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Abstract
Background: Perioperative neurocognitive disorders (PND) occur frequently in elderly patients after
surgery, but the mechanism of PND is not very clear at present. It is reported that anesthesia/surgery
could cause intestinal �ora imbalance and induce neurocognitive impairment. However, the effect of
intestinal �ora on PND is poorly understood. We previously found that peripheral interleukin-17A (IL17A)
destroyed the blood-brain barrier (BBB), leading to central in�ammation and neurocognitive impairment.
The small intestine is the main place where Th17 cells are produced. Therefore, we hypothesized that
Th17 cells and IL-17 may be an important bridge for intestinal microbes to cause neuroin�ammation.

Methods: Exploratory laparotomy was performed to establish PND model under sevo�urane anesthesia.
16S rRNA high-throughput sequencing was used to detect the changes of intestinal �ora. To explore the
relationship between intestinal �ora and PND, compound antibiotics were used to eliminate intestinal
�ora before anesthesia/surgery, and behavior tests, such as open �eld, Y maze, and fear conditioning
tests were applied to detect the changes of memory ability and which was compared with the rats that
did not receive compound antibiotics. The number of Th17 cells and Foxp3 cells was detected by �ow
cytometry in the Peyer's patches (PP), mesenteric lymph nodes (MLN), blood and brain. Hippocampus
IL17, IL17RA, IL6 and IL10 were detected by Western blot.  Hippocampus IL17, IL17R and IBA1 (ionized
calcium binding adaptor molecule1) were detected by immuno�uorescence.  

Results: Anesthesia/surgery caused intestinal �ora imbalance and induced neurocognitive impairment,
increased the number of Th17 cells in the PP, MLN, blood and brain, up-regulated the lever of IL17, IL17R
and in�ammatory factor production in the hippocampus. The administration of compound antibiotics
before anesthesia/surgery evidently inhibited this effect, including decreased the number of Th17 cells,
down-regulated the lever of IL17, IL17R and in�ammatory factor production, and improved the memory
function. In addition, we found that IL17R was co-labeled with IBA1 in a large amount in the
hippocampus through immuno�uorescence double-staining.

Conclusion: Our study suggested that intestinal dysbacteriosis-propelled T helper 17 cells activation
might play an important role in the pathogenesis of PND.

1. Introduction
Perioperative neurocognitive disorder (PND) is an overarching term that is used for cognitive impairment
in the perioperative period [1], which is characterized as changed neurocognitive function, such as
awareness, memory, attention, information processing, and cognitive �exibility [2]. PND often occurs in
elderly patients, for days, months or even years [3, 4]. Due to different types of surgery and research
methods, the incidence of PND varies between 8.9% and 46.1% [4, 5]. PND leads to delayed postoperative
recovery, decreased self-care ability, increased hospitalization time and medical expenses, and brings
heavy burden to the family and society [6].
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The mechanism of PND is not very clear at present. The central immune in�ammatory response is one of
the widely accepted theory. The key point of this theory is that surgical trauma causes peripheral
in�ammation, and immune messages are transmitted to the brain, triggering neuroin�ammation and
leading to cognitive dysfunction. The previous experiments of our research group found that tibial
fractures caused signi�cantly up-regulation of IL-17A in the serum and hippocampus of elderly mice.
Peripheral administration of IL-17A antibody reduced the level of IL-17A in the hippocampus after surgery,
reduced blood-brain barrier dysfunction and in�ammation in the hippocampus, and improved
postoperative cognitive impairment [7]. Approximately 70% of the immune cells are present in the
intestine. The interaction between gut microbes and the host is very important in the development and
maintenance of the host immune system [8]. Intestinal microbes are an important factor affecting the
proliferation and differentiation of Th17 cells [9].

In recent years, the role of intestinal �ora in various diseases has attracted widespread attention. There
have been a large number of documents con�rmed that intestinal �ora was involved in Alzheimer’s
disease (AD) [10], Parkinson’s disease (PD) [11], stroke [12], Amyotrophic lateral sclerosis (ALS) [13],
autism [14], postoperative cognitive dysfunction (POCD) [15] and other diseases. Studies have con�rmed
that anesthesia/surgery affected the abundance and diversity of intestinal �ora in mice [15–17].
Probiotics or antibiotics administrated before anesthesia/surgery to regulate intestinal �ora could
improve the memory ability of old mice [15]. A clinical study also reported that administration of
probiotics during the perioperative period signi�cantly reduced the incidence of POCD [18]. The above
studies have shown that the intestinal �ora is inextricably linked with PND, but how the intestinal �ora
acts on the CNS remains unclear.

