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Abstract

Objective: Huang-Lian-Jie-Du-Tang (HLJDT), a traditional Chinese medicine, improves cognitive
ability in rat models of Alzheimer’s disease (AD). The objective of this study was to evaluate the
protective effects of HLJDT on learning and memory impairment that are caused by AB,s5_3s.
Methods: Rats were randomly assigned to the following groups: control (water), ABs_3s,
donepezil hydrochloride 1.05 mg/kg, HLJDT 6 g/kg, HLJDT 3 g/kg, and HLJDT 1.5 g/kg and the
corresponding drugs were administered for 28 days by oral gavage. HLJDT for the prevention of
APB»s_3s-induced injury in rats and the underlying mechanisms were assessed. AB,s_35 and amyloid
precursor protein (APP) levels were measured in the hippocampal specimens. Total superoxide
dismutase (T-SOD), glutathione (GSH), and malondialdehyde (MDA) levels in the hippocampus
were also measured. The ultrastructure of CAl hippocampal region was observed using electron
microscopy.

Results: HLJDT treatment ameliorated impaired learning and memory significantly, decreased
ABs_35, and APP levels in the hippocampus, increased T-SOD and GSH activity and decreased
the MDA concentration, and alleviated the nuclear and cytoplasmic abnormalities of the hippo-
campal CA | region that were induced by A,s_3s injection.

Conclusions: HLJDT might decrease hippocampal vulnerability to AB,s_3s, suggesting its poten-
tial neuroprotective effect in AD.
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Introduction

Alzheimer’s disease (AD) is a neurodegen-
erative disorder that is characterized by
progressive cognitive deterioration, which
is accompanied by reduced daily activities
and behavioral changes.' B-amyloid (AP),
the main component of the amyloid plaques
and the crucial pathophysiological feature
of AD, is derived from proteolytic cleavage
of amyloid precursor protein (APP). A
accumulation is considered to be a principal
cause of the neurodegeneration that is
typically observed in AD and it has been asso-
ciated with AD-like memory impairment.>

Oxidative stress (OS) is an abnormal
redox state that is caused by an imbalance
between the generation and detoxification
of reactive oxygen species (ROS).> ROS
have been strongly implicated in AD path-
ophysiology.* Several studies have indicat-
ed that AB-induced neuronal apoptosis and
necrosis involves the participation of ROS.
AP can lead to the production of intracel-
lular ROS, which causes protein and lipid
peroxidation in neurons.’

Despite many efforts, there is no efficient
treatment for AD. Therapeutic strategies
are currently limited to symptomatic treat-
ment and do not slow disease progression.®
Drug research is based upon single-target-
directed strategies such as acetylcholinester-
ase (AChE) inhibitors and neurotrophic
factors,” but these approaches do not seem
to cure AD. Traditional Chinese medicines
(TCMs) and their active components, which
are known for their multi-target and multi-
functional properties, have anti-depressive,
anti-psychotic, anti-oxidant, anti-amyloid,
and anti-inflammatory effects.’

Huang-Lian-Jie-Du-Tang (HLJDT), a
TCM recipe, consists of Rhizoma coptidis,
Radix scutellariae, Cortex phellodendri, and
Fructus gardenia, and its main effects are
believed to be “purging fire and removing
toxins.” It is traditionally used to treat
inflammation, Chinese toxic heat syn-
dromes and infectious diseases.® Preclinical
pharmacological studies demonstrated that
HLJDT possesses a broad range of func-
tions” and has potentially beneficial effects
in diabetes,'® cerebrovascular diseases,'!!?
and inflammation. HLJDT also influences
the expression of numerous genes in a
mouse model of dementia.” Moreover,
recent studies also revealed that HLIDT
significantly improves cognitive ability in
rats with AD, suggesting that HLIDT can
alleviate age-related deterioration of learn-
ing and memory.'*'*

Previous studies have suggested that
the effects of HLIDT against cognitive def-
icits might involve prevention of decreased
acetylcholine content'” or a reduction in
OS. However, the mechanisms by which
HLJDT enhances learning and memory are
currently unknown. The present study aimed
to evaluate the protective effects of HLJDT
against learning and memory impairment
that is induced by injection of AB,s 35 in rats.

