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Abstract: The cognitive impairment belongs to the most comment symptom caused by several central
nervous system (CNS) diseases, leading to the lowered living quality. However, these commonly therapeutic
agents scarcely exhibit the satisfactory clinical outcome, due to the unclear pathogenesis as well as the
delivery challenges posed by blood-brain barrier. The purpose in this study is to develop a therapeutic
approach with the combination of tanshinones co-loaded nanoparticles (NPs) and borneol, to improve
the cognitive impairment. Primarily, tanshinone IIA (TanllA) and cryptotanshinone (CTan), which are
the main tanshinones derived from traditional Chinese herbal Salvia miltiorrhiza Bunge, were loaded into
PLAG copolymer (TC@PLGA/NPs) by one-step solvent evaporation method. TC@PLGA/NPs exhibited
the encapsulation efficiency of TanlIA and CTan were 85.31+1.28% and 86.42+2.07%, respectively. LE%
of TanlIA and CTan were 1.24+0.09% and 1.53+0.15%, respectively. Meanwhile, it had the average particle
size of 194.2+3.5 nm and good storage stability. The DSC results indicated that the tanshinones were well
encapsulated in PLGA polymer, instead of the physical mixture. The Morris water maze (MWM) behavioral
experiment demonstrated that TC@PLGA/NPs with the combination of borneol (BNL+TC@PLGA/NPs) could
dramatically improve the spatial learning and memory capability of AD model rats, compared with other
groups. Specifically, the administration of BNL+TC@PLGA/NPs can significantly shorten the escape
latency and swimming distance of scopolamine-induced dementia rats, meanwhile it can also reduce
the expression of MDA and AchE in hippocampus. In conclusion, combined the advantage of borneol to
enhance drug delivery across BBB and the tanshinones co-loaded NPs, the learning ability and cognitive

function could be significantly improved. It would provide a useful strategy for CNS diseases treatment.
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Introduction

Alzheimer's disease (AD) is one of the most
serious aging-related neurodegenerative brain
disorders, manifested primarily by progressive
cognitive impairment, memory impairment,
and affective disorders.!'! [t is currently
occurring in approximately 40 million people
globally.”?® The main pathology of AD is
predominantly characterized by extracellular
plaque formation of B-amyloid (AB), neurogenic
fiber tangles (NFT) and neuronal cell death,
appearing in the frontal and temporal lobes of
the cerebral cortex, hippocampus, and basal
forebrain. Despite the unclear etiology of AD,
it is generally believed that the formation of Ab
plaques leads to NFT, causing neuronal cell
death and cognitive impairment. Memory
disorders are associated with cholinergic
neuron dysfunction in AD. In addition, many
studies have shown that inflammation,
cholinergic nerve damage and oxidative stress
also contributes to the incidence of AD.[4®
At present, due to its complex pathogenesis,
there is a lack of effective treatment methods
for AD." A variety of treatment medications
are currently being developed to treat AD, such
as cholinergic inhibitors, N-methyl-D-aspartate
receptor antagonist, and some AD treatment
that promote blood flow in the cerebral
blood vessels. However, these drugs have
hepatotoxicity and gastrointestinal adverse
effects, combined with failure to stop
progressive neuroinflammatory dystrophy,
costing a high price of treatment and limiting
its clinical efficacy. Therefore, it is urgent
to develop an alternative agent’s multi-target
drug to prevent and treat AD.

The effectiveness of TCM in preventing
and controlling neurological diseases is
gradually goes into people’s visual field. 9
The root of Salvia miltiorrhiza (Lamiaceae),
known as "Danshen" in Chinese, has

