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Abstract
Background and Objective: It is well-established fact that Alzheimer’s disease (AD) is a neurodegenerative disease of CNS with
progressive nature. The available treatment for AD unable to treat the pathology of disease. Due to this limitation urgent need the newer
treatment of AD. The current investigation was aimed to scrutinize the neuro-protective effect of nattokinase against $-amyloid
peptide25‒35 (A$25‒35) induced neurotoxicity and explored the underlying mechanism. Materials and Methods: The PC12 cells were
damaged by A$25‒35 and different concentration of  nattokinase was added into the culture medium. Lactate dehydrogenase (LDH) and
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay were performed for the estimation of cell viability and also
estimation the hydrogen peroxide (H2O2)  generation  for  estimation  the  intracellular  signalling  pathways.  Furthermore,  determination
of mitochondrial membrane potential changes and caspase-3 effect of this compound occurred in this study. Additionally, ROS
intracellular  and  expression  of  silent  information  regulator  1  (SIRT1)  and  Rho-associated  kinase  1  (ROCK1)  were  also  estimated.
Results: The concentration-dependent treatment of nattokinase down-regulated the cell viability counts. The result exhibited that cell
death induced via A$25‒35  was mediated through an up-regulation of ROS production. It is estimated that there was enhanced caspase-3
and caspase-8  activity  attributing  to  depolarization  of  mitochondrial  membrane  and  reduced  by  the  nattokinase.  Nattokinase
reduced the reactive oxygen species and down-regulated the overproduction of IL-1$, IL-6 and TNF-", respectively. Nattokinase reduced
the cell apoptosis and expression of ROCK1 and increased the expression of  SIRT1. Conclusion:  On  the  basis  of  the  result,  concluded
that SIRT1-ROCK1 pathway plays a significant role in the AD pathology and nattokinase reduced the AD complication via SIRT1-ROCK1
pathway.
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INTRODUCTION

The  first  term  Alzheimer’s  disease  (AD)  was  coined  by
the Alois Alzheimer about a century age1,2. Studies suggested
that AD is the most common neurodegenerative disease
commonly found in the older patient, which ultimately
damages the cognitive function of brain3,4. Research
suggested that the AD is considered as the most common
form of dementia and also considered as the progressive
neurodegenerative disease  of  brain described by disordered
cognitive function, modulated behaviour and progressive
memory injury5,6. Previous studies suggested that the
incidence of AD exponentially increases with the age5,7.
Epidemiology  studies  suggested  that nearly 1/8 older people
(more than age 65 years) suffered from the AD and the
incidence of AD is predictable to be close to the 30 million8-10

by 2050.
Generally, A$ protein unusually pledges in the brain,

which is the significant hallmark of AD11. During the toxic
effect  into  the  brain,  A$  accumulation  plays  an  important
role in the progression of AD pathogenesis. A$  is considered
as the major module of senile plaques, resultant from the
sequential proteolysis of amyloid precursor protein via
sequential cleavages of $ and γ-secretase and play a
considerable role in the AD pathophysiology12,13. In spite of,
studies have been designed to scrutinize the underlying
mechanism A$ neurotoxicity, the possible mechanism still
remain unclear. Studies suggested that inflammation and
oxidative stress play an important role in the A$-induced
neurotoxicity14,15. The deposition of A$ in the primary neurons
could be persuaded by oxidative stress and A$ boots extra
inflammatory reaction via activation of cyclooxygenase-2 in
the  astrocytes  through  interaction  with  tumor  necrosis
factor-" (TNF-"), nuclear factor κ-B (NF-κ B) and interleukin-1$
(IL-1$) mechanism in rat brain15-17.

