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Abstract

Nattokinase is a serine protease derived from natto, a traditional fermented food in Japan, which
has a variety of biological activities and pharmacological effects. Because of its strong ability to
dissolve thrombus, it has attracted the attention of researchers and is expected to become a new
generation of thrombolytic drugs. This paper first introduces the source, extraction method and
biological activity of nattokinase, including its ability to decompose specific proteins and throm-
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bolytic effect in vivo. Then, the article discussed in detail the various pharmacological effects of
nattokinase, including its potential applications in thrombolysis, anti-inflammatory, neuroprotec-
tion, anti atherosclerosis and improving retinal health. In addition, the future research directions
of nattokinase were also prospected, the importance of continuous exploration and optimization
of extraction and purification methods was emphasized, and it was pointed out that in-depth un-
derstanding of its molecular mechanism of action was essential to develop more effective thera-
peutic strategies.
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1. 5|8

FEBURER AR RE AR A0 GOy — RS (R ZE s R T, W51 T A BRI FU 3 (5
Vo RARFRIOBEIR B DAL GUAR R T S, HOMARE K 25 PR FIAE 2 BT 7R BRI T
OB AMUAEAL G H AR SO A AL, RN AR RS 20 7 o J I S G 22 07 T ) 24 3
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ASCE R PSR B 2B E ] R ARORIIBE U A E 5, BATRER AR 93 5 0 1
Kl SRBUNE S TR S T ARR LR E S TR — PR n B L B L, R,
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DA R 4 L R0 % A 3 T [ 8 TP S P 73

2. NTHERE T
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NS EERAE N BRI GURBER “E” RN . G R — R K S a iR WA, BRI
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NG MR IRE AR, BT MR L RIRE AR, 9 BRSO
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3.3. HZRIMER

O SRR ORI U R PR L 51 — TSI N H 25 BRRE,  EONIRIT MR IRAT IR 1R At 1
WHIATRENE . AN SR E A 22 R GE P L ORI AP 22 IR S SE BT I RE A1 (3010 X — VR FIBLHIS L 2 A
Wi as, WAmPUAIIER . SRR JORE SO DA S fre st A 22 A A AT A o 90 S il e X e AL
A B A 2 AR AT PRGN  H LA AL SO AR 1 07 o AR SRR W T, 9 s AR 2 A
ZIRAT YRR P ORI RCR I AnRA R SR BRI AN S AR A 31 [32] [33]. IXEEHE TR, NS e
REME IR AR AT VRS, TRt AR AF s 3 AR B 7E Dy 0 B BN CE A 22 DR 77 T F) 1S2FH
fefit 7 IA, (H SRR IG I EEIE A IR . AR AT TR B R R0 B e AP 22 OR 57 15 T
DI, DR i I R IR A LR o BeAh, B FUIE BIAR R 4N G S DA 1R 22 IRAT PR IR T
THERIOM AR, UL R AT N, Y f) 22 A PR Rt

DOI: 10.12677/0jns.2024.122034 296 H ARl


https://doi.org/10.12677/ojns.2024.122034

3.4. BB HREULIER

SN BKGRAERE AR — R DL IS 0, LIRS B ke P g AN AT 4E AL AR R, B Al AL
AP . GG HEEIEN 2 AL 2 5 KRR I R . B 5, e REsID s NIRRT R,
T FAR S R B FI(LDL) AL T 2K, AT Ik S bk BE (1 JE AN AL I RE (34 38 I BRI ¥ P AT 5 0 o
(R, 40 LG AT BT O ML 0000 PR R, o B4, 9 S e T B v v % 82 I 2 19 (HDIL) R 7K
s XA B TR Sk A B R SSTORR . AT SRR SRAE AL IR R R [35]. SIS AT I N
FIG PRI T O 4 SR 1 98 SLIEEE B3N K A B8 A0 R0 BARAEG 1T A 7 THI PRV 7E AR (361 AR, BE T 2 FIIR N
OISR T EEREAT ,  DASE ff iy PR AR PRI AN e s R BT