been widely applied in the treatment of
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cardiovascular and cerebrovascular diseases. 191!
Clinical studies have found that Danshen has
anti-inflammatory, improves microcirculation
and protects the central nervous system.
The main components of Danshen can be
divided into two groups, including water-soluble
polyphenolic compounds and lipophilic
chemicals, with both groups contribute to the
biological activities of Danshen. Studies have
shown particularly lipophilic chemicals, such
as tanshinone ITA (TanIIA) and cryptotanshinone
(CTan) have significant multiple neuroprotective
potentials related to AD.''?'% TanlIA can
inhibit oxidative stress response to improve
learning and memory function of AD rats. In
addition, TanIlA has anti-Ap, anti-
inflammation, and induces neurogenesis of
neural progenitor cells/stem cells in vitro and
in vivo. Meanwhile, CTan can reduce the
deposition of Tau protein in the brain, and
enhancement of cholinergic signaling to
prevent AD. These results indicate that both
components show great potential in the
treatment of AD.U'>1" [n order to make
TanIlA and CTan pass through the blood-brain
barrier (BBB) and produce better results,
nano-scaled carriers have been considered as
the most promising tools with various
advantages on increasing stability, bioavailability
and targetability for the treatment of
brain diseases.l!819 Among diverse
nano-vehicles, polymer materials are ideal
artificial carriers with superior biodegradability
and targetability.?® Previous studies have
confirmed the potential advantages of TanllA/
CTan encapsulated in poly (lactide-co-glycolide
(PLGA)) nanoparticles (TC@PLGA/NPs) for
improving the oral bioavailability of insoluble
drugs.”!! Although nanopreparations improve
accumulation capacity and bioavailability of
the drugs at the brain compared to free drugs.

However, complex, and functional BBB
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can protect brain tissue while limiting the
substances transport into the brain lead to poor
bioavailability. Borneol (BNL), possessing the
ability to the permeability of BBB, is widely
used in the treatment of cardiovascular and
cerebrovascular diseases. Previous studies have
reported that it can be used in combination
with certain drugs, such as ligustrazine,
geranium and asparagine, to increase
the permeation and accumulation in the brain,
achieving the effect of improving the
bioavailability of the drug. In addition, in
our previous work, we found that borneol
has an obvious permeation effect on blood-
brain barrier and can improve the
bioavailability of gastrointestinal drugs. ??
Consequently, borneol were employed by us
to assist in enhancing the ability of PLGA
nanoparticles (NPs) to penetrate the BBB.
The new drug delivery system (BNL+TC@PLGA/
NPs) was prepared by combining the
characteristics of polymer nanoparticles
and borneol. Based on the optimization and
characterization of TC@PLGA/NPs, the
combination of borneol were employed to
evaluate the effects on spatial memory in
MWM rat test, followed by the determination
of malonaldehyde (MDA) content and
acetylcholinesterase (AchE) expression in
hippocampus.

1. Materials and methods

1.1 Materials

Tanshinone ITA (TanllA, purity=98%),
Cryptotanshinone (CTan, purity=298%) and
natural Borneol (BNL, purity=298%)
were purchased from Melonephama Co., Ltd.
(Dalian, China). PLGA (d,I-lactide-co-glycolide,
MW=15000, lactide: glycolide (75:25)) was
obtained from Dai-Gang Pharma Co., Ltd.
(Shandong, China). Scopolamine hydrobromide
was provided by Karamay Reagent Co., Ltd.
(Shanghai, China). Polyvinyl alcohol (PVA,
alcoholysis degree: 88%, MW=22000)

was from Sigma-Aldrich (St. Louis, MO, USA).
All other chemicals were of analytical grade.

Ten-month-old male SD mice weighing
280-320 g were purchased from Dashuo
Laboratory Animal Reproduction Center
(Chengdu, China). All mice were kept under
pathogen-free environment and allowed free
access to the diet and water. All methods were
carried out in accordance with relevant
guidelines and regulations and procedures
involving mice were approved by the animal
care center of Chengdu University.

1.2 Preparation and characterization of
TanlIA/CTan-loaded PLGA Nanoparticles
(TC@PLGA/NPs)

1.2.1 Drug loading in PLGA/NPs

TanlIA and CTan (TC) were jointly
encapsulated in PLGA NPs by solvent
evaporation method with assistance of
ultra-sound as reported studies.'**! Some vital
preparation parameters were optimized by
orthogonal design tests with encapsulation
efficiency (EE%), loading efficiency (LE%) and
nanoparticle size as comprehensive evaluation
index. More specifically, the model drug
(TC,TanllIA:CTan=1:1) and PLGA were
dissolved by ultra-sound to blend well with
dichloromethane in different mass ratios
(20:1, 25:1, 30:1). Then, the oil phase dropped
in a certain ratio of PVA solution consisting of
aqueous phase (1%, 1.5%, 2%). The mixed
solution was dissolved by ultrasonic cell
breaker (UCB, Shanghai Qigian Electronic
Technology Co., LTD., Shanghai, China) with a
certain time (4, 6, 8 min) and different
ultrasonic power (500, 600, 700 W). After
ultrasonic treatment, the nano suspension was
placed on magnetic stirrer and stirred at room
temperature for 2 hours to remove the organic
solvent from the nano-particle solution. At last,
the total TC@PLGA/NPs was obtained by
centrifugation(Centrifuge, Changsha Yingtai
Instrument Co., LTD, Changsha, China) at
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13000 rpm for 30 minutes and freeze drying
(Freeze dryer, VIRTIS Instrument Co., LTD, USA)
technique.

