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Many kinds of fragrances have the effects on life cultivation and health preservation. These fragrances can be used for
emotional regulation, partly because of the way it can modulate our central nervous system (CNS), further affect our
moods and even improve our behaviour. But the effects are very dependent on their concentrations in the air. In this
study, photo-responsive micelles named as PPMM-PEG@S803 were designed and prepared to encapsulate and con-
trollably release sandela 803. PPMM-PEG@S803 was then applied to wallpaper (PPMM-PEG-W@S803) and the effects
of this treated wallpaper on CNS of mice were evaluated. The results showed that PPMM-PEG-W@S803 had excellent
decompression effects and antianxiety effects. And the mechanisms of these effects maybe lie in the increases of neural
activity in hippocampus, hypothalamus and olfactory bulb regions, the enhances of the abilities of nerve regeneration
in olfactory bulb, corpus striatum and substantia nigra and the increases of the expressions of dopamine, acetylcholine,
�-aminobutyric acid and N-methyl-D-aspartic acid. Besides, the effects were more significant as time progresses.

KEYWORDS: Photo-Activated Releasing Sandela 803, PPMM-PEG-W@S803, Central Nervous System, Neural Activity, Nerve

Regeneration.

INTRODUCTION
Fragrances have extensive used in our daily life, such as
toilet soaps, cosmetics and perfumes.1–3 In addition, many
kinds of fragrances have the effects on life cultivation and
health preservation. Santalum is the representative one.
We use fragrances in the same way that we use drugs
for emotional regulation, partly because of the way it can
modulate our central nervous system (CNS), further affect
our moods and even improve our behaviour. But the effects
of fragrances on our CNS are very dependent on their
concentrations in the air. However, it was very difficult
to control the release of fragrances due to their strong
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volatility. So it is necessary to overcome the rapid release
of fragrances.
With the development of nanotechnology, there have

been many kinds of nanoparticles for applications to
encapsulating and controllably releasing drugs, probes
and fragrances.4–8 The mainly mechanisms of encapsu-
lating and controllably releasing molecules are the inter-
actions and de-interactions between nanoparticles and
small molecules. These interactions mainly include interfa-
cial interaction,9–12 electrostatic interaction,13–14 chemical
interaction,15–16 hydrophilic–hydrophobic interaction,17–20

and so on. However, most of fragrance molecules are
inert and neutral, so the electrostatic interaction and
chemical interaction cannot encapsulate and controllably
release these fragrances. Besides, interfacial interaction
was principally applied to encapsulate and slowly releas-
ing fragrances. However, only slow release of fragrances
is far from enough. So the hydrophilic–hydrophobic
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Figure 1. The schematic diagrams of the preparation of PPMM-PEG-W@S803 and the test content about the effects of MS-S-
W@S803 on CNS.

interaction is best to encapsulate and controllably release
fragrance.
In this study, as shown in Figure 1, photo-responsive

micelles based on PPMM-PEG were designed and pre-
pared to encapsulate and controllably release sandela
803 (a kind of representative santalum). These photo-
responsive nanoparticles loaded with sandela 803 were
named as PPMM-PEG@S803. Amphiphilic block copoly-
mer PPMM-PEG could self-assembled to micelles with
sandela 803 via the hydrophobic interaction between
the sandela 803 and block of PPMM. Amphiphilic
block copolymer PPMM-PEG could be hydrolyzed into
hydrophobic 1-pyrenemethanol and hydrophilic poly-
methylacrylic acid-PEG when stimulated by light.21–22 The
hydrophilic–hydrophobic interaction was disappeared and
the micelles was thus degraded and released sandela 803
at this time. In the following, the PPMM-PEG@S803 was
then added into wallpaper and the treated wallpaper was
further glued on three walls of a mouse cage to evalu-
ate its effects on the CNS of the mice from four level.
Firstly, the effects on behavioristics were studied via open
field test and elevated plus maze. Secondly, the neural
activity was detected via recording the electrophysiology
signals in hippocampus, hypothalamus and olfactory bulb
regions. Thirdly, the nerve regeneration in olfactory bulb,
corpus striatum and substantia nigra were evaluated via
immunofluorescent staining with anti-BrdU. Finally, the
expression of DOPA, Ach, GABA and NMDA were mea-
sured via liquid chromatography-mass spectrometry.