Materials and methods

Preparation of HLIDT

HLJDT was prepared based on a classic
recipe including Rhizoma coptidis, Radix
scutellariae, Cortex  phellodendri, and
Fructus gardenia (Table 1)."* The herbs
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Table I. Huang-Lian-Jie-Du-Tang composition and herbal chemical constituents.

Plant name

Chemical constituents

Coptis chinensis Franch

Scutellaria baicalensis Georgi
Phellodendron amurense Ruprecht
Gardenia jasminoides Ellis

Berberine, coptisine, palmatine
Baicalin, baicalein, wogonin
Berberine, palmatine, phellodendrine
Geniposide, genipin, gardenoside

were purchased from the Teaching Hospital
of Chengdu University of TCM (Chengdu,
China), and they were combined at a ratio
of 3:2:2:3 (dry weight), mixed, and decocted
twice with boiling water (1:10,w/v) for
1 hour.'"® The resulting extract was filtered
through five layers of gauze. The yield of
HLJDT aqueous extraction was 20% (w/w)
of the dry medicinal herbs.'” Coldspray
ionization-mass spectrometry (CSI-MS) was
used to detect the active components of the
HLIDT extract.’

Animals

Male Sprague—Dawley rats were obtained
from Chengdu Dossy Experimental
Animals Co., Ltd. (China) and housed for
1 week for acclimation. The rats were main-
tained in cages at room temperature (22 +
1°C) under a standard 12-hour:12-hour
light:dark cycle, with free access to food
and water. Experiments were reviewed and
approved by the Animal and Ethics Review
Committee of Chengdu University of
Traditional Chinese Medicine (No: 2013-03).

The rat model of AD was induced as
previously described.'® Briefly, the rats
were anaesthetized by intraperitoneal injec-
tion of 10% chloralhydrate and fixed in a
stereotaxic device. Then, a midline incision
was made on the scalp, and holes were
drilled on both sides of the skull. The injec-
tion position was —3.0 mm posterior to the
bregma, +2.0 mm lateral to the sagittal
suture, and —4.0 mm below the dura.
AP»s_35 solution (Sigma-Aldrich, Inc., St.
Louis, MO, USA; 5 uL, 2 pg/uL) or sterile
saline was injected into the right and left

hippocampal CA1l regions at a speed of
I pL/minute using a microinjection device.
After the injection was completed, the
microinjection device was left at the site of
injection for 5 minutes before slow with-
drawal. After surgery, all rats were placed
into cages, and 80,000 U/0.25 mL of peni-
cillin was administered for 3 days by intra-
muscular injection.'” Rats were randomly
assigned to control, AP,s3s, donepezil
hydrochloride (1.05 mg/kg), HLIJDT 6 g/kg,
HLJDT 3 g/kg, and HLIDT 1.5 g/kg groups.
Rats in the control group were injected with
sterile saline, while those in the other groups
received AP,s_3s by injection.

Drug administration

Animals in the control and A,s 35 groups
were administered distilled water intragas-
trically for 28 days; those in the donepezil
hydrochloride group were treated with
donepezil hydrochloride (1.05mg/kg) by
oral gavage for 28 days; while animals in
the HLJDT (1.5, 3, 6g/kg) groups were
administered the corresponding dosage of
HLJDT by oral gavage for 28 days.
Donepezil hydrochloride (a reversible
AChE inhibitor) was selected as a positive
control because two previous studies
reported that berberine, an important
active ingredient of Coptis chinensis, inhib-
its acetylcholine hydrolysis.