The role of Th17 cells in the microbe-gut-brain axis has attracted more and more attention. High-salt diet
induced the activation of Th17 cells in the intestine, increased the secretion of IL17A in circulation, and
then damaged vascular endothelial cells, resulting in decreased cerebral perfusion and cognitive
dysfunction [19]. In addition, researchers have detected IL-17 + γδ T cells from the intestines in the
meningeal lymphatics of stroke model mice [12]. Another study found that virus infection in pregnant
mouse caused Th17 cells to activate and secrete IL-17 cytokines. These molecules bound to the receptors
in the brain of the developing embryo through the placenta, and the offspring exhibited autism-like
behavior [20]. The above studies suggested that Th17 cells and IL-17 may be an important bridge for
intestinal microbes to in�uence CNS.

We hypothesize that anesthesia/surgery leads to intestinal �ora imbalance, activates the intestinal
immune system, and increases the activation of intestinal Th17 cells and the secretion of IL17. Th17
cells and IL17 act on hippocampal microglia, promote central in�ammation and mediate PND.

2. Materials And Methods

2.1 Animals
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The animals used in this study were 15-month-old SPF male SD rats, which were purchased from SiPeiFu
(Beijing) Biotechnology Co., Ltd. The rats were raised in the SPF animal room of Southeast University.
The animal room was 12-hour day/night, the room temperature was 24 ± 1℃, and the relative humidity
was 45%. Animals had free access to food and water. The protocols of this study were approved by the
Ethics Committee of Zhongda Hospital, School of Medicine, Southeast University, Nanjing, Jiangsu, China
(permit number: 20200701006). All procedures of our study followed the guideline of the National
Institutes of Health guide for the care and use of Laboratory animals (NIH Publications No. 8023, revised
1978).

2.2 Experiment grouping
48 rats were randomly divided into 4 groups: control group (CON), compound antibiotics group (ANT),
anesthesia/surgery group (SUR), and compound antibiotics + anesthesia/surgery group (ANT + SUR).
According to Barrientos' method [21], exploratory laparotomy was performed under sevo�urane
anesthesia with minor modi�cations. After successful induction of anesthesia, we shaved the abdominal
area and disinfected the surgical area with iodophor. Then we made a midline incision (about 3cm long,
and penetrating the peritoneal cavity) and explored the internal organs, intestines and muscle tissues.
Finally, sterile 3 − 0 chrome-plated gut sutures were used to suture the peritoneum, abdominal muscles
and skin in layers. The total duration of the entire operation was 30 minutes. For rats in the CON group,
neither anesthesia nor surgery was performed. From day 1 to day 6 after anesthesia/surgery, rats feces
were collected every day, and the weight of the rats was measured and recorded. The fecal samples were
stored in a refrigerator at -80°C.

2.3 Antibiotics treatment
Compound antibiotics were used to relatively eliminate the intestinal �ora of rats in ANT group and ANT 
+ SUR group 4 weeks before anesthesia/surgery. The compound antibiotics (vancomycin (500mg/L),
neomycin (1g/L), ampicillin sodium (1g/L), and metronidazole (1g/L)) were prepared with sterile water
according to the required concentration, and were used by free-drinking. This dosing schedule is
consistent with multiple studies for eliminating gut microbiome [22]. The water consumption was
monitored during the 4-week treatment period, and the water consumption was equivalent to plain water.
The intestinal �ora in rats’ feces was detected by gene sequencing to determine whether the intestinal
�ora had been eliminated. The exploratory laparotomy was performed in ANT + SUR group after
antibiotics treatment.

2.4 Open �eld test (OFT)
On the third day after anesthesia/surgery, open �eld test was performed to evaluate the rats' exploratory
movement. Put each rat gently in the center of the topless black plastic test chamber (100cm x 100cm x
40cm; XR-XZ301; Shanghai Softmaze Information Technology Co., Ltd (Shanghai, China)) and let it
explore independently for 5 minutes. The computer system recorded the movement trajectory of the rats.
Before and after each rat was tested, the bottom and four walls of the test chamber were sprayed with
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75% alcohol to avoid the residual odor or urine and feces of the previous rat from affecting the
exploratory behavior of the next rat.

2.5 Y maze test
The Y maze test was performed to detect working memory of rats 2 hours after open �eld test. The Y
maze (XR-XZ1032; Shanghai Softmaze Information Technology Co., Ltd (Shanghai, China)) consists of
three identical arms (50cm × 10cm × 30cm) and a connecting area, and the angle between the three arms
is 120 degrees. Put each rat gently at the end of any arm of the Y maze and allow it to explore the maze
for 8 minutes. The camera system recorded the rats' movement trajectory. According to the movement
trajectory, the following data were obtained: (1) Total number of arm access; (2) Maximum number of
alternations: total number of arm access subtract 2; (3) Actual number of alternations: entering three
arms one after the other, such as 1, 2, 3 or 1, 3, 2. Spontaneous alternation ratio = actual alternation
times/maximum alternation times×100%. After each rat was tested, 75% alcohol was sprayed to wipe the
inner wall and bottom of the Y maze.

