memory impairment caused by D-gal and make the model mice to find the 
platform more easily and quickly (Figure 3B–D).

QFY Treatment Inhibited Hippocampal Neuronal Damage in D-Gal-Treated Mice
As shown in Figure 4A, pyramidal cell of hippocampal in the control group were normal in shape, with round cell bodies and 
clear nuclei and nucleoli. The D-gal-treated group exhibited atrophy and deformation of most cells, cellular karyopyknotic and an 
expended gap of neurons. However, degenerative alterations and neuronal atrophy were obviously attenuated by QFY and 
piracetam administration. In addition, TEM revealed that the neurons in the control group were intact, with homogeneous nuclei, 
evenly distributed chromatin, normal mitochondrial structure, clear and intact bilayer structure of the cristal membrane, whereas 
after D-gal treatment, neurons in the hippocampus exhibited shrinking nuclei, blurred or vacuolated cristae of mitochondria, and 
uneven postsynaptic density. The ultrastructure of neurons in the QFY groups was obviously improved to varying degrees 
(Figure 4B). Collectively, these data visually indicated that QFY could effectively alleviate the injury of hippocampal neurons 
in AD mice induced by D-Gal.

Effect of QFY on the Expression Levels of PSD95 and SYP in D-Gal Model Mice
The mRNA and protein expression levels of PSD95 and SYP in the hippocampus of mice were significantly down- 
regulated in the model group compared with the control group. However, compared with the model group, those treated 
with QFY and piracetam exhibited the increased mRNA and protein expression of PSD95 and SYP in the hippocampus, 
respectively (Figure 5A and B).

QFY Suppressed D-Gal-Induced Apoptosis
As shown in Figure 5C, D-gal caused a significant increase in Bax and Caspase-1 and an obvious decrease in Bcl-2 in the 
hippocampus of mice compared with the control group. In contrast, these changes were obviously alleviated by QFY treatment.

Effect of QFY on Hippocampal Neuroinflammation in D-Gal Model Mice
QFY Attenuated the Activated Microglia
Free calcium binding adaptor molecule-1 (Iba-1) is widely used as a marker of microglia. In the D-gal model group, the 
expression of Iba-1 was significantly enhanced, and the number of activated MG was notably increased, while piracetam and 
QFY could effectively reduce the number of microglia and protect the hippocampus from inflammatory damage (Figure 6).
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A B
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ED

Figure 2 Network pharmacology analysis of ingredients of QFY absorbed into brain against AD. (A) Venn Diagram: the intersection of QFY targets and AD targets. (B) The 
core targets of QFY acting on AD. (C) Compound-target-pathway network of QFY for the treatment of AD. (D) GO function analysis. (E) KEGG pathway enrichment 
analysis.
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QFY Inhibited the Release of Inflammatory Cytokines
In addition, the changes of inflammatory cytokines, including IL-18, IL-1β and TNF-α, were detected in the hippocampus 
of D-gal model mice. The present experimental results showed that IL-18, IL-1β and TNF-α levels in the hippocampus of 

A B

C D

Figure 3 Effect of QFY on cognitive impairment caused by D-gal administration. (A) The RI of NOR. (B) The escape latency of MWM. (C) The number of times the mice 
crossed the platform. (D) the time spent in the target quadrant. n = 15 in each group, **P < 0.01 vs the control group; ##P < 0.01 vs the model group.

A B

Figure 4 Effects of QFY on histopathological and ultrastructural alterations in the hippocampus of AD mice. (A) HE staining of mice hippocampus (×200, n = 15 in each 
group). (B) Ultrastructural observation of hippocampus in mice by TEM (×22,000, n = 15 in each group).
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D-gal model mice were remarkably decreased after QFY treatment, further supporting the theory that QFY may reduce 
neuroinflammation (Figure 7C).

QFY Regulated the Expression of Markers of M1 and M2 Microglia
Compared with the control group, the mRNA expression levels of M1 microglia markers including iNOS and CD16, and 
M2 microglia markers including Arg-1 and IL-10 were all significantly increased in the model group. However, the 
mRNA expression of iNOS, CD16, Arg-1 and IL-10 in piracetam group and QFY group was significantly lower than that 
in D-gal model group (Figure 7A).

A

C

B

Figure 5 The effect of QFY on synapses and neuronal apoptosis. (A) The expression of PSD95 and SYP protein in mice hippocampus. (B) Amplification curve, fusion curve 
and mRNA expression of PSD95 and SYP. (C) The expression of Bax, Bcl-2, and Caspase-1 protein in mice hippocampus. n = 5 in each group, **P < 0.01 vs the con group; 
##P < 0.01 vs the model group.
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QFY Regulated the Expression of ICAM-1 and MCP-1 Proteins
As shown in Figure 7B, the expressions of ICAM-1 and MCP-1 proteins in the hippocampus were significantly increased 
in the D-gal model group compared with the control group, while the administration of piracetam and QFY obviously 
decreased the levels of ICAM-1 and MCP-1. These results indicated that QFY can not only reduce the release of 
inflammatory factors, but also inhibit the release of adhesion factors and chemokines, and synergistically resist 
neuroinflammation.