The ROCK is the serine/threonine protein kinase, which
are two types  of  diastereomers  (ROCK1  and  ROCK2). The
ROCK  played  an  important  role  in  the  reduction   of   the
non-amyloid ogenica secretase processing of amyloid
precursor protein18,19. Previous research suggested that the
over-expression  of  SIRT1  in  the  primary  neurons  decrease
the expression  of  ROCK1 and A$ secretion and increases the
cell viability, signifying that the SIRT1 boosts a secretase
arbitrated  non-amyloidogenic  APP  processing  through
ROCK1 signaling pathway18,20,21. Based on the above fact,
hypothesized  that  nattokinase  sheltered  the  neurons
against A$ neurotoxicity and scrutinize the possible role of
SIRT1 expression,  probably  relating  the  regulation  of
ROCK1. For confirmation of  the  hypothesis,  there  is  need  to

examined the beneficial effect of nattokinase on the A$25-35
injury  using  the  PC12  cells.  In  the  current  experimental
study  was  aimed  to  performed  the  cell  viability  test,  MTT
assay and LDH assay; intracellular calcium level. Furthermore,
RT-PCR was used for the estimation of mRNA expression of
ROCK1 and SIRT1.

MATERIALS AND METHODS

Nattokinase was received as a gift sample. The PC12 cell
lines  were  procured  from  the  Shanghai  Institute  for
Biological Sciences, Chines Academy of Sciences, Shanghai,
China.  The  A$25-35,  A$1-42,  5,5,6,6-tetrachloro-1,1,3,3-
tetraethyl-benzimidazolyl-carbocyanineiodide  (JC-1),  3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),
dimethyl sulfoxide (DMSO), Hoechst 33342 and nicotinamide
were purchased from the Molecular Probes, USA and Sigma,
USA. Dulbecco’s modified Eagle’s medium (DMEM) and Fetal
Bovine Serum (FBS) purchased from the Sigma Aldrich, USA.
Anti-phospho-ERK1/2, horseradish peroxidase-conjugated anti
rabbi,   anti-ERK1/2,   anti-Akt-anti-GAPDH,   anti Tublin  and
anti-phosphor Akt473 were procured from the Cell Signaling
Technology, U.S.A. The current research performed in the
month of December, 2018-January, 2019.

Protective effect on cultured cells: About 24 well plates were
used for the cultured the PC12 cells  at  37EC  in  the  presence
of  CO2. After that the various group divided of A$25-35
treatment as: A$25-35  control group, A$25-35  was mixed into the
culture medium at a concentration (20 mM); nattokinase
treated, which contains 4 sub-groups with addition of 1.25,
2.5, 10 and 20 mL of 5 mM Nattokinase, respectively, into the
culture medium prior to A$25-35 injury; thus the final
concentration of nattokinase was 12.5-100 mM, respectively.
After the incubation (24 and 48  h),  cells  were  collected  from
all groups and subjected to perform the various
experimentation22,23.

MTT  assay: Briefly,  96  well  plates  were  seeded  in PC12 cells
at a  density  of 4-8×105 cells/well in serum  medium  (1%)  for
24 h as using the previously reported method with minor
modification. After serum starvation, the cultures were
incubated for 24 h with inhibitors or drugs and treated with
A$; later performed the MTT assay (24 h later). After that, the
cells were further incubated with  0.5 mg mLG1 MTT  for  more
3  h.  After  that,  the  medium  removed  from  each  well  and
200 µL DMSO was added. After that, the optical density was
estimated at a wavelength of 570  nm.  Normal  control  group,
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cultured without mixed of either Nattokinase or A$25-35. An
equal  volume  of  serum-free  DMEM  and  DMSO  was  added
into the A$25-35  injury group and normal control group22,24.

Neurotoxic  cell  model:  For  establish  the  neurotoxic  cell
model with A$25-35  PC12 cell lines was maintained in the FBS
(10%), DMEM at 37EC in a humidified atmosphere supplied
CO2 (5%). The culture medium was changed every 3 days.
Before the experimental study, the cells seeded in the culture
plate at a density of 2×104 cells cmG2. After the 24 h different
concentration of A$25-35  was added into the cell culture. Cells
were exposed at a different time interval (24 and 48 h) after
the exposure25 to A$25-35.

