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Isoflurane/surgery (I/S) may induce neurocognitive disorders, but detailed mechanisms and
appropriate treatment remain largely unknown. This experiment was designed to determine
whether ginsenoside Rg1 could attenuate I/S-induced neurocognitive disorders and Sirtuin3
(Sirt3) dysfunction. C57BL/6J male mice received 1.4% isoflurane plus abdominal surgery
for 2 h. Ginsenoside Rg1 10 mg/kg was intraperitoneally given for 8 days before surgery.
Neurocognitive function was assessed by the Barnes Maze test. Levels of reactive oxygen
species (ROS), oxygen consumption rate (OCR), mitochondrial membrane potential (MMP),
expression and deacetylation activity of Sirt3 in the hippocampus tissues were measured.
Results showed that I/S induced hippocampus-dependent learning and memory impair-
ments, with increased ROS levels, and reduced OCR, MMP, and expression and deacety-
lation activity of Sirt3 in hippocampus tissues. Ginsenoside Rg1 treatment before I/S inter-
vention significantly ameliorated learning and memory performance, reduced ROS levels
and improved the OCR, MMP, expression and deacetylation activity of Sirt3. In conclusion,
this experiment demonstrates that ginsenoside Rg1 treatment can attenuate I/S-induced
neurocognitive disorders and Sirt3 dysfunction.

Introduction
Perioperative neurocognitive disorders (PNDs) are the common complications of surgical patients, with
deterioration in memory, attention and speed of information processing [1]. It has been shown that PNDs
are significantly associated with poor short- and long-term postoperative outcomes [2]. As the precise
pathogenesis of PNDs is not known, there is still the lack of effective treatments.

Mitochondria are the essential organelles for energy production, and regulation of signaling cascades
and cell death. Recently, it has become apparent that neurodegenerative diseases are associated with mi-
tochondrial dysfunction [3]. The studies have indicated the role of mitochondrial pathway in the neu-
rocognitive disorders induced by surgery and volatile anesthetics [4–7]. Especially, anesthetics may in-
fluence mitochondrial size and structural integrity. It is generally believed that increased reactive oxygen
species (ROS) may cause unbalance of mitochondrial fission and fusion. Furthermore, declined mito-
chondrial membrane potential (MMP) may cause the opening of mitochondrial permeability transition
pore (mPTP), then aggravating the generation of ROS [7]. Most important, the MMP decline may be due
to the dysfunction of Sirtuin3 (Sirt3), a key compound to regulate mitochondrial energy metabolism and
oxidative stress. The available evidence indicates that Sirt3 is involved in cognition decline of Alzheimer’s
disease [8]. In addition, deficiency of Sirt3 may increase the acetylated-cyclophilin D and ROS levels to
exacerbate the mitochondrial dysfunction [9].
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Ginseng, the root of Panax ginseng C. A. Meyer (Araliaceae family), has been used in traditional Chinese medicine
for a long time and all over the world [10]. Ginsenosides are the main active components of ginseng with different
pharmacological effects. At present, more than 60 ginsenosides have been identified and can be divided into three
types: A-Panaxadiol group (e.g. Rb1, Rb2, Rb3, Rc, Rd, Rg3 and Rh2), B-Panaxatriol group (e.g. Re, Rg1, Rg2 and Rh1)
and C-Oleanolic acid group (e.g. Ro) [6,11]. Among these, ginsenoside Rg1 has been used for treatment of central
nervous system dysfunctions, especially those involving cognitive abilities such as learning and memory [12]. Gin-
senoside Rg1 has been shown to attenuate oxidative damage by inhibiting lactate dehydrogenase efflux, nitric oxide
production, ROS induction and lipid peroxidation in the Alzheimer’s disease model. Furthermore, Rg1 treatment can
inhibit the Aβ-induced increases in caspase-3 activity, phosphorylated tau and activation of p38 MAPK [13,14]. Our
previous work in H4-naı̈ve and H4-APP cells has shown that ginsenoside Rg1 can protect isoflurane-induced neu-
ron apoptosis [6]. However, it is unclear whether ginsenoside Rg1 can provide a protection against isoflurane/surgery
(I/S)-induced neurocognitive disorders. Thus, this experiment was designed to assess whether ginsenoside Rg1 could
attenuate I/S-induced neurocognitive disorders and explore the Sirt3-related mitochondrial mechanisms in mice.

