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To explore the effect of baicalin on cognitive function and nerves after splenectomy in aged rats is the
main objective of the study. Aged rats were randomly divided into a sham operation group, a model group
(to construct a splenectomy surgical model) and a baicalin treatment group (baicalin was given after
the model was constructed). The pathological conditions like interleukin-6, tumor necrosis factor alpha,
interleukin-1 beta content; brain detection by terminal deoxynucleotidyl transferase dUTP nick end
labeling method apoptosis of tissue cell; western blot method was used to detect the expression of related
proteins and real-time fluorescence quantitative polymerase chain reaction method was used to detect the
messenger ribonucleic acid levels of related genes. Compared with the control group, the brain tissue cell
apoptosis increased and the expression of inflammatory factors increased in the model group; compared
with the model group, the brain tissue apoptosis of the baicalin treatment group decreased, the expression
of Ki67 positive cells increased and the inflammation-related factor interleukin-6, tumor necrosis factor
alpha, interleukin-1 beta levels were significantly decreased, N-methyl D-aspartate receptor subtype 2B,
phosphorylated-extracellular signal-regulated kinase, phosphorylated-cAMP response element-binding
protein expressions were significantly increased. Baicalin can improve postoperative cognitive dysfunction
and nerve injury in aged rats after splenectomy by improving the pathological state of brain tissue,

attenuating the inflammatory response and promoting apoptosis of brain tissue.
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Postoperative  Cognitive Dysfunction (POCD)
is a central nervous system complication after
surgical anesthesia, mainly manifested by disorders
of consciousness, cognition, learning, memory,
orientation and psychomotor behavior!!l. It can delay
the recovery time of patients, increase the risk of
other complications and have a serious impact on
prognosis?3. The exact mechanism of POCD is still
unclear.

The traditional Chinese medicine, baicalin is
known to have neuroprotective effects. Baicalin
is a flavonoid extracted from the dried rhizomes
of Astragalus and is the main pharmacological
component of Astragalus. Baicalin has antiviral,
anti-inflammatory, anti-apoptotic and antioxidant
functions™7. It can penetrate the blood-brain barrier
and exert neuroprotective effects through anti-
inflammatory and antiapoptotic pathways, thereby
providing effective protection against cerebral
ischemia and other injuries®. In an in vitro model,
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baicalin also showed protective effects against
neuronal damage induced by amyloid beta peptide
(AP). Baicalin has an obvious protective effect on
cerebral ischemia-reperfusion injury, which may be
related to its antioxidant effect in the early stage of
cerebral ischemia-reperfusion!!®,

It is known that baicalin has protective and repairing
effects on learning and memory impairment in rats,
but its protective effect and molecular mechanism on
POCD caused by splenectomy in aged rats are still
unclear. Therefore, this study conducted splenectomy
in aged rats and intraperitoneal injection of baicalin
to explore the effect of baicalin on post-splenectomy
in aged rats from the aspects of brain tissue
pathological state, inflammatory factor expression
and N-methyl D-aspartate Receptor Subtype 2B
(NR2B)/Extracellular ~ Signal-Regulated  Kinase
(ERK)/cAMP Response Element-Binding Protein
(CREB) signaling pathway. Cognitive dysfunction
and neuroprotective mechanisms provide a relevant
theoretical basis for the clinical treatment and drug
development of POCD and neuroinflammation.
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MATERIALS AND METHODS
Animals used in the study:

36 male Sprague-Dawley rats of 18 mo old, weighing
500-700 g, were provided by Shanghai Song Chi
Animal Center. Animal room feeding environment
was maintained at a room temperature of 22°+£2°,
relative humidity 50 %-60 % and 12 h alternating
light and dark. Rats were raised of Specific Pathogen
Free (SPF) and all experiments were conducted in
accordance with the outlined ethical principles for
medical research. The work was approved by the
ethics Committee of Wuxi Hospital of Traditional
Chinese Medicine affiliated to Nanjing University of
Chinese Medicine.

