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Abstract

Background: Panax ginseng Meyer (P. ginseng) is a well-known herb of traditional Chinese medicine that has been used to revitalize the
body and mind. A recent study revealed that P. ginseng exhibits neuroprotective activity against brain damage. P. ginseng also enhances
cognitive function. However, the protective effects of P. ginseng berry against hepatic encephalopathy (HE) have not yet been studied.
We investigated the protective effect of ultrasonication-processed GBE (UGBE) compared to GBE on mild bile duct ligation
(MBDL) to verify the effect of P. ginseng berry on HE. Methods: After ultrasonication, the component ratios of ginsenosides
Rh1, Rh4, Rg2, Rg3, Rkl, Rk3, and F4 in the extract increased. In this study, the protective effect of the newly developed
UGBE against neuronal damage was evaluated in an MBDL model. Silymarin was used as a positive control. UGBE, GBE, and
silymarin were orally administered for 6 weeks after MBDL surgery. Results: MBDL rats demonstrated delayed pain response
and impaired motor coordination, mobility, spatial learning, and related memory errors. However, UGBE administration amelio-
rated HE symptoms, whereas treatment with GBE or silymarin did not show a recovery effect. The recovery effects of UGBE
are due to a reduction in neuronal damage caused by MBDL surgery. Microglial activation and the production of inflammatory cyto-
kines were decreased in the UGBE treatment group. Conclusion: UGBE has a protective effect against MBDI-induced HE in rats
through the inhibition of microglial activation in the brain.
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1. Introduction Panax Ginseng Meyer (P. ginseng) is known as one of the most

commonly used medicinal herbs in the long history of medicine

Hepatic encephalopathy (HE) is a neuropsychiatric condition in East Asia.'’ P. ginseng may act favorably against obesity and

associated with chronic or acute liver disease. It is associated 11-13

brain-, cardiac-, and liver-associated diseases. Previous

with a wide range of neuropsychiatric disorders. These psycho- . .
8 Ps} psy studies have shown that extracts of P. ginseng have potent neu-

motor symptoms and other cognitive and behavioral dysfunc- . . .

. ymptoms S cystn roprotective effects against brain damage. Furthermore, P.
tions are the main factors that lower the overall quality of life
in patients with HE.>

As HE is a common complication of liver failure that leads

ginseng extract has been shown to ameliorate learning and
memory deficits.'* These pharmacological functions are

to complex neuropsychiatric syndromes, several treatment
strategies for HE have been developed according to the
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attributed to ginsenosides, which are major compounds in P.
ginseng. 1o

The roots and leaves of P. ginseng are often used to prepare
crude drugs or functional foods because they have various
physiological effects of P ginseng.'™'” Tt has recently been
shown that P. ginseng berries may have antidiabetic and anti-
obesity effects, which are assumed to be derived from ginseno-
side Re, the major compound of the berry."”

Ginsenoside Re is known to inhibit neuroinflammation by
acting on the CAMK/MAPK/NF-kB signaling mechanism in
microglia.” Since ginsenoside Re acts on the nervous system
in this way, we are confident that it will be a very interesting
study to elucidate whether HE is closely related to the
nervous system by determining its mechanism using an HE
model.

Ultrasonication is primarily used to increase ginsenoside Re
in ginseng berry.”' To modify the composition and content of
ginsenosides in the extract, ultrasonication is currently used
instead of the traditional Way.22 Ultrasonication enhances the
hydrolysis reaction and is performed under variable conditions
(temperature changes and catalysts) to produce the targeted
materials.”> Ultrasonication can transform ginsenosides and
increase the active prosapogenin content, which induces
diverse physiological effects.”

In the present study, the ultrasonication-processed P. ginseng
berry extract (UGBE) was prepared by the newly developed
ultrasonication procedure from P. ginseng berry extract (GBE).
With this UGBE, we explored the protective effects of
UGBE under rat HE conditions.

2. Materials and Methods

2.1 Materials

The anti-major histocompatibility complex (MHC) class 11 anti-
body was purchased from Novus Biologicals (Littleton, USA).
The MHC class II ELISA kit was obtained from
MyBioSource (San Diego, CA, USA). The UGBE and GBE
was provided using Professor Sung Kwon Ko’s patent
technic (Korean Patent No 10-1416669, Ginseng berry prepa-
ration containing high concentration of ginseng prosapogenin
using ultrasonic treatment and its manufacturing method),
working at the Department of Oriental Medical Food &
Nutrition,  Semyung  University, ~ Chungbuk, Korea).
Ginsenoside standards wete obtained from Chromadex
(Irvine, CA). Dulbecco’s phosphate-buffered saline was
acquired from Welgene Inc. (Seoul, Korea).

2.2 Preparation of UGBE

Ethyl alcohol 2000mL was added to 200 g of dried P. ginseng
berry (4-year grown). GBE was prepared from P. ginseng
berry-ethyl alcohol mixture by reflux extraction and filtration
twice, followed by concentration using vacuum evaporation.
The prepared GBE was oscillated and vibrated using an

ultrasonicator (KODO, Hwaseong, Korea) with 600 W at
100°C for 10 h. The remaining solutions wete concentrated
by vacuum evaporation and freeze-dried to produce UGBE
as a brownish extract.

Then, 2 g of the UGBE and GBE extracts was extracted
with diethyl ether (50 mL) three times using an ultrasonicator
(KODO, Hwaseong, Korea), and the supernatant was
removed for further analysis. The residue was treated three
times with 50 mL of n-butanol. The filtration and concentration
of the n-butanol fraction during ultrasonication were measured
using a vacuum evaporator (Fig. S1).

2.3 Analysis of Ginsenosides in UGBE

To analyze the total content and composition of ginsenosides in
UGBE and GBE, a Waters 1525 binary high-performance
liquid chromatography (HPLC) system (Milford, USA) was
used (Fig. S2). Separation of UGBE was conducted using gra-
dient elution with Eurospher analytical column (100-5 C18, 250
mmX3.0 mm, 5 pm, Knauer, Berlin, DE) under room temper-
ature (The eluent A; acetonitrile, The eluent B; distilled water).
The elution process was conducted under the condition as
follows: 0 min, 17% of A; 25 min, 25% of A; 50 min, 40% of
A; 105 min, 60% of A; and 110 min, 100% of A. With a flow
rate of 0.8 mL/min and an injection volume of 20 pL, the chro-
matograms wete conducted with a UV/Vis Watets 2478 Dual A
Absorbance Detector (Milford, USA) at 203 nm.

2.4 Animals and Experimental Design

In this study, 72 male Sprague—Dawley rats (200-250 g) were
obtained from Samtako Bio Korea (Osan, Korea). The air con-
dition was set as 24 +2°C with 70 5% humidity. A 12:12 h
light/datk cycle was used. Pathogen-free food and water wete
provided and sterilized bedding was used for housing. All
animals were fasted for 24 h prior to surgery and then sacri-
ficed. In this study, all animal experiments were approved by
the Institutional Animal Care and Use Committee (IACUC)
of Chung-Ang University (IACUC-2016-00095). This study
conformed to the ARRIVE 2.0 guidelines.”

