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SUMMARY

Background: The activation of nuclear factor-kappa B (NF-jB) and NLRP3 inflammasome

is involved in neuroinflammation, which is closely linked to Alzheimer’s disease (AD). In

vivo and in vitro studies have suggested that artemisinin shows antiinflammatory effects in

inflammation-related diseases. However, the impacts of artemisinin on AD have not been

investigated. Aims: In this study, 5-month-old APPswe/PS1dE9 transgenic mice were trea-

ted daily with 40 mg/kg artemisinin for 30 days by intraperitoneal injection to evaluate the

effects of artemisinin on AD. Results: We found that artemisinin treatment (1) decreased

neuritic plaque burden; (2) did not alter Ab transport across the blood–brain barrier; (3) reg-

ulated APP processing via inhibiting b-secretase activity; (4) inhibited NF-jB activity and

NALP3 inflammasome activation in APPswe/PS1dE9 double transgenic mice. Conclusions:

The in vivo study clearly demonstrates that artemisinin has protective effects on AD pathol-

ogy due to its effects on suppressing NF-jB activity and NALP3 inflammasome activation.

Our study suggests that targeting NF-jB activity and NALP3 inflammasome activation offers

a valuable intervention for AD.

Introduction

Alzheimer’s disease (AD) is the most common cause of dementia

in the elderly, being characterized clinically by progressive cogni-

tive decline and pathologically by the formation of amyloid pla-

ques and neurofibrillary tangles in the brain [1]. Amyloid b-
peptide (Ab) is the central component of amyloid plaques. Ab is

released from amyloid precursor protein by the action of

b-secretase and c-secretase, which have been regarded as thera-

peutic targets for AD [2].

Over the past several years, neuroinflammation has attracted

considerable attention because of its pivotal role in the pathogene-

sis of AD. Biochemical and neuropathological studies of brains

from patients with AD provided strong evidence for an activation

of inflammatory pathways. Epidemiology studies have shown that

long-term use of antiinflammatory drugs is linked with reduced
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risk to develop AD [3]. Previous studies have shown that

inhibition of inflammatory pathway could rescue behavioral

deficits and reduce neuropathology in AD mice models [4,5].

Moreover, activation of nuclear factor-kappa B (NF-jB) pathway

has been proven to be involved in AD [6]. Interestingly, NF-jB
signal is associated with BACE1 expression [7–9]. Recent publica-

tions have suggested that NF-jB activation is necessary for NALP3

inflammasome activation [10]. In the past 10 years, NALP3

inflammasome has been identified as a sensor of Ab in a process

involving the phagocytosis of Ab and subsequent lysosomal

damage. Furthermore, the NALP3 inflammasome, caspase-1, and

IL-1b are critical for the recruitment of microglia to exogenous Ab
in the brain [11]. Together, it suggests that activation of NF-jB
and NALP3 inflammasome is important for inflammation and

tissue damage in AD [11,12].

Artemisinin is isolated from the plant Artemisia annua, sweet

wormwood, an herb employed in Chinese traditional medicine. In

addition to its well-known use as antimalarial drug, it has been a

topic of research in cancer treatment [13]. Further, several studies

have demonstrated that it has potent antiinflammatory effects due

to its inhibiting NF-jB pathway [14–16]. Although artemisinin

has been proven to be protective in models of postinfarct myocar-

dial remodeling [17], lupus nephritis [18], and experimental auto-

immune encephalomyelitis [19], its effects on AD, a common

neurodegenerative disease associated with inflammation, have

not been investigated.

In this study, we tested the hypothesis that artemisinin can

reduce amyloid plaques in 5-month-old APPswe/PS1dE9 transgenic

mice and demonstrated that it decreased BACE1 expression and

suppressed NF-jB activity andNALP3 inflammasome activation.

Materials and Methods

Transgenic Mice and Drug Treatment

Animal experiment protocols were approved by the Nanjing Med-

ical University Experimental Animal Care and Use Committee.