3.5. BEMMERIER

2N AR HR A th Sl 7 H TR R S AN, JE R A s A P A R 7 T 4 ) A R
FISRBEZHEIR 7, ST LI F RO (5 5, AL A RO T R P R BB, B %G, e
P DT A AR PR ORI AL R 5 T A 4% 5 T B0 A o AU R S AL IR R 4 3 47 ) 2 B2 TR 3R
o JUH AL IR LA B AR [3 7155 5 T o AN S TR, RENE IR B R A
TRAP LI BB 1 G 3 SEAG 10477 o T — 1 A B T Bl 0 D J3 A (R R e, DR A0 1o S 4 I 1) D RE A 45 440
e, HUG, NS B AE oo R B A Ty T A P AN A e R R LB 20T T 2 R L 0 S 4 P
A SCE HE, KDy ML W AR (it 75 (RS SORVE SRS, 9 it i A v, e i IR
PR LYBLOE A, 1 AL I i 1) Y A N2 (38 X S84 FH A B2 MR X B a0 4 3 A1 RO A i
(RS [39] . IXEEE I T NN GmE AR IR BRI V6T T IR S O 1 2tk o AL B 1) YR T 38 5 R %
HAECVE R g0 GREIE N — R EIG TR T, RTRE N TRG A TT ML BB 2 B g1 . el 2
X IS 5 AT L YA A i 0 A 7 385 5 A R PO R 90 S 5l ) 2 FH T e ek R BRI PO 520

4. RE

T SR RN P 0 SR K 25 R BT T R AR SR R AL SR U a4k Ty ik . I A A SR
BERAEBARM TR T B, 7T AP s gy S ) P AL, AT P AR AR I i v FLAE R 257 fiy v A T
P RVE 9N S e 0 2 Rl 25 B ] Qb e, (BLRAR B AR P @t — b ke, iR
AN TS NARGIRA 7 (M A AR L, AT DO IT R SE A RI6 T SRS R ARt 2K e . 9 S i 1Y
W L2 AN ERAUR, BB EME. 7M. AEEIRRE S . RRAR R KA T X L4
I B R AR, DU S T i RSE 71, LIRS 9N S B i OB o

E&WmE

VLB TR O “00E TR B IE KR SR AU H (Z17-5--78); W T A B T KRB B &
HERSF G 1B RS T H (kjhx2017028); 1L 7248 iy 25 24 A% B (58) #h 5 72 I H (2018LNGXGIWPY -
YBO006); PLBH TR R AR AR e A HE 2 TR (17-65-7-00); 1L TE#E T HETH(LQN201711);
748 H TR E (2019TH2/10300041).

&5k

[11 Wu, H.,, Wang, H., Xu, F., Chen, J., Duan, L. and Zhang, F. (2019) Acute Toxicity and Genotoxicity Evaluations of
Nattokinase, a Promising Agent for Cardiovascular Diseases Prevention. Regulatory Toxicology and Pharmacology,
103, 205-209. https://doi.org/10.1016/j.yrtph.2019.02.006

[2] Ji, H, Yu, L., Liu, K., Yu, Z., Zhang, Q., Zou, F. and Liu, B. (2014) Mechanisms of Nattokinase in Protection of Cere-

DOI: 10.12677/0jns.2024.122034 297 H ARl


https://doi.org/10.12677/ojns.2024.122034
https://doi.org/10.1016/j.yrtph.2019.02.006

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

bral Ischemia. European Journal of Pharmacology, 745, 144-151. https://doi.org/10.1016/j.ejphar.2014.10.024

Jang, J.-Y., Kim, T.-S., Cai, J., Kim, J., Kim, Y., Shin, K., Kim, K.S., Park, S.K., Lee, S.-P., Choi, E.-K., Rhee, M.H.
and Kim, Y.-B. (2013) Nattokinase Improves Blood Flow by Inhibiting Platelet Aggregation and Thrombus Formation.
Laboratory Animal Research, 29, 221-225. https://doi.org/10.5625/1ar.2013.29.4.221