The rats were randomly allocated to eight groups as follows
(n=9): control, sham operation, MBDL, GBE, silymarin,
UGBE1, UGBE2, and UGBE3. MBDL surgery was con-
ducted in all rats except those in the control and sham operation
groups. Normal saline (2 mL/kg) was orally administered to
rats in the control, sham operation, and MBDL groups for 6
weeks, while 250 mg/kg GBE was administeted to the GBE
group, 250 mg/kg silymarin to the silymarin group, and 100
mg/kg, 250 mg/kg, and 500 mg/kg of UGBE to the
UGBE1, UGBE2, and UGBE3 groups, respectively. During
the administration period, motor coordination, mobility,
spatial learning, and pain response were measured every 2
weeks. All rats included in this study were sacrificed the day
after the last administration using CO, inhalation, immediately
followed by the collection of brain samples for further assays.
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2.5 MBDL. Model

In this study, the MBDL rat model was used to evaluate the
long-term effects of UGBE on HE.”® As it is difficult for
rats to survive if all bile ducts are ligated, MBDL was pet-
formed. The detailed procedure for inducing the MBDL rat
model has been described in a previous study.”’ Briefly, only
three of the five bile ducts were ligated after a midline abdom-
inal incision in the MBDL sutgical procedure. The middle of the
bile duct, the site between the three upper bile ducts (proximal)
and two lower bile ducts (distal), was ligated. The sham opera-
tion group underwent only a midline incision without MBDL
surgety.

2.6 Spatial Learning and Motor Function

Assessment of spatial learning and related errors, such as refer-
ence memory error (RME) and working memory error (WME),
was conducted with an eight-arm radial maze and an Ethovision
Video tracking system (Noldus, NED), as described previous

28,29
research.”

The rats were trained for six days, with five
trials per day, prior to the experiments. Four of the eight
arms were randomly selected, and a small pellet was placed
on each selected arm at the end of the arms (distal). These
arrangements were set specifically for each rat and maintained
during training, The rat was placed in the wall, which blocked
its sight in the center of the 8-arm radial maze. The trial
ended when the rat bit the pellets in the baited arm or 5 min
had elapsed. The number of RME (number of visits to unbaited
arms) and WME (number of visits to arms already visited in the
same trial) were calculated. Measurements of rats that finished
the test within 6 min were conducted during the 6-day trial.

Motor function of the rats was evaluated using an
EthoVision video tracking system (Noldus, NED). The rats
were placed in a 40X40 cmX40 cm open black box and
allowed to walk freely in the box for 30 min. The velocity and
duration of movement were calculated.

2.7 Motor Coordination

Motor coordination in rats was evaluated using the RotaRod
treadmill (Ugo Basile, ITA) test.” The diameter of the rod is
75 mm and the velocity of tevolution is 19.4 cm/1 round/2
s. The rat was placed on the rod, and riding time was recorded
automatically when the rat fell.

2.8 Preparation and Biochemical Assay of Brain Samples

Brain perfusion was conducted using phosphate-buffered saline
(PBS) (pH 7.4). Whole brains were removed and dissected into
four parts (cerebral cortex, cerebellum, striatum, and hippo-
campus). After dissection, brain samples were washed in
saline and flash frozen immediately at —80°C for further
assays (ammonia level, TNF-a, and IL-1f). Further assays
were performed according to manufactutrer’s instructions.

2.9 Immunobistochemistry

Transcardial perfusion of rat brains was performed for
immunohistochemistry using PBS (pH 7.4), followed by fix-
ation with a 4% (w/v) paraformaldehyde solution. After
being removed, brain samples were dissected in the same
way as described above and immersed for 24 h under 4 °C
with the same fixative solution. The samples were then
immersed in a dextrose solution in PBS for 24 h in a
(30-20%,  w/v).

Immersed brain samples were flash-frozen in liquid nitrogen

concentration-dependent ~ manner
at —80 °C for cry cutting. Coronal sections of frozen brain
samples with a thickness of 5 pm were obtained using cry
cut machine. For staining microglial activation, an MHC
class 1I antibody (1:500) was used, and the secondary anti-
body was a Dako (Santa Clara, USA) Real™ EnVision™
Detection System Rabbit/Mouse (1:500). The sections
were developed using diaminobenzidine, mounted on poly-
lysine gelatinized glass slides, and dehydrated using graded
ethanol solutions before coverslipping. The stained tissues
were observed using a Leica DMR 6000 microscope, and
images were captured using a Leica DM 480 camera at
20X magnifications (Wetzlar, Germany).

2.10  Cresyl Violet Staining

Cresyl violet staining was performed to detect neuronal damage
in the brain. Sectioned 5-pm thick tissues were stained with
0.1% (w/v) ctesyl violet solution to detect neuronal damage.
The number of Nissl-stained cells was then analyzed. The
stained tissues were observed under a Leica DMR 6000 micro-
scope and images were captured using a Leica DM 480 camera
at 20X and 40X magnifications (Wetzlar, Germany).

2.11

In this study, the collected data were expressed as mean + SEM
One-way analysis of variance test was performed for statistical

Data Analysis

analysis of differences between each group. Statistical signifi-
cance was set at a p-value <0.05.

3. Results
3.1 HPLC Analysis of UGBE

Our previous study demonstrated the composition ratio of
GBE and UGBE using HPLC systerns27 (Fig.  S2).
Ultrasonication for 10 h at 100°C significantly increased the
levels of the ginsenosides Rg2, Rg3, Rh1, Rh4, Rk1, Rk3, and
F4. Additionally, the ginsenosides Rg3 and Rk1, which were
not identified in GBE, were detected in UGBE. Ginsenosides
that were increased by ultrasonication were found to have
fewer polar residues than ginsenoside Re decreased by
ultrasonification.”’
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Figure 1. Effect of UGBE on spatial learning in the radial maze test. (A) is the trial ime of rats, (B) is the number of RME, (C) is the number
of WE, (D) is the number rats which finished the trial in 5 min, and (E) is the representative locomotor path of a rat in each group. The locomotor
activities were measured and analyzed using Ethovision Video tracking system. Control: control rats; sham: sham operation control rats; MBDL:
MBDL rats; Sil: MBDL rats treated with silymarin (150 mg/kg); GBE: MBDL rats treated with GBE (150 mg/kg); UGBE1: MBDL rats treated
with UGBE (100 mg/kg); UGBE2: MBDL rats treated with UGBE (250 mg/kg); UGBE3: MBDL rats treated with UGBE (500 mg/kg). Data are
expressed as means +SEM (n=19). ***P <0.005 compared to control, #P <0.05, #P <0.01, P <0.001 compared to MBDL.
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Figure 2. Effect of UGBE on motor function in the mobility test. The rats were allowed to walk freely in an open black box for 30 min. (A) is
the distance moved of rats, (B) is the % of total time moved, (C) is the number of rearing, (D) is the number of the ambulatory count, and (E) is the
representative locomotor path of a rat in each group. The locomotor activities were measured and analyzed using the Ethovision Video tracking
system. Control: control rats; Sham: sham operation control rats; MBDL: MBDL rats; Sil: MBDL rats treated with silymatin (150 mg/kg); GBE:
MBDL rats treated with GBE (150 mg/kg); UGBE1: MBDL rats treated with UGBE (100 mg/kg); UGBE2: MBDL rats treated with UGBE (250
mg/kg); UGBE3: MBDL rats treated with UGBE (500 mg/kg). Data are exptessed as means + SEM (n = 9). ***P < 0.005 compared to control, p
<0.05, P <0.01, ##P <0.001 compared to MBDL.
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Figure 3. Effect of UGBE on motor coordination. The riding time was measured automatically using RotaRod treadmill. Control: control rats;
sham: sham operation control rats; MBDL: MBDL rats; Sil: MBDL rats treated with silymarin (150 mg/kg); GBE: MBDL rats treated with GBE
(150 mg/kg); UGBE1: MBDL rats treated with UGBE (100 mg/kg); UGBE2: MBDL rats treated with UGBE (250 mg/kg); UGBE3: MBDL rats
treated with UGBE (500 mg/kg). Data ate expressed as means + SEM (n=9). ***P < 0.005 compated to control, #P<0.05, 7P <0.01, **P <