Morris water maze test

Learning and memory with regard to spatial
orientation were assessed using the Morris
water maze (MWM) test, performed as
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described previously.?>*! The MWM con-
sisted of a 50-cm-high circular pool that was
120cm in diameter and filled with water
(24+£0.5°C) to a depth of 24cm. A hidden,
submerged platform was placed in one quad-
rant (quadrant IV) at a depth of 2cm below
the pool surface. The test was conducted
in two parts: a spatial navigation test
(conducted on days 1 to 4) to assess spatial
learning and a spatial probe task (conducted
on day 5) to assess spatial memory.

For the spatial learning task (days 1 to
4), the animals were placed in the tank in
quadrant I, II, or III, facing the pool wall,
and circumnavigated the pool to search for
the escape platform in quadrant IV. Three
trials (90 seconds per trial) were completed
per day, and the escape latency (time to find
the hidden platform) was recorded for each
trial. If an animal failed to locate the plat-
form during the 90-second trial, the animal
was guided to the platform and an escape
latency of 90 seconds was recorded. The
mean escape latency was used as an indica-
tor of the ability of the animal to learn the
location of the hidden platform.

For the spatial probe test (day 5), which
tests the ability of each animal to remember
where it had been located during the spatial
learning task, the hidden platform was
removed. Each rat underwent three trials
(90 seconds per trial, starting from quad-
rants I, II, or III). The number of crossings
of the platform quadrant (NCP), swimming
time in the platform quadrant (STP), and
swimming distance in the platform quad-
rant (SDP) were recorded to assess spatial
memory performance.>

Immunohistochemistry

After completing the MWM test, three rats
were randomly selected per group, and
each was anesthetized with 10% urethane
(1g/kg) and laid in the supine position to
fully expose the thorax and heart. The rats
were perfused through the ascending aorta

with cold saline solution (4°C), followed by
4% paraformaldehyde in phosphate-buffered
saline (PBS; 4°C). The whole brain was
removed carefully, fixed in 4% paraformal-
dehyde for 24 hours, dehydrated, and embed-
ded in paraffin. The hippocampal CAl
region was used for immunohistochemical
analysis.**

Coronal sections (5-um thickness) of the
brain were taken from the region extending
5 mm anterior to the bilateral injection
points (used for AP,s_35 administration) to
5 mm posterior to the injection points.
Following quenching with endogenous per-
oxidase and blocking with normal goat
serum, the sections were incubated with
anti-rat AP primary antibody (1:1000;
Abcam, Cambridge, MA, USA) or anti-
rat APP primary antibody (1: 500;
Abcam) overnight at 4°C. PBS was used
as a control. After washing in PBS three
times (2 minutes per wash), the sections
were incubated with horseradish peroxidase
(HRP)-conjugated secondary antibody
(Zhongshan Company, Beijing, China;
1:2000) for 20 minutes at 37°C. Sections
were stained with 3’3-diaminobenzidine.
The sections were counterstained with
hematoxylin, dehydrated in ethanol, cleared
in xylene, and mounted using neutral gum.
The density of staining for Ap and APP was
measured using Image Pro Plus 5.0 soft-
ware (Media Cybernetics, Bethesda, MD,
USA). Brown staining represented positive
staining for AP or APP proteins, and
the staining density was taken to indicate
the protein expression level. Photographs
were taken at a magnification of 400x.