2.6 Fear conditioning test (FC)
To test the spatial memory ability, the rats were trained and tested for fear conditioning. Put each rat into
a conditioning chamber (30cm × 30cm × 45cm; XR-XC404; Shanghai Softmaze Information Technology
Co., Ltd (Shanghai, China)) and allowed it to explore the chamber for 3 minutes. Then a 30-second tone
(76 dB, 3 kHz) stimulation was administered, followed by a 2-second foot shock (1.5 mA). Each rat
stayed in the conditioning chamber for 30 seconds after foot shock, and then returned to its previous
cage. 24 hours later, the contextual fear conditioning test was performed (a hippocampus-dependent
task). Each rat was placed in the same conditioning chamber where it was trained before, and observed
for 5 minutes without tone stimulation or foot shock. Recorded the rats’ freezing time. Freezing de�nition:
There was no visible movement except breathing. Before and after the test of each rat, 75% alcohol was
sprayed to clean the bottom and surroundings of the test box.

2.7 Western blot
On the sixth day after the anesthesia/surgery, one side of the hippocampal tissue was harvested and
placed in tissue lysis solution (RIPA: PMSF = 100:1) and was ground with a glass grinder. After being
thoroughly ground, lysed for 30 minutes. Centrifuged for 20 minutes at 4°C, 12000 rpm, and took the
supernatant. After BCA quanti�cation, SDS-PAGE was used for protein electrophoresis, and the protein
was transferred to PVDF membrane after electrophoresis. After blocking with 5% calf serum at room
temperature for 2 hours, the polyvinylidene �uoride (PVDF) membranes were incubated in the primary
antibody (IL17 (Santa-Cruz, #sc-374218, 1:100), IL17RA (Abcam, #ab180904, 1:1000), IL6 (A�nity
Biosciences, #DF6087, 1:1000), IL10 (Proteintech, #20850-1-AP,1:500), β-Tubulin (Proteintech, #10068-1-
AP, 1:5000)) at 4℃ overnight. About 24 hours later, the PVDF membrane was rinsed with Tris Buffered
Saline with Tween (TBST). Then the PVDF membrane were incubated in the secondary antibody (goat
anti-mouse IgG (Servicebio, #GB23310, 1:5000), goat anti-rabbit IgG (Servicebio, #GB23303, 1:5000)) at
room temperature for 2 hours. Then the PVDF membrane was rinsed with TBST. Spread the ECL
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luminescent liquid evenly on the PVDF membrane and waited for exposure. Image analysis was
performed using Image J software (National Institutes of Health, Bethesda, MD, USA).

2.8 Immuno�uorescent staining
On the sixth day after anesthesia/surgery, the rats were deeply anesthetized with sevo�urane, and were
perfused with 0.9% sodium chloride and 4% paraformaldehyde (PFA) respectively. Each intact brain
tissue was carefully taken out, and be placed in pre-cooled 4°C 4% PFA for 12–16 hours. Dehydrated
brain tissue with 30% sucrose. When each brain tissue sunk to the bottom of sucrose, it was embedded in
OCT and stored in a refrigerator at -80°C. Coronal slices of brain tissue, 30 µm in thickness, were laid �at
on glass slides. The sections were washed with phosphate buffered saline (PBS; pH 7.4) and phosphate
buffered saline with Triton (PBST), and blocked with 10% goat serum at room temperature for 2 hours.
After blocking, the sections were incubated in the primary antibody (IL17 (Santa-Cruz, #sc-374218, 1:100),
IL17R (Santa-Cruz, #sc-376374, 1:50), IBA1 (Wako, #019-19741, 1:500)) at 4℃ overnight. 24 hours later,
washed the sections with PBST. Sections were incubated with the secondary antibody (Alexa Fluor 488
goat anti-rabbit (Proteintech, #SA00013-2, 1:500), Alexa Fluor 488 goat anti-mouse (Proteintech,
#SA00013-1, 1:500), Alexa Fluor 647 goat anti-mouse (Invitrogen, #A-21235, 1:1000)) at room
temperature for 2 hours. Washed the sections with PBST and PBS and incubated with 4´,6-diamidino-2-
phenylindole (DAPI) for nuclear staining. The �uorescence image was captured with a confocal
microscope (Olympus, Japan). Image analysis was performed using Image J software (National
Institutes of Health, Bethesda, MD, USA).

2.9 16S rRNA high-throughput sequencing
Fecal samples from the third day after anesthesia/surgery were used for 16S rRNA high-throughput
sequencing. PowerMax DNA extraction kit (MoBio Laboratories, USA) was used to extract DNA from rats’
fecal samples. The DNA content and the quality of DNA in the extracted samples were measured and
evaluated by NanoDrop ND-1000 spectrophotometer and Agarose gel electrophoresis independently.