LDH  assay:  Lactate  dehydrogenase  assay  was  performed
for the estimation of cell cytotoxicity. Briefly, LDH released
were  estimated  into  the  incubation  medium  when  the
cellular membrane was demolished. The PC12 cells were
seeded into the 96 well plates. Briefly, the released LDH
activity was estimated according to CytoTox-ONE™
Homogeneous Membrane Integrity Assay (Promega, USA).
M200 PRO Multimode Microplate has used the estimation of
the fluorescent intensity at 560 nm  and emission at 590 nm.
All the values of LDH (%) released were normalized to the
control group22,24,25.

Estimation  of  intracellular ROS  level:  For  the  estimation
of intracellular ROS, Cell ROXs Deep Red Reagent (Thermo
Fisher Scientific, USA), 5 mM Cell ROXs Deep Red Reagent
were incubated with the PC12 cells and incubated in DMEM
for 1 h in dark room, washed with PBS solution and finally
fluorescence was estimated via using the fluorescent
microscope at a wavelength 640 nm and an emission
wavelength (665 nm). Image J-software was used for the
estimation  of  the  ROS  level.  All  the  value  of  ROS  (%)  level
were normalized to the control group23,24.

Caspase 3/7 activity: The commercially available kits of
caspase-Glos  3/7  were  used  for  the  estimation  of  caspase
3/7 activity via using the manufacturer's protocol (Invitrogen,
USA). Briefly, the lysis buffer was used for lysate the PC12 cell
and centrifuged at 12,500 g rpm for 5 min and incubated at
room temperature22-24.

Real-time quantitative PCR: For the estimation, the
protective mechanism of Nattokinase, in order to the
expression of ROCK1 and SIRT1 were evaluated by using the
real-time quantitative  PCR.  Trizol  reagent  was  extracted  the

total RNA  from  the  PC12  cells  and  finally  the  RNA  integrity
was examined spectroscopically according to the A260/280
absorption. Consequently, reverse transcription used for the
synthesized the cDNA. Mastercycler-ep-realplex (Eppendorf,
Hamburg,  Germany)  was  used  for  the  performance  of  PCR.
The following primers used:

SIRT1:

C Reverse primer: 59-CAGCAAGGCGAGCATAAATAC-39
C Forward primer: 59-CCAGAAACAATTCCTCCACCT-39

ROCK1:

C Reverse primer: 59-AGGCACATCGTAGTTGCTCAT-39
C Forward primer: 59-ATCCACCAGGAAGGTTTATGC-39

GAPDH:

C Reverse primer: 59-TGTCATATTTCTCGTGGTTCA-39
C Forward primer: 59-TGGAGTCTACTGGCGTCTT-39

Finally, the relative expression of the targeted gene at the
mRNA level was estimated by using the 2G))Ct  method.

Statistics analysis: Graph Pad Prism 7.0 statistical software
(GraphPad Software, Inc., San Diego, CA, USA) was used for
analysis of  the statistics. All the experiments were done in the
Triplicate. All the data are presented as mean±standard
deviation (SD). One-way ANOVA followed by Tukey's multiple
comparisons was used for the statistical analysis. The p<0.05
was considered as statistically significant.

RESULTS

A$25-35  induced cytotoxicity in PC12 cells: In the current
study,  investigation  of  cytotoxicity  of  A$  peptide  (peptide
A$25-35) on the PC12 cells occurred by MTT assay. Figure 1a
showed the notable reduction of the cell viability in a
concentration-dependent  manner,  which  suggested  that
the A$25-35 could induce the toxicity in the PC12 cell lines.
Figure 1b  showed  that  the  A$25-35 (0.3 µM)  lower  dose  and
2-10 µM (higher dose) able to induce cell death, but for the
current study, 0.3 µM dose of  A$25-35  because it induced the
30-40% cell death. To estimate the potential effects of
nattokinase on PC12 cells, the cells were treated with the
nattokinase  for  1 h  before  the  treatment  to  A$25-35  for  the
next 24  h.  The  MTT  assay,  the  treatment  of  A$25-35  (0.3 µM)
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Fig. 1(a-b): Effect of nattokinase on the A$25-35 induced cell viability loss in PC12 cells, (a) Cells were treated different concentration
of A$25-35  and (b) Nattokinase
***p<0.01, **p<0.01, compared with the A$25‒35  injury group compared by student’s t-test (n = 3)