1.2.2 Characterization of TC@PLGA/NPs

TC@PLGA/NPs were diluted properly with
distilled water at the polymer concentration
of 1 mg/ml, and the particle size, polydispersity
index (PDI) and zeta potential were determined
by a nano particle size analyzer (NSA, Malvern
Instruments Ltd., Worcestershire, UK).
The TC@PLGA/NPs were dripped on copper
net for 10 min and dried with filter paper.
Then it was stained with 2.0% phosphor
tungstic acid solution for 5min to analyze
the morphology of prepared TC@PLGA/NPs
by a Tecnai G20 transmission electron
microscope (TEM, FEI, Hillsboro, OR). The
storage stability of TC@PLGA/NPs was
evaluated by the particle size change, PDI and
encapsulation efficiency EE% at 4 °C during 15
days. In order to measure the EE% and loading
efficiency LE% of drugs, the TC@PLGA/NPs
were dissolved in methanol to disrupt the
polymeric shells before analysis. Then,
the concentration of TanlIA and CTan were
determined by Waters UPLC (UPLC, Waters
Instruments Ltd., USA ) equipped with a reverse
phase C18 Column (2.1 mmx50 mm, 1.7 pm)
at a maximum absorbance of 270 nm with
methanol/water (75/25, v/v) as the mobile
phase at a flow rate 0.3 ml/min. The EE% and
LE% were calculated using the following

equations, respectively:

oL\— amount of drug loaded o
EE(6) amount of drug loaded x100%
LE(%) amount of drug loaded <100%

~ amount of drug loaded+polymer

The samples to be analyzed by differential
scanning calorimetry (DSC) (DSC, Shanghai
Hesheng Instrument Technology Co., LTD,
Shanghai, China ) with the scanning range
of 0~250 °C at a heating rate of 10 °C /min.
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1.3 Pharmacodynamics test of animals
in vivo

1.3.1 Animals

A total of 64 healthy male Sprague-Dawley
rats, aged ten months and weighted 300+20 g,
were purchased from Dashuo Laboratory
Animal Reproduction Center (Chengdu, China).
All rats were adopted to the laboratory
environment (23+0.5 °C, relative humidity 55+3%)
and allowed free access to the diet and water.
Before treatment, animals were given a 3-day
acclimation period to the laboratory condition.
All in vivo experiments were conducted
in accordance with the Guidelines for
Nursing and Use of Laboratory Animals of
National Institute of Health of Chengdu
University.?4

1.3.2 Dose and grouping

All the 64 rats were randomly divided into
8 groups( 8 rats in each group), as follows: (a)
control group; (b) model group; (c) donepezil
group (1 mg-kg!); (d) blank NPs group; (e)
BNL group (20 mg-kg); (f) free drug of TC group
(TanlIA : 4 mg-kg!; CTan : 5 mg-kg?!); (g) TC@
PLGA/NPs group (TanlIA : 4 mg-kg!; CTan : 5
mg-kg'); (h) BNL+TC@PLGA/NPs group
(BNL : 20 mg-kg!; TanlIA : 4 mg-kg!; CTan : 5
mg-kg!). BNL and free drug of TC were dissolved
in CMC-Na. Each group was administered once
a day by gavage for 28 days. Except the control
group, all rats in each group were injected with
3 mg-kg! scopolamine solution from the 22"
day after intragastric administration for 1 hour,
so as to make Alzheimer's disease model.
Meanwhile, from the 24" day, each group was
tested by Morris water maze (MWM) 20 minutes
after scopolamine injection for 5 days.

1.3.3 Behavioral test of rats

All rats in each group were tested for
behavior by MWM consisted of a circular pool
filled with water (22+2 °C) to a depth of 50 cm
and divided into four equivalent quadrants,
including north-east (NE), north-west (NW),
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south-east (SE), and south-west (SW),
a platform located 1 cm below the water
surface in the center of the target quadrant
(NW). This experiment lasted for 5 days,
including 4-day positioning navigation
experiment and space exploration experiment
for a day.