Ten APPswe/PS1dE9 transgenic mice (5 months old) were

obtained from the Institute of Zoology, Chinese Academy of Sci-

ences, and were housed in an air-conditioned room under a 12-h/

12-h light/dark cycle (lights on, 8:00 am through 8:00 pm). Food

and water were provided ad libitum. Five mice were injected with

40 mg/kg artemisinin (in DMSO) at the same time once daily for

30 days by intraperitoneal injection. The other five mice were

injected with DMSO as control. Artemisinin (98% purity) was

purchased from Sigma-Aldrich (St. Louis, MO, USA).

Immunohistochemical Staining

All the 10 mice (five mice in each group) were anesthetized

and sacrificed. Then, the brains were removed and cut into

halves. In each group, there were 10 cerebral hemispheres. In

10 cerebral hemispheres, 4 hemispheres were used for immuno-

histochemistry staining, 3 hemispheres for ELISA, and 3 hemi-

spheres for Western blotting. The cerebral hemispheres used for

immunohistochemistry were fixed in 4% paraformaldehyde for

20 h. After being dehydrated in alcohol, the brains were

embedded in paraffin and cut into 3- to 4-lm sections. Sections

were deparaffinized, hydrated in distilled water, treated with

3% H2O2 for 10 min to remove residual peroxidase activity, and

rinsed again with PBS. Sections were permeabilized with 1%

NP-40 and 0.1% Triton X-100 for 10 min, rinsed in PBS,

blocked with 10% normal goat serum, and incubated with pri-

mary antibody (rabbit anti-b-amyloid1–42, 1:600; Abcam (Cam-

bridge, MA, USA); rabbit anti-NF-jB p65 antibody, 1:600;

Bioworld Technology, Minneapolis, MN, USA) overnight. After

being rinsed in PBST (PBS containing 0.05% Tween 20), sec-

tions were further incubated with secondary antibody. The

immunoreactivity was developed using DAB for 3–10 min. Pla-

ques were counted under a microscope at 2009 magnification.

Plaques were quantified, and the mean plaque count per slice

was recorded for each mouse.

Western Blotting

The following primary antibodies were used: mouse anti-LRP1

antibody [5A6] (1:3000; Merck, Darmstadt, Germany), rabbit anti-

RAGE antibody (1:1000; Cell Signaling, Denver, MA, USA), rabbit

anti-APP carboxyl terminal antibody (1:4000; Sigma), rabbit anti-

BACE1 antibody (1:1000; Cell Signaling), rabbit anti-PS1 antibody

(1:1000; Cell Signaling), rabbit anti-Aph-1a antibody (1:3000; In-

vitrogen, Camarillo, CA, USA), rabbit polyclonal antibody against

serine 536 phosphorylated NF-jB p65 (1: 800; Santa Cruz Biotech-

nology, Santa Cruz, CA, USA), rabbit monoclonal antibody against

NF-jB p65 (1:500; Bioworld Technology), rabbit anti-IjB-a anti-

body (1:1000; Bioworld Technology), rabbit polyclonal antibody

against serine 32 phosphorylated IjB-a (1:1000; Bioworld Tech-

nology), rabbit anti-NALP3 antibody (1:800; Santa Cruz), rabbit

anticleaved caspase-1 (Asp297) (D57A2) antibody (1:1000; Cell

Signaling), andmouse anti-b-actin antibody (1:1000; Santa Cruz).

Western blotting was performed as previously described [20].

Brain tissue was lysed in RIPA lysis buffer supplemented with

protease inhibitors (Complete; Roche, Indianapolis, IN, USA). The

lysates were resolved by SDS-PAGE. Supernatants and the final

pellets from each sample were heat blocked for 5 min in loading

buffer (125 mM Tris–HCl, 20% glycerol, 10% 2-mercaptoethanol,

4% SDS, 0.02% bromophenol blue, pH 6.8) and then subjected to

electrophoresis on 10–20% Tris–glycine SDS-PAGE gels. Proteins

were then electrically transferred to a transfer membrane (Bio-

Rad, Hercules, CA, USA) and blocked for 1 h in Tris–HCl-buffered

saline containing 5% skim milk and 0.1% Tween. Membranes

were incubated in primary antibodies at 4°C overnight in TBS buf-

fer containing 5% bovine albumin. Membranes were then rinsed

with TBS buffer containing 0.1% Tween 20, incubated with HRP-

labeled secondary antibody for 2 h and then stained with detec-

tion reagents. Finally, membranes were developed using the

enhanced chemiluminescence (ECL) system. The signal intensity

of primary antibody binding was analyzed using Image J software

(Rasband, W.S., ImageJ v1.44p, U. S. National Institutes of Health,

Bethesda, MD, USA, http://rsb.info.nih.gov/ij/, 1997–2011) and

normalized to a loading control b-actin.