Animal model:

The rats were anesthetized by intraperitoneal injection
of pentobarbital sodium 50 mg/kg. After anesthesia,
the rats were placed on the operating table and the
spleen was dissociated through a central incision in
the abdomen. The spleen was resected after double
ligation and the abdominal cavity was closed after
hemostasis was confirmed.

36 rats were fed for 1 w and randomly divided into
sham operation group (n=8), splenectomy group
(n=8) and baicalin group (n=20). The aged rats in the
baicalin group were intraperitoneally injected with
100 mg/kg and 20 mg/kg baicalin on the day before
operation. The others were injected with the same
amount of normal saline. Except for the sham group,
splenectomy was performed on the 2™ d. In the sham
group, only the abdominal cavity was opened after
anesthesia without partial splenectomy and the other

steps were the same, with continuous injection for 7
d.

Terminal Deoxynucleotidyl Transferase dUTP Nick
End Labeling (TUNEL) analysis:

3 um paraffin sections were dewaxed in xylene for 10
min, replaced with fresh xylene and dewaxed for 10
min and then with absolute ethanol, 95 % cthanol, 85
% ethanol and 75 % ethanol for 10 min each. After
that wash with distilled water, then wash 3 times
with 1xTris-Buffered Saline (TBS) for 5 min each,
then dropwise add proteinase K, incubate at room
temperature for 20 min, wash with 1xTBS buffer,
incubate with 3 % Hydrogen peroxide (H,0,) for 5
min at room temperature and wash 2-3 times with
TBS buffer, 5 min each time and then add 1xTerminal

37

deoxynucleotidyl Transferase (TdT) equilibration
buffer dropwise, at room temperature for 10-30 min,
add label, incubate at 37° for 1.5 h, wash with TBS,
add stop solution, incubate at 37° for 5 min, block
with blocking buffer for 10 min at room temperature
and add 1x conjugate. After incubation for 30 min,
3,3’-Diaminobenzidine (DAB) was added dropwise
for color development. After the color development
was terminated, methyl green or hematoxylin was
added dropwise for counterstaining. The slides were
mounted with neutral gum and observed under a light
microscope.

Hematoxylin and Eosin (H and E) staining:

5 um sections of fixed tissues were stained with H
and E, according to standard procedures, neutral gum
seal. The changes in the structure and morphology
of the brain tissue of the rats in each group were
observed under a light microscope. Photographs
were taken with the Olympus image analysis system
and analyzed with ImagelJ software.

Quantitative Reverse Transcription Polymerase
Chain Reaction (qRT-PCR) analysis:

The hippocampal tissue was preserved at -80°, total
Ribonucleic Acid (RNA) was extracted by TRIzol.
Qiagen miRNeasy mini kit is used to extract exosomal
microRNA (miRNA). SuperScript™ first-strand
synthesis system (Invitrogen) was used to prepare
complementary Deoxyribonucleic Acid (cDNA) for
qRT-PCR analysis by SYBR™ Green Master Mix
(Qiagen). The 2-*4“ method was used to calculate the
normalized relative expression of beta-actin. Gene
primer sequences were shown in Table 1.

TABLE 1: NUCLEOTIDE SEQUENCES OF PRIMERS
USED FOR QUANTITATIVE RT-PCR DETECTION
FOR mRNA

Gene Primer sequence (5’ to 3’) Size
TNE-q F: GATCGGTCCCAACAAGGAGG 20
R: TCCCTCAGGGGTGTCCTTAG 20
F: TTGCTTCCAAGCCCTTGACT 20
IL-18 R: GGTCGTCATCATCCCACGAG 21
IL-6 F: AGAGACTTCCAGCCAGTTGC 20
R: AGTCTCCTCTCCGGACTTGT 20
F: GGGTCACGCAAAACCCTTTC 19
NRzB R: CCTTGTTTTTGACGCCCCTG 20
ERK F: CAACCAGAACAACTGGCTGC 20
R: GCCCAAAGCTCCTGACTTCT 20
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F: ACTCAGCCGGGTACTACCAT 20
CREB R: GCACTGCCACTCTGTTCTCT 20
F: GCGAGATCCCGCTAACATCA 20
GAPDH R: CTCGTGGTTCACACCCATCA 20