Fig. 2(a-b): Effect of nattokinase on PC12 cells against A$25-35 on (a) MTT and (b) LDH
Cells treated with different concentration of nattokinase and compared against A$25-35, *p<0.01, compared with the A$25‒35 injury group, #p<0.01,
compared with values of different concentration of nattokinase by student’s t-test (n = 3)

showed the dominant cell death and pre-treatment of
nattokinase significantly decreased the A$25-35 induced cell
death.

Effect on the LDH, apoptotic rate and intracellular ROS:
Lactate dehydrogenase (LDH) and MTT assay were used for
the estimation of the protective effect of nattokinase. Figure
2a showed the effect of nattokinase on the MTT assay. Figure
2b showed that the pre-treatment of nattokinase significantly
decreased the A$25-35  induced LDH leakage.

Pre-treatment   of   nattokinase   significantly   reduced
the  cytotoxicity  (Fig.  3a).  A  similar   observation   was   found
in the apoptotic rate. Nattokinase pre-treatment showed the
downstream of apoptotic rate (Fig. 3b).

A$25-35  showed the augmented level of intracellular ROS
(191±7.6) and A$25-35 induced group pre-treated with
nattokinase showed the down-regulation (125.6±6.4) of
intracellular ROS (Fig. 3c).

Effect of nattokinase on caspase 3/7 activity and
mitochondrial  membrane:  The  effect  of  nattokinase  on
the    mitochondrial    membrane    potential    ()ψm)    loss
(Fig. 4a), A$25-35 showed the reduction of mitochondrial
membrane  potential  ()ψm)  loss  and  nattokinase
significantly (p<0.001) increased the activity of  mitochondrial
membrane  potential  ()ψm)  loss.  Caspase  3/7   is  the
significant biomarker for activation of apoptosis in the
neuronal  cells.   Figure   4b   exhibited  that  the  treatment   of

596



Int. J. Pharmacol., 15 (5): 593-603, 2019

200

150

100

50

0

Cy
to

xi
ci

ty
 (%

)
(a)

Con
tro

l

Natt
ok

ina
se

A
25-

35

A

+N
att

ok
ina

se

 25-
35

***

**

Groups

150

100

50

0

A
po

to
sis

 ra
te

(b)

Con
tro

l

Natt
ok

ina
se

A
25-

35

A

+N
att

ok
ina

se

 25-
35

***

**

Groups

250

200

150

100

50

0

In
tra

ce
llu

la
r R

O
S 

(%
)

(c)

Con
tro

l

Natt
ok

ina
se

A
25-

35

A

+Natt
ok

ina
se

 25-35

***

**

Groups

150

100

50

0

JC
-1

 p
ol

ym
er

im
on

om
er

 ra
tio

(a)

Con
tro

l

Natt
ok

ina
se

A
25-

35

A

+Natt
ok

ina
se

 25-
35

***

**

Groups

200

150

100

50

0

Ca
sp

as
e-

3/
7 

ac
tiv

ity

(b)

Con
tro

l

Natt
ok

ina
se

A
25-

35

A

+Natt
ok

ina
se

 25-
35

***

**

Groups

Fig. 3(a-c): Effect  of  nattokinase  reduced  the  A$25-35  induced  apoptosis  and  LDH  in  the  PC12  cells,  (a)  Cytotoxicity  effect,
(b) Apoptosis rate and (c) Intracellular ROS
Cells treated with different concentration of  A$25-35, ***p<0.01, **p<0.01, compared with the A$25‒35  injury group compared by student’s t-test (n = 3)