0.001 compared to MBDL.

3.2.  Effect of UGBE on Impaired Spatial 1.earning

To evaluate the effect of the UGBE on impaired spatial learning
induced by MBDL surgery, we conducted a radial maze test
(Fig. 1). Four parameters were evaluated: trial time, RME,
WME, and the number of rats that finished the test within 6
min. The trial ime, RME, and WME were significantly higher
in the MBDL group than in the control group. UGBE treat-
ment decreased these parameters in a dose-dependent
manner (Fig. 1A, 1C, and 1D). A rapid increase in the
number of rats that completed the test within 6 min was
observed in the UGBE group during the 6 days of the trial
(Fig. 1B). Interestingly, silymarin treatment did not improve
spatial learning in MBDL rats. GBE treatment had no effect
on the impaired spatial learning.

3.3 Effect of UGBE on Impaired Motor Function and
Coordination

The motor functions of the rats were recorded using a video-
tracking system. The distance moved and the total duration
of movement were measured as indicators of mobility
(Fig. 2A and 2 B). UGBE treatment improved indicators of
mobility in rats. Treatment with UGBE also normalized the
decreased rearing and ambulatory counts in MBDL rats
(Fig. 2C and 2D). Treatment with silymarin had no effect on
impaired motor function in rats. Treatment with UGBE and

silymarin normalized the impaired motor coordination in
MBDL rats (Fig. 3). Treatment with GBE did not show the
effect on impairment in motor function or coordination
induced by MBDL surgery.

3.4 Effect of UGBE on Microglial Activation

To evaluate the effect of UGBE on microglial activation, the
protein expression of MHC class II molecules in each brain
section was measured (Fig. 4). Treatment with UGBE also
decreased the protein expression of MHC class II molecules
in four brain sections (cerebral cortex, cerebellum, hippocam-
pus, and striatum). Conversely, treatment with silymarin did
not reduce MHC class II overexpression in the cerebral
cortex or striatum (Fig. 4B and 4H). Immunohistochemical
analysis was conducted to confirm the protein expression of
MHC class II (Fig. 4A, 4C, 4E, and 4G). The number of
MHC class II cells that manifested as positive cell counts in
UGBE treatment group was significantly lower than that in
the MBDL group. GBE treatment did not affect MHC class
II overexpression caused by MBDL surgery.

3.5 Effect of UGBE on Neuroinflammation

Table 1 demonstrates the TNF-a level in each brain sections in
each treatment group. Treating UGBE was found to reduce the
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Figure 4. Effect of UGBE on microglial activation. (A), (C), (E), and (G) are photomicrographs of immunohistochemistry in each four brain
sections (cerebral cortex, cerebellum, hippocampus, and striatum) stained with anti-MHC class II antibody in each treatent group. (B), (D), (F), and
(G) reveal the protein expression of MHC class II in each four brain sections (cerebral cortex, cerebellum, hippocampus, and striatum) in each
treatent group. Immunohistochemistry assays were conducted in each brain section and representative images were captured at 20%¥10
magnifications. Control: control rats; sham: sham operation control rats; MBDL: MBDL rats; Sil: MBDL rats treated with silymarin (150 mg/kg);
GBE: MBDL rats treated with GBE (150 mg/kg); UGBE1: MBDL rats treated with UGBE (100 mg/kg); UGBE2: MBDL rats treated with
UGBE (250 mg/kg); UGBE3: MBDL rats treated with UGBE (500 mg/kg). Data are expressed as means + SEM (n=9). **P < 0.005 compared

to control, *P < 0.05, **P <0.01, *P < 0.001 compared to MBDL.

protein expression of TNF-a in four brain sections (cerebral
cortex, cerebellum, hippocampus, and striatum). On the other
hand, the treatment of silymarin did not reduce TNF-a produc-
tion in the cerebral cortex and striatum. Moreover, the
ammonia levels of each brain section in each treatment group
were measured. Ammonia levels in the brain and protein
expression of TNF-a in each brain section showed the similar
tendency of protein expression of MHC class II. Interestingly,
silymarin treatment only affected the ammonia levels in the
experimental groups. The treatment of silymarin was found
to have no effect on protein expression of TNF-a in the cere-
bral cortex and striatum. GBE treatment did not affect the neu-
roinflammation caused by MBDL surgery.

3.6 Effect of UGBE on Nenronal Damage

Cresyl violet staining of brain sections was performed to deter-
mine neuronal degeneration. Neurons appeared more pyknotic

and condensed (Fig. 5). A significant decrease in Nissl-stained
cells (normal neurons) was observed in the four brain sections
induced by MBDL surgery. However, treatment with UGBE
increased the number of Nissl-stained cells in four brain sec-
tions (the cerebral cortex, cerebellum, hippocampus, and stria-
tum). Furthermore, silymarin only affected the number of
Nissl-stained cells in the cerebellar and hippocampal sections.
GBE treatment did not affect the neuronal damage caused by
MBDL surgery.

4. Discussion

P. ginseng exerted various physiological effects.”’ Ginsenoside
Re, the major component of P. ginseng berties, was found to
have antidiabetic and anti-obesity effect.'>”> However, the pro-
tective effects of ginsenosides in HE remain unclear. This study
aimed to analyze the components of UGBE and investigate
their protective effects in a rat model.
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Table 1. Effect of UGBE on Neuroinflammation.