Note: F: Forward Primer; R: Reverse Primer; Size: Primer size;
TNF-a: Tumor Necrosis Factor alpha; IL-18: Interleukin 1 beta;
IL-6: Interleukin 6; NR2B: N-methyl D-aspartate Receptor Subtype
2B; ERK: Extracellular Signal-Regulated Kinase; CREB: cAMP
Response Element-Binding Protein; GAPDH: Glyceraldehyde-3-
Phosphate Dehydrogenase

Western blot:

The hippocampal tissue was preserved at -80°
and protein was quantified by Bicinchoninic Acid
(BCA) method. The total cell lysate was separated
by Sodium Dodecyl-Sulfate Polyacrylamide Gel
Electrophoresis (SDS-PAGE) and blotted on
polyvinylidene fluoride membrane (Millipore).
Then, the membrane was blocked with 5 % skimmed
milk at room temperature for 1 h and with specific
antibodies against NR2B (Abcam, ab183942), ERK
(Abcam, ab184699), phosphorylated-ERK (p-ERK)
(Abcam, ab76299), CREB (CST, #9197), p-CREB
(Abcam, ab32096) and beta-actin (Abcam, ab6267).
The blot was visualized using SuperSignal™ West
Pico PLUS chemiluminescent substrate (SD251210,
Thermo Fisher Scientific, Inc).

Quantification and statistical analysis:

All data are expressed as mean+Standard Error of the
Mean (SEM). We used a two-tailed Student’s t-test to
compare the two groups. Use analysis of variance to
compare multiple groups and then perform Bonferroni
post testing. All experiments were repeated at least 3
times, p<0.05 was considered statistically significant.

Study approval:

The Animal Care and Use Committee of the
Experimental Animal Research Center, Wuxi
Hospital of Traditional Chinese Medicine, Nanjing
University of Chinese Medicine reviewed and
approved all animal care programs and experiments.
All rats were kept in the SPF special facility of the
Experimental Animal Research Center of Nanjing
University.

RESULTS AND DISCUSSION

Histopathological observation of hippocampus and
comparison of neuronal survival was explained
in detail. To explore the effect of baicalin on aged
rats after splenectomy, we set up three groups
of experimental rats and randomly divided them
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into sham group, splenectomy group and baicalin
treatment group after splenectomy. Brain tissue
was collected 3 d after the experiment. Perform
immunohistochemical experiments. H and E staining
showed that the vertebral neurons in the hippocampal
Cornu Ammonis (CAl) area of the rats in the
sham-operated group had complete morphology,
neat arrangement and clear and complete nuclei.
Splenectomy of rat hippocampal CA1 area showed
vertebral neuron damage, sparse cell arrangement,
reduced cytoplasm, nuclear pyknosis and blurred
nucleoli. After splenectomy, the damage of vertebral
body neurons in the hippocampal CA1l region
of the rats in the baicalin treatment group was
lighter than that in the splenectomy group (fig.
1A). The results of TUNEL staining showed that,
compared with the sham group, the apoptotic cells
in the operation group increased and the apoptotic
cells in the hippocampus area were significantly
reduced after baicalin treatment (fig. 1B). The
results of immunohistochemical staining showed
that, compared with the sham-operated group,
the expression of caspase 3 in the operation group
was significantly increased and its expression was
significantly decreased after treatment with baicalin.
At the same time, the expression of Ki67 in the
treatment group with baicalin after splenectomy was
also significantly increased (fig. 1C and fig. 1D).