Weng, Y., Yao, J., Sparks, S. and Wang, K. (2017) Nattokinase: An Oral Antithrombotic Agent for the Prevention of
Cardiovascular Disease. International Journal of Molecular Sciences, 18, Article No. 523.
https://doi.org/10.3390/ijms18030523

Wu, H., Wang, Y., Zhang, Y., Xu, F., Chen, J., Duan, L., Zhang, T., Wang, J. and Zhang, F. (2020) Breaking the Vi-
cious Loop between Inflammation, Oxidative Stress and Coagulation, a Novel Anti-Thrombus Insight of Nattokinase
by Inhibiting LPS-Induced Inflammation and Oxidative Stress. Redox Biology, 32, Article ID: 101500.
https://doi.org/10.1016/j.redox.2020.101500

Bhatt, P.C., Pathak, S., Kumar, V. and Panda, B.P. (2018) Attenuation of Neurobehavioral and Neurochemical Ab-
normalities in Animal Model of Cognitive Deficits of Alzheimer’s Disease by Fermented Soybean Nanonutraceutical.
Inflammopharmacology, 26, 105-118. https://doi.org/10.1007/s10787-017-0381-9

Chen, H., Chen, J., Zhang, F., Li, Y., Wang, R., Zheng, Q., Zhang, X., Zeng, J., Xu, F. and Lin, Y. (2022) Effective
Management of Atherosclerosis Progress and Hyperlipidemia with Nattokinase: A Clinical Study with 1,062 Partici-
pants. Frontiers in Cardiovascular Medicine, 9, Article ID: 964977. https://doi.org/10.3389/fcvm.2022.964977

Huang, Z., Ng, T.K., Chen, W., Sun, X., Huang, D., Zheng, D., Yi, J., Xu, Y., Zhuang, X. and Chen, S. (2021) Natto-
kinase Attenuates Retinal Neovascularization via Modulation of Nrf2/HO-1 and Glial Activation. Investigative Op-
thalmology & Visual Science, 62, 25. https://doi.org/10.1167/i0vs.62.6.25

Nagata, C., Wada, K., Tamura, T., Konishi, K., Goto, Y., Koda, S., Kawachi, T., Tsuji, M. and Nakamura, K. (2017)
Dietary Soy and Natto Intake and Cardiovascular Disease Mortality in Japanese Adults: The Takayama Study. The
American Journal of Clinical Nutrition, 105, 426-431. https://doi.org/10.3945/ajcn.116.137281

Han, L., Zhang, L., Liu, J., Li, H., Wang, Y. and Hasi, A. (2015) Transient Expression of Optimized and Synthesized
Nattokinase Gene in Melon (Cucumis melo L.) Fruit by Agroinfiltration. Plant Biotechnology, 32, 175-180.
https://doi.org/10.551 1/plantbiotechnology.15.0430a

Li, X., Wang, X., Xiong, S., Zhang, J., Cai, L. and Yang, Y. (2007) Expression and Purification of Recombinant Nat-
tokinase in Spodoptera frugiperda Cells. Biotechnology Letters, 29, 1459-1464.
https://doi.org/10.1007/s10529-007-9426-2

Cunha, N., Murad, A., Vianna, G., Coelho, C. and Rech, E. (2013) Expression and Characterisation of Recombinant
Molecules in Transgenic Soybean. Current Pharmaceutical Design, 19, 5553-5563.
https://doi.org/10.2174/1381612811319310010

Sahoo, A., Mahanty, B., Daverey, A. and Dutta, K. (2020) Nattokinase Production from Bacillus subtilis Using Cheese
Whey: Effect of Nitrogen Supplementation and Dynamic Modelling. Journal of Water Process Engineering, 38, Ar-
ticle ID: 101533. https://doi.org/10.1016/j.jwpe.2020.101533

Cai, D., Zhu, C. and Chen, S. (2017) Microbial Production of Nattokinase: Current Progress, Challenge and Prospect.
World Journal of Microbiology and Biotechnology, 33, Article No. 84. https://doi.org/10.1007/s11274-017-2253-2