Cerebral cortex Cerebellum Hippocampus Striatum
TNF-a (pg/mg) Control 531.82 + 56.81 384.85 +23.26 488.64 +87.22 415.67 +58.19
Sham 517.99 +43.73 404.58 +19.21 502.27 +102.13 430.52 +40.23
MBDL 1018.43 4 182.19 o+ 941.16 + 147.13%** 1217.83 4 88,14k 897.83 + (2.53*
Sil 947.51 +75.38 608.07 + 42.84" 821.79 + 58.17% 708.68 +103.28
GBE 1031.06 +101.95 901.74 + 138.87 1107.94 + 103.12 912.45 + 88.39
UGBE!1 831.37 + 40.69% 601.48 + 42,937 801.33 + 60.16"# 678.27 +106.58%
UGBE2 769.21 + 52,747 538.12 + 47.15%# 617.18 + 140.817%# 508.91 + 63.27%##
UGBE3 568.54 + 60.01%## 442.84 + 30.1377# 467.48 + 50.3477# 444.46 + 60.127%#
Ammonia (nmol/mg) Control 28.51 +5.63 2542 +7.01 14.29 +4.82 11.72+3.12
Sham 27.68 +4.81 24.15+5.62 13.74+5.21 13.51 +2.64
MBDL 80.14 +9.97 *** 68.17 £ 5.17%%* 58.04 + 6,54+ 46.85 + 8.67*
Sil 57.16 +11.31% 44.21 +10.317# 34.81 +8.72%# 25.83 +7.43#
GBE 81.34 +13.84 70.05 +12.58 57.49 +7.63 4533 +£10.77
UGBFE1 53.68 + 10.06™" 45.38 + 7.057 " 32.78 + 4.26"* 26.17 + 4.28""
UGBE2 45.84 + 6.4277# 37.82 + 7.257%# 24.84 + 31877 16.92 + 6.727##
UGBE3 30.37 + 7.18%## 26.31 + 6.23%## 15.39 4 2.47%## 13.07 + 3.84%##

Control, control; sham, sham operation control rats; MBDL, MBDL rats; Sil, MBDL rats treated with silymarin (150 mg/kg); GBE, MBDL rats treated with GBE
(150 mg/kg); UGBE1, MBDL rats treated with UGBE (100 mg/kg); UGBE2, MBDL rats treated with UGBE (250 mg/kg); UGBE3, MBDL rats treated with

UGBE (500 mg/kg). Data are expressed as means + SEM (n=9). *#+P < 0.005 compared to control, “P < 0.05, **P < 0.01,

P. ginseng has been used as a medicinal herb in Asia for a long
time and has been verified for its safety and effectiveness.”
Generally, the LD 50 value in rats is 750 mg/kg; howevet, in
other studies, no hematological or histological abnormalities
were found, even when administered at a dose of 4000 mg/
kg for 20 days.34 However, in the case of pregnant women,
experimental results reveal that it should be administered with
caution during the first 3 months of pregnancy*.35

In our previous study, we confirmed that the composition
ratios of Rh1, Rh4, Rg2, Rg3, Rk1, Rk3, and F4 were signifi-
cantly higher in UGBE than in GBE. Ginsenoside Re levels
were lower in UGEB than in GBE. In the case of UGBE
used in this study, although the ginsenoside RE content was
lower than that of GBE, the neuronal protective effect was
superior to that of GBE. Hence, follow-up studies on the neu-
roprotective effects of ginsenosides are required. These compo-
nents, such as Rh1, Rg2, Rg3, Rk1, and 4, are known to have
anti-inflammatory, antioxidative, anti-carcinogenic effects.”*™!
Hence, UGBE could exert protective effects against HE
through these components increased by ultrasonication.
There are limitations in conducting experiments on the direct
effects of the components involved in the protective effects in
the HE models. As the current experiments are industrialized
utilization technologies that use patents, research at the compo-
nent level will be challenging in terms of time and cost in devel-
oping industrial materials. Additional cell studies will determine
whether biomarkers or factors that mediate inflammatory sig-
naling pathways are altered.

Microglia are the glial cells that mainly participate in the
active immune response of the central nervous system (CNS),
including the brain and spinal.42 Microglia transform into
their active form (reactive microglia or microglial activation)
in response to injuries or pathogens and phagocyte-damaged

###P < 0.001 compared to MBDL.

. L4344
neuroinflammation.””

cells and debris, which causes
Excessive ammonia production leads to hyperammonemia.
Under our experimental HE conditions, the microglia were acti-
vated by hyperammonemia. Ammonia, a representative cyto-
toxic agent in the CNS, plays a key role in the neurological
pathophysiology of HE.* Several studies have reported that
ammonia induces microglia activation, astrocyte swelling,
migration, and production of inflammatory cytokines through
the blood—brain barrier,**
have detrimental effects on cognitive function, spatial learning,
and locomotor ability.* Ammonia overproduction by MBDL
was found to be significantly decreased in the brain after treat-
ment with silymarin or UGBE. Based on the fact that UGBE

treatment reduced ammonia more than silymarin treatment, it

48 .
Neuronal damage is known to

is assumed that UGBE is more potent than silymarin in the
treatment of hyperammonemia.

Impaired spatial learning and locomotor activity are the rep-
resentative symptoms of HE.”" The 8-arm radial maze is com-
monly utilized as a behavioral paradigm for spatial learning and
cognitive function.”* In our experiments, the 8-arm radial
maze test revealed a significant increase in the trial time in the
MBDL-induced HE model, indicating impaired memory acqui-
sition and spatial learning, However, UGBE treatment restored
the RME and WME. Moreover, treatment with UGBE
improved the acquisition rate of spatial learning, whereas
other treatment groups showed no effect on spatial learning
and cognitive function.

In the HE condition, rats usually exhibited a decline in spon-
taneous motor activities, including distance traveled, time trav-
eled, number of rearing, and ambulatory count.’! Treatment
with UGBE normalized the impaired motor function para-
digms. Although there are still some controversies regarding
the effects of MBDL surgery on motor coordination,” the
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=

stained with cresol violet in each treatment group. (B), (D), (F), and (H) are the number of Nissl-stained

cells of each of the four brain sections (cerebral cortex, cerebellum, hippocampus, and striatum) in each treatment group. Control: control rats;
sham: sham operation control rats; MBDL: MBDL rats; Sil: MBDL rats treated with silymarin (150 mg/kg); GBE: MBDL rats treated with GBE
(150 mg/kg); UGBE1: MBDL rats treated with UGBE (100 mg/kg); UGBE2: MBDL rats treated with UGBE (250 mg/kg); UGBE3: MBDL rats
treated with UGBE (500 mg/kg). Data are expressed as means + SEM (n=9). ***P <0.005 compared to control, #P <0.05, ##P < 0.01, #*Pp <

0.001 compared to MBDL.

impairment in motor coordination, which was measured using
the rotarod test in our MBDL models, was recovered through
treatment with UGBE.

All these behavioral impairments in MBDL surgery are
related to locomotor and cognitive functions in the brain,
including the cerebral cortex, cerebellum, hippocampus, and
striatum. In the present study, neuroinflammation in each part
of the brain was analyzed based on the results of behavioral
tests. To investigate microglial activation in the brain, protein
expression of MHC class 1I, a representative surface molecule
of reactive microglia for antigen presentation, was measured.>
Several studies reported that the microglia activation facilitated
TNF-a-mediated motor neuron death.”*>” In this study, a sig-
nificant increase in the expression of MHC class IT and TNF-o
by MBDL surgery was found in all brain sections. In the cresyl
violet assay, neuronal death was observed by visualization of
Nissl-stained cells, indicating the normal viability of the cells
in each section.