Escape latency and total traveling distances,
respectively, were used as indicators to
evaluate the learning ability of experimental
rats in the positioning navigation experiment.
Escape latency, as one of the indexes, refers to
the time taken by rats to enter water from
different quadrants to find the central
platform of the second quadrant in 90 seconds.
If a rat fails to reach the platform within
90 seconds, the experimenter will guide it to
the platform and stay on the platform for
15 seconds, and its escape latency was 90
seconds.

In space exploration experiments,
the hidden platform was removed, and
the rat was placed on the NW quadrant
and allowed to swim for 90 seconds.
The 4 indicators we selected, time in target
quadrant, residence time in platform, travel
distances in quadrant and number of platform
crossing, to evaluate the memory function
of rats systematically.

1.3.4 Determination of MDA contents
in hippocampus

All rats were sacrificed by euthanasia.
The hippocampus tissues were collected and
cleaned with cold PBS. 0.9% sodium chloride
solution was rapidly added to the right
side of hippocampus to obtain the 10%
tissue homogenate through tissue
homogenate on ice water bath. MDA
content in hippocampus homogenate
suspension was determined. And then,
the left part of the hippocampus
was put into 4% paraformaldehyde for

24 hours, and a series of operations

such as gradient alcohol dehydration, xylene
removal and paaffin embedding
were performed. Paraffin section from
the similar section from each rat was
used for hematoxylin and eosin (H&E)
staining. The histo-morphological chanes
of the hippocampus were observed
with micrscope at x100 and x400
magnification.

1.3.5 Expression of AchE in hippocampal
tissue

The expression of AchE in hippocampus
was determined by immunohistochemical
method using the specific binding between
antigen and antibody. First, the dewaxed
slices were stained with methanol
and hydrogen peroxide at 25°C for
10 minutes. The slices were washed in PBS for
15 minutes, and then immersed in 0.01 m
citrate buffer. Then, heat up to boiling and
cool it. Then 10% goat serum blocking
solution, first antibody and biotinylated
secondantibody were added in turn.
Similarly, the next series of operations
have been described before, such as
gradient alcohol dehydration, removal
in xylene and neutral glue sealing sheet.
Finally, the average optical density (Image
Pro Plus, IPP) of the collected images was
calculated.

1.4 Statistical analysis

The SPSS 19.0 Software (IBM Corp.,
Armonk, NY, USA) and OriginPro 9.1
Software (OriginLab Corp., Northampton,
MA, USA) were applied to data analysis.
Besides, all results were expressed
as the meantstandard deviation.
Comparisons between two groups were
conducted by independent t-test; and
comparisons among multiple groups were
performed using the one-way ANOVA
test. p<0.05 considered statistically

significant.
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2. Results - 024 A
2.1 Preparation and characterization < a0
of TC@PLGA/NPs
TC@PLGA/NPs were prepared by o] g ' ' ' '
emulsion solvent evaporation method. ] - .
The formula was optimized by LI18 0.81 A“fj:{. ﬁi’!
(35) orthogonal design and calculated by = 0.6- Eq“vj ) [@3
UPLC (Figure 1) with three levels of factors. < ]
Particle size, EE% and LE% were as 0'4i
the comprehensive evaluation indexes. 0.2-
The results and variance analysis are shown in " 0‘ IEE
Tables 1 and 2. The data analyzed by . . , ,
comprehensive weighted scoring method. 024 C 1
The maximum particle size, encapsulation
efficiency and drug loading were determined il .
to be 100, and the weight coefficients 5 b
were 0.5, 0.3 and 0.2 respectively. According <
to results, the contribution of the ratio k
of PLGA to drugs and volume ratio of
oil phase to aqueous phase are significant. L
The optimum preparation process of TC@ o 2 4 R

PLGA/NPs was deduced as NO.3: PLGA- t/min

drugs ratio of 20:1, PVA concentration of
Figure 1 UPLC spectrum of blank NPs(A),

mixed reference substances of TC(B) and TC@
ultrasonic time of 8 min and ultrasonic PLGA/NPs(C).