Materials and methods
Animals and experiment protocol
After the protocol was approved by the Ethical Committee of Beijing Friendship Hospital, Capital Medical Univer-
sity (Ethical Approval Number: 18-2003), wild-type C57BL/6J mice (4–5-month-old, male) were employed. In the
present study, only male mice were used to reduce the potential influences of fluctuating serum estrogen and pro-
gesterone concentrations on learning and memory in female mice. The mice were group-housed with four mice per
cage. All procedures were performed in accordance with the National Institutes of Health guide for the care and use
of Laboratory animals (NIH Publications No. 8023, revised 1978).

Ginsenoside Rg1 was obtained from the National Institutes for Food and Drug Control (Beijing, China) in the
form of white powder-like crystals, with a molecular weight of 800, general formula C42H72O14 and a purity of 98%
or more [15]. Ginsenoside Rg1 or normal saline (NS) was given via intraperitoneal injection daily for 8 days (7 days
before surgery day and then 30 min before surgery on the procedure day). The dose of ginsenoside Rg1 (10 mg/kg,
daily) was selected according to the previous study [11].

This experiment was completed in the Animal Research Center of Beijing Friendship Hospital. After the mice
were pretreated with ginsenoside Rg1 (Rg1) or NS, they were randomly assigned to the I/S group or control group.
Therefore, there were four groups in the present study: control+NS group, control+Rg1 group, I/S+NS group and
I/S+Rg1 group. The mice in I/S+NS and I/S+Rg1 groups were performed with simple laparotomy under isoflurane
anesthesia, as the methods previously described [4]. Specifically, anesthesia was induced and maintained with 1.4%
isoflurane in 100% oxygen in a transparent acrylic chamber. Fifteen minutes after isoflurane anesthesia, mouse was
moved out of the chamber, and then anesthesia was maintained via a cone device. One 16-gauge needle was inserted
into the cone near the nose of the mouse to monitor the concentration of isoflurane. A longitudinal midline incision
was made from the xiphoid to 0.5 cm proximal pubic symphysis on the skin, abdominal muscles and peritoneum.
Then, the incision was sutured layer by layer with 5-0 Vicryl thread. A total of 2.5% lidocaine cream was applied to
relieve the wound pain, with three times per day for 2 days after surgery.

Behavior test
The Barnes maze test was performed using the methods described in other studies [16,17] with modifications. The
timeline of experiment is shown in Figure 1. Six days after being exposed to various experimental treatments, animals
were subjected to the Barnes maze test to assess their spatial learning and memory function. From days 8 to 11 after
surgery, animals were trained in a spatial acquisition phase for 4 days, with a duration of 3 min per trial, two trials
per day and 15 min between trials. The reference memory was tested on days 12 and 19 after surgery. Each animal
had one trial on each of these 2 days. No test was performed during the period from days 12 to 19. Both the latency
to find the escape box and the number of error holes searched during each trial were recorded as escape latency and
number of errors with the assistance of ANY-Maze video tracking system. The prolongation of escape latency and the
increase in number of errors suggest neurocognitive disorders of tested animals [16,17]. After each test, the Barnes
maze was cleaned with 75% alcohol solution to avoid olfactory cues.

Western blotting for Sirt3 expression
The hippocampus tissues were harvested at day 19 after surgery. The harvested hippocampus tissues were homog-
enized on ice using immunoprecipitation buffer (10 mmol/l Tris/HCl, pH 7.4, 150 mmol/l NaCl, 2 mmol/l EDTA,
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Figure 1. The diagram of experiment process

0.5% Nonidet P-40) plus protease inhibitors (1 mg/ml aprotinin, 1 mg/ml leupeptin, 1 mg/ml pepstatin A). The lysates
were collected, centrifuged at 12000 rpm for 15 min and quantified for total proteins by bicinchoninic acid protein
assay kit (Pierce, Iselin, NJ), as described in our previous study [6]. Then, anti-Sirt3 (1:1000, #5490S, Cell Signaling,
Danvers, MA) was used for Western blotting. The band intensity was quantified using Quantity One Analysis Soft-
ware, and expressions of proteins were acquired by standardizing the gray levels of Sirt3 with β-actin as described in
our previous work [5].

ROS measurement
The ROS levels in the hippocampus tissues were measured by an OxiSelect In Vitro ROS/RNS Assay Kit (Cell Biolabs,
San Diego, CA), according to the protocols provided by the manufacturer and the methods previously described in
other study [4].