Silymarin was used as the positive control in the present
study. Silymarin is widely known to have substantial hepatopro-
tective effects that have led to its commercialization by pharma-
Silymarin also reduced hepatotoxicity
caused by MBDL surgery in rats. However, the protective

ceutical companies.

effect of silymarin on neuronal damage was somewhat ques-
tionable compared to that of silymarin in the liver and was
less potent than that of UGBE. In all behavioral tests, the
silymarin-treated group demonstrated improved motor coordi-
nation compared to the MBDL group. Silymarin did not affect
spatial learning, memory, cognitive function, or motor function.
Morteovet, the treatment of silymarin did not affect the micro-
glia activation and production of TNF-a in the cerebral cortex
and striatum. The neuronal damage pattern in silymarin-treated
group reveals a similar pattern to that of MHC class II and
TNF-a expression. Motor coordination is regulated by activity
in the hippocampus and cerebellum.””® The cerebral cortex is

closely related to spatial learning and cognitive function,” and
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the striatum controls spontaneous motility under physiological
and pathophysiological condition.” Thus, silymarin exerts pro-
tective effects on the hippocampus and cerebellum. Further
studies are required to understand the exact protective mecha-
nisms of silymarin against neuronal damage.

Based on these results of the present study, we suggest that
oral administration of UGBE reduces MBDI .-induced neuro-
nal damage in the brain. Additionally, brain ammonia levels
were reduced following UGBE administration. This protective
effect is mediated by the suppression of microglial activation in
the brain. Consequently, UGBE showed a significant protective
effect in the MBDL-induced HE rat model and has the poten-
tial to be developed as a new remedy for HE.

Acknowledgments

This research was supported by the High Value-Added Food
Technology Development Program, Ministry of Agriculture, Food
and Rural Aggairs (113021-03) and the Basic Science Research
Program through the National Research Foundation of Korea
(NRF), funded by the Ministry of Education, Science, and
Technology [Grant NRF-2019R1F1A1062070].

Author Contributions

Experiments were done by Won Seok Choi and Yoonjin Nam in phar-
macology laboratory in Chung-Ang University. Won Seok Choi and
Yoonjin Nam analysed raw data following Ji-Yun Lee’s instructions.
Manuscript is written by Won Seok Choi, Yoonjin Nam and Jong
Hyuk Lee. Jong Hyuk Lee and Uy Dong Sohn organized all procedure
related to this article.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Ethics Statement

Animal experiments in this study were approved by the Institutional
Animal Care and Use Committee (IACUC) of Chung-Ang University
(TACUC-2016-00095).

Funding

The authors received no financial support for the research, authorship,
and/or publication of this article.

ORCID iDs

Ji-Yun Lee
Jong Hyuk Lee

https:// otcid.org/0000-0002-9370-3981
https:// orcid.org/0000-0002-9932-8879

Supplemental Material

Supplemental material for this article is available online.

References

1. Hsu CY, Lee FY, Huo TI, et al. Lack of therapeutic effects of
gabexate mesilate on the hepatic encephalopathy in rats with
acute and chronic hepatic failure. Research Support, Non-U.S.
Gov’t. | Gastroenterol Hepatol. Jul 2010;25(7):1321-1328. doi:10.
1111/§.1440-1746.2010.06235.x

2. Jover R, Company L, Gutierrez A, et al. Clinical significance of
extrapyramidal signs in patients with cirrhosis. Research
Support, Non-US. Gov’t. | Hepatol. May 2005;42(5):659-665.
doi:10.1016/j.jhep.2004.12.030

3. Groeneweg M, Quero JC, De Bruijn I, et al. Subclinical hepatic
encephalopathy impairs daily functioning, Research Support,
Non-US. Gov’t. Hepatology. Jul 1998;28(1):45-49. doi:10.1002/
hep.510280108

4. Cutler T, Mints G. Lactulose vs polyethylene glycol for treatment
of hepatic encephalopathy.  [AMA  Intern  Med. May
2015;175(5):867-868. doi:10.1001/jamainternmed.2015.0321

5. Salgado M, Cortes Y. Hepatic encephalopathy: diagnosis and treat-
ment. Compendium. Jun 2013;35(6):E1-E9.

6. Fukushima K, Yazaki M, Nakamura M, et al. Conventional diet
therapy for hyperammonemia is risky in the treatment of hepatic
encephalopathy associated with citrin deficiency. Case Reports,
Research Support, Non-U.S. Gov’t. Intern Med. 2010;49(3):243-247.

7. Petersen KU. Options in the treatment of hepatic encephalopathy.
Med Monatsschr Pharm. May 2015;38(5):160-164. Therapeutische
Optionen bei der hepatischen Enzephalopathie.

8. Wong RJ, Gish RG, Ahmed A. Hepatic encephalopathy is associ-
ated with significantly increased mortality among patients awaiting
liver transplantation. Lzver Transpl. Dec 2014;20(12):1454-1461.
doi:10.1002/1t.23981

9. Osman MA, Sayed MM, Mansour KA, et al. Reversibility of
minimal hepatic encephalopathy following liver transplantation
in Egyptian cirthotic patients. World | Hepatol. Oct 28
2016;8(30):1279-1286. doi:10.4254 /wih.v8.i30.1279

10. Yun TK. Panax ginseng—a non-organ-specific cancer preventive?

Lancet Oncology.  Jan  2001;2(1):49-55. doi:10.1016/
$1470-2045(00)00196-0

11. Yang SO, Park HR, Sohn ES, et al. Classification of ginseng berry
(Panax ginseng C.A. MEYER) extract using 1H NMR spectro-
scopy and its inhibition of lipid accumulation in 3 T3-L1 cells.
BMC  Complement  Altern  Med. 2014;14(1):455.  doi:10.1186/
1472-6882-14-455

12. Choi KT. Botanical characteristics, pharmacological effects and

Review.

medicinal components of Korean Panax ginseng C A Meyer.
Review. Acta Pharmacol Sin. Sep 2008;29(9):1109-1118. doi:10.
1111/7.1745-7254.2008.00869.x

13. Zhao H, Li Q, Pei X, et al. Long-term ginsenoside administration
prevents memory impairment in aged C57BL/6] mice by
up-regulating the synaptic plasticity-related proteins in hippocam-
pus. Research Support, Non-U.S. Gov’t. Bebav Brain Res. Aug 12
2009;201(2):311-317. doi:10.1016/j.bbr.2009.03.002