Fig. 4(a-b): Effect  of  nattokinase  on  A$-induced  caspase  3/7  activity  and  mitochondrial  membrane  potential  ()ψm)  loss,
(a) Mitochondrial membrane potential ()ψm) loss and (b) Caspase 3/7 activity
Cells treated with different concentration of A$25-35, ***p<0.01, **p<0.01, compared with the A$25‒35  injury group compared by student’s t-test (n = 3)
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Fig. 5(a-b): Effect of nattokinase  of  (a) Caspase-3 and (b) Caspase-8
Control group contained no nattokinase and A$ treatment, cells treated with nattokinase (20 µM) with or without treatment of A$, ***p<0.01, **p<0.01,
compared with the A$25‒35  injury group compared by student’s t-test (n = 3)

Fig. 6: Effect of nattokinase of the Na+-K+ ATPase activity
Cells treated with nattokinase (20 µM) with or without treatment of  A$,
***p<0.01, **p<0.01, compared with the A$25‒35  injury group compared
by student’s t-test (n = 3)

A$25-35  increased   the  activity  of  caspase  3/7  as  compared
to the control group and nattokinase  treatment  significantly
reduced  (35%)  the  activity  of  caspase  3/7  as  compared to
A$25-35  (Fig. 4b).

Effect  of  nattokinase  on  caspase: The effect  of  nattokinase
on the caspase-3 and caspase-8 showed in the Fig. 5a and b.
Normal and nattokinase group showed an almost similar level.
A$25-35  treated  group  showed  the  increased  activity  of
caspase-3, caspase-8 and nattokinase treatment showed the
significant reduction of caspase-3 (Fig. 5a) and caspase-8
activity (Fig. 5b).

Effect of nattokinase upon mitochondrial membrane
stability: Without treatment of nattokinase, the activity of
Na+-K+ ATPase similar to control group. The Na+-K+ ATPase
activity  of  A$25-35 treated  group  showed  the  reduced
activity and nattokinase treatment significantly (p<0.001)
increased the activity of Na+-K+  ATPase  (Fig. 6).

Effect        of         nattokinase         on         pro-inflammatory:
Pro-inflammatory  cytokines  played  an  important  role  in 
the damage of brain cells. Figure 7a-c  showed  the  effect  of
the nattokinase  on  the  pro-inflammatory  cytokines  level  of
A$25-35  treated group. Normal and nattokinase treated group
showed  the  almost  similar  level  of  pro-inflammatory
cytokines  such  as;  IL-1$  (Fig. 7a),  IL-6  (Fig. 7b)  and  TNF-"
(Fig. 7c). The A$25-35  treated  group  showed  the  increased
level  of  pro-inflammatory   cytokines   IL-1$   (201.34±7.65),
IL-6 (222.34±7.04) and TNF-" (254.5±9.34) and nattokinase
significantly reduced the  IL-1$,  IL-6  and  TNF-"  as  compared
to  A$25-35  treated group.

Effect of nattokinase on apoptosis marker: The effect of
nattokinase on the apoptosis marker showed on the Fig. 8a, b.
Figure 8a demonstrated that the decreased BCl-2 level
(0.56±0.04) (Fig. 8a) and increased level of Bax (1.03±0.09)
(Fig. 8b) in the A$25-35 treated group and nattokinase
significantly  increased  the  Bcl-2  level  (3.46±0.13)  and
reduced the Bax level (1.03±0.03).