ELISA

Tissue homogenates from transgenic mouse hippocampal and

neocortical regions were obtained and centrifuged at 1000 g in 4°
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C for 15 min to remove cellular debris. The supernatant was col-

lected and stored at �80°C until use. The concentrations of IL-6,

TNF-a, and IL-1b were measured by specific ELISA kits (R&D,

Minneapolis, MN, USA).

The levels of soluble and insoluble Ab42 in brain samples were

quantified using ELISA, as previously described [20]. Briefly,

brain tissue was homogenized in extraction buffer consisting of

50 mM Tris (pH 7.4), 2 mM EDTA, 400 mM NaCl, and complete

protease inhibitor cocktail (Roche). The homogenates were centri-

fuged at 20,000 9 g for 5 min at 4°C. The resulting supernatants

were analyzed for soluble Ab. The pellets were homogenized in

70% formic acid and centrifuged at 44,000 9 g for 5 min at 4°C.

The resulting supernatants were neutralized with 1 M Tris and

then diluted in ELISA buffer for the measurement of insoluble Ab.
Samples were prepared from five animals in each group. All

samples were analyzed in triplicate. Standard curves were

made using human Ab42 standards provided in the ELISA kit

(Invitrogen).

Statistical Analysis

Statistical analyses were performed by an individual blinded to

the groups. All results are expressed as means � SD and were

examined for the homogeneity of variance. Statistical analysis was

performed using SPSS 13.0 software. Comparisons between two

groups were performed using Student’s t-test. A value of P < 0.05

was considered to be statistically significant.

Results

Artemisinin Decreases Neuritic Plaque Burden in
APPswe/PS1dE9 Transgenic Mice

We first examined whether artemisinin could inhibit amyloid pla-

que deposition in APPswe/PS1dE9 transgenic mice. Brain tissues

from vehicle- and artemisinin-treated mice were subjected to Ab
immunohistochemistry. Artemisinin reduced amyloid plaque

deposition in the cortex and hippocampus compared with vehicle

treatment (Figure 1A). Semi-quantitative analysis revealed that

artemisinin treatment reduced plaque number by 47.86% in the

cortex (6.08 � 1.51 vs. 3.17 � 1.27, P < 0.05; Figure 1B) and by

60.85% in hippocampus (2.35 � 0.89 vs. 0.92 � 0.67, P < 0.05;

Figure 1B).

To confirm the above results, we investigated the effect of arte-

misinin on Ab42 concentration by detecting buffer-soluble and

buffer-insoluble (extracted with 70% formic acid) Ab42. As

expected, artemisinin reduced the brain-soluble Ab42 concentra-

tion by 44.35% (464.53 � 29.68 vs. 258.53 � 26.49, P < 0.05;

Figure 1C). Meanwhile, artemisinin reduced brain-insoluble Ab42
concentration by 44.94% (38.87 � 2.85 vs. 21.4 � 2.06,

P < 0.05; Figure 1D).

Artemisinin does not Alter Ab Transport Across
The Blood–Brain Barrier in APPswe/PS1dE9
Double Transgenic Mice

Ab transport across the blood–brain barrier, which represents an

important way in clearance of Ab from brain, is mainly mediated

by LRP1 and RAGE. To clarify the mechanisms by which artemisi-

nin inhibited plaque deposition, the effects of artemisinin on Ab
transport across the blood–brain barrier were evaluated by deter-

mining Ab concentration in peripheral blood and the expression

levels of LRP1 and RAGE in mice brains.

As shown in Figure 2A, artemisinin did not cause a significant

change in peripheral blood Ab42 concentration (22.63 � 3.68 vs.