power of 700 W. Note: 1 : CTan ; 2 : TanlIA

1.5%, oil phase-aqueous phase ratio of 1:15,

Table 1 Orthogonal test of L18(35) of TC@PLGA/NPs preparation optimization

NO A B C D E Diameter EE EE LE LE Overall

(nm) (TanlIA%) (CTan%) (TanlIA)% (CTan%) score
1 1 1 1 1 1 236.0+1.7 74.84% 88.48% 0.67% 1.28% 45.91
2 1 2 2 2 2 2503+36 81.79% 81.53% 1.40% 1.65% 50.59
3 1 3 3 3 3 190917 83.46% 84.02% 1.26% 1.57% 60.35
4 2 1 1 2 2 2253%32 80.59% 82.21% 0.48% 1.02% 45.04
5 2 2 2 2 3 206.1+27 71.91% 75.42% 0.72% 1.23% 48.77
6 2 3 3 1 1 208.2+2.9 80.21% 79.37% 1.04% 1.29% 52.98
7 3 1 2 1 3 2256%27 74.06% 73.64% 0.42% 0.79% 40.93
8 3 2 3 2 1 2363+35 86.76% 88.34% 0.79% 1.21% 48.28
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Table 1 Orthogonal test of L18(35) of TC@PLGA/NPs preparation optimization (cont.)

NO A B C D E Diameter EE EE LE LE Overall
(nm) (TanlIA%) (CTan%) (TanlIA)% (CTan%) score
9 3 3 1 3 2 2524%40 77.74% 81.52% 0.54% 1.05% 40.25
10 1 1 3 3 2 2108+£27 83.83% 89.25% 1.32% 1.90% 59.88
11 1 2 1 1 3 2424+21 84.51% 88.44% 0.60% 1.50% 47.02
12 1 3 2 2 1 256.3%#55 77.94% 83.24% 0.80% 1.45% 43.83
13 2 1 2 3 1 2541+21 83.56% 87.33% 0.64% 1.23% 43.48
14 2 2 3 1 2 208.5+3.3 80.93% 88.75% 1.08% 1.56% 56.23
15 2 3 1 2 3 230.2+6.5 81.83% 83.69% 0.45% 1.22% 45.45
16 3 1 3 2 3 2425+06 91.47% 82.91% 0.45% 1.21% 44.67
17 3 2 1 3 1 280.3x34 91.49% 95.44% 0.54% 0.75% 38.18
18 3 3 2 1 2 2824+6.0 74.83% 76.27% 0.51% 1.01% 33.21

Table 2 The result of variance analyses

Factor SST
A 347.305
B 14.87
C 414.348
D 21.491
E 20.685

F p
2.923 p<0.05
0.125 p>0.05
3.487 p<0.05
0.181 p>0.05
0.174 p>0.05

Note : Freedom(f)=2

A: PLGA-drugs ratio, B: PVA concentration, C: oil phase-aqueous phase ratio, D: ultrasonic time, E: ultrasonic power.

Optimum preparation process was
repeated three times under this condition.
We obtained the TC@PLGA/NPs with a
homogeneous translucent colloid appearance
and a good storage stability, which were
characterized by a mean particle size of
194.2+3.5 nm with a narrow distribution
(PDI=0.189), and the zeta potential of -15.5 mV.
The TEM images (Figure 2B) showed that
TC@PLGA/NPs exhibited the uniform particle
size, smooth surface and spherical shape
(Figure 2A and Figure 2B). In addition, the EE%

of TanllA and CTan were (85.31+1.28)%,
(86.42+2.07)%, the LE% of TanlIA and C Tan
were (1.24+0.09), (1.53+0.15)%, respectively.
Meanwhile, the storage stability was verified
by the change of particle size, PDI, and EE%
once again during 15 days storage. As shown
in Figure 2C and Figure 2D, there was no
obvious change from the appearance after 15
days, EE% and particle size are basically
consistent on the whole. Only the EE% of
TanlIA showed a small decline during

the period from day 5 to day 15.
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PDI
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—A— Particle size rl60
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t/d

B Size Distribution by Intensity

10000

Figure 2 Appearance (A), size distribution and transmission electron microscopic images (B)
of NPs, the variable trend graph of particlesize (C) and EE% (D) of TC@PLGA/NPs

in 15 days of TC@PLGA/NPs.