Effect  of  nattokinase  on  SIRT1  and  ROCK1  expression:
The effect of nattokinase on the ROCK1 and SIRT1 expression
presented in the Fig. 9. The  SIRT1  expression  level  decreased
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Fig. 7(a-c): Effect  of  nattokinase on the pro-inflammatory cytokines, (a) IL-1$, (b) Il-6 and (c) TNF-"
Control group contained no nattokinase and A$ treatment,  cells treated with nattokinase (20 µM) with or without treatment of  A$, ***p<0.01, **p<0.01,
compared with the A$25‒35  injury group compared by student’s t-test (n = 3)

Fig. 8(a-b): Effect of nattokinase on the BCl-2 and Bax level, (a) BCl-2 and (b) Bax
Control group contained no nattokinase and A$ treatment,  cells treated with nattokinase (20 µM) with or without treatment of A$, ***p <0.01, **p <0.01,
compared with the A$25‒35  injury group compared by student’s t-test (n = 3)
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Fig. 9(a-b): Effect of nattokinase on (a) SIRT1 expression and (b) ROCK1 expression
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(Fig. 9a) and ROCK1 expression (Fig. 9b) were increased
observed in the A$25-35 treated group and nattokinase
treatment significantly increased the SIRT1 expression and
decreased expression of  ROCK1.

DISCUSSION

The AD is demoralizing and common neurodegenerative
disorder  and  it’s  also  the  trademark  of  pathologic  features
are neurofibrillary tangles, neuron death and $-amyloid
plaques22,23,26-29. Currently, increasing the aging patient
populations, the frequency  of  AD  is upward exponentially
and  it  became  the  major  burden  on  the  patient’s  families
and society24. Nevertheless, the pathogenesis of disease (AD)
is not clearly described despite growth in basic research and
their remnants a dearth of effective cures and treatments24,26.
Several researchers believed that A$ deposition plays an
important role in the pathological of AD brain29,30. The A$-
induced apoptosis in PC12 cell lines is a common in vitro
model for estimation of cellular toxicity model25,30-32. Previous
research suggested that the A$ induced neurotoxicity
included the various A$ fragments. Current research targeted
the cell apoptosis induced by A$ to cure the AD30,31.
In the current experimental study,  in vitro  neurotoxicity
model of  PC12 cells via using the A$25-35  and scrutinize the
possible role of nattokinase against A$ neurotoxicity.
Nattokinase showed the up-regulated of cell viability and
reduced the intracellular calcium level and cell apoptosis.
Experimental protocol, nattokinase altered the SIRT1
expression  and  suggested  neuroprotective  effects.  Hence,

the neuroprotective  effect  of  nattokinase  against  A$25-35  in
PC12 cells was partially arbitrated via increasing the
expression  of  SIRT1.

Bax and Bcl-2 were the pro-apoptotic and anti-apoptotic
molecule and played a significant role in the apoptosis and
consider as the marker of neuron survival33,34. Experimental
protocol, nattokinase could penetrate into the NGF-
differentiated PC12 cells and showed its potential effect
against  A$  induced  injury.  Nattokinase  reduced  the
expression   of   Bax,   which   in   turn  increased  the  ratio  of
Bcl-2/Bax ratio in A$ induced injured cells. The current finding
suggested that the nattokinase reduced the A$ induced
apoptotic damage by regulating pro-apoptotic molecules.

Previously published literature suggested that the ROS
(an  indicator  of  oxidative  stress)  play  an   imperative  role 
in the expansion of neurological disease and brain aging24,26.
Reports also suggested that the existence of diffuse ROS
caused oxidative stress in the whole brain during AD cases22,24.
In  the  current  study,  A$25-35  enhance  the  ROS  deposition
and collapse the )ψm in the PC12 cells. On the other hand,
nattokinase  treatment  significantly  reduced  the  ROS  and
)ψm in PC12 cells. Nattokinase reduced cell viability and
enhanced  the  LDH  release  induced   by  A$25-35 and
nattokinase treatment significantly increased the cell viability
and reduced the LDH activity. Result suggested that
nattokinase having the potential antioxidant potential
contributed to its beneficial effects. Na+-K+-ATPase
(transmembrane protein) played an important role in the
exchange of intracellular Na+ and extracellular K+35. Previous
research  suggested  that  the  reduced level of  Na+-K+-ATPase
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showed the crack of the mitochondrial membrane, which is
further stimulated the apoptotic insult and disturbed the
mitochondrial membrane23,35.