20.10 � 3.00, P > 0.05; Figure 2A). Furthermore, there were no

significant differences in LRP1 and RAGE levels between the

drug-treated groups and the vehicle group (P > 0.05) (Figure 2B

C). These data clearly indicated that artemisinin-inhibited Ab
deposition was not mediated by its regulation on transport across

blood–brain barrier.

(A)

(B)

(C) (D)

Figure 1 Effect of artemisinin on neuritic plaque formation in APPswe/

PS1dE9 double transgenic mice. APPswe/PS1dE9 transgenic mice aged

5 months were treated with 40 mg/kg artemisinin (Art) for 30 days,

whereas age-matched control APPswe/PS1dE9 mice received vehicle

solution (Ctrl) as control. The mice were killed, and the brains were

dissected, fixed, and sectioned. (A) Neuritic plaques were detected by

immunohistochemistry using an Ab1-42 antibody. The plaques were

visualized by microscopy with 2009 magnification. Artemisinin

significantly reduced the numbers of neuritic plaques in the cortex (Cort)

and hippocampus (Hippo) of mice compared with controls. Black arrows

point to plaques. Bars: 100 lm. (B) Quantification of neuritic plaques in

APPswe/PS1dE9 mice in each group. An ELISA was conducted to measure

brain-soluble Ab42 (C) and brain-insoluble Ab42 (D) levels in transgenic

mice in each group. The numbers represent the mean � SEM. n = 4 mice

each (for immunohistochemistry). n = 3 mice each (for ELISA). *P < 0.05

by Student’s t-test.
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Artemisinin Regulates APP Processing via
Inhibiting b-Secretase Activity in APPswe/
PS1dE9 Double Transgenic Mice

We have shown that artemisinin decreases amyloid plaque depo-

sition in APPswe/PS1dE9 transgenic mice, which was not medi-

ated by its regulation on Ab transport across blood–brain barrier.

To investigate the underlying mechanism, the levels of some key

proteins in the APP processing pathway were determined by Wes-

tern blotting, including APP-full length (FL), BACE1 (b-secretase
enzyme), PS1, Aph-1a (the key subunits of c-secretase enzyme),

and APP C-terminal fragments (CTFs) (Figure 3A). As shown in

Figure 3B, artemisinin had no influence on APP-FL expression in

animal (P > 0.05). Significantly, artemisinin decreased BACE1

level in transgenic mice brains by 33% (P < 0.05) (Figure 3B).

Furthermore, we failed to detect any significant differences in the

levels of PS1/Aph-1a/APP-CTFs between artemisinin-treated

group and vehicle group (P > 0.05) (Figure 3B). Together, these

results suggested that artemisinin inhibited the APP amyloido-

genic pathway through downregulating b-secretase cleavage of

APP.

Artemisinin Inhibits NF-jB Activity in APPswe/
PS1dE9 Double Transgenic Mice

We have shown that artemisinin decreases Ab production by

inhibiting b-secretase cleavage of APP. To clarify the mechanisms,

we determined the activity of NF-jB, which had been proven to

play a pivotal role in BACE1 expression. The nuclear translocation

of NF-jB p65 was determined by immunohistochemistry analysis,

which showed that the ratio of NF-jB nuclear–positive cells was

significantly reduced by 65.84% (P < 0.05) (Figure 4A–C).

In addition, the protein levels of total NF-jB p65, NF-jB p65

phosphorylated at serine 536, I-jBa, and I-jBa phosphorylated at

serine 32 were detected by Western blot (Figure 5A). Consistent

with immunohistochemistry results, artemisinin increased the

level of I-jBa by 105% and decreased the levels of NF-jB p65, p-

NF-jB p65, and p-I-jBa by 56%, 27%, and 45%, respectively

(Figure 5B). These results indicated that artemisinin treatment

reduced the nuclear translocation of NF-jB p65 and increased I-

jBa expression, which led to the inhibition of NF-jB activity in

APPswe/PS1dE9 transgenic mice brains.