The chemical interactions after encapsu-
lation of TC into PLGA NPs were investigated
by DSC. As shown in Figure 3, apparently, there
was a sharp endothermic peak of PLGA at
140 degrees Celsius. In addition, the free drug
TC appeared another endothermic peak at
around 180 degrees Celsius. Obviously,
the spectrum of its physical mixture was the
superposition of two curves, and the glass-
transition tempeature was close to that of
the TC and PLGA. However, great changes
had taken place the TC@PLGA/NPs in charac-
teristic peak compared with the spectrum
of its physical mixture, which had no
characteristic peak of free TC. The glass
transition temperature is also greatly reduced.
The results showed that the original crystal
form of TC loaded in PLGA nanoparticles
changed.
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Figure 3. DSC curve of different samples.
Note: a. Blank NPs; b. Free TC;
c. Physical mixture; d TC@PLGA/NPs
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2.2 Behavioral tests

As seen in the figure 4A, the swimming
trajectory of the saline control group was
mostly linear. However, the swimming
trajectories in the model group mostly showed
marginal type. Except blank NPs, other groups
tend to be directional. The results showed that
rats in normal saline control group can locate
quickly and accurately, and landed safely.
During the training period, rats in the model

Donepezil

—a— Cirl

—&— Model
—a— Donepezil
1257 —*— Blank NPs
B —+— BNL
Free TanITA and CTan
—4— TC@PLGA/NPs
1004 —— BNL+TC@PLGA/NPs

254

) 3
Time(day)

TanIA nd CTan

C

group spent more time looking for the platform
than those in other groups in the positioning
navigation experiment (Figure 4B). There was a
significant difference (p<0.05) between
the model group and the TC@PLGA/NPs group.
In addition, as shown in Figure 4C, there

is a significant difference between model
group and TC@PLGA/NPs group in the total
distance index.

TC@GA/ NPs BNL+TC@PLGA/NPs

(=X Model
EZ3 Donepezil
E= Blank NPs

A
wn
)

[0 BNL

EEH Free TanIIA and CTan
D Tg]@,PLGAfNPs
COBNL+TC@PLGA/NPs

W)
wm O
1 1

)
w
b

254 |

Travel distance(m

2 Time(day) 3

Figure 4 Swimming trace (A), escape latency (B) and swimming distances (C) of rats in the

positioning navigation stage.

Through space exploration experiment,
the target quadrant time, platform stay time,
quadrant travel distance and platform crossing
times were tested, and the learning and
memory ability of rats were comprehensively
evaluated, as shown in Table 3 and Figure 5.
The results showed that compared with
the saline control group, the rats in saline
control group were more concentrated

in the target quadrant within 90 seconds,
and the rats in model group was more
disordered and the target was unclear.
Compared to the model group, all the treatment
groups improved in four different evaluation
indexes (except the blank control group).
Especially, the BNL+TC@PLGA/NPs group
improved memory function of dementia

rats more significantly.
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Table 3 Four different evaluating indicators in space exploration experiment

S dC aC

Group residence time in number of time in target travel distances
platform(S) platform quadrant(S) in quadrant (m)
crossing
Saline ctrl 9.96+5.68* 10.80+4.49% 34.14+3.36 8.32+2.02
Model 1.88+1.23™ 3.60+3.21" 25.32+4.11° 7.15+0.28
Donepezil 10.08+3.04% 10.40+3.36% 29.26+4.27 7.62+1.09
Blank NPs 8.13+6.29 8.67+6.03 24.73+6.49™ 7.20+1.25
BNL 8.52+6.14 11.00+5.57## 28.1047.45 7.8311.04
Free TC 8.5+5.35 10.60+6.19## 27.24+5.81 7.37x0.27
TC@PLGA/ 11.30+6.93% 9.60+5.86 29.2847.32 7.80+0.66
NPs
BN+TC@LGA/ 11.94+3.62% 14.40+2.88## 36+7.28%# 8.35+0.79
NPs

Note: Compared with the saline ctrl group: * p<0.05, ** p<0.01; compared with the model group, #p < 0.05, ##p<0.01

Blank NPs

Donepezil TanlIA and CTan

Figure 5 The swimming trace of rats in the space exploration stage

2.3 Determination of MDA contents in compared with the model group. Especially,
the BNL+TC@PLGA/NPs group decreased
significantly (p<0.05). This indicates that BNL

combination would significantly reduce the

hippocampus

As shown in Table 4, compared with
the model group, the content of MDA in
hippocampus of other groups decreased
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Table 4 Content of MDA in hippocampus of rats in each group

Group MDA contents
(nmol/mgprot)
Saline ctrl 1.664+0.062

Model
Donepezil
Blank NPs

BNL
Free TC
TC@PLGA/NPs

BNL+TC@PLGA/NPs

1.820+0.086*

1.611+0.300

1.682+0.205

1.667+0.077

1.645+0.596

1.631+0.271

1.599+0.0074#

Note: Compared with the saline ctrl group: * p<0.05; compared with the model

group, #p<0.05.