The above results show that baicalin can improve
the pathological conditions of brain tissue and the
morphology of neurons in the hippocampus after
splenectomy in aged rats. Comparison of the relative
expression levels of Tumor Necrosis Factor alpha
(TNF-a), Interleukin 1 beta (IL-1pB) and Interleukin 6
(IL-6) messenger RNA (mRNA) in the hippocampus
was explained here. To detect the expression changes
of proinflammatory factors in the hippocampus of
elderly rats after splenectomy, real-time quantitative
PCR experiment was conducted. Compared with
the sham operation group, the mRNA and protein
expressions of TNF-o, IL-1p and IL-6 in the
hippocampus of operation group were significantly
increased. Compared with operation group, baicalin
treatment group was found in the hippocampus of
rats and there was no significant difference in IL-1§
mRNA level between the two groups, but there was a
downward trend (fig. 2A-fig. 2C).

The above results indicated that baicalin could
reduce the expression of proinflammatory factors
after splenectomy in aged rats.
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Fig. 1: Histopathological observation of hippocampus and comparison of neuronal survival
Note: (A) Representative images of H and E staining; (B) Representative images of TUNEL staining; (C) Representative images of

caspase 3 staining and (D) Representative images of Ki67 staining
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Fig. 2: Expression of inflammatory factors in brain tissue of three groups
Note: (A) The expression level of TNF-o mRNA; (B) The expression level of IL-1p mRNA and (C) The mRNA expression levels of
IL-6. The data represents the data of 3 independent experiments and is represented as the mean+Standard deviation (SD), *p<0.05,

*¥p<0.01, ***p<0.001 (Student's t-test), NS: Not Significant

Comparison of mRNA relative expression and
protein expression of NR2B, ERK and CREB in the
hippocampus was shown in fig. 3. To investigate the
mechanism of baicalin on nerves in aged rats after
splenectomy, we detected the mRNA level and protein
expression of NR2B/ERK/CREB signaling pathway.
The results showed that, compared with the sham
group, the relative expression of NR2B mRNA and
protein in the hippocampus of the operation group was
significantly decreased; compared with the operation
group, the relative expression of NR2B protein in
the baicalin treatment group after splenectomy was
significantly increased, there was no significant
difference in NR2B mRNA levels between the two
groups (fig. 3A and fig. 3D). The mRNA levels of
ERK and CREB did not change significantly in the
three groups (fig. 3B and fig. 3C), but compared with
the sham group, the relative protein expressions of
p-ERK and p-CREB in the operation group were
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decreased. The relative expressions of p-ERK and
p-CREB proteins increased in the baicalin treatment
group (fig. 3D).

We found that baicalin can improve POCD in aged
rats after splenectomy and its mechanism is related
to the upregulation of the protein expressions of
NR2B, p-ERK and p-CREB, indicating that baicalin
exerts neuronal effects through the NR2B/ERK/
CREB signaling pathway.

POCD mostly occurs in elderly patients and its
mechanism involves both the nervous system and
the non-nervous system!'!. The mechanism of the
nervous system is the degeneration of the central
nervous system caused by age and the mechanism
of the non-nervous system is the activation of the
immune system caused by surgery and the occurrence
of a peripheral inflammatory response, which in
turn damages the central nervous system, damages
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the plasticity of nerves and causes damage to brain
function, eventually leading to the occurrence of
POCD™'2, Therefore, in the intervention research
of POCD, inhibiting the inflammation of the central
nervous system and protecting nerve cells has
become the key. We used splenectomy to build a
POCD model, which can successfully induce POCD
and inflammatory responses in aged rats. Therefore,
in this study, splenectomy was used to establish a
POCD model in aged rats and to study the effect of
baicalin on inhibiting the release of inflammatory
factors and regulating the role of NR2B/ERK/
CREB signaling pathway on cognitive function and
neuroprotection.