Furthermore, downstream cytokines’ (IL-6, TNF-a) production
was detected to further determine the activity of NF-jB. As shown

in Figure 5C, artemisinin treatment reduced IL-6 and TNF-a pro-

duction by 37.16% (1631.90 � 76.31 vs. 1025.50 � 253.53,

P < 0.05) and 34.46% (2500.60 � 232.90 vs. 1639.00 � 304.47,

P < 0.05) in transgenic mice brains.

Artemisinin Inhibits NALP3 Inflammasome
Activation in APPswe/PS1dE9 Double Transgenic
Mice

We have shown that artemisinin reduces Ab production via

downregulation the level of BACE1, which is mediated by the

inhibition of NF-jB activity. Recent publications have suggested

NF-jB activation is necessary for NALP3 inflammasome activa-

(A)

(C)

(B)

Figure 2 Effect of Artemisinin on the transport of Ab across the blood–

brain barrier in APPswe/PS1dE9 double transgenic mice. An ELISA was

conducted to measure peripheral blood Ab42 (A) levels in transgenic

mice in each group. Artemisinin did not alter the peripheral blood Ab42

level. n = 3. *P < 0.05 by Student’s t-test. (B) Half brains from mice in

each group were lysed in RIPA buffer. LRP1 and RAGE were detected by

Western blotting using b-actin as a loading control. (C) Quantification of

LRP1 and RAGE in brains. Artemisinin had no influence on LRP1 and RAGE

expression. n = 3. *, P < 0.05 by Student’s t-test.

(A)

(B)

Figure 3 Effect of artemisinin on APP processing pathways in APPswe/

PS1dE9 double transgenic mice. (A) Brain tissues from APPswe/PS1dE9

mice were subjected to Western blotting to determine the levels of APP-

full length (FL), BACE1, PS1, Aph-1a, and APP-CTFs, with b-actin as a

loading control. (B) Quantification of APP-FL, BACE1, PS1, Aph-1a, and

APP-CTFs in brain tissues. Artemisinin significantly decreased BACE1

expression and had no influence on the levels of APP-FL, PS1, Aph-1a, and

APP-CTFs. n = 3. *P < 0.05 by Student’s t-test.

ª 2013 Blackwell Publishing Ltd CNS Neuroscience & Therapeutics 19 (2013) 262–268 265

J.-Q. Shi et al. Effects of Artemisinin on AD Mice Model



tion, which is important for inflammation and tissue damage in

AD. Hence, the activation of NALP3 inflammasome was deter-

mined in vehicle- and artemisinin-treated groups. In artemisinin-

treated mice, the level of NALP3 was significantly reduced by

37% than that in control group (P < 0.05, Figure 6A, B). Mean-

while, artemisinin treatment decreased the level of caspase-1 p20

subunit by 50% (P < 0.05, Figure 6A,B). Further, artemisinin

treatment decreased the production of IL-1b by 29.73%

(1967.50 � 68.84 vs. 1382.50 � 80.79, P < 0.05, Figure 6C).

Together, these results suggested that artemisinin inhibited

NALP3 inflammasome activation in APPswe/PS1dE9 double

transgenic mice.

Discussion

Antimalarial drug artemisinin showed protective effects against

AD in this study. First, artemisinin treatment decreased neuritic

plaque burden. Second, artemisinin did not alter Ab transport

across the blood–brain barrier. Third, artemisinin regulated APP

processing via inhibiting b-secretase activity. Fourth, artemisinin

inhibited NF-jB activity and NALP3 inflammasome activation in

APPswe/PS1dE9 double transgenic mice. Hence, our study sug-

gests that targeting NF-jB activity and NALP3 inflammasome acti-

vation offers a valuable intervention for AD.

Transgenic mice models have played an important role in AD

research community. APPswe/PS1dE9 transgenic mouse model

has been widely used in scientific research, which was first

described by Jankowsky et al. in 2004 [21]. The mice overexpress

the Swedish mutation of APP, together with PS1 deleted in exon

9. The mice shows significant behavioral deficits in Morris water

maze at 12 months of age. At 6 months of age, only memory defi-

cits could be seen in radial arm water maze [22]. Usually, behav-

ioral tests are performed in 7- to 12-month-old mice. To observe

the effects of artemisinin by early intervention, 5-month-old

transgenic mice were used in the present study. Considering that

behavioral deficits of 5-month-old transgenic mice might be unre-

markable in Morris water maze, behavioral tests were not

included in the study. In previously published studies on AD, the

days of drugs were often selected between 7 and 60 days [23–25].