Western blot

Eight rats were selected randomly from
each group. The brains were removed care-
fully. The right hippocampal tissue was
weighed and homogenized in lysis buffer
(20 mM Tris-HCI, pH 7.4, 140 mM NaCl,
I mM phenylmethylsulfonyl fluoride, ]| mM
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Na3zNOy4, 10 mM NaF, 0.1% Nonidet-40,
and 1 mM EDTA) at a proportion of 1:9
(homogenate:buffer) using a teflon/glass
homogenizer. The homogenates were cen-
trifuged at 10,000 x ¢ for 10 minutes at
4°C. Each sample was placed in sample
buffer (0.5 M Tris-HCI pH 6.8, 10% glyc-
erol, 2% [w/v] sodium dodecyl sulfate,
5% [v/v] 2-B-mercaptoethanol, and 0.05%
bromophenol blue) and denatured using
boiling at 95 to 100°C for 5 minutes.
Protein estimation was performed using
the bicinchoninic acid (BCA) method
(BCA-1, Sigma-Aldrich, Inc.), in accor-
dance with the manufacturer’s instructions.
The samples were separated by electropho-
resis on 10% acrylamide gels. Proteins were
transferred to polyvinylidene fluoride mem-
branes (Immobilon™, Millipore Corp.,
Billerica, MA, USA) using a transblot
apparatus (Bio-Rad, Hercules, CA, USA).
Membranes were blocked for 2 hours at
room temperature in TBST buffer (Tris
50 mM, NaCl 1.5%, and Tween 20 0.05%;
pH 7.5). The blots were probed with anti-
AP (ab68896; rabbit polyclonal; 1:1000;
Abcam), anti-APP (abl17467; rabbit poly-
clonal; 1:1000; Abcam), and anti-B-actin
antibodies (bs-0061R; rabbit polyclonal;
Bioss Co., Beijing, China) at 4°C overnight.
Blots were washed three times in TBST
buffer and incubated for 1 hour with an
HRP-labeled anti-mouse IgG secondary
antibody (Bioss Co.). Quantity One
Software (Bio-Rad) was used to analyze
the results.

Enzyme-linked immunosorbent assay

The hippocampal specimens were removed
from the brain and homogenized in 10%
saline in a glass homogenizer (n=06/
group). Enzyme linked immunosorbent
assay (ELISA) kits (Life Technologies
Co., Grand Island, NY, USA) were
used to quantify the AB,s 35 and APP pro-
tein levels. The samples and standards

(AP2s_35 peptide and APP protein) were dilut-
ed, added to a 96-well plate, and incubated
for 1 hour at 37°C. HRP-conjugated anti-
body was added to per well. The plate was
incubated for 1 hour at 37°C and washed
four times using PBS. Tetramethylbenzidine
(100 pL) was added to each well, and then
the plate was incubated for 15 minutes at
37°C in the dark. Next, 50pL of 1M
H,SO,4 was added to per well. The absor-
bance was read at 450 nm using a microplate
reader (Varioskan Flash, Thermo Fisher,
Rockford, IL, USA) within 15 minutes.

Assessment of SOD, GSH activity, and
MDA concentration

Left hippocampal tissue specimens were
snap-frozen in liquid nitrogen immediately
after dissection and stored at —80°C until
use. The SOD and GSH activity and the
MDA concentration in the hippocampal
tissue were evaluated using specific com-
mercial assay kits (SOD: #A001; MDA:
#A003-1; GSH: #A006; all from Nanjing
Jiancheng Bioengineering Institute,
Nanjing, China), in accordance with the
manufacturer’s protocol. SOD activity was
determined using the xanthine oxidase
method (hydroxylamine method). The reac-
tion system contained 20 pL of WST-1
enzyme reaction solution, 20 ul. of sample,
and 200 pL of enzyme substrate. The reac-
tion mixtures were incubated at 37°C for
20 minutes. One unit of SOD activity was
defined as the amount of enzyme required
to cause 50% inhibition of the reduction of
WST-1 formazan, as detected at 550 nm.
Superoxide ions reacted with 2-(4-iodo-
phenyl)-3-(4-nitrophenol)-5-phenyltetrazo-