EXPERIMENTAL REAGENTS
AND INSTRUMENTS
Sandela 803 was obtained from Shanghai Research Insti-
tute of Fragrance and Flavor Industry. 1-pyrenemethanol
was purchased from Bide Pharmatech. Benzotriazol-
1-yl-oxytripyrrolidinophosphonium hexafluorophosphate
(PyBop) and N -ethyldiisopropylamine (DIEA) were
purchased from TCI. Acetylcholine (Ach) chloride,
�-aminobutyric acid (GABA) and dopamine (DOPA)
hydrochloride were obtained from Alfa Aesar. 4-Cyano-
4-(dodecylsulfanylthiocarbonyl) sulfanyl pentanoicacid
(CTA) and superdry tetrahydrofuran (THF) were
purchased from J&K Sientific Ltd. mPEG2000-
NH2 was purchased from Yarebio Ltd. Co. 2,2′-
Dicyano-2,2′-azopropane (AIBN) was purchased from
Aladdin Industrial Corporation. 1,2-dioleoylsn-glycero-
3-phosphoethanolamine-n-[poly(ethyleneglycol)] 2000
(DSPE-PEG2000) was purchased from A.V.T. (Shanghai)
Pharmaceutical Co., Ltd. N -methyl-D-aspartic acid
(NMDA) and formic acid (FA) were obtained from Acros
Organics.

Preparation of Polydomamine
Nanospheres (PDANS)
PDANS were synthesized according to a previous report.38

Briefly, dopamine hydrochloride (100 mg) was added
into the mixture of Tris-buffer (10 mM) and isopropanol
(40 mL) with stirring. After being stirred for 72 hours in
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the dark, PDANS was washed/centrifuged with ultrapure
water three times, and dried at 60 �C.

Synthesis of PPMM-PEG2000
CTA (500 mg), mPEG2000-NH2 (2064.2 mg), PyBop
(966.8 mg) and DIEA (614.1 �L) were dissolved into
DMF and stirred overnight. The product was purified by
dialyzing in a Cellu SepH1-membrane (MWCO 2000)
against DMF for 24 h and deionized water for 48 h and
lyophilized to obtain CTA-PEG2000.

1-Pyrenemethanol (2 g), DIEA (4.28 mL) and methacry-
loyl chloride (2.52 mL) were dissolved in superdry THF
and stirred overnight at 0 �C by an external ice bath.
Then the reaction solution was filtered and recrystallized
in ethanol at 40 �C to obtain PPM.

PEG2000-PPMM10800 was synthesized by the
reversible addition-fragmentation chain transfer poly-
merization (RAFT). In brief, CTA-PEG2000 (160 mg),
PMM (1000 mg) and AIBN (4.44 mg) were dissolved
in THF and degassed by three freeze-pump-thaw cycles
and recharged with nitrogen. The reaction mixture was
stirred in the dark for 24 h at 65 �C. The impurities and
unreacted monomers were removed by dialyzing in a
Cellu SepH1-membrane (MWCO 3500) against DMF and
deionized water for 48 h, respectively, and lyophilized to
obtain PEG2000-PPMM10800.

Preparation of Photo-Driven Wallpaper Loaded
with Sandela 803 Based on PPMM-PEG2000
(PPMM-PEG-W@S803)
PPMM10800-PEG2000 (200 mg) and sandela 803
(160 mg) were dissolved into THF and dispersed uni-
formly via vortex. The solution was then added in a
drop-wise manner into 100 mL deionized water under
vigorous stirring and followed by ultrasounding for 0.5 h.
And the organic solvents were removed by dialyzing in a
Cellu SepH1-membrane (MWCO 3500) against deionized
water to obtain PPMM-PEG@S803. In addition, DSPE-
PEG2000 nanoparticles loaded with sandela 803 (DSPE-
PEG@S803) were prepared as a non-photo responsive
control.

In the following, wallpaper samples (25 cm2� were
immersed in PPMM-PEG@S803 solution with a stirring
speed of 1200 rpm for 12 h overnight. The concentration
of sandela 803 was 1 mg/mL. The finished wallpaper were
then dried at 40 �C for 1 h in an oven.