We used forward primer 515F (5’-GTGCCAGCMGCCGCGGTAA − 3’) and reverse primer 806R (5’-
GGACTACHVGGGTWTCTAAT-3’) to PCR amplify the V4 region of the bacterial 16S rRNA gene. PCR
reaction system: 25 µl of high-�delity enzyme (Phusion High-Fidelity PCR Master Mix with HF Buffer), 3 µl
each of F/R primers, 10 µl of DNA template, 9 µl of ddH2O. PCR ampli�cation was performed according
to the following reaction conditions: pre-denaturation at 98°C for 30 seconds; The next 25 cycles:
denaturation at 98°C for 15 seconds, annealing at 58°C for 15 seconds, extension at 72°C for 15 seconds;
The �nal extension is 72°C for 1 minute. The AMPure XP Beads (Beckman Coulter, IN) and PicoGreen
dsDNA Assay Kit (Invitrogen, USA) were used to purify and quantify the PCR products. After
quanti�cation, Illlumina Novaseq 6000 pair-end 2×150 bp platform was used for sequencing at GUHE
Info technology Co., Ltd (Hangzhou, China).

QIIME was used to process the raw data. Remove low-quality sequences through the following criteria:
sequences that had a length of < 150 bp, sequences that had average Phred scores of < 20, sequences
that contained ambiguous bases, and sequences that contained mononucleotide repeats of > 8 bp.
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Vsearch v1.11.1 was used to pick operational taxonomic units (OTUs) (clustering with 97% similarity).
VSEARCH was used to search for representative sequences set in the SILVA128 database to generate the
OTU list, and count the community composition of each sample at each classi�cation level. Remove all
OTUs with a content of less than 0.001% of the total sequence in all samples.

α diversity index was calculated by QIIME software. Beta diversity analysis was performed by using
UniFrac distance metrics [23] to investigate the structural variation of microbial communities across
samples and visualized via nonmetric multidimensional scaling (NMDS) [24]. The difference in Unifrac
distance between groups was compared using the t-test test and the Monte Carlo permutation test. LEfSe
default settings and R package "random Forest" default settings were used to compare differences
between groups respectively.

2.10 Cell isolation from PP, MLN and blood
After each rat was deeply anesthetized with sevo�urane, the PPs and MLN were harvested according to
the principle of aseptic operation, and arterial blood was drawn from abdominal aorta. The PPs were
placed in 5ml of collagenase D (1mg/ml) and were incubated in 37°C water bath for 30 minutes. Then
put the MLN and PPs into a wet 70um sterile cell strainer, and gently ground with the plunger of a 2ml
syringe. Washed the cell strainer with 5ml RPMI 1640 medium. Centrifuged at 500×g for 5 minutes,
discarded the supernatant, and washed the cells with RPMI 1640 medium. The whole blood was diluted
1:1 with RPMI 1640 medium, and added it to the upper layer of Ficoll. Centrifuged at 500×g for 30
minutes. Collected the peripheral blood mononuclear cells (PBMC) at the junction of the medium and
Ficoll into a sterile centrifuge tube. The corresponding �ow cytometry antibody was used for staining, and
tested with the Attune NxT cytometer (Thermo Fisher Scienti�c).

2.11 Isolation of brain leukocytes
After each brain tissue was harvested from rat, it was chopped into small pieces. Collagenase D
(1mg/ml) and DnaseI enzyme (1mg/ml) were used to digest the tissue and incubated in 37°C water bath
for 40 minutes. The digested tissue was added into a 70µm sterile cell strainer, a plunger of 2ml syringe
was used to gently grind the remaining tissue mass, and washed the cell strainer with 5 ml RPMI 1640
medium. 100% Percoll was used to dilute cell suspension to 30% Percoll cell suspension, and which was
slowly added on the top of 5ml 70% Percoll. Without brake, centrifuged at 500×g for 30 minutes with
horizontal centrifuge. The cell layer between 30/70% density gradient was harvested. The corresponding
�ow cytometry antibody was used for staining, and tested with the Attune NxT cytometer (Thermo Fisher
Scienti�c).

2.12 Extracellular staining
Resuspended the cells with 10% calf serum and incubated at 4°C for 10 minutes. After blocking,
extracellular antibodies (LIVE/DEAD™ Fixable Near-IR Dead Cell Stain Kit (eBioscience, #L10119), CD3
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PerCP-eFluor-710 (eBioscience, #46-0030-82), CD45 FITC OX1 (eBioscience, #11-0461-82), CD4 Super
Bright 600 OX35 (eBioscience, #63-0040-82)) were used to stain cells at 4°C for 15 minutes. The cells
were washed with sterile PBS, and tested with Attune NxT cytometer (Thermo Fisher Scienti�c). Image
analysis was performed using FlowJo software.