lium chloride to form a red formazan dye
featuring absorbance at 550 nm. SOD activ-
ity was expressed in U/mL in tissues.
The spectrophotometric method was used
for measuring GSH. Briefly, 100 uL. of the
sample, 100pL of oxidized glutathione
solution, and 25 pL of NADPH solution
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(6 mM) were mixed and the resulting reac-
tion product was measured at 405 nm. The
thiobarbituric acid (TBA) method was used
to measure MDA. A volume of 100 pL of
the sample and 100 pL of TBA reaction
solution were mixed and heated to 95°C
for 40 minutes. After cooling, the superna-
tant was collected by centrifugation at
2800 x g for 10 minutes, and the MDA con-
centration was detected in the supernatant
at 532 nm. For SOD, MDA, and GSH, the
intra-batch coefficient of variation (CV)
was 3.52%, 4.11%, and 3.86%, respective-
ly; the inter-batch CV was 1.7%, 3.5%, and
1.2%, respectively; the recovery rate was
103%, 104%, and 102%, respectively; and
the testing range was 5.0 to 122.1 U/mL,
0.5 to 113.0 nmol/mL, and 0.3 to 147.1 mg
GSH/L, respectively. These kits use a linear
standard curve. The positive control was
provided in the kit and consisted of the puri-
fied end-product of the reaction. Distilled
water was used as negative control.

Ultrastructural examination

The remaining rats in each group were
anesthetized with 10% urethane (1 g/kg)
and perfused with 100 mL of cold saline
solution (4°C), followed by freshly prepared
4% paraformaldehyde in PBS (4°C). The
CA1 hippocampal regions were quickly
removed from brain tissue and incubated
overnight with 2.5% glutaraldehyde at
4°C. After acetone dehydration, the tissue
specimens were embedded to prepare ultra-
thin sections and then stained with uranyl
acetate and lead citrate for electron micros-
copy (Hitachi, Ibaraki, Japan).?*

Statistical analysis

Data are presented as the mean =+ standard
error of the mean. Levene’s test for equality
of variances followed by a z-test for inde-
pendent samples was performed. Multiple
mean comparisons were analyzed using a

one-way analysis of variance, followed by
Tukey’s post hoc test for multiple compar-
isons. All statistical analyses were per-
formed using SPSS version 17.0 (SPSS
Inc., Chicago, IL, USA). P < 0.05 was con-
sidered to be statistically significant.

Results

Eighty-four male Sprague-Dawley rats
(6-8 weeks old, 200 £+ 20 g) were randomly
divided into the following groups: control,
APBrs_3s, donepezil hydrochloride
1.05mg/kg, HLIJDT 6 g/kg, HLIDT 3 g/kg,
and HLJDT 1.5 g/kg. There were 14 rats in
each group.

Effects of HLJDT on spatial learning and
memory deficits induced by AB,s_3s in
male rats

Learning and memory functions were
examined using the MWM test (Figure 1).
In the spatial navigation test (used to assess
spatial learning performance), AP,s 3s
injection induced cognitive deficits that
were alleviated by treatment with HLJDT
or donepezil hydrochloride (Figure 1).
The escape latency of the AB,s 35 group
on day 4 was significantly longer compared
with control animals (P<0.01). The
escape latency on day 4 was significantly
shorter in the donepezil hydrochloride
group and in all three HLJDT groups com-
pared with the Ap,s ;s group (P <0.05
and P<0.01, respectively), as shown in
Figure 2a. There were no noticeable differ-
ences in swimming speed between the vari-
ous groups on any of days 1 to 4 (data not
shown), excluding the effects of physical
energy on escape latency.

In the spatial probe test (which was
used to evaluate spatial memory perfor-
mance), the NCP, STP, and SDP were sig-
nificantly decreased in the AB,s 35 group
compared with the control group
(P<0.01; Figure 2b-d). Treatment with
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donepezil hydrochloride and HLJDT (at 3
and 1.5g/kg) significantly increased NCP
and STP compared with the AB,s_35 group
(P <0.05and P <0.01, respectively), but no
remarkable difference in NCP and STP was
observed between the HLJDT 6 g/kg and
AP»s_35 groups. The donepezil hydrochlo-
ride group and all HLJDT groups showed
a tendency towards an increase in SDP, but
these tendencies were not statistically signif-
icant. In addition, the number of crossings
in the opposite quadrant, swimming time
in the opposite quadrant, and swimming
distance in the opposite quadrant were all
significantly increased in the ABys 35 group
compared with the control group (P <0.01
for all; Figure 2b—d). Treatment with done-
pezil hydrochloride and 3g/kg HLJDT

significantly decreased swimming time and
swimming distance in the opposite quad-
rant compared with the AP,s 35 group
(P<0.05 for both), but no significant
effects of 6g/kg HLIJDT were observed
(Figure 2c—d). Compared with the ABss 3s
group, the donepezil hydrochloride group
also showed a reduction in the number
of crossings in the opposite quadrant
(P<0.05), although a similar trend was
observed in all three HLJDT groups
(Figure 2c¢).