Animals
Female C57 mice (3 weeks and 6 weeks, respectively)
were purchased from the Academy of Military Medical Sci-
ences of China. The PPMM-PEG@S803 treated wallpaper
(PPMM-PEG-W@S803), DSPE-PEG@S803 treated wall-
paper (DSPE-PEG-W@S803), pure sandela 803 treated
wallpaper (W@S803) and untreated wallpaper (pure W)

were glued on the three side wall of mouse cage. The
younger mice were cultured for 7 days and the older mice
were cultured for 30 days.

Behaviouristics Tests
Firstly, open field test was performed to test the effects on
decompression of mice. Mice were placed into the cen-
ter of open field (48 cm× 48 cm, length×width) and
the movement information was recorded. In the following,
elevated plus maze was performed to test the effects on
antianxiety of mice. The elevated plus maze composed of
two open arms and two closed arms (10 cm×50 cm) with
an open roof arranged such that the two arms of each type
were opposite to each other. The maze was 50 cm high.
Mice was put into the center of elevated plus maze and
the movement information was recorded.

Electrophysiology Test
Mice were anesthetized by isoflurane and their head was
then placed on a stereotaxic apparatus under isoflurane by
isoflurane and the skull were exposed. The hippocampus,
hypothalamus and olfactory bulb regions were located via
The Mouse Brain: In Stereotaxic Coordinates. The elec-
trodes were insert into the above-mentioned brain regions
and the electrophysiology signals were recorded via a
physiological recorder (Techman Soft, China).

Immunohistology
Brains were rapidly excised and fixed in 4% (w/v)
paraformaldehyde after the mice were sacrificed. The fixed
samples were then embedded in paraffin blocks to prepare
tissues sections at a thickness of 5 �m. After deparaffiniza-
tion, the brain sections were stained with anti-BrdU anti-
body and DAPI. The images were visualized by an optical
microscope. The magnification used in the experiment
was 20×.

Expression of Neurotransmitters
The contents of neurotransmitters were measured via liq-
uid chromatography-mass spectrometry (LC-MS). Firstly,
brain tissues were weighed and physiological saline was
added and homogenized to obtain a brain homogenate
sample (0.2 g/mL). 50 �L of brain homogenate sample
was then added into 305 �L of methanol, fully whirled for
3 min and centrifuged at 4000 r/min for 10 min. Finally,
100 �L of supernatant was taken to test by LC-MS. The
chromatographic column was Polar RP column (3 mm ∗
50 mm ID, 2.6 um, phenomenex) at 40 �C. The mobile
phase A was methanol containing 0.1% FA. The mobile
phase B was deionized water containing 0.1% FA. The
mobile phase condition was shown in Table I. The peaks
of DOPA, Ach, GABA and NMDA were at 0.56, 0.56,
0.53 and 0.57 minutes, respectively.
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Table I. The conditions of LC.

Flow velocities Methanol Water
Time (min) (mL/min) (0.1% FA) (%) (0.1% FA) (%)

0.0 0.35 2 98
0.8 0.35 2 98
0.9 0.35 80 20
1.4 0.35 80 20
1.41 0.35 2 98
3 0.35 2 98

Statistical Analysis
All data were expressed as mean± SD unless other-
wise indicated. Statistical significance was analyzed using
one-way ANOVA. Statistical differences in behavioral
data were determined using two-way repeated measure
ANOVA.

RESULTS
Characterisation of PPMM-PEG@S803
The photosensitive monomers PMM were synthesized
by esterification reaction. As shown in Figure 2, the
molecular weight of the obtained product was detected
by FTICR-MS. There was a peak of 300.11, which was
peak of PMM. So PMM was synthesized successfully.
The synthetic route of PPMM-PEG2000 was shown in
Figure 3. As shown in Figure 4, PPMM5400-PEG2000,
PPMM10800-PEG2000 and PPMM13500-PEG2000 were
synthesized successfully. These three kinds of amphiphilic
block copolymer self-assembled nanoparticles loaded with
sandela 803. As shown in Figure 5(A), the hydrodynamic
diameters of PMM5400-PEG2000@S803, PPMM10
800-PEG2000@S803 and PPMM13500-PEG2000@S803

Figure 2. The reaction formula and the FTICR-MS result of PPMM.