2.13 Intracellular staining
Since IL-17 is di�cult to stain in the resting state, so the cells need to be activated �rst. Resuspended the
cells in RPMI-1640 medium, which contains 10% fetal bovine serum, 100 ng/ml phorbol 12-myristate 13-
acetate (PMA), 1µg/ml ionomycin and 3µg/ml brefeldin for cells activation [12]. Incubated the cells in
37°C, 5% CO2 incubator for 4 hours. Centrifuged at 500×g for 5 minutes and discarded the supernatant.
After blocking with 10% calf serum and incubated at 4°C for 10 minutes, appropriate extracellular
antibodies were used for extracellular staining. Then washed the cells, and �xed it with �xation buffer
(Foxp3/Transcription Factor Staining Buffer Set (eBioscience, #00-5523-00)) at 4°C for 30 minutes. The
cells were washed with permeabilization buffer and incubated with intracellular antibody (IL17 APC eBio
17B7(eBioscience, #17-7177-81), FOXP3 PE FJK-16s (eBioscience, #12-5773)) at 4°C for 30 minutes. The
cells were washed with sterile PBS buffer, and detected with Attune NxT cytometer (Thermo Fisher
Scienti�c). Image analysis was performed using FlowJo software.

2.14 Statistical analysis
GraphPad Prism 8.0 software was used for Statistical analysis. Measurement data are expressed as
mean ± standard error (mean ± SEM). One-way analysis of variance (ANOVA) was used to compare the
multiple groups. P < 0.05 indicates that the difference is statistically signi�cant.

3. Results

3.1 Anesthesia/surgery changed the composition of
intestinal �ora in aged rats
16S rRNA sequencing was performed on fecal samples of aged rats in the CON group and the SUR group.
The results showed that the Chao1 index of the SUR group was not signi�cantly different from that of the
CON group, while the Shannon and the Simpson index were signi�cantly lower. Detailed data of alpha
diversity-related analysis was included in Additional �le 1. These results indicated that
anesthesia/surgery had a signi�cant impact on the diversity of intestinal �ora.

We found that the intestinal �ora of the CON group and the SUR group was signi�cantly different at each
classi�cation level. At the phylum level, the differences were concentrated in Firmicutes and
Proteobacteria. At the family level, there were signi�cant differences in the abundance of
Lactobacillaceae, Lachnospiraceae, Turicibacteraceae, Erysipelotrichaceae and Enterobacteriaceae. At
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the genus level, there were signi�cant differences in the abundance of Lactobacillus, Blautia, Turicibacter
and Dorea. More detailed data on the composition of intestinal �ora between CON group and SUR group
was included in Additional �le 2. These results suggested that anesthesia/surgery changed the
abundance of intestinal �ora in aged rats. This is consistent with the previous study of others [15, 16].

Figure 1A shows that the composition of intestinal �ora in the SUR group is signi�cantly different from
that of the CON group. The distribution of the intestinal �ora in the CON group is relatively scattered and
the similarity is poor, while the distribution of the intestinal �ora in the SUR group is relatively
concentrated and the similarity is good. This indicated that anesthesia/surgery seems to be able to
change the composition of intestinal �ora in a certain direction. Figure 1B shows the effect of
anesthesia/surgery on the relative abundance of the intestinal �ora at genus level (top 10).
Anesthesia/surgery reduced the abundance of Lactobacillus and increased the abundance of Blautia,
Turicibacter and Dorea (Fig. 1C).

In the LEfSe analysis (Fig. 1D), different colors in the �gure represent the different species between the
CON group and SUR group. There were signi�cant differences in the composition of intestinal �ora
between the two groups. Compared with the CON group, the SUR group had signi�cant changes in the
average and median of the relative abundance of intestinal �ora and LDA scores at each classi�cation
level of gut bacterial (Fig. 1D–1F). In summary, anesthesia/surgery had a signi�cant impact on the
composition of intestinal �ora in aged rats.

3.2 Compound antibiotics improved postoperative
cognitive function in aged rats
To explore the relationship between intestinal �ora and PND, compound antibiotics were used to
eliminate the intestinal �ora before anesthesia/surgery, and observed the changes of cognitive function
after anesthesia/surgery. The administration of compound antibiotics before anesthesia/surgery
eliminated most of intestinal �ora (Additional �le 3).