Discussion
AD is a neurodegenerative disease with memory loss and cognitive dysfunction as the main clinical manifestations.15 

Sadly, there is no ideal treatment so far. Although QFY, as a famous traditional Chinese medicine compound, has a good 
therapeutic effect on AD, its complex components and unclear mechanism of action limit its wide application. As we all 
know, components that are absorbed into the blood and reach a certain concentration are considered to be effective.16,17 

Especially for central nervous system diseases, substances that can penetrate the blood-brain barrier may be the real 
material basis of traditional Chinese medicine compounds.18

The present study found that a total of 51 prototype compounds of QFY were detected in rat serum and 15 prototype 
components of QFY were identified in rat cerebrospinal fluid, including flavonoids, triterpenoid saponin, alkaloids, 
organic acids, etc. In recent years, more in-depth studies have been conducted on the oligosaccharide esters in Polygala 
tenuifolia Willd. The identified glomeratose A, sibiricose A5, and sibiricose A6 can significantly enhance the learning 
and memory abilities of mice, reduce the MDA content in the hippocampus, and ameliorate cognitive dysfunction in 
mice.19 Evidence suggests that Tenuifolin has a considerable anti-cholinesterase effect, and research conducted on 
dementia mice showed that it could improve their cognitive abilities, inhibit AchE activity, and promote ChAT activity 
and synaptic plasticity.20 Glycyrrhiza uralensis Fisch. contains a variety of licorice flavonoids, including flavonoids, 
isoflavones, chalcones, and dihydroflavonoids, which are all considered to be active substances. Licochalcone A has been 

Iba-1 DAPI Merge

Control

Model

Piracetam

QFY

Figure 6 Immunofluorescence staining of Iba-1 (×400, n = 15 in each group).
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A

B

C

Figure 7 The effect of QFY on hippocampal neuroinflammation in mice. (A) M1 markers iNOS, CD16, M2 markers Arg-1, IL-10 mRNA expression. (B) Immunoblotting of 
ICAM-1 and MCP-1 proteins in the hippocampus of mice. (C) The contents of IL-1β, IL-18, and TNF-α in the hippocampus of mice. n = 15 in each group, **P < 0.01 vs the 
con group; ##P < 0.01 vs the model group; #P < 0.05 vs the model group.
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demonstrated to be effective in reducing inflammation, as it suppresses the production of toxins such as NO and the 
chemokine MCP-1.21 Isoliquiritigenin can inhibit the excessive reactive oxygen species produced by iron poisoning, 
reduce apoptosis and improve mitochondrial dysfunction.22 Liquiritin can enhance the expression of neurotrophic factor 
and improve learning and memory abilities to prevent and treat AD.22 Vicenin II and vitexin-4”-O-glucoside have 
flavonoid structures and are the main active substances of Ziziphus jujuba Mill.var.spinosa. The flavonoids from Ziziphus 
jujuba Mill.var.spinosa can obviously prolong the incubation period of mice, reduce the number of wrong reactions and 
shorten the time of electric shock, indicating that it can improve the learning and memory abilities of mice.23 Ferulic acid 
in Angelica sinensis (Oliv.) Diels belongs to aromatic acid compounds. Sodium ferulic acid has been developed 
clinically, which can reduce cell damage in patients with cerebral infarction and improve their the memory abilities 
and cognitive function in those with AD.24 Atractylenolide II and III belong to sesquiterpene lactones in structure and are 
the characteristic components of Atractylodes macrocephala Koidz. They can enhance the learning and memory abilities 
of dementia mice, increase the ACh level in the learning and memory functional area, and improve cognitive 
dysfunction.25 Mannotriose is an active component of Chinese Foxglove, which can protect rat hippocampal neurons 
from damage caused by high concentrations of corticosterone,26 and improve the degeneration of learning and memory 
function by regulating the expression of GCR, BDNF and SGK in the learning and memory signal transduction 
pathway.27 The main active ingredient in Panax ginseng C. A. Mey. are ginsenosides, including oleanolane type (Ro), 
protopanaxadiol type (Rb1, Rb3, Rd, Rc, Rg3), protopanaxatriol type (notoginsenoside R1). Among them, ginsenoside 
Rb1 can effectively inhibit the toxicity of α-synuclein in the central nervous system and prevent neuronal degeneration.28 

Ginsenoside Rd maintains mitochondrial function by reducing oxidative stress damage and inhibiting apoptosis.29 In 
addition, notoginsenoside R1 has the effects of anti-inflammatory, protecting the nervous system and scavenging oxygen 
free radicals. Chlorogenic acid is a polyphenolic compound, which has good effects in anti-inflammatory, antioxidant and 
protection of the nervous system.30 It can reduce the production of some pro-inflammatory mediators, including TNF-α, 
IL-1β and IL-6, and alleviate the inflammatory response of the central nervous system.31 Geniposidic acid, an iridoid 
compound, can improve the learning and memory abilities of dementia mice, inhibit the expression of inflammatory 
factors and reduce the neuroinflammatory response.32 In conclusion, the UPLC-LTQ-Orbitrap-MS technology was used 
in the present study to quickly and accurately identify the components of QFY into blood and brain, and preliminarily 
determine the basis of its pharmacodynamic substances.