14. Zhu D, Wang JJ, Zhang XH, Yu Y, Kang ZS. Panax ginseng
extract attenuates neuronal injury and cognitive deficits in rats

dementia chronic  cerebral

with  vascular induced by


https://orcid.org/0000-0002-9370-3981
https://orcid.org/0000-0002-9370-3981
https://orcid.org/0000-0002-9932-8879
https://orcid.org/0000-0002-9932-8879
https://doi.org/10.1111/j.1440-1746.2010.06235.x
https://doi.org/10.1111/j.1440-1746.2010.06235.x
https://doi.org/10.1111/j.1440-1746.2010.06235.x
https://doi.org/10.1016/j.jhep.2004.12.030
https://doi.org/10.1002/hep.510280108
https://doi.org/10.1002/hep.510280108
https://doi.org/10.1001/jamainternmed.2015.0321
https://doi.org/10.1002/lt.23981
https://doi.org/10.4254/wjh.v8.i30.1279
https://doi.org/10.1016/S1470-2045(00)00196-0
https://doi.org/10.1016/S1470-2045(00)00196-0
https://doi.org/10.1016/S1470-2045(00)00196-0
https://doi.org/10.1016/S1470-2045(00)00196-0
https://doi.org/10.1186/1472-6882-14-455
https://doi.org/10.1186/1472-6882-14-455
https://doi.org/10.1186/1472-6882-14-455
https://doi.org/10.1186/1472-6882-14-455
https://doi.org/10.1186/1472-6882-14-455
https://doi.org/10.1111/j.1745-7254.2008.00869.x
https://doi.org/10.1111/j.1745-7254.2008.00869.x
https://doi.org/10.1111/j.1745-7254.2008.00869.x
https://doi.org/10.1016/j.bbr.2009.03.002

Choi et al.

11

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

hypopertusion. Neural Regen Res. Apr 2018;13(4):664-672. doi:10.
4103/1673-5374.230292

Quan HY, Yuan HD, Jung MS, Ko SK, Patk YG, Chung SH.
Ginsenoside Re lowers blood glucose and lipid levels via activation
of AMP-activated protein kinase in HepG2 cells and high-fat diet
fed mice. Int | Mol Med. Jan 2012;29(1):73-80. doi:10.3892/ijmm.
2011.805

Deng HI, Zhang JT. Anti-lipid peroxilative effect of ginsenoside
Rb1 and Rgl. Chin Med ] (Engl). May 1991;104(5):395-398.

Ma L, Liu H, Xie Z, et al. Ginsenoside Rb3 protects cardiomyo-
cytes against ischemia-reperfusion injury via the inhibition of
JNK-mediated NF-kappaB pathway: a mouse cardiomyocyte
model. Research Support, Non-US. Gov’t. Pl one. 2014;9(8):
¢103628. doi:10.1371/journal. pone.0103628

Jayakodi M, Lee SC, Lee YS, et al. Comprehensive analysis of
Panax ginseng root transcriptomes. BMC  Plant  Biol.
2015;15(1):138. doi:10.1186/s12870-015-0527-0

Yang W, Qiao X, Li K| et al. Identification and differentiation of
Panax ginseng, Panax quinquefolium, and Panax notoginseng by
monitoring multiple diagnostic chemical matkers. _Aca
Pharmacentica Sinica B. Nov 2016;6(6):568-575. doi:10.1016/.
apsb.2016.05.005

Madhi I, Kim J-H, Shin JE, Kim Y. Ginsenoside Re exhibits neu-
roprotective effects by inhibiting neuroinflammation via CAMK/
MAPK/NF-kB signaling in microglia. Mo/ Med Rep. 2021;24(4):1-
10.

Bel Haaj S, Magnin A, Petrier C, Boufi S. Starch nanoparticles for-
mation via high power ultrasonication. Research Support,
Non-US. Gov’t. Carbobydr Polym. Feb 15 2013;92(2):1625-1632.
doi:10.1016/j.carbpol.2012.11.022

Yoon SH, Nam YM, Hong JT, Kim §J, Ko SK. Modification of
ginsenoside composition in red ginseng (Panax ginseng) by ultra-
sonication. | Ginseng Res. Jul 2016;40(3):300-303. doi:10.1016/j.
jgr.2015.09.001

Boni MR, D’Amato E, Polettini A, Pomi R, Rossi A. Effect of
ultrasonication on anaerobic degradability of solid waste digestate.
Waste Manag. Feb 2016;48:209-217. doi:10.1016/j.wasman.2015.
10.031

Biswas T, Ajayakumar PV, Mathur AK, Mathur A. Solvent-based
extraction optimisation for efficient ultrasonication-assisted ginse-
noside recovery from Panax quinquefolius and P. sikkimensis cell
suspension lines. Comparative Study, Research Support, Non-U.S.
Gov’t. Nat Prod Res. 2015;29(13):1256-1263. doi:10.1080/14786
419.2015.1024119

Percie du Sert N, Hurst V, Ahluwalia A, et al. The ARRIVE guide-
lines 2.0: updated guidelines for reporting animal research. Br |
Pharmacol. 2020;177(16):3617-3624.

Gimenez-Garzo C, Salhi D, Urios A, et al. Rats with mild bile duct
ligation show hepatic encephalopathy with cognitive and motor
impairment in the absence of cirrhosis: effects of alcohol ingestion.
Research  Support, Non-US. Gov’t. Neurochem Res. Feb
2015;40(2):230-240. doi:10.1007/s11064-014-1330-2

Nam Y, Ko SK, Sohn UD. Hepatoprotective effect of ultrasoni-
cated ginseng berry extract on a rat mild bile duct ligation
model. | Ginseng Res. 2019;43(4):606-617.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Hernandez-Rabaza V, Cabrera-Pastor A, Taoro-Gonzalez L, et al.
Hyperammonemia induces glial activation, neuroinflammation
and alters neurotransmitter receptors in hippocampus, impairing
spatial learning: treversal by sulforaphane. Research Support,
Non-US. Gov’t. J Neuroinflammation. 2016;13:41. doi:10.1186/
$12974-016-0505-y

Zhou B, Li M, Cao X, et al. Phenylethanoid glycosides of
Pedicularis muscicola Maxim ameliorate high altitude-induced
memory impairment. Physiol Behav. Apr 1 2016;157:39-46.
doi:10.1016/j.physbeh.2016.01.037

Paul V, Ekambaram P, Jayakumar AR. Effects of sodium fluoride
on locomotor behavior and a few biochemical parameters in rats.
Environ Toxicol Pharmacol. Nov 1 1998;6(3):187-191.

Choi J-S, Chun K-S, Kundu J, Kundu JK. Biochemical basis of
cancer chemoprevention and/or chemotherapy with ginsenosides
(Review). Int | Mol Med. Dec 2013;32(6):1227-1238. doi:10.3892/
jmm.2013.1519

Han DH, Kim SH, Higashida K, et al. Ginsenoside Re rapidly
reverses insulin resistance in muscles of high-fat diet fed rats.
Metabolism. Nov 2012;61(11):1615-1621. doi:10.1016/j.metabol.
2012.04.008

Mancuso C, Santangelo R. Panax ginseng and Panax quinquefo-
lius: from pharmacology to toxicology. Food Chem Toxicol.
2017;107:362-372.

Carabin IG, Burdock GA, Chatzidakis C. Safety assessment of
Panax ginseng, Int | Toxicol. 2000;19(4):293-301.