Effects of HLJDT on A protein
expression in the rat hippocampus

The hippocampal CAl region was selected
for immunohistochemical assessments.
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A distinct yellow staining was observed in
the cytoplasm and plasma membrane of
cone-shaped cells, representing AP expres-
sion. As shown in Figure 3a—b, the number
of cells immunoreactive for A significantly
increased in the Af,s_3s5 group compared
with the control (P <0.01). The AP expres-
sion levels in rats that received Af,s 35 were
significantly attenuated by HLJDT admin-
istration (P < 0.01 for all).

As shown in Figure 3c—d (immunoblots),
the amount of AP protein significantly
increased in the Af,s 35 group compared
with the control group (P<0.01), but
decreased in the HLJDT 3 g/kg and
1.5 g/kg groups compared with the AB,s5 35
group (P <0.05 for both). Taken together,
these results indicate that administration
with HLIDT reduced AP protein level in
hippocampal tissue of AP,s 35 induced
experimental AD rats. Similar results were

observed when the rats were treated with
donepezil hydrochloride, but this was not
the case for treatment with HLIDT 6 g/kg
(Figure 3).

ELISA was used to quantify the AB»s_3s
protein levels in rat hippocampus. As
shown in Figure 4a, the AP,s 35 protein
levels were significantly higher in the
AP»s_35 group (+44.0%, P<0.01 vs. con-
trols), but were lower in the HLJDT 3 and
1.5g/kg groups (—20.2% and —27.0%,
P<0.05 and P<0.01 vs. the APysss
group). These results show that HLJIDT
treatment decreased the AP,s 35 protein
levels in hippocampal tissues in rat models
of AD. Treatment with donepezil hydro-
chloride also alleviated the Af,s 35 protein
levels (—24.0%, P<0.01 vs. the AP»s 35
group). No significant difference was
observed in the HLIJDT 6g/kg group
(Figure 4a). As shown in Figure 4b, the
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APP protein levels were noticeably higher
in the AP,s3s group (+48.5%, P<0.01
vs. the control group), but lower in the
HLIDT 3g/kg group (—18.7%, P<0.05
vs. the ABss 35 group) and HLIDT 1.5 g/kg
group (—19.2%, P<0.05 vs. the ABrs3s
group). This suggests that treatment with
HLJDT decreased APP protein levels in
the hippocampal tissues of rats with experi-
mental AD (Figure 4b).

Effects of HLJDT on APP protein
expression in the hippocampus

The hippocampal CA1 region was chosen
for immunohistochemical analysis. A dis-
tinct yellow signal was observed in the cyto-
plasm and membrane of cone-shaped cells,
representing APP expression. As shown in
Figure Sa-b, the number of cells immuno-
reactive for APP increased remarkably in
the AP,s_35 group compared with controls
(P<0.01). Following treatment with

HLJDT or donepezil hydrochloride, APP
overexpression in Af,s 3s-treated rats was
significantly attenuated (P < 0.01 for all).

APP protein levels, quantified by western
blotting, significantly increased in the
APBrs_35 group compared with the control
group (P<0.01), but they were lower in
the HLJDT 3g/kg and 1.5g/kg groups
than in the AP,s 35 group (P<0.05 for
both) (Figure 5c—d). These results show
that administration of HLJDT decreased
APP protein levels in hippocampal tissue
in rats with experimental AD. As shown
in Figure 5c—d, treatment with donepezil
hydrochloride also significantly alleviated
APP overexpression (P < 0.05).