Figure 2A exhibits the behavioral tests �ow chart. There were no signi�cant differences in motor function
among 4 groups on the third day after anesthesia/surgery (P > 0.05, Fig. 2B). The correct alternation ratio
was signi�cantly decreased in the SUR group than the CON group, while the administration of compound
antibiotics evidently increased the correct alternation ratio (P < 0.05, Fig. 2C). In the FC training phase,
there was no signi�cant difference in the freezing time of the 4 groups (P > 0.05, Fig. 2D). In the FC test
phase, the freezing time of rats in the SUR group was signi�cantly reduced compared with the CON group,
and rescued in the ANT + SUR group (P < 0.05, Fig. 2E). The results suggested that anesthesia/surgery
may impair the cognitive function of aged rats to some extent, and the administration of compound
antibiotics seems to improve the impaired cognitive function. This is consistent with the previous study
of others [15].

3.3 Intestinal �ora changed the number of Th17 cells in the
periphery and CNS
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The small intestine is the main place where Th17 cells are produced, and the production of Th17 cells is
mainly affected by the local microenvironment [9]. Therefore, we used �ow cytometry to detect the
number of Th17 cells and Foxp3 cells in the PP, MLN, blood and brain. Figure 3A-3D is the �ow cytometry
representative diagrams of Th17 cells in the brain, MLN and PP of the four groups, and Fig. 3E-3H is the
quanti�cation of Th17 cells in the brain, MLN and PP. The number of Th17 cells was signi�cantly
increased in the SUR group compared with the CON group, while the administration of compound
antibiotics evidently decreased the number of Th17 cells. There was no signi�cant difference in the
number of Foxp3 cells among the four groups (P > 0.05, Fig. 3H- 3K). The above results indicated that
anesthesia/surgery induced a signi�cantly increase in the number of Th17 cells in the PP, MLN, blood and
brain, while the administration of compound antibiotics reduced the number of Th17 cells.

3.4 Effects of intestinal �ora on the expressions of IL17,
IL17RA, IL6, and IL10 in the hippocampus of rats
The previous study of our research group found that the tibial fractures caused signi�cant up-regulation
of IL-17A in serum and hippocampus of aged mice [7]. To explore the effect of intestinal �ora on the
expression of in�ammatory cytokines in the hippocampus of aged rats, we detected IL17, IL17RA, IL6,
and IL10 in the hippocampus through western blot. Compared with the CON group, the expression of
IL17, IL6 and IL17RA in the hippocampus of the SUR group was signi�cantly increased, while the
administration of compound antibiotics evidently decreased the expression of IL17, IL6 and IL17RA (P < 
0.05, Fig. 4A-4F). There was no signi�cant difference in the expression of IL10 in the hippocampus
among the 4 groups of rats (P > 0.05, Fig. 4G-4H). Full blots for Fig. 4 were included in Additional �le 4.
These results suggested that anesthesia/surgery may increase the expression of pro-in�ammatory
cytokines and their receptors, and the administration of compound antibiotics in advance could attenuate
these effects.

3.5 Effects of intestinal �ora on the expression of IL17 in
different areas of hippocampus
We found that the �uorescence intensity of IL17 was signi�cantly increased in the hippocampal CA1, CA3
and DG areas in the SUR group compared with the CON group, while the administration of compound
antibiotics evidently decreased the �uorescence intensity of IL17 in the hippocampal CA3 and DG areas
(P < 0.05, Fig. 5A-5O), but not the CA1 area (P > 0.05, Fig. 5E). The results suggested that the
anesthesia/surgery signi�cantly increased the expression of IL17 in the hippocampus CA1, CA3 and DG
areas of aged rats, and compound antibiotics treatment in advance could attenuate these effects.

3.6 Effects of intestinal �ora on the expression of IL17R and
IBA1 in the hippocampus of rats
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We found that IL17R was co-labeled with IBA1 in a large amount in the hippocampus through
immuno�uorescence double-staining (Fig. 6P-6X). The �uorescence intensity of IBA1 increased
signi�cantly in the hippocampal CA1, CA3 and DG areas of the SUR group in comparison with the CON
group, while the administration of compound antibiotics evidently decreased the �uorescence intensity of
IBA1 (P < 0.05, Fig. 6A-6O). The results suggested that a large amounts of IL17R were expressed with
microglia in the hippocampus, considering IBA1 has been widely used to study microglia as its
expression is speci�c [25]. Anesthesia/surgery signi�cantly increased the expression of IBA1 in the CA1,
CA3 and DG areas of the hippocampus in aged rats, and compound antibiotics treatment in advance
could attenuate these effects.

4. Discussion
In this study, we found that anesthesia/surgery caused intestinal �ora imbalance and induced
neurocognitive impairment in aged rats. Intestinal �ora may act on the central nervous system by
activating intestinal Th17 cells and increase the secretion of IL17, leading to cognitive impairment, which
may be a potential mechanism of PND in aged rats.