In the current study, reduced activity of Na+-K+-ATPase
was  observed  in  A$  induced  damage  cells,  which  further
lead to crack the mitochondrial membrane and alter the
functions of Na+ and K+ exchange. Moreover, nattokinase
maintained  the  level  of  Na+-K+-ATPase  activity,  which
further took part to maintain the mitochondrial membrane
potential and also provided the beneficial effect of ion
homeostasis. Caspase (caspase-3 and caspase-8) are the
mediator of upstream initiator and downstream effector in
caspase  cascade36,37.  Previous  studies  suggested  that  both
the  caspase  normalize  the  mitochondrial  arbitrated
apoptotic pathway36,38. The studies also suggested that both
the caspase act as apoptotic initiators to induced the
apoptosis  in  PC12  cell  because  caspases  directly  circulate
the morphological damage in the cells36-38. A$ treatment
showed the increased activity of caspase-3 and caspase-8,
which directly initiated the apoptotic process in the cells39,40.
Conversely,  nattokinase  treatment  reduced  the  caspase-3
and 8 activity and suggested the protective effect on the
neurotoxicity induced by A$ in the cells. The result showed
that the  nattokinase  reduced  the  caspase  cascade by
limiting  the  activity  of  downstream  initiator.  For  examine
the underlying mechanism of nattokinase, scrutinized the
SIRT1  expression  (a  silent  information  regulator).  The
previous  study  suggested  that  the  SIRT1  is  closely  related
to  A$  accumulation and aging-related disorder40-42.

The study also suggested that the low expression of
SIRT1found in the cerebral cortex of AD43. In the current
experimental study, A$25-35 induced neurotoxicity showed
decreased SIRT1 expression, which was recovered by the
nattokinase. Current studies suggested that the "-secretase
activity enhanced in SITR1 transgenic mice, which is
associated with decrease ROCK1 expression. The same result
was  obtained  in  the  current study,  A$  reduced  the  SIRTI
and enhanced the ROCK1 expression and nattokinase
treatment exhibited the  increased  SIRT1  level  accompanied
by a reduction of ROCK1 level, suggested that ROCK1 and
SIRT1 play a crucial role in the anti-neurotoxicity effect of
nattokinase. As predicted, nicotinamide reduced the
expression of SIRT1 concurrently boosting the expression of
ROCK1. An opposite result was obtained in the Y-27632
treatment, the expression of ROCK1 reduced and no or little
effect was found on the SIRT1 expression. A recent study
suggested  that  the  SIRT1  also  regulated  the  2  apoptosis
linked proteins44 FOXO and P53. Furthermore, the current
study  suggested  that  the   SIRT1  reduces  the  nuclear  factor

kappa  B  (NF-κB) signalling  pathway  and  protects  the
neurons  from  damage44-46.  Additionally,  the  result  showed
that the nattokinase directly bind to the A$-42 and restricted
its accumulation,  leading  to  and  decreased  A$ cytotoxicity.
Result  suggested  that  the  nattokinase  play  a  synergistic
role in the protection of neuronal effect, which further
investigated.

CONCLUSION

Nattokinase showed the neuroprotective effect against
the PC12 cells via multiple mechanisms. Nattokinase
significantly down-regulated the ROS formation and
suggested the antioxidant pathway in the Alzheimer disease.
It was also significantly reduced the pro-inflammatory
cytokines which are directly altered the NF-κB pathway and
suggested the neuroprotective effect via an inflammatory
pathway. Nattokinase also altered the SIRTI-ROCK1 and
provided the neuroprotective effect via SIRTI-ROCK1 pathway
in PC12 cells. For  the  confirmation   of  neuroprotective  effect
in vivo study should be performed at the molecular level.

SIGNIFICANCE STATEMENT

This study discovered the neuroprotective effect of
nattokinase that can be beneficial for Alzheimer disease and
this study will help the researchers to uncover the critical areas
of Alzheimer disease and its related disorder that many
researchers were not able to explore. Thus a new theory on
Alzheimer disease may be arrived at in this experimental
study.
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