Effects of HLJDT on total SOD (T-SOD),
GSH activity, and MDA concentration in
the hippocampus

As shown in Figure 6a—b, AB,5_35 injection
suppressed T-SOD and GSH activity in the
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hippocampus. Treatment with donepezil
hydrochloride and HLJDT (3g/kg or
1.5g/kg) significantly increased T-SOD
(P<0.01 for donepezil hydrochloride and
HLJDT 1.5g/kg; P<0.05 for HLIDT
3g/kg) and GSH activity (P<0.01 for
donepezil hydrochloride; P <0.05 for
HLJDT 3 g/kg and 1.5 g/kg). MDA content
showed the opposite trend and was signifi-
cantly increased in the AP,s 35 group com-
pared with the control group, HLIDT
groups, and donepezil hydrochloride
group (P < 0.01 for all) (Figure 6c).

Effects of HLJDT on ultrastructural
abnormadlities in the rat hippocampal
CAl region

The ultrastructure of the hippocampal CAl
region was examined using electron micros-
copy. In the control group, the chromatin
was well distributed, the nuclear membrane
was clear, and ribosomes and mitochondria
were abundant (Figure 7a—f). In the ABys 35
group, there were marked abnormalities in
the ultrastructure of the hippocampal CAl
region, as follows: the chromatin was
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Figure 5. Amyloid precursor protein (APP) expression in the hippocampal CAl region of rats. (a) Light
micrographs (400x) of the rat hippocampal CAl region stained for APP using immunohistochemistry
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6 g/kg group; (e) HLJDT 3 g/kg group; (f) HLJDT 1.5 g/kg group. (b) Quantification of the data for APP
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*P < 0.05, ¥P < 0.01 vs. the AB,s 35 group (n=8/group).

aggregated, the endoplasmic reticulum was
expanded, the ribosome number was reduced,
and the mitochondria showed swelling with
disappearance of the ridges. Compared with
the AP,s_35 group, the donepezil hydrochlo-
ride and HLJDT groups tended to exhibit
fewer abnormalities in the ultrastructure of
the CA1 region (Figure 7a—f).

Discussion

In the present study, we investigated the
protective effects of HLJDT on ameliorat-
ing the deficits in learning and memory
induced by injection of AP,s_35 in rats.
The current study results reveal that ani-
mals with experimental AD (induced by
hippocampal CA1 injection of AP,s 3s)
showed increased deposition of AP in the

hippocampal CA1 region and a noticeable
decline in learning and memory compared
with controls. However, experimental AD
rats treated with HLJDT showed decreased
AP and APP levels in the hippocampus and
improvements in learning and memory, as
shown by the MWM test.

AP is a major constituent in the
histopathological anomalies of AD. Its
aggregation in the brains of patients with
AD can affect synaptic structure and plas-
ticity leading to neurotoxicity and neuronal
dysfunction.® Our results showed that
administration of HLJDT reduced A and
APP protein levels in hippocampal tissue
from rats in which AB,s 35 had experimen-
tally induced AD. In the triple transgenic
mouse model, modified HLJDT was
shown to mediate the reduction of both
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(a) (b)

Figure 7. Ultrastructural changes in the rat hippocampal CAl region. Electron microscopy was used to
assess the ultrastructural changes (1250%). (a) Control group. Arrow: chromatin homogeneity in the hip-
pocampal cell. (b) AB,s.35 group. Upper arrow: vacuolar region in the cytoplasm; lower arrow: chromatin
agglutination on the nuclear membrane. (c) Donepezil hydrochloride group. Arrow: relatively complete
nuclear membrane (although its integrity was not as high as that of the control group). (d) HLJDT 6 g/kg
group. Arrows: small amounts of lipofuscin. (e) HLJDT 3 g/kg group. Arrows: small amounts of lipofuscin.
(f) HLDT 1.5 g/kg group. Arrow: small amount of lipofuscin. HLDJT, Huang-Lian-Jie-Du-Tang.
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the plaque load and memory impairment
and HLJDT treatment increased APP and
AB:*® HLIDT and baicalein treatment was
shown to increase the amyloidogenic
metabolism of APP in TgCRNDS mice
expressing human APP with Swedish
(K670N/M671L) and Indiana (V717F)
mutations.”” However, our study likely dif-
fers from the previous reports because the
model systems used are different, and thus,
physiological differences could possibly
give rise to the varying results.