There are a huge number of microorganisms on the surface and in the body of our human body, about 10
^ 14 bacteria, which contain 100 times the number of genomes of humans [26]. The intestinal �ora plays
an important role in maintaining human health and can affect the CNS in many ways, such as changing
the composition of the intestinal �ora [27], activating the immune system [28], the vagus nerve [11], the
tryptophan metabolites [29], the secretion of intestinal hormones [30], the bacterial metabolites [31] and
others. In view of the important role of intestinal �ora in maintaining human health, the intestinal �ora
was even called "neglected human organ" [32].

A large number of studies have con�rmed that intestinal �ora played an important role in the
pathophysiology of neurodegenerative diseases. In the animal model of POCD caused by abdominal
exploratory surgery, using the method of cluster analysis, it was found that the abundance and diversity
of the intestinal �ora in the POCD group was signi�cantly reduced [16]. Similar to the results of the above
study, we found that anesthesia/surgery caused intestinal �ora imbalance and cognitive impairment in
aged rats. When compound antibiotics were given 4 weeks before anesthesia/surgery to relatively
eliminate the intestinal �ora, the memory ability of old rats was improved. This result is consistent with
the study of others [15]. Through 16S rRNA sequencing, we found that the abundance of �ve family-level
intestinal �ora changed signi�cantly, including Lactobacillaceae, Lachnospiraceae, Turicibacteraceae,
Erysipelotrichaceae and Enterobacteriaceae. At the genus level, the abundance of Lactobacillus, Blautia,
Turicibacter and Dorea changed signi�cantly. In patients with depression, multiple sclerosis (MS) and
Hashimoto’s thyroiditis, the abundance of Blautia and Dorea was increased [33–36]. Lactobacillus
regulated emotional behavior and the expression of central gamma-aminobutyric acid (GABA) receptor
through the vagus nerve [37]. Lactobacillus reuteri reversed the autism-like behavior of various types of
autistic mice [14]. Studies have con�rmed that Ruminococcaceae and Lachnospiraceae were related to
learning and memory. In the model of memory impairment caused by high-fat diet, the increased
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abundance of Ruminococcaceae and Lachnospiraceae was related to the increase of in�ammation-
related genes in the hippocampus [38]. In our study, we found that anesthesia/surgery reduced the
abundance of Lactobacillus, and increased the abundance of Lachnospiraceae and Ruminococcaceae in
the intestinal �ora. Compared with the CON group, the compound antibiotics had no obvious effect on the
memory ability of aged rats; Compared with the SUR group, the compound antibiotics improved the
memory ability of aged rats. It suggested that the occurrence of PND may correlate to the increase of
“harmful” bacteria in the intestine, for example Lachnospiraceae and Ruminococcaceae, and elimination
of the “harmful” bacteria through compound antibiotics helped to improve the cognitive function.

Intestinal �ora played a decisive role in the maturation of the immune system by stimulating local and
systemic immune responses in the intestine [39], especially the maturation of intestinal-associated
lymphoid tissues [40]. The lamina propria of the small intestine is rich in Th17 cells, and the changes in
the local microenvironment are the main factors for Th17 cells activation. In 2015, Koji Atarashiit et al.
discovered that the adhesion of microorganisms to intestinal epithelial cells was a crucial condition for
inducing the production of Th17 cells [41]. The level of intestinal Th17 cells could be changed by
regulating the intestinal �ora through diet [42, 43]. Some researchers pointed out that intestinal microbes
were an important factor affecting the proliferation and differentiation of Th17 cells [9]. The phenotype of
differentiation of intestinal CD4 + T cell was determined by microorganisms rather than cytokines [44].
The above studies suggested that the intestinal �ora, especially the interaction of intestinal �ora with the
local microenvironment, was a key factor in the production of Th17 cells.

Anesthetic drugs and surgical trauma may affect the intestinal homeostasis. In our study, we found that
anesthesia/surgery caused intestinal �ora imbalance, and simultaneously, Th17 cells increased
signi�cantly in the PPs, MLN and brain. When compound antibiotics were given before
anesthesia/surgery to eliminate the intestinal �ora, the number of Th17 cells reduced simultaneously in
above tissues. The compound antibiotics treatment signi�cantly reduced intestinal Th17 cells [45, 46]
and IL-17 cytokines [47].