2.4 H&E staining in hippocampus

As shown in Figure 6, all the pyramidal
cells in the hippocampus of normal
saline control group were arranged closely
and orderly, and there was no cell necrosis
and rapid changes of cell numbers.
In addition, the hippocampal formation
is basically normal, the stroma is dense,
without edema. Compared with normal
saline control group, the rats in model
group had different pathological changes.
[t mainly includes constriction and

Ctrl Model

necrosis in pyramidal cells.Compared
with the model group, each administration
group improved the morphology of
the hippocampal cells in scopolamine
model rats in varying degrees. Surprisingly,
the BNL+TC@PLGA/NPs group showed
the most significant improvement
on the pathological changes of hippocampal
tissue cells in scopolamine-induced
dementia rats, and its therapeutic
effect even exceeded that of Donepezil.

Blank NPs BNL

Figure 6 H&E staining in hippocampus of rats in each group
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2.5 Expression of Ache in hippocampal
tissue

It can be seen from Figure 7A that
compared with the normal saline control group,
the positive cells in the hippocampus of
the model group showed dark brown, indicating
that the expression of AchE was significantly
enhanced. Compared with the model group,
the expression of AchE in different administration
groups decreased to some extent. The
quantitative analysis in Figure 7B shows that
compared with normal rats, the integrated

optical density (IOD) of AchE in hippocampus
of dementia rats increased significantly.
Treatment with BNL+TC@PLGA/NPs resulted
in significant decrease in AchE activity (p<0.05).
Remarkably, the correlation analysis showed
that there was a strong negative correlation
between 10D and retention time of target
quadrant, which indicated that decreasing the
expression of AchE in hippocampus could
improve memory and cognitive function of
dementia rats (Figure 7C).

A Ctrl Blank NPs BNL
4, g ;
~
s 5
Donepezil TanlIA and CTan TC@PLGA/NPs BNL+TC@PLGA/NPs
T - 1 e bt s . B -~ ¥
: & Ee
£ B
B, ey é?;
~ 0.26
B & C 025 . R*=0.6141

° 2 045
20244 g
g % 0.240
g 0221 ~§_ 0235
& 20230
T =
® 3 0.225
gl g 0.220
8

0.215

¢ %
S
o o
ge gv
& @
PO

v
&

&

%

26 28 30 32 34 36

Time in target quadrants(s)

24

Figure 7 The expression of AchE in hippocampus(A) and the cumulative optical density(B)

and correlation analysis between OD and the time in target quadrant(C).

Note: Compared with blank control group, *p<0.05 **p<0.01; Compared with model

3. Discussion

In the present study, we prepared TC@
PLGA/NPs by combining nanotechnology with
traditional Chinese medicine. The TC@PLGA/
NPs have high encapsulation efficiency,
moderate particle size and good stability.
In addition, the results of differential scanning
calorimetry fully indicate that drug crystal have
changed in the nano-precipitation process.
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In the behavioral experiment, compare the free
TC, TC@PLGA/NPs can significantly shorten
the escape latency and swimming distance of
scopolamine-induced dementia rats. In terms
of platform residence time, TC@PLGA/NPs is
1.33 times higher than free TC. Meantime,
TC@PLGA/NPs can also reduce the expression
of AchE in hippocampus, so as to improve
the learning ability and cognitive function.
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The results of this study provide new strategies
for the treatment of brain diseases.

Besides, a study has shown that borneol
can enhance the bioavailability of several
other drugs by opening the BBB and inhibiting
P-glycoprotein (P-gp) efflux. Therefore, the
combination of borneol, TanllA and CTan
loaded PLGA nanoparticles can further
enhance the drug concentration in the brain.
As shown in Figure 7, the combination of
borneol and TanlIA and CTan loaded PLGA
nanoparticles could lower the expression
of AchE in hippocampus and improve
the memory of rats significantly.
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