Figure 3. The synthetic route of PPMM-PEG2000.

were 314.4 nm, 122.5 nm, 197.3 nm and the poly-
mer dispersity indexs (PDI) of them were 0.258, 0.081,
0.205. And according to the TEM images of PMM5400-
PEG2000@S803, PPMM10800-PEG2000@S803 and
PPMM13500-PEG2000@S803 (Figs. 5(B–D)), compared
with PPMM5400-PEG2000 and PPMM13500-PEG2000,
the size and morphology of nanoparticles based on
PPMM10800-PEG2000 were more homogeneous. So
the PPMM10800-PEG2000 was chosen to encapsulate
sandela 803 (PPMM-PEG@S803). In the following, the
chemical structures of PPMM-PEG@S803 were detected
via fourier transform infrared spectroscopy. As shown in
Figure 6, for sandela 803, the obvious absorption peak of
the –OH group was at 3397 cm−1. And the peaks of 2870,
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Figure 4. The 1H NMR spectra of PPMM5400-PEG2000 (black), PPMM10800-PEG2000 (blue) and PPMM13500-PEG2000 (red).

2960 and 1380 cm−1 were attributed to –CH3 group. For
PPMM10800-PEG2000 NPs, the characteristic absorption
peak at 1076 cm−1 was attributed to the C O group. And
the peak at the 1100 cm−1 was assigned to the C–O group.
In addition, the absence of the characteristic absorption
band of –CH CH– groups at 1600–1700 cm−1 showed
that the monomers were polymerized completely. The
obtained PPMM10800-PEG2000@S803 displayed not
only these characteristic absorption peaks of PPMM10800-
PEG2000 NPs but also the peaks of 2960 and 2870 and
1380 cm−1, which was attributed to the –CH3 group of

Figure 5. (A) The hydrodynamic diameter of PPMM5400-
PEG2000@S803, PPMM10800-PEG2000@S803 and PPMM
13500-PEG2000@S803. (B–D) The TEM images of PPMM5400-
PEG2000@S803, PPMM10800-PEG2000@S803 and PPMM
13500-PEG2000@S803.

sandela 803. Therefore, sandela 803 was loaded into the
PPMM10800-PEG2000@S803 NPs successfully.

Effects on Behaviouristics
The effects on decompression were detected via open field
test. As shown in Figure 7, compared with untreated wall-
paper (pure W), the movement distances in the center of
open field (zone 5) of mice cultured with W@S803 (pure
sandela 803 treated wallpaper) were slightly increased
after 7 days and 30 days. When sandela 803 was encap-
sulated into nanomicelles, the movement distances in

Figure 6. The FTIR results. (a) PPMM-PEG@S803 NPs;
(b) PPMM10800-PEG2000 NPs; (c) sandela 803.

J. Biomed. Nanotechnol. 14, 1675–1687, 2018 1679
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Figure 7. Representative tracks of movement patterns of different samples in open field. The green curves represented the
movement of mice.

zone 5 were increased obviously. The quantitative results
of movement distances in zone 5 and their rate were shown
in Figure 8. As shown in Figures 8(A)–(F), the movements
in zone 5, their rates and the total movements of DSPE-
PEG-W@S803 and PPMM-PEG-W@S803 groups were
longer than W@S803 after 7 days and 30 days. Besides,
compared with DSPE-PEG-W@S803 group, the move-
ments in zone 5, their rates and the total movements of
PPMM-PEG-W@S803 group were longer. In addition, as
shown in Figure 8(G), as time goes on (from 7 days to 30
days), the movement distances of PPMM-PEG-W@S803
group gradually increased.

Figure 8. The quantitative results of Figure 7. The mean±SD is shown (n = 3). ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.005. #Differences
between other samples and W@S803. #P < 0.05, ##P < 0.01, ###P < 0.005.

In the following, the effects on antianxiety were evalu-
ated via elevated plus maze. As shown in Figures 9 and 10,
the movement distances in open arms, their percentages
and the total movements of W@S803 were slightly longer
than that of pure W group. By contrast, the movement
distances in open arms, their percentages and the total
movements of PPMM-PEG-W@S803 and DSPE-PEG-
W@S803 groups were longer than that of W@S803, and
the effects of PPMM-PEG-W@S803 group were the most
significant. In addition, as shown in Figure 10(G), as time
goes on (from 7 days to 30 days), the movement distances
of PPMM-PEG-W@S803 group gradually increased.
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Figure 9. Representative tracks of movement patterns of different samples in elevated plus maze. The green curves represented
the movement of mice.