Oxygen consumption measurement
Oxygen consumption rate (OCR) was measured using a Seahorse Biosciences XF Extracellular Flux Analyzer (XFe
Analyzer) [18]. Mitochondria were isolated from the hippocampus tissues by mitochondria isolation kit for tissues
(Thermo Scientific, U.S.A.), diluted with assay solution (KCl, KH2PO4, MgCl2, HEPES, EGTA and FA-free BSA), and
transferred into XF24 cell culture plate. One hour before initiation of measurement, medium was replaced with XF
medium supplemented with 10 mM glucose or 1 mM pyruvate and incubated for 1 h in a 37◦C incubator (without
CO2). Three baseline OCR measurements were performed, followed by injection with oligomycin (1 μM) to measure
the ATP-linked OCR. The uncoupler carbonyl cyanide-4-(trifluoromethoxy) phenylhydrazone (0.5 μM) was used
to determine maximal respiration, and both rotenone (1 μM) and antimycin A (1 μM) were injected to determine
the non-mitochondrial respiration. Experimental treatments were performed on three wells of each plate as technical
replicates and each experiment had at least three biological replicates. OCR was normalized for the amount of protein
in each well [19].

MMP and Sirt3 deacetylation activity measurements
The mitochondrial isolation from fresh hippocampus tissues was performed using the mitochondrial isolation kit
(Thermo Fisher Scientific, Waltham, MA, U.S.A.). According to the manufacturer’s instructions, the hippocampus
tissues were homogenized using glass homogenizer within mitochondrial isolation buffer, then centrifuged at 700×g
for 10 min at 4◦C, and the supernatant was centrifuged at 3000×g for 15 min. The pellets were used for MMP and
Sirt3 deacetylation activity freshly.

The MMP was determined by the JC-1 MMP detection kit (Biotium, Hayword, CA, U.S.A.), as to the methods
previously described in other study [20] and the manufacturer’s instructions. The Sirt3 deacetylation activity was
measured using the Sirt3 activity assay kit (#ab156067, Abcam, Cambridge, MA), following the protocols provided
by the manufacturer and method previously described in other study [8].

Statistics analysis
Data were expressed as mean +− standard error of mean (SEM). The differences among groups were assessed by the
two-way ANOVA, followed by Bonferroni’s test for post-hoc comparisons. To determine the correlations between
behavioral and biochemical variables, both the escape latency and number of error of the last probe day in the Barnes
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Figure 2. The influences of ginsenoside Rg1 treatment on neurocognitive disorders induced by I/S intervention

Ginsenoside Rg1 treatment attenuated the prolongation of escape latency (A,D,G) and increase in number of errors (B,E,H) induced

by I/S intervention but did not change mean speed (C,F,I) in the Barnes Maze test. *P<0.05 versus control + NS; #P<0.05 versus

I/S + NS. n=10. Data are presented as mean +− SEM.

Maze test were used as behavioral variables. The correlations of behavioral variables in 24 mice with Sirt3 expression,
Sirt3 deacetylation activity, MMP, ROS and OCR levels were evaluated by the Pearson correlation analysis. A P-value
less than 0.05 was considered statistically significant. Prism 6 software (Graph Pad Software, Inc, La Jolla, CA) was
used for the data analysis.

Results
Ginsenoside Rg1 attenuated I/S-induced neurocognitive disorders
As shown in Figure 2A,B, both the escape latency and number of errors on the third and fourth training days were
significantly increased in the I/S+NS group compared with control+NS group. There were no obvious differences
in the escape latency and number of errors between control+Rg1 and control+NS groups. However, deterioration of
both the escape latency and number of errors on the third and fourth training days was evidently improved in the
I/S+Rg1 group compared with I/S+NS group.
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Figure 3. Ginsenoside Rg1 treatment alleviated the ROS elevation in hippocampus tissues induced by I/S intervention

*P<0.05 versus control + NS; #P<0.05 versus I/S + NS. n=6. Data are presented as mean +− SEM.

As shown in Figure 2D,E,G,H, both the escape latency and number of errors on the first and eighth days after
training sessions were significantly increased in the I/S+NS group compared with control+NS group. There were
no significant differences in the escape latency and number of errors between control+Rg1 and control+NS groups.
However, deterioration of both the escape latency and number of errors on the first and eighth days after training
sessions weres obviously attenuated in the I/S+Rg1 group compared with I/S+NS group. There were no significant
differences in the escape speed during training and probe days among groups (Figure 2C,F,I).