Chan LY, Chiu PY, Lau TK. Embryotoxicity study of ginsenoside
rc and Re in in vitro rat whole embryo culture. Reprod Toxicol.
2004;19(1):131-134.

Fu W, Sui D, Yu X, Gou D, Zhou Y, Xu H. Protective effects of
ginsenoside Rg2 against H202-induced injury and apoptosis in
HO¢2 cells. Int | Clin Exp Med. 2015;8(11):19938-19947.

Jung JS, Lee SY, Kim DH, Kim HS. Protopanaxatriol ginsenoside
Rh1 upregulates phase II antioxidant enzyme gene expression in
rat primary astrocytes: involvement of MAP kinases and Nrf2/
ARE signaling, Biomol Ther (Seoul). Jan 2016;24(1):33-39. doi:10.
4062 /biomolther.2015.129

Lee SY, Jeong JJ, Eun SH, Kim DH. Anti-inflammatory effects of
ginsenoside Rgl and its metabolites ginsenoside Rhl and
20(S)-protopanaxatriol in mice with TNBS-induced colitis.
Research support, non-US. Gov’'t. Eur ] Pharmacol. Sep 5
2015;762:333-343. doi:10.1016/j.ejphar.2015.06.011

Kim Y], Kwon HC, Ko H, et al. Anti-tumor activity of the ginse-
noside Rk1 in human hepatocellular carcinoma cells through inhi-
bition of telomerase activity and induction of apoptosis. Research
suppott, non-U.S. Gov’t. Bio/ Pharm Bull. May 2008;31(5):826-830.
Lee CK, Park KK, Chung AS, Chung WY. Ginsenoside Rg3
enhances the chemosensitivity of tumots to cisplatin by reducing
the basal level of nuclear factor erythroid 2-related factor 2-medi-
ated heme oxygenase-1/NAD(P)H quinone oxidoreductase-1 and
prevents normal tissue damage by scavenging cisplatin-induced
intracellular reactive oxygen species. Research support, non-U.S.
Gov’t. Food Chem Toxicol. Jul 2012;50(7):2565-2574.

Chen B, Shen YP, Zhang DF, Cheng ], Jia XB. The
apoptosis-inducing effect of ginsenoside F4 from steamed


https://doi.org/10.4103/1673-5374.230292
https://doi.org/10.4103/1673-5374.230292
https://doi.org/10.4103/1673-5374.230292
https://doi.org/10.3892/ijmm.2011.805
https://doi.org/10.3892/ijmm.2011.805
https://doi.org/10.1371/journal.pone.0103628
https://doi.org/10.1186/s12870-015-0527-0
https://doi.org/10.1186/s12870-015-0527-0
https://doi.org/10.1186/s12870-015-0527-0
https://doi.org/10.1186/s12870-015-0527-0
https://doi.org/10.1016/j.apsb.2016.05.005
https://doi.org/10.1016/j.apsb.2016.05.005
https://doi.org/10.1016/j.carbpol.2012.11.022
https://doi.org/10.1016/j.jgr.2015.09.001
https://doi.org/10.1016/j.jgr.2015.09.001
https://doi.org/10.1016/j.wasman.2015.10.031
https://doi.org/10.1016/j.wasman.2015.10.031
https://doi.org/10.1080/14786419.2015.1024119
https://doi.org/10.1080/14786419.2015.1024119
https://doi.org/10.1007/s11064-014-1330-2
https://doi.org/10.1007/s11064-014-1330-2
https://doi.org/10.1007/s11064-014-1330-2
https://doi.org/10.1007/s11064-014-1330-2
https://doi.org/10.1186/s12974-016-0505-y
https://doi.org/10.1186/s12974-016-0505-y
https://doi.org/10.1186/s12974-016-0505-y
https://doi.org/10.1186/s12974-016-0505-y
https://doi.org/10.1186/s12974-016-0505-y
https://doi.org/10.1016/j.physbeh.2016.01.037
https://doi.org/10.3892/ijmm.2013.1519
https://doi.org/10.3892/ijmm.2013.1519
https://doi.org/10.1016/j.metabol.2012.04.008
https://doi.org/10.1016/j.metabol.2012.04.008
https://doi.org/10.4062/biomolther.2015.129
https://doi.org/10.4062/biomolther.2015.129
https://doi.org/10.1016/j.ejphar.2015.06.011

12

Natural Product Communications

42.

43.

44,

45.

46.

47,

48.

49.

50.

51.

notoginseng on human lymphocytoma JK cells. Research support,
non-US. Gov’t. Nat Prod Res. 2013;27(24):2351-2354. doi:10.
1080/14786419.2013.828290

Li R, Shen Y, Yang LB, Lue LF, Finch C, Rogers J. Estrogen
enhances uptake of amyloid beta-protein by microglia detived
from the human cortex. | Neurochem. Oct 2000;75(4):1447-1454.
Chretien F, Vallat-Decouvelaere AV, Bossuet C, et al. Expression
of excitatory amino acid transporter-2 (EAAT-2) and glutamine
synthetase  (GS)
SIVmac251-infected macaques. Comparative Study, Research
Support, Non-US. Gov’'t. Neuropathol Appl Neurobiol. Oct
2002;28(5):410-417.

Gras G, Chretien F, Vallat-Decouvelaere AV, et al. Regulated
expression of sodium-dependent glutamate transporters and syn-

in brain macrophages and microglia of

thetase: a neuroprotective role for activated microglia and macro-
phages in HIV infection? Research Support, Non-US. Gov't.
Review. Brain Pathol. Apr 2003;13(2):211-222.

Schmidt W, Wolf G, Grungteiff K, Meier M, Reum T. Hepatic
encephalopathy influences high-affinity uptake of transmitter glu-
tamate and aspartate into the hippocampal formation. Metab Brain
Dis. Mar 1990;5(1):19-31.

Butterworth RF. Pathogenesis of hepatic encephalopathy and
brain edema in acute liver failure. Review. | Clin Exp Hepatol.
Mar 2015;5(Suppl 1):5896-S103. doi:10.1016/j.jceh.2014.02.004
Alvarez VM, Rama Rao KV, Brahmbhatt M, Norenberg MD.
Interaction between cytokines and ammonia in the mitochondrial
permeability transition in cultured astrocytes. | Nexrosci Res. Dec
2011;89(12):2028-2040. doi:10.1002/jnt.22708

Zemtsova I, Gorg B, Keitel V, Bidmon HJ, Schror K, Haussinger
D. Microglia activation in hepatic encephalopathy in rats and
humans. Comparative Study, Research Support, Non-US. Gov’t.
Hepatolggy. Jul 2011;54(1):204-15. doi:10.1002/hep.24326

Smith DC, Modglin AA, Roosevelt RW, et al. Electrical stimula-
tion of the vagus nerve enhances cognitive and motor recovery fol-
lowing moderate fluid percussion injury in the rat. Research
Support, N.IH.,  Extramural. |  Neurotranma.  Dec
2005;22(12):1485-1502. doi:10.1089/neu.2005.22.1485
Weissenborn K, Bokemeyer M, Krause J, Ennen ], Ahl B.
Neurological and neuropsychiatric syndromes associated with
liver disease. Review. AIDS. Oct 2005;19 Suppl 3:593-598.