Wei, X., Luo, M., Xie, Y., Yang, L., Li, H., Xu, L. and Liu, H. (2012) Strain Screening, Fermentation, Separation, and
Encapsulation for Production of Nattokinase Functional Food. Applied Biochemistry and Biotechnology, 168,
1753-1764. https://doi.org/10.1007/s12010-012-9894-2

Hu, Y., Yu, D., Wang, Z., Hou, J., Tyagi, R., Liang, Y. and Hu, Y. (2019) Purification and Characterization of a Novel,
Highly Potent Fibrinolytic Enzyme from Bacillus subtilis DC27 Screened from Douchi, a Traditional Chinese Fer-
mented Soybean Food. Scientific Reports, 9, Article No. 9235. https://doi.org/10.1038/s41598-019-45686-y

Moula Ali, A.M. and Bavisetty, S.C.B. (2020) Purification, Physicochemical Properties, and Statistical Optimization of
Fibrinolytic Enzymes Especially from Fermented Foods: A Comprehensive Review. International Journal of Biologi-
cal Macromolecules, 163, 1498-1517. https://doi.org/10.1016/j.ijbiomac.2020.07.303

Wang, C., Du, M., Zheng, D., Kong, F., Zu, G. and Feng, Y. (2009) Purification and Characterization of Nattokinase
from Bacillus subtilis Natto B-12. Journal of Agricultural and Food Chemistry, 57, 9722-9729.
https://doi.org/10.1021/jf901861v

Yin, L.-J., Lin, H.-H. and Jiang, S.-T. (2010) Bioproperties of Potent Nattokinase from Bacillus subtilis YJ1. Journal
of Agricultural and Food Chemistry, 58, 5737-5742. https://doi.org/10.1021/j£100290h

Li, Y., Et Al. (2022) Biotechnology, Bioengineering and Applications of Bacillus Nattokinase. Biomolecules, 12, Ar-
ticle No. 980. https://doi.org/10.3390/biom 12070980

Mou, X., Yang, R., Zhang, W. and Yang, B. (2017) Effect of Tb(III) on Activity and Stability of Nattokinase. Journal
of Rare Earths, 35, 510-517. https://doi.org/10.1016/S1002-0721(17)60941-4

DOI: 10.12677/0jns.2024.122034 298 H ARl


https://doi.org/10.12677/ojns.2024.122034
https://doi.org/10.1016/j.ejphar.2014.10.024
https://doi.org/10.5625/lar.2013.29.4.221
https://doi.org/10.3390/ijms18030523
https://doi.org/10.1016/j.redox.2020.101500
https://doi.org/10.1007/s10787-017-0381-9
https://doi.org/10.3389/fcvm.2022.964977
https://doi.org/10.1167/iovs.62.6.25
https://doi.org/10.3945/ajcn.116.137281
https://doi.org/10.5511/plantbiotechnology.15.0430a
https://doi.org/10.1007/s10529-007-9426-2
https://doi.org/10.2174/1381612811319310010
https://doi.org/10.1016/j.jwpe.2020.101533
https://doi.org/10.1007/s11274-017-2253-2
https://doi.org/10.1007/s12010-012-9894-2
https://doi.org/10.1038/s41598-019-45686-y
https://doi.org/10.1016/j.ijbiomac.2020.07.303
https://doi.org/10.1021/jf901861v
https://doi.org/10.1021/jf100290h
https://doi.org/10.3390/biom12070980
https://doi.org/10.1016/S1002-0721(17)60941-4

Tl %

[22]

[26]

[27]

(28]

[29]

[30]

[31]

[38]

[39]

Hodis, H.N., Mack, W.J., Meiselman, H.J., Kalra, V., Liebman, H., Hwang-Levine, J., Dustin, L., Kono, N., Mert, M.,
Wenby, R.B., Huesca, E., Rochanda, L., Li, Y., Yan, M., St. John, J.A. and Whitfield, L. (2021) Nattokinase Athe-
rothrombotic Prevention Study: A Randomized Controlled Trial. Clinical Hemorheology and Microcirculation, 78,
339-353. https://doi.org/10.3233/CH-211147