Ginsenoside Rg1 attenuated I/S-induced oxidative stress
The ROS levels in the hippocampus tissues were shown in Figure 3. The ROS levels were significantly increased in
the I/S+NS group (gray bar) compared with control+NS group (white bar). There was no significant difference in the
ROS levels between control+Rg1 (white and striped bar) and control+NS (white bar) groups. However, ROS elevation
was evidently alleviated in the I/S+Rg1 group (gray and striped bar) compared with I/S+NS group (gray bar).

Ginsenoside Rg1 attenuated I/S-induced oxygen consumption reduction
As shown in Figure 4A, ginsenoside Rg1 treatment obviously mitigated the OCR reduction in the hippocampus tissues
induced by I/S intervention. In particular, the basal mitochondrial respiration levels (OCR at 0 min) were significantly
decreased in the I/S+NS group (gray bar, Figure 4B) compared with control+NS group (white bar, Figure 4B). There
was no significant difference in the basal mitochondrial respiration levels between control+Rg1 (white and striped
bar, Figure 4B) and control+NS (white bar, Figure 4B) groups. Compared with I/S+NS group (gray bar, Figure 4B),
however, the decrease in the basal mitochondrial respiration levels was significantly attenuated in the I/S+Rg1 group
(gray and striped bar, Figure 4B).

The ATP production (OCR at 30 min) was significantly decreased in the I/S+NS group (gray bar, Figure 4C) com-
pared with control+NS group (white bar, Figure 4C). The ATP production did not obviously change in the con-
trol+Rg1 group (white and striped bar, Figure 4C) compared with control+NS group (white bar, Figure 4C), but was
evidently abated in the I/S+Rg1 group (gray and striped bar, Figure 4C) compared with I/S+NS group (gray bar,
Figure 4C). Furthermore, maximal mitochondrial respiratory capacity (OCR at 60 min) was significantly decreased
in the I/S+NS group (gray bar, Figure 4D) compared with control+NS group (white bar, Figure 4D). The maximal
mitochondrial respiratory capacity did not obviously change in the control+Rg1 group (white and striped bar, Figure
4D) compared with control+NS group (white bar, Figure 4D), but the decrease in the maximal mitochondrial respi-
ratory capacity was significantly attenuated in the I/S+Rg1 group (gray and striped bar, Figure 4D) compared with
I/S+NS group (gray bar, Figure 4D).

The uncoupling capacity (OCR at 90 min) was significantly decreased in the I/S+NS group (gray bar, Figure 4E)
compared with control+NS group (white bar, Figure 4E). The uncoupling capacity did not obviously change in the
control+Rg1 group (white and striped bar, Figure 4E) compared with control+NS group (white bar, Figure 4E), but
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Figure 4. Ginsenoside Rg1 treatment abated the OCR reduction in hippocampus tissues induced by I/S intervention

(A) The OCR curves; (B) basal OCR; (C) ATP level; (D) maximal mitochondrial respiratory capacity; (E) uncoupling capacity. *P<0.05

versus control + NS; #P<0.05 versus I/S + NS. n=6. Data are presented as mean +− SEM.
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Figure 5. Ginsenoside Rg1 treatment attenuated the MMP reduction in hippocampus tissues induced by I/S intervention

*P<0.05 versus control + NS; #P<0.05 versus I/S + NS. n=6. Data are presented as mean +− SEM.

the decrease in the uncoupling capacity was evidently improved in the I/S+Rg1 group (gray and striped bar, Figure
4E) compared with I/S + NS group (gray bar, Figure 4E).

Ginsenoside Rg1 attenuated I/S-induced reduction in MMP
As shown in Figure 5, the MMP in the hippocampus tissues were significantly reduced in the I/S+NS group (gray
bar) compared with control+NS group (white bar). The MMP did not obviously change in the control+Rg1 group
(white and striped bar) compared with control+NS group (white bar), but the reduction in the MMP was significantly
attenuated in the I/S+Rg1 group (gray and striped bar) compared with I/S+NS group (gray bar).

Ginsenoside Rg1 attenuated I/S-induced reduction in Sirt3 expression
and deacetylation activity
As shown in Figures 6 and 7, both expression and deacetylation activity of Sirt3 in the hippocampus tissues were
significantly reduced in the I/S+NS group (gray bar) compared with control+NS group (white bar). Both expression
and deacetylation activity of Sirt3 did not obviously change in the control+Rg1 group (white and striped bar) com-
pared with control+NS group (white bar), but the reduction in the expression and deacetylation activity of Sirt3 were
significantly abated in the I/S+Rg1 group (gray and striped bar) compared with I/S+NS group (gray bar).