Effects on Electrophysiology
The effects on neural activities in hippocampus, hypotha-
lamus and olfactory bulb regions were studied via record-
ing of the signal of electrophysiology. As shown in
Figures 11(A) and (B), the amplitude in the hippocam-
pus region had a little increase after the mice cultured
with W@S803 for 7 days. After cultured with DSPE-PEG-
W@S803 for 7 days, by contrast, the amplitude in the
hippocampus region was a little bigger and the value was
1620.48 �V. While cultured with PPMM-PEG-W@S803
for 7 days, the potential difference reached 2270.52 �V.
Besides, the effects on neural activities in hypothalamus
were studied. As shown in Figures 11(C) and (D), the
potential difference of W@S803 group was a little bigger

Figure 10. The quantitative results of Figure 9. The mean±SD is shown (n = 3). ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.005. #Differences
between other samples and W@S803. #P < 0.05, ##P < 0.01, ###P < 0.005.

than that of pure W group after 7 days. The amplitude of
DSPE-PEG-W@S803 was 1839.77 �V and slightly bigger
than that of W@S803. The potential difference in PPMM-
PEG-W@S803 was the biggest and up to 2020.26 �V.
In addition, the electrophysiology in olfactory bulb region
was shown in Figures 11(E) and (F). The amplitude in
olfactory bulb regions was only 1233.62 �V after cultured
with W@S803 for 7 days and it was 1513.67 �V after cul-
tured with DSPE-PEG-W@S803. By contrast, the poten-
tial difference in PPMM-PEG-W@S803 group reached
2189.78 �V.
The electrophysiology signals after cultured for 30 days

were then recorded. As shown in Figures 12(A) and (B),
the electrophysiology signals in hippocampus were

J. Biomed. Nanotechnol. 14, 1675–1687, 2018 1681
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Figure 11. The electrophysiology signals cultured with different samples for 7 days in (A) hippocampus, (C) hypothalamus,
(E) olfactory bulb and the quantitative results in (B) hippocampus, (D) hypothalamus, (F) olfactory bulb. The mean±SD is shown
(n = 3). ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.005. #Differences between other samples and W@S803. #P < 0.05, ##P < 0.01, ###P < 0.005.

detected and quantified. The amplitude value of PPMM-
PEG-W@S803, DSPE-PEG-W@S803, W@S803 and
pure W in hippocampus region were 4608.16, 2806.09,
2526.04 and 1712.03 �V, respectively. In hypothalamus
region, as shown in Figures 12(C) and (D), they were
2620.79, 2062.32, 1650.06 and 1488.69 �V, respectively.
In olfactory bulb region, as shown in Figures 12(E)
and (F), there was no significant difference in the ampli-
tudes between DSPE-PEG-W@S803 group and W@S803
group, while the potential difference of PPMM-PEG-
W@S803 was much bigger than others.
In the following, the amplitudes in hippocampus,

hypothalamus and olfactory bulb regions were compared
after cultured with PPMM-PEG-W@S803 between 7 days
and 30 days. As shown in Figures 13(A)–(C), compared
with cultured for 7 days, the potential difference in all of
these brain regions was bigger after culrured with PPMM-
PEG-W@S803 for 30 days.

Effects on Nerve Regeneration
The effects on nerve regenerations were studied via
immunofluorescent staining with anti-BrdU. As shown
in Figure 14(A), there was hardly any red point in the

section of corpus striatum after cultured with W@S803
for 7 days and 30 days. And there were few red points
after cultured with DSPE-PEG-W@S803 for 7 days and
30 days. After cultured with PPMM-PEG-W@S803 for
7 days and 30 days, by contrast, there were plenty of
red points in the section of corpus striatum. These results
indicated that there was few effects of W@S803 and
DSPE-PEG-W@S803 on nerve regenerations of corpus
striatum. Besides, as shown in Figures 14(B) and (C), the
effects of PPMM-PEG-W@S803, DSPE-PEG-W@S803
and W@S803 on nerve regenerations of substantia nigra
and olfactory bulb were same as the effects on nerve regen-
erations of corpus striatum.