The activation of microglia and the inflammatory phenotype are crucial for neuroprotection, but persistent microglial 
activation and neuroinflammation are the core pathological manifestations of some neurodegenerative diseases. In the 
early stage of AD, glial cells in the brain are more likely to be activated, and over-activated MG releases a large number 
of inflammatory factors, such as TNF-α, IL-1β and complement. The activated microglia can be divided into the M1 and 
M2 types. M1 type cells mainly secrete proinflammatory factors, which have cytotoxic effects on neurons after long-term 
activation, while M2 type cells have the potentiality for phagocytosis, which can promote the growth of neurites.33 Some 
studies have shown that long-term activation of M1 and inhibition of M2 are the basis of the inflammatory phenotype 
of AD and other chronic neurodegenerative diseases.34 In the current study, QFY can reduce the expression of iNOS and 
CD16 mRNAs of M1 type markers, increase the expression of Arg-1 and IL-10 mRNAs of M2 type markers, and 
ultimately inhibit the expression of M1 type MG and reduce the occurrence of neuroinflammation.

The apoptosis of neurons affects the regeneration of neurons, which leads to the weakening of learning and memory 
abilities. The activation of the apoptosis pathway is mediated by the Caspase family of cysteine proteases, which cleave 
a variety of key cellular substrates.35 At the same time, cell survival and apoptosis in mammals are also regulated by the 
Bcl-2 protein family. Our study found that QFY could reduce cell apoptosis and improve the memory abilities of AD 
mice by reducing the expression of Bax and caspase-1 proteins and increasing the expression of Bcl-2 protein, which was 
consistent with the results predicted by network pharmacology.

Overexpression of the M2 type of MG can activate intercellular adhesion factors, thus causing behavioral and cognitive 
impairment. Among them, ICAM-1 and MCP-1 can promote the recruitment, infiltration and activation of inflammatory cells, 
which are important mediators of the inflammatory reaction and are produced in large quantities at the site of tissue injury. 
TNF-α can cause the release of ICAM-1 and MCP-1 located in vascular endothelial cells, and then make relevant 
inflammatory factors enter the brain through the blood brain barrier to generate an inflammatory reaction.34 In the current 
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experiment, we found that QFY could reduce the expression of ICAM-1 and MCP-1, and decrease the occurrence of 
inflammation. The occurrence of neuroinflammation will cause neuron loss, synaptic changes and dendrite reduction, and 
affect synaptic plasticity. Synaptic plasticity is considered to be the basis of brain learning and memory, which can complete 
signal transmission between neurons through its complex structure and diverse regulatory mechanisms. And, synaptic 
plasticity is closely related to the synaptic structure and function, which mediates the conduction of nerve excitability, and 
its impairment can lead to memory disorders and cognitive decline.36 The overexpression of iNOS, the M1 type MG marker, 
increases NO synthesis, accelerates the toxic effect on nerve cells, causes the loss of dendritic spines, and then leads to synaptic 
damage.37 As markers of synaptic plasticity, PSD95 and SYP can be observed in the early stages of AD patients.38 Enhancing 
the expression of SYP and PSD95 in the hippocampus of AD mice can improve cognitive dysfunction.39 In this study, we 
found that QFY dramatically increased the expression of PSD95 and SYP at the protein and mRNA levels, indicating that 
QFY had a protective effect on the function and structural damage of synapses in the hippocampus of D-gal model mice, and 
ultimately improved the cognitive function of the mice. Therefore, these results showed that regulating microglia phenotype 
and improving neuroinflammation might be one of the underlying molecular mechanisms of the anti-AD effect of QFY, as 
shown in Figure 8.

Figure 8 Diagram of the underlying mechanism of QFY in AD treatment.
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Conclusion
After oral administration of QFY, 51 prototype components were absorbed in the blood and 15 prototype components 
were absorbed in the cerebrospinal fluid of mice, respectively. Many of these ingredients have anti-inflammatory and 
neuroprotective effects. Mechanistically, QFY could effectively improve the learning and memory impairment of D-gal- 
induced AD mice by inhibiting the excessive activation of microglia, enhancing the expression of M2 microglia, 
inhibiting the increase of inflammatory factors, cell adhesion factors and chemokines, anti-apoptosis, and improving 
synaptic plasticity. However, the biological activities and metabolic pathways of these components entering the blood, 
especially the brain, will be further investigated, and the pharmacokinetic analysis in blood and cerebrospinal fluid will 
be monitored to clarify the specific dose-effect relationship, which will provide experimental basis for better elucidating 
the pharmacodynamic substances and mechanisms of QFY in the treatment of AD in vivo.

Abbreviations
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