Correlations between behavioral and biochemical variables
The correlations between behavioral and biochemical variables were shown in Figure 8A–P. The Sirt3 deacetylation
activity was significantly correlated with both the escape latency and number of error (Figure 8B,J). The ROS levels
were significantly correlated with the escape latency (Figure 8D). Furthermore, Sirt3 expression, MMP and OCR
levels at 30 min were significantly correlated with the number of error (Figure 8I,K,N).

Discussion
The present study was the first time to determine whether ginsenoside Rg1 treatment could provide a protection
against the I/S-induced postoperative neurocognitive disorders in mice. Our results showed that the use of ginseno-
side Rg1 treatment before surgery obviously ameliorated the I/S-induced neurocognitive disorders, as indicated by
improvement on the prolonged escape latency and increased number of errors on the third and fourth training days
in the Barnes maze test. Meanwhile, ginsenoside Rg1 treatment improved the I/S-induced memory disorders on the
first and eighth days after training sessions. Our results are in agreement with the findings of previous studies regard-
ing the influence of ginsenoside Rg1 treatment on the neurocognitive function in aged rats [13,21]. In the study of
Alzheimer’s disease mice aged 6–9 months, Fang et al. [12] also showed that the use of ginsenoside Rg1 treatment for
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Figure 6. Ginsenoside Rg1 treatment alleviated the Sirt3 expression reduction in hippocampus tissues induced by I/S in-

tervention

*P<0.05 versus control + NS; #P<0.05 versus I/S + NS. n=6. Data are presented as mean +− SEM.

3 months via intraperitoneal injection can significantly improve the learning and memory disorders. In the rats with
chronic morphine administration, moreover, Qi et al. [22] demonstrate that ginsenoside Rg1 treatment may decrease
the escape latency and increase the time spent in the platform quadrant and entering frequency in the Morris water
maze test.

It is generally believed that mitochondrial dysfunction is one of important mechanisms of postoperative neurocog-
nitive disorders [7]. The available literatures indicate that mitochondrial dysfunction may lead to the loss of synaptic
markers like postsynaptic density-95 and synaptophysin or synaptic plasticity disorders [5,20]. Furthermore, mito-
chondria play a critical regulatory role in the presynaptic function of central nervous system [23]. It has been shown
that anesthetics/surgery intervention may cause mitochondrial dysfunction, including the increased ROS produc-
tion and the decreased respiration chain transmission like complex IV activity and ATP production [4–6]. In con-
trast, the ROS inhibitor EUK-134, NADPH oxidase inhibitor apocynin or mPTP opening inhibitor cyclosporine A
may attenuate anesthetics/surgery intervention induced mitochondrial dysfunction, with an improved neurocogni-
tive function [4,24,25]. Similarly, ginsenoside Rg1 has been demonstrated to attenuate mitochondrial dysfunction
in many organs, such as brain, heart, liver and kidney [22,26–28]. The detailed mechanisms that ginsenoside Rg1
attenuates mitochondrial dysfunction remain unclear, but maybe involved in various pathways, including inhibition
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Figure 7. Ginsenoside Rg1 treatment mitigated the reduction in Sirt3 deacetylation activity in hippocampus tissues induced

by I/S intervention

*P<0.05 versus control + NS; #P<0.05 versus I/S + NS. n=6. Data are presented as mean +− SEM.

Figure 8. The correlations between behavioral and biochemical variables

The correlations between escape latency or number of error of the last probe day in Barnes Maze and the Sirt3 expression (A,I),

Sirt3 deacetylation activity (B,J), MMP (C,K), ROS (D,L) and OCR levels (E–H,M–P). n=24.
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of oxidative stress and apoptosis; regulation of ROS generation, peroxisome proliferator-activated receptor γ and
caspase-3 activation; affection of Akt/mTOR signal pathway and others [14,27]. Specially, increased ROS production,
mainly released by the mitochondrial oxidative metabolism in certain pathological process, are likely attributable to
inefficient mitochondrial respiration [29]. In addition, increased ROS production may also decrease the MMP and
then aggravate the mitochondrial respiration chain dysfunction to generate more ROS, forming a vicious circle [30].
The present study showed that ginsenoside Rg1 treatment significantly ameliorated I/S-induced the evaluation of
ROS production and the decline in OCR and MMP. According to results of previous and our studies, we deduce that
mitochondrial pathway should be involved in the protection of ginsenoside Rg1 treatment against the I/S-induced
postoperative neurocognitive disorders.