Hence, the mice were injected once daily for 30 days by intraperi-

toneal injection in the study. The LD50 of artemisinin by intra-

peritoneal injection in mice is 1558 mg/kg. Usually, we can

choose the dose between 1/5 LD50 and 1/50 LD50. Hence, we

chose 40 mg/kg in the present study according to published study

[26].

In basic and clinical studies, inflammation has been demon-

strated to be involved in the pathogenesis and progress of AD [3].

Elevated inflammatory biomarkers are observed in patients with

AD [27]. Clinical trials clearly indicate that NSAIDs show protec-

tive effects on the prevention of AD [28,29]. Ab-activated glial

cells secrete mounts of pro-inflammation cytokines through NF-

jB activation [30,31]. More interestingly, the signaling from NF-

jB activation is necessary for the activation of NALP3 inflamma-

some [9]. Together, both NF-jB and NALP3 inflammasome play

an important role in the inflammation of AD. In the present study,

(A)

(B)

(C)

Figure 4 Effects of artemisinin on the nuclear translocation of nuclear

factor-kappa B (NF-jB) p65 in APPswe/PS1dE9 double transgenic mice.

Brain tissues from APPswe/PS1dE9 mice were subjected to

immunohistochemistry to determine the nuclear translocation of NF-jB

p65. (A) Representative photographs of immunohistochemistry staining

with anti-NF-jB p65 antibody (with 2009 magnification). (B)

Representative photographs of immunohistochemistry staining with anti-

NF-jB p65 antibody (with 4009 magnification). Artemisinin significantly

reduced the ratio of NF-jB p65 nuclear–positive cells. Black arrows point

to NF-jB p65 nuclear–positive cells. Bars: 50 lm. (C) Quantification of the

ratio of NF-jB p65 nuclear–positive cells in APPswe/PS1dE9 mice in each

group; the numbers represent the mean � SEM. n = 3 mice each.

*P < 0.05 by Student’s t-test.

(A) (B)

(C)

Figure 5 Effect of artemisinin on nuclear factor-kappa B (NF-jB) activity

in APPswe/PS1dE9 double transgenic mice. (A) Brain tissues from

APPswe/PS1dE9 mice were subjected to Western blotting to determine

the levels of p-NF-jB p65, NF-jB p65, I-jBa, and p-I-jBa, with b-actin as a

loading control. (B) Quantification of p-NF-jB p65, NF-jB p65, I-jBa, and

p-I-jBa. Artemisinin significantly decreased the levels of p-NF-jB p65, NF-

jB p65, and p-I-jBa and increased the level of I-jBa. n = 3. *, P < 0.05 by

Student’s t-test. (C) An ELISA was conducted to measure brain IL-6 and

TNF-a level in the brains of mice in each group. Artemisinin significantly

reduced IL-6 and TNF-a level in brains. n = 3. *, P < 0.05 by Student’s

t-test.
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artemisinin significantly inhibited the activation of NF-jB and

NALP3 inflammasome, thus leading to the decreased production

of downstream cytokines (TNFa, IL-6, IL-1b). In fact, the antiin-

flammatory effects of artemisinin from NF-jB inhibition have

been proven in models of lupus nephritis, experimental autoim-

mune encephalomyelitis, and other disease [14,15,17–19,32]. Our

study first demonstrated the antiinflammatory effects of artemisi-

nin in AD animal model.