Studies have shown that IL-17A was involved in the pathophysiological process of neurodegenerative
diseases. Researchers found that the level of IL-17A was signi�cantly increased in the cerebrospinal �uid
and plasma of patients with MS, AD, and PD, and was related to the severity of these diseases [48, 49].
However, how IL17A causes neurodegenerative diseases is less known yet and controversies remain.
Most people believe that IL-17A caused the occurrence and development of diseases by activating glial
cells (especially microglia) [48, 50]. For example, bone cancer pain leaded to the activation of Th17 cells,
which promoted the activation of microglia and further aggravated the pain of bone cancer patients.
Intrathecal injection of IL17 antibody could relieve pain in such patients [51]. Through
immuno�uorescence, we found that anesthesia/surgery signi�cantly increased the �uorescence intensity
of IL17 and IL17R in the hippocampus of rats. When compound antibiotics were given before
anesthesia/surgery, the �uorescence intensity of IL17 and IL17R in the hippocampus was signi�cantly
reduced. We also found that most of the IBA1 that speci�c in the microglia could co-label with IL17R in
the hippocampus. These results indicated that anesthesia/surgery caused a signi�cantly increase in the
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number of activated microglia in the hippocampal of aged rats, while the administration of compound
antibiotics before anesthesia/surgery could evidently reduce the number of activated microglia.

Microglia are macrophages of the CNS and have multiple functions [52]. Sequencing technology revealed
that microglia were the determinants of central nervous system diseases. Through Genome-Wide
Association Studies (GWAS), many risk genes for central neurodegenerative diseases (including AD, PD,
schizophrenia, autism, and MS) that have been discovered were expressed by microglia [52]. Studies
have con�rmed that microglia also played an important role in the occurrence of POCD. Study has shown
that through inhibiting the colony stimulating factor 1 receptor (CSF1R) in adult mice, it effectively
depleted the microglia of the CNS, effectively prevented in�ammation in�ltration in the hippocampus, and
improved cognitive function after tibial fracture [53].

In summary, the intestinal homeostasis of old rats was relatively fragile. Under the combined action of
anesthesia and surgery, the intestinal �ora was prone to imbalance, harmful �ora increased, bene�cial
�ora decreased. Intestinal �ora imbalance caused activation and increase of intestinal Th17 cells, which
increased the secretion of IL17 and other pro-in�ammatory cytokines to aggravate system in�ammation
response. Increased Th17 cells and IL17 damaged BBB (con�rmed in the previous study [7]), entered the
CNS and acted on microglia, and consequently caused central immune in�ammation and cognitive
impairment (Fig. 7).

There are some controversies about the effects of compound antibiotics on cognitive function. Some
researchers have found that the use of compound antibiotics to clear the intestinal �ora from the
weaning of mice affected the new objects recognition memory [54]. Short-term (11 days) use of
compound antibiotics affected the new objects recognition memory, but spatial memory was not affected
[55]. In our study, we found that the administration of 4-week compound antibiotics has no effect on
space and working memory, which is consistent with the previous study [15]. For the effects of compound
antibiotics on cognitive function, more research is needed to further con�rm.

Our study has some limitations. We did not identify which intestinal �ora was involved in Th17 cells
activation or cognitive impairment caused by anesthesia/surgery. Further research is needed to identify
speci�c gut bacteria involved in PND, such as transplanting feces or speci�c gut bacteria into germ-free
mice. Besides, in our experiment, we did not set up a simple anesthesia group, because in the process of
modeling, our anesthesia time was short to 30 minutes, and a large number of studies also con�rmed
that sevo�urane has little effect on cognitive function. In primate experiments, it was found that
sevo�urane exposure had little effect on the cognitive function of adult monkeys and did not cause the
activation of microglia [56]. According to reports, 2.5% sevo�urane exposure for 1 hour had little effect on
the cognitive function in adult rodents [57]. There were even studies reported that sevo�urane could
alleviate the cognitive impairment induced by lipopolysaccharide (LPS) [58]. On the other hand,
anesthesia and surgery cannot be completely separated. So, we did not set up a simple anesthesia group.

5. Conclusion
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In summary, our study found that anesthesia/surgery could cause intestinal �ora imbalance and
cognitive impairment. The intestinal �ora may act on hippocampal microglia through intestinal-derived
Th17 and its cytokine IL17, leading to PND. Intestinal �ora imbalance may be an important pathogenic
factor of PND. Our study may provide a new idea and target for the prevention and treatment of PND.
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Figure 1

The difference of intestinal �ora in the CON group and the SUR group.
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Figure 2

The administration of compound antibiotics before anesthesia/surgery improved postoperative cognitive
function in aged rats.



Page 22/26

Figure 3

The number of Th17 cells and Foxp3 cells in the PP, MLN, blood and brain was detected by Flow
cytometry.



Page 23/26

Figure 4

The Western blot results of in�ammation-related proteins in the hippocampus at the sixth day after
anesthesia/surgery.
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Figure 5

The immuno�uorescence results of IL17 in the hippocampus at the sixth day after anesthesia/surgery.
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Figure 6

The immuno�uorescence results of IL17R and IBA1 in the hippocampus at the sixth day after
anesthesia/surgery
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Figure 7

The mechanism diagram of this study.
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