Increasing evidence has indicated the role of post-translational modifications of proteins, particularly acetylation,
in neurodegenerative and cardiovascular diseases, diabetes, cancer and in aging [31]. Especially, acetylation of mi-
tochondrial proteins has been shown to be involved in the pathogenesis of neurodegenerative diseases [32]. In fact,
more than 60% of mitochondrial proteins contain acetylation sites, and most of these proteins are involved in the
mitochondrial bioenergetics [31]. Thus, regulation of enzymatic deacetylation becomes one of the most important
mechanisms controlling acetylation/deacetylation of mitochondrial proteins. It is usually considered that acetyla-
tion/deacetylation of mitochondrial proteins is a key regulator of mitochondrial metabolism and function. As a main
mitochondrial sirtuin, moreover, Sirt3 has been proved to play a key role in maintaining metabolic and redox bal-
ance in the mitochondria under physiological and pathological conditions. Especially, Sirt3 regulates the enzymatic
activity of proteins involved in fatty acid oxidation, tricarboxylic acid cycle, electron transport chain and oxidative
phosphorylation [33–35]. Kong et al. [36] find that Sirt3 is essential for peroxisome proliferator-activated receptor γ
co-activator-1α-dependent induction of ROS-detoxifying enzymes and several components of respiratory chain in
human embryonic kidney cell lines. In the study of mice heart, Hafner et al. [9] demonstrate that Sirt3 can regulate
the opening of mPTP by deacetylating acetylated cyclophilin D. Recently, Sirt3 has been associated with neurocogni-
tive performance and pathological changes (amyloid-β and τ levels) in the mice model of Alzheimer’s disease [32].
Furthermore, Sirt3-knockout mice exhibit a poor remote memory, an impaired long-term potentiation and a de-
creased neuronal number in the anterior cingulate cortex [37]. In agreement with the findings of these studies, our
experiment showed that I/S intervention resulted in the reduction in Sirt3 expression and deacetylation activity, while
ginsenoside Rg1 treatment significantly ameliorated these changes of Sirt3 dysfunction caused by I/S intervention.
By analyzing the correlations between behavioral performance and biochemical variables, our results showed that
Sirt3 deacetylation activity was correlated well with both the escape latency and number of error, indicating that
Sirt3 deacetylation activity as a biochemical marker may provide a useful reference for identification and treatment
of I/S induced cognitive deficits. Accordingly, we infer that ginsenoside Rg1 treatment should provide a protection
against I/S-induced neurocognitive disorders and improve Sirt3 dysfunction. Furthermore, ginsenoside Rg1 maybe
a molecule that can be used as an agonist of Sirt3, targeting the energy metabolic disorders and oxidative stress of
mitochondria for prevention of I/S-induced neurocognitive disorders.

There are several limitations in our experiment. First, only a single dosage regimen of ginsenoside Rg1 treat-
ment was selected according to available literature and the effects of different-dose ginsenoside Rg1 treatments on
I/S-induced neurocognitive disorders were not assessed. Thus, it is unclear whether protective effect of ginsenoside
Rg1 treatment on I/S-induced neurocognitive disorders is dose-independent and has a ceiling effect. Second, this
experiment only used the Barnes maze test to assess the neurocognitive function. Thus, it is not determined whether
ginsenoside Rg1 treatment can significantly improve I/S-induced neurocognitive disorders by other behavioral assess-
ment methods, especially the use of the Morris Water Maze test or Fear Condition System to validate if ginsenoside
Rg1 treatment may improve certain different domains of I/S-induced neurocognitive disorders. Third, the present
study only focused the changes of Sirt3 expression and deacetylation activity, but did not reveal the special proteins
interacted with Sirt3, as there have been many substrates that may interact with Sirt3 and the proving test is ongoing.
Thus, further experiments are still needed to address these issues.

Conclusions
This experiment demonstrates that ginsenoside Rg1 treatment can significantly ameliorate I/S-induced neurocog-
nitive disorders and Sirt3 dysfunction. Thus, ginsenoside Rg1 maybe a small molecule natural compound as Sirt3
agonist and has the potential implication for treatment of I/S-induced neurocognitive disorders pending future stud-
ies.
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