Huang, M., Ji, Y., Yan, J., Qi, T., Zhang, S.-F., Li, T., Lii, S., Liu, Y. and Liu, M. (2020) A Nano Polymer Conjugate
for Dual Drugs Sequential Release and Combined Treatment of Colon Cancer and Thrombotic Complications. Mate-
rials Science and Engineering: C, 110, Article ID: 110697. https://doi.org/10.1016/j.msec.2020.110697

Dalal, D. and Gawali, V. (2023) Long-Term Thromboprophylaxis in Metallic Aortic Valve Prosthesis Using Oral Nat-
tokinase—A Case Report. Indian Journal of Pharmacy and Pharmacology, 10, 41-44.
https://doi.org/10.18231/}.ijpp.2023.01 1

Zhong, Y., Yang, L., Zhu, Z., Chen, H., Liu, C., Dai, T. and Gong, E.S. (2022) Protective Effect of Ovalbumin-Flavonoid
Hydrogel on Thrombolytic Activity and Stability of Nattokinase. Food Research International, 156, Article ID:
111188. https://doi.org/10.1016/j.foodres.2022.111188

Wu, H., Zhang, Q., Suo, H., Xu, F., Huang, W. and Wang, D.O. (2023) Nattokinase as a Functional Food Ingredient:
Therapeutic Applications and Mechanisms in Age-Related Diseases. Food Science and Human Wellness, 13.
https://doi.org/10.26599/FSHW.2022.9250198

Zhang, J., Tang, Y., Yuan, T., Yang, M., Fang, W., Li, L., Fei, F. and Gong, A. (2021) Nattokinase Crude Extract En-
hances Oral Mucositis Healing. BMC Oral Health, 21, Article No. 555. https://doi.org/10.1186/s12903-021-01914-4

Ahmed, H.H., Fadl, N., Shamy, A.E. and Hamza, A.H. (2014) Miracle Enzymes Serrapeptase and Nattokinase Mitigate
Neuroinflammation and Apoptosis Associated with Alzheimer’s Disease in Experimental Model. World Journal of
Pharmacy and Pharmaceutical Sciences, 3, 876-891.

Gallelli, G., Di Mizio, G., Palleria, C., Siniscalchi, A., Rubino, P., Muraca, L., Cione, E., Salerno, M., De Sarro, G. and
Gallelli, L. (2021) Data Recorded in Real Life Support the Safety of Nattokinase in Patients with Vascular Diseases.
Nutrients, 13, Article No. 2031. https://doi.org/10.3390/nu13062031

Zhang, H., Kang, Y., Han, Y., Chen, X. and Wang, R. (2019) Reverse of f-Amyloid Induced Apoptosis in PC12 Cells
by Nattokinase: Role of SIRT1-ROCK1 Pathway. International Journal of Pharmacology, 15, 593-603.
https://doi.org/10.3923/ijp.2019.593.603

Fadl, N., Ahmed, H., Booles, H. and Sayed, A. (2013) Serrapeptase and Nattokinase Intervention for Relieving Alz-
heimer’s Disease Pathophysiology in Rat Model. Human & Experimental Toxicology, 32, 721-735.
https://doi.org/10.1177/0960327112467040

Schurgers, L.J., Teunissen, K.J.F., HamulyAK, K., Knapen, M.H.J., Vik, H. and Vermeer, C. (2007) Vitamin
K-Containing Dietary Supplements: Comparison of Synthetic Vitamin K1 and Natto-Derived Menaquinone-7. Blood,
109, 3279-3283. https://doi.org/10.1182/blood-2006-08-040709

Chatterjee, K., Mazumder, P.M. and Banerjee, S. (2023) Vitamin K: A Potential Neuroprotective Agent. Revista Bra-
sileira de Farmacognosia, 33, 676-687. https://doi.org/10.1007/s43450-023-00378-7