Effects on Expressions of Neurotransmitters
The effects on expressions of neurotransmitters were mea-
sured via LC-MS. DOPA, Ach, GABA and NMDA were
chosen to evaluate the effects on CNS. As shown in
Figures 15(A)–(D), there was no significant difference
in the contents of all of the neurotransmitters between
DSPE-PEG-W@S803 group and W@S803 group after
7 days. But the contents in all of the neurotransmit-
ters of PPMM-PEG-W@S803 group was much more
than other groups after 7 days. The contents of DOPA,

1682 J. Biomed. Nanotechnol. 14, 1675–1687, 2018
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Figure 12. The electrophysiology signals cultured with different samples for 30 days in (A) hippocampus, (C) hypothalamus,
(E) olfactory bulb and the quantitative results in (B) hippocampus, (D) hypothalamus, (F) olfactory bulb. The mean±SD is shown
(n = 3). ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.005. #Differences between other samples and W@S803. #P < 0.05, ##P < 0.01, ###P < 0.005.

Ach, GABA and NMDA in DSPE-PEG-W@S803 group
were 9010, 672, 248000 and 150.2 ng/g, while the con-
tents in PPMM-PEG-W@S803 group reached 10180, 846,
282000 and 186.4 ng/g. After cultured for 30 days, as
shown in Figures 15(E)–(H), there was also no signifi-
cant difference in the contents of all of the neurotransmit-
ters between DSPE-PEG-W@S803 group and W@S803
group. And the contents in all of the neurotransmitters
in PPMM-PEG-W@S803 group were much more than

Figure 13. The comparison of quantitative electrophysiology signals cultured between 7 days and 30 days. ∗P < 0.05, ∗∗P < 0.01,
∗∗∗P < 0.005.

other groups. In the following, the expression of DOPA,
Ach, GABA and NMDA were compared after cultured
with PPMM-PEG-W@S803 between 7 days and 30 days.
As shown in Figures 15(I)–(L), compared with cultured
for 7 days, the content in all of the neurotransmitters
was much more after culrured with PPMM-PEG-W@S803
for 30 days and the contents of DOPA, Ach, GABA and
NMDA were 13087.5, 1058.75, 330000 and 186.4 ng/kg,
respectively.

J. Biomed. Nanotechnol. 14, 1675–1687, 2018 1683
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Figure 14. The immunofluorescence staining with anti-BrdU antibody in (A) corpus striatum, (B) substantia nigra and (C) olfac-
tory bulb regions. Blue represented cell nuclei and red represented proliferative cells.

DISCUSSIONS
Fragrances can be used for emotional regulation, partly
due to the way it can modulate our neurochemistry,
affecting our moods. But the contents of fragrances
in air were very important for their effects on emo-
tional regulation. However, it was very difficult to con-
trol the release of fragrances due to their strong volatility.
To overcome this barrier, we designed and prepared photo-
responsive nanomicelles (PPMM-PEG@S803) to encapsu-
late sandela 803 and controllably release it in the light.
Besides, we also prepared non-photo responsive micelles
loaded with this fragrance (DSPE-PEG@S803). And then,
we added them into wallpaper to prepare fragrance wall-
paper and glued the wallpaper on the wall of mouse cage.
The mice was cultured in the fragrance mouse cage.
The photo-responsive monomer PMM and photo-

responsive polymer PPMM-PEG were synthesized suc-
cessfully according the results of 1H NMR and fourier
transform infrared spectroscopy, respectively. The poly-
merization degrees of hydrophilic block and hydropho-
bic block were very important for the self-assembly

of micelles loaded with sandela 803, so we synthe-
sized PPMM-PEG with three polymerization degrees
(PPMM5400-PEG2000, PPMM10800-PEG2000 and
PPMM13500-PEG2000). And the size and morphology of
the nanoparticles assembled via PPMM10800-PEG2000
was the best. So PPMM10800-PEG2000 was chosen to
encapsulate sandela 803. The fourier transform infrared
spectroscopy indicated that sandela 803 was encapsulated
into the PPMM-PEG@S803.
In the following, the effects of PPMM-PEG-W@S803