Leke R, de Oliveira DL, Mussulini BH, et al. Impairment of the
organization of locomotor and exploratory behaviors in bile duct-
ligated rats. Research Support, Non-US. Gov't. PhS one.
2012;7(5):¢36322. doi:10.1371/journal. pone.0036322

52

53.

54.

55.

56.

57.

58.

59.

60.

. Jover R, Rodrigo R, Felipo V, et al. Brain edema and inflammatory
activation in bile duct ligated rats with diet-induced hyperammone-
mia: A model of hepatic encephalopathy in cirrhosis. Comparative
Study, Research Support, Non-US. Gov’t. Hepatology. Jun
20006;43(6):1257-1266. doi:10.1002/hep.21180

Kanzawa T, Sawada M, Kato K, Yamamoto K, Mori H, Tanaka R.
Differentiated regulation of allo-antigen presentation by different
types of murine microglial cell lines. Research Support, Non-U.S.
Gov’t. | Neurosci Res. Nov 1 2000;62(3):383-388. doi:10.1002/
1097-4547(20001101)62:3 < 383::AID-JNR8 > 3.0.CO;2-6

He BP, Wen W, Strong MJ. Activated microglia (BV-2) facilitation
of TNF-alpha-mediated motor neuron death in vitro. Research
Support, Non-U.S. Gov’t. | Neuroimmunol. Jul 2002;128(1-2):31-
38.

Guadagno ], Xu X, Karajgikar M, Brown A, Cregan SP.
Microglia-derived TNFalpha induces apoptosis in neural precursor
cells via transcriptional activation of the Bcl-2 family member
Puma. Research Support, Non-US. Gov’t. Ce// Death Dis. Mar
14 2013;4:538. doi:10.1038/cddis.2013.59

Surai PF. Silymarin as a natural antioxidant: an overview of the
current evidence and perspectives. Review. _Antioxidants (Basel).
Mar 20 2015;4(1):204-247. doi:10.3390/antiox4010204

Dadsetan S, Balzano T, Forteza J, et al. Infliximab reduces periph-
eral inflammation, neuroinflammation, and extracellular GABA in
the cerebellum and improves learning and motor coordination in
rats with hepatic encephalopathy. | Neuroinflammation. Sep 13
2016;13(1):245. doi:10.1186/512974-016-0710-8

Pereira de Vasconcelos A, Klur S, Muller C, et al. Reversible inac-
tivation of the dorsal hippocampus by tetrodotoxin or lidocaine: a
comparative study on cerebral functional activity and motor coot-
dination in the rat. Neuroscience. Sep 15 2006;141(4):1649-1663.
doi:10.1016/j.neuroscience.2006.05.023

Garwood CJ, Simpson JE, Al Mashhadi S, et al. DNA Damage
response and senescence in endothelial cells of human cerebral
cortex and telation to Alzheimer’s neuropathology progression:
a population-based study in the medical research council cognitive
function and ageing study (MRC-CFAS) cohort. Research
Support, Non-US. Gov’t. Neurgpatho! Appl Neurobiol. Dec
2014;40(7):802-814.

Genc E, Havemann U, Tzoneva-Tyutyulkova N, Kuschinsky K.
Motility, rigidity and turnover of dopamine in the striatum after
administration of morphine to rats: a re-evaluation of their mech-
anisms. Research Support, Non-US. Gov’t. Newuropharmacology.
Apr 1983;22(4):471-476.


https://doi.org/10.1080/14786419.2013.828290
https://doi.org/10.1080/14786419.2013.828290
https://doi.org/10.1016/j.jceh.2014.02.004
https://doi.org/10.1002/jnr.22708
https://doi.org/10.1002/hep.24326
https://doi.org/10.1089/neu.2005.22.1485
https://doi.org/10.1371/journal.pone.0036322
https://doi.org/10.1002/hep.21180
https://doi.org/10.1002/1097-4547(20001101)62:3&thinsp;%3C&thinsp;383::AID-JNR8&thinsp;%3E&thinsp;3.0.CO;2-6
https://doi.org/10.1002/1097-4547(20001101)62:3&thinsp;%3C&thinsp;383::AID-JNR8&thinsp;%3E&thinsp;3.0.CO;2-6
https://doi.org/10.1002/1097-4547(20001101)62:3&thinsp;%3C&thinsp;383::AID-JNR8&thinsp;%3E&thinsp;3.0.CO;2-6
https://doi.org/10.1002/1097-4547(20001101)62:3&thinsp;%3C&thinsp;383::AID-JNR8&thinsp;%3E&thinsp;3.0.CO;2-6
https://doi.org/10.1002/1097-4547(20001101)62:3&thinsp;%3C&thinsp;383::AID-JNR8&thinsp;%3E&thinsp;3.0.CO;2-6
https://doi.org/10.1002/1097-4547(20001101)62:3&thinsp;%3C&thinsp;383::AID-JNR8&thinsp;%3E&thinsp;3.0.CO;2-6
https://doi.org/10.1002/1097-4547(20001101)62:3&thinsp;%3C&thinsp;383::AID-JNR8&thinsp;%3E&thinsp;3.0.CO;2-6
https://doi.org/10.1002/1097-4547(20001101)62:3&thinsp;%3C&thinsp;383::AID-JNR8&thinsp;%3E&thinsp;3.0.CO;2-6
https://doi.org/10.1002/1097-4547(20001101)62:3&thinsp;%3C&thinsp;383::AID-JNR8&thinsp;%3E&thinsp;3.0.CO;2-6
https://doi.org/10.1038/cddis.2013.59
https://doi.org/10.3390/antiox4010204
https://doi.org/10.1186/s12974-016-0710-8
https://doi.org/10.1186/s12974-016-0710-8
https://doi.org/10.1186/s12974-016-0710-8
https://doi.org/10.1186/s12974-016-0710-8
https://doi.org/10.1016/j.neuroscience.2006.05.023

	1.  Introduction
	2.  Materials and Methods
	2.1  Materials
	2.2  Preparation of UGBE
	2.3  Analysis of Ginsenosides in UGBE
	2.4  Animals and Experimental Design
	2.5  MBDL Model
	2.6  Spatial Learning and Motor Function
	2.7  Motor Coordination
	2.8  Preparation and Biochemical Assay of Brain Samples
	2.9  Immunohistochemistry
	2.10  Cresyl Violet Staining
	2.11  Data Analysis

	3.  Results
	3.1  HPLC Analysis of UGBE
	3.2.  Effect of UGBE on Impaired Spatial Learning
	3.3  Effect of UGBE on Impaired Motor Function and Coordination
	3.4  Effect of UGBE on Microglial Activation
	3.5  Effect of UGBE on Neuroinflammation
	3.6  Effect of UGBE on Neuronal Damage

	4.  Discussion
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