Hsia, C.-H., Shen, M.-C., Lin, J.-S., Wen, Y.-K., Hwang, K.-L., Cham, T.-M. and Yang, N.-C. (2009) Nattokinase De-
creases Plasma Levels of Fibrinogen, Factor VII, and Factor VIII in Human Subjects. Nutrition Research, 29, 190-196.
https://doi.org/10.1016/j.nutres.2009.01.009

Chen, H., McGowan, E.M., Ren, N., Lal, S., Nassif, N., Shad-Kaneez, F., Qu, X. and Lin, Y. (2018) Nattokinase: A
Promising Alternative in Prevention and Treatment of Cardiovascular Diseases. Biomarker Insights, 13.
https://doi.org/10.1177/1177271918785130

Liu, X., Zeng, X., Mahe, J., Guo, K., He, P., Yang, Q., Zhang, Z., Li, Z., Wang, D., Zhang, Z., Wang, L. and Jing, L.
(2023) the Effect of Nattokinase-Monascus Supplements on Dyslipidemia: A Four-Month Randomized, Double-Blind,
Placebo-Controlled Clinical Trial. Nutrients, 15, Article No. 4239. https://doi.org/10.3390/nu15194239

Huang, Z., Chu, W.K., Ng, T.K., Chen, S., Liang, J., Chen, C., Xu, Y., Xie, B., Ke, S., Liu, Q., Chen, W. and Huang,
D. (2023) Protective Effects of Nattokinase against Microvasculopathy and Neuroinflammation in Diabetic Retinopa-
thy. Journal of Diabetes, 15, 866-880. https://doi.org/10.1111/1753-0407.13439

Huang, Z., Sun, X., Chu, W.K., Ng, T.K., Chen, S., Liang, J., Chen, C., Xu, Y., Liu, Q., Chen, W. and Huang, D.
(2022) Protective Effects of Nattokinase against Microvascular Abnormalities and Neuroinflammation by Regulating
HMGBI Signaling in Diabetic Retinopathy. SSRN Electronic Journal. https://doi.org/10.2139/ssrn.4111083

Yeo, N.J.Y., Wazny, V., Nguyen, N.L.U., Ng, C.-Y., Wu, K.X,, Fan, Q., Cheung, C.M.G. and Cheung, C. (2022) Sin-
gle-Cell Transcriptome of Wet AMD Patient-Derived Endothelial Cells in Angiogenic Sprouting. International Jour-
nal of Molecular Sciences, 23, Article No. 12549. https://doi.org/10.3390/ijms232012549

DOI: 10.12677/0jns.2024.122034 299 H ARl


https://doi.org/10.12677/ojns.2024.122034
https://doi.org/10.3233/CH-211147
https://doi.org/10.1016/j.msec.2020.110697
https://doi.org/10.18231/j.ijpp.2023.011
https://doi.org/10.1016/j.foodres.2022.111188
https://doi.org/10.26599/FSHW.2022.9250198
https://doi.org/10.1186/s12903-021-01914-4
https://doi.org/10.3390/nu13062031
https://doi.org/10.3923/ijp.2019.593.603
https://doi.org/10.1177/0960327112467040
https://doi.org/10.1182/blood-2006-08-040709
https://doi.org/10.1007/s43450-023-00378-7
https://doi.org/10.1016/j.nutres.2009.01.009
https://doi.org/10.1177/1177271918785130
https://doi.org/10.3390/nu15194239
https://doi.org/10.1111/1753-0407.13439
https://doi.org/10.2139/ssrn.4111083
https://doi.org/10.3390/ijms232012549

	纳豆激酶及其药理学研究进展
	摘  要
	关键词
	Research Progress in Nattokinase and Its Pharmacology
	Abstract
	Keywords
	1. 引言
	2. 纳豆激酶简介
	2.1. 纳豆激酶的来源和提取方法
	2.2. 纳豆激酶的生物学活性

	3. 纳豆激酶的药理作用
	3.1. 溶栓作用
	3.2. 抗炎作用
	3.3. 神经保护作用
	3.4. 抗动脉粥样硬化作用
	3.5. 改善视网膜作用

	4. 展望
	基金项目
	参考文献