In our previous study, we have demonstrated that antiinflam-

mation strategy could alleviate the pathology of AD though

upregulation of Ab clearance [20]. The present study also con-

firmed the protective effects of antiinflammation strategy in AD,

which was mediated by inhibition of Ab production. We showed

that artemisinin inhibited NF-jB activity, leading to downregula-

tion of Ab production through BACE1 inhibition. In fact, the asso-

ciation between BACE1 expression and NF-jB activity has been

clarified in other studies. The age- and AD-associated increases in

NF-kappaB in brain may be significant contributors to activation

of BACE1 transcription [7]. Furthermore, the levels of BACE1 and

NF-jB p65 were significantly elevated in brains of patients with

AD. Overexpression and knockout studies have demonstrated that

NF-jB signaling facilitates BACE1 gene expression [8]. Hence,

inhibition of NF-jB-mediated BACE1 expression may be an effec-

tive target for AD therapy. Some drugs attenuated Ab secretion by

reducing BACE1 expression in vitro and in vivo [16,33–38]. These

results are consistent with our study. Further work is needed to

explore the mechanisms that artemisinin inhibited NF-jB activity

in AD.

There is a close relationship between NF-jB and Ab plaques.

Some drugs lowered Ab plaques through inhibitory effects of

NF-jB [33,39]. A recently published study suggested a role for

NALP3 inflammasome in AD. NALP3 or caspase-1 knockout lar-

gely protected AD transgenic model from memory loss and

enhanced Ab clearance. Furthermore, NALP3 inflammasome

deficiency decreased Ab deposition in the APP/PS1 model of

AD. Hence, NALP3 inflammasome inhibition is regarded as a

therapeutic target for AD [40]. The present study showed that

artemisinin exerted inhibitory effects on NALP3 inflammasome,

which could partly explain its protective effects on Ab
pathology.

AD is characterized by amyloid plaques in brain, which was

caused by an imbalance between Ab generation and Ab clearance.

A recent study suggested that an impairment of Ab clearance

might be a major cause of sporadic AD [41]. Brain-to-blood trans-

port of Ab is an important way of Ab clearance, which is mainly

mediated by LRP1 (Ab transport from brain to blood) and RAGE

(Ab transport from blood to brain) [42,43]. Our results indicated

that artemisinin did not alter Ab transport from brain to blood

through the regulation of LRP1 and RAGE expression. Interest-

ingly, binding of RAGE ligands to RAGE activates NF-jB pathway,

thus mediating pro-inflammatory effects and upregulating BACE1

[44]. Because artemisinin exerted no effects on RAGE expression

in our study, we suspected that the NF-jB-inhibiting effects of ar-

temisinin might not be ascribed to regulation of RAGE pathway.

Kim et al. tested the effect of artemisinin on Ab fibril formation

in vitro [45]. The results showed that artemisinin exerted no

impact on Ab fibril formation in vitro. The present study showed

that artemisinin exerted inhibitory effects on Ab generation in

vivo. However, there are many differences between process of Ab
generation and process of Ab fibril formation. Hence, there is a

possibility that a compound exerts different impacts on Ab genera-

tion and Ab fibril formation.

In conclusion, the current study reveals the neuroprotective

effects of artemisinin against the neuropathology in APPswe/

PS1dE9 transgenic mice. Artemisinin decreased neuritic plaque

burden in APPswe/PS1dE9 transgenic mice. Artemisinin

decreased Ab production via inhibition of NF-jB activity and

NALP3 inflammasome activation in APPswe/PS1dE9 double

(A)

(B)

(C)

Figure 6 Effects of artemisinin on NALP3 inflammasome activation in

APPswe/PS1dE9 double transgenic mice. (A) Brain tissues from APPswe/

PS1dE9 mice were subjected to Western blotting to determine the levels

of NALP3 and caspase-1 p20 subunit, with b-actin as a loading control. (B)

Quantification of NALP3 and caspase-1 p20 subunit. Artemisinin

significantly decreased the levels of NALP3 and caspase-1 p20 subunit.

n = 3. *, P < 0.05 by Student’s t-test. (C) An ELISA was conducted to

measure brain IL-1b level in the brains of mice in each group. Artemisinin

significantly reduced IL-1b level in brains. n = 3. *, P < 0.05 by Student’s

t-test.
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transgenic mice. On the other hand, artemisinin did not alter Ab
transport across the blood–brain barrier. These data suggest that

artemisinin might be an effective drug for the treatment of AD.

However, its efficacy and safety should be further investigated in

clinical trials.
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