Intracellular neurofibrillary tangles and
extracellular formation of AP plaques in
aggregated form along with metal ions
such as copper, iron, or zinc are the hall-
marks of AD. ROS production can be
catalyzed by redox active metal ions such
as copper that is bound to the AP, and
these can cause oxidative damage to the
AP peptide and to surrounding proteins
and lipids.>® SOD can scavenge superoxide
and H,O,, abrogating AP toxicity in vitro,
which is considered to be the first-line tool
of the antioxidant defense system.?’ GSH, a
critical intracellular antioxidant and scav-
enger of reactive intermediates, is thought
to suppress toxic AP protein aggregation.>”
MDA, another known protein oxidation
indicator, is an end-product of lipid perox-
idation and it generally reflects the lipid per-
oxidation level and the extent of injury.’’
MDA was found to be increased in multiple
brain regions and cerebrospinal fluid of
patients with AD.** In the present study,
SOD and GSH activity was reduced signif-
icantly in the AP,s_35 group, while MDA
levels were significantly increased. Therapy
with HLJDT significantly improved these
parameters, with a higher activity of SOD
and GSH and a lower level of MDA. These
findings indicate that HLJDT could effec-
tively attenuate OS induced by AP,s_3s
injection.

The hippocampus plays a prominent role
in the process of memory and learning.*”
Hippocampal neuronal apoptosis is one of

the most important causes of amnesia
in human neurodegenerative disorders.'”
In addition, neuronal alterations in the hip-
pocampus are strongly correlated with
cognitive decline and AD progression.**
Therefore, we further investigated the ultra-
structural changes that occurred because of
AP»s_35 injection in the hippocampal CAl
region and the effects of HLIDT treatment.
The AP,s 35 group showed ultrastructural
defects and nuclear injury in cells of the
hippocampal area CA1l. These results indi-
cate that the interaction between A and
OS can cause ultrastructural changes in
CA1 cells. Treatment with HLJDT alleviat-
ed these abnormalities. A plausible mecha-
nism by which HLJDT exerts a protective
effect against insult by AP,535 might
involve interruption of the positive feed-
back loop between APP cleavage, Ap depo-
sition, and ROS generation. Further
research is needed to explore the molecular
mechanisms by which HLJDT reduces the
aggregation of AP and generation of ROS
in the hippocampus and thus alleviates def-
icits in learning and memory.

Based on our observations, the optimal
dose of HLJDT in rats was 3 g/kg. It may
be that the higher HLIDT dose (6g/kg)
exerted additional (currently unknown)
effects that partially negated the beneficial
actions on hippocampal AB, APP, and ROS
levels and thereby also affected learning
and memory performance. Consistent with
this possibility are previous observations
that low-dose berberine, an important
active ingredient of Coptis chinensis, exerts
a protective effect in cultured neuronal cells
whereas high-dose berberine does not have
this effect.®® Other studies have also shown
concentration-dependent effects of berber-
ine in cancer cells.***” The most effective
concentration of HLJDT in rats (3 g/kg)
was equivalent to the daily clinical dose of
HLJDT that is used in patients. However,
the dependence of the beneficial HLIDT
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effects on the dosage used warrants addi-
tional studies.

In conclusion, HLJDT improved symp-
toms that were induced by A,s_35 injection
into the rat hippocampus by facilitating
better learning and memory abilities,
decreased hippocampal AP and APP
levels, higher T-SOD and GSH activity,
and lower MDA concentrations. These
findings highlight the neuroprotective activ-
ity of HLJDT in AD.
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