The Y-maze test was used to assess behavior in the
previous study!3l. The results showed that baicalin
could improve the exploratory ability and memory
in the acute phase after splenectomy in aged rats. In
this study, the mRNA levels of TNF-a, IL-6 and IL-
1B were significantly increased after splenectomy
in aged rats. After treatment with baicalin, the
levels of the inflammatory factors TNF-a and IL-6
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decreased significantly and IL-1 levels also showed
a downward trend, although the difference was not
statistically significant. These results suggest that
baicalin can reduce the release of inflammatory
factors, which is related to the anti-inflammatory
mechanism of baicalin.

TUNEL staining showed that the pyramidal neurons
in the hippocampal CAl area were counted and
pyknosis, etc., indicating that the model group
showed POCD, inflammation and neuronal damage
in the hippocampus of the brain tissue. The number
of brain tissue cells in the baicalin treatment group
was higher than that in the model group, suggesting
that baicalin can improve POCD in aged rats after
splenectomy, inhibit brain tissue inflammation and
neuronal damage. The results of this study also
showed that the relative expression of NR2B mRNA
and protein was lower than that of the sham-operated
group, but higher than that of the model group.
Glycoside can improve cognitive function after
splenectomy in aged rats and its mechanism may
be related to the activation of NR2B/ERK/CREB
signaling pathway.

Sham OP OP+Baicilin

Fig. 3: Comparison of mRNA relative expression and protein expression of NR2B, ERK and CREB in hippocampus

Note: (A) The expression level of NR2B mRNA; (B) The expression level of ERK mRNA; (C) The mRNA expression levels of
CREB and (D) Western blot analysis of the relative levels of NR2B, p-ERK, ERK, p-CREB, CREB protein expression, -actin was
used as loading control. The data represents the data of 3 independent experiments and is represented as the mean+SD. *p<0.05,

NS: Not significant
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NR2B is a part of the “N-Methyl-D-Aspartate
(NMDA) nerve endings” in the brain, which is related
to the functional regulation of learning, memory,
processing, pain perception and eating behavior!!#,
Overexpression of this subunit in the forebrain can
also improve the learning and memory function of
rats'3l. The study showed that mice lacking NR2B
in the forebrain were impaired across a range of
memory tasks, exhibiting both spatial and non-
spatial phenotypes!'®l.

There are also studies showing that phosphorylation
of NR2B plays an important role in the behavior of
water maze mice!'”’. CREB is a molecule that gathers
in brain cells and when they are active in the brain’s
nerve cells, they can help to activate the genes
involved in the formation of long-term memories!'®!.
Studies have found that phosphorylation of CREB
plays an important role in memory acquisition and
consolidation!"”. ERK is a key gene that transmits
signals from the indicated receptors to the nucleus.
After phosphorylation and activation of ERK, it can
mediate the transcriptional activation of a series
of genes and participate in a variety of biological
reactions such as cell proliferation and differentiation,
cell morphological maintenance and cell apoptosis.
Studies have shown that ERK/Mitogen-Activated
Protein Kinase (MAPK) signaling is essential for
the normal development of the nervous system from
neural progenitor cells in the embryonic mesoderm™°.,
At the same time, inhibition of ERK activation can
significantly inhibit the phosphorylation of CREB!!-
21 Yan et al.®"believe that the expression of NR2B
is related to the ERK/ERK Kinase (MEK) signaling
pathway and improves behavioral dysfunction by
inhibiting neuroinflammatory responses. Zhang et
al.®3! believed that by inhibiting the inflammation
of the nervous system, the ability of spatial learning
and memory in rats could be improved. Therefore,
baicalin can inhibit neuronal inflammatory damage
and improve POCD in rats by increasing the
expression of NR2B/ERK/CREB protein.

In conclusion, baicalin can improve POCD in aged
rats after splenectomy and its mechanism is related
to the upregulation of NR2B/ERK/CREB protein
expression. This study provides an experimental
basis for baicalin as a preventive drug for POCD.
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