(PPMM-PEG@S803 treated wallpaper), DSPE-PEG-
W@S803 (DSPE-PEG@S803 treated wallpaper),
W@S803 (pure sandela 803 treated wallpaper) and
pure W (untreated wallpaper) on CNS of mice were eval-
uated from behavioral level, tissular level, cellular level
and molecule level. Firstly, open field and elevated plus
maze were performed to detect the decompression effects
and anxiolytic effects.23–26 We found that unencapsulated
sandela 803 had a little decompression effect and anxi-
olytic effect. By contrast, encapsulated sandela 803 had
much decompression effect and anxiolytic effect. And the
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Figure 15. The expression of neurotransmitters (neurotransmitter/brain, m/m). The expression of (A) DOPA, (B) Ach, (C) GABA
and (D) NMDA in the brains of mice cultured with different samples for 7 days. The expression of (E) DOPA, (F) Ach, (G) GABA and
(H) NMDA in the brains of mice cultured with different samples for 30 days. The comparison of (I) DOPA, (J) Ach, (K) GABA and
(L) NMDA in the brains of mice cultured with MS-S-W@S803 for between 7 days and 30 days. ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.005.
#Differences between other samples and W@S803. #P < 0.05, ##P < 0.01, ###P < 0.005.

effects were more obvious after 30 days. Importantly,
both of decompression effect and anxiolytic effect of
photo-responsive PPMM-PEG-W@S803 were better than
the effects of non-photo responsive DSPE-PEG-W@S803,
which maybe because the mice had better not smell the
fragrance when they slept in the dark.

Secondly, the effects on neural activities in hip-
pocampus, hypothalamus and olfactory bulb regions were
detected by recording of the signal of electrophysiology.
Hippocampus took charge of memory.27–28 Hypothalamus
took charge of mood and internal secretion.29–30 Olfac-
tion signal were sent to CNS via olfactory bulb.31–32 After
7 days, there were significant differences of potential dif-
ferences in all the brain regions between DSPE-PEG-
W@S803 group and W@S803 group. After 30 days, by
contrast, there were significant differences of potential
differences in only hypothalamus between DSPE-PEG-
W@S803 group and W@S803 group. Maybe the unin-
terrupted supply of sandela 803 for 30 days caused the
fragrance resistant. Besides, compared with other groups,
the neural activities of PPMM-PEG-W@S803 in every

brain regions and every time were the highest. These
effects of PPMM-PEG-W@S803 on neural activities were
mainly due to the interrupted supply of sandela 803 at the
right time.
Thirdly, the effects on nerve regenerations were eval-

uated via immunofluorescent staining with anti-BrdU.
Olfactory bulb participated in olfaction. Corpus striatum
took charge of muscular movement and most of dopamin-
ergic neurons were distributed in substantia nigra.33–35 The
proliferative cells of W@S803 group slightly increased.
The abilities of nerve regeneration in corpus striatum, sub-
stantia nigra and olfactory bulb regions increased remark-
ably after cultured with encapsulated fragrance. And
the PPMM-PEG-W@S803 had the best effects on nerve
regenerations.
Finally, the effects on expressions of neurotransmitters

were measured by LC-MS. DOPA can create exhilaration
and focused attention and NMDA takes part in internal
secretion and mood related neural activity.36–39 Ach partic-
ipates in learning memory and keeps our conscious.40–41

GABA can participate in the effects of antianxiety.42–43
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So DOPA, NMDA, Ach and GABA were chosen to eval-
uate the effects on CNS. There was no significant differ-
ence in all the neurotransmitters after 7 days and 30 days.
Therefore, only slow release of sandela 803 was useless.
The expressions of all the neurotransmitters were increased
significantly.
What’s more, compared with cultured for 7 days, the

effects of PPMM-PEG-W@S803 on the CNS (all of
behavioural level, tissular level, cell level and molecule
level) were more obviously after 30 days. That is to say,
the effects of photo-responsive releasing sandela 803 on
CNS were more significant as time progresses.

CONCLUSIONS
In this study, photo-responsive micelles and non-photo
responsive controls encapsulated with sandela 803 were
prepared and applied to wallpaper. The effects of this wall-
paper on CNS were then evaluated. Firstly, the unencap-
sulated sandela 803 had a little effect on decompression
and antianxiety and the photo responsive PPMM-PEG-
W@S803 had the best effect on them. Secondly, PPMM-
PEG-W@S803 had the best effects on neural activities in
hippocampus, hypothalamus and olfactory bulb regions.
Thirdly, PPMM-PEG-W@S803 had the best effects on
nerve regenerations in olfactory bulb, corpus striatum and
substantia nigra. Fourthly, PPMM-PEG-W@S803 had the
best effects on the expression of DOPA, Ach, GABA and
NMDA. Finally, the effects of photo-responsive releas-
ing sandela 803 on CNS were more significant as time
progresses.
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