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ABSTRACT

Purpose: Our previous study showed that Er-Bai-Tang decoction (EBT) could effectively improve Parkinson's disease (PD) patients’
quality of life, sleep, mood, and cognitive disorders, but the mechanism of EBT to treat PD was unclear. So, our study aimed
to explore the mechanism of EBT to treat PD via p38 mitogen-activated protein kinases (MAPK) pathway and intestinal flora.
Methods: In our study, the PD rat model was established by subcutaneously injecting 2 mg/kg/d rotenone solution, and 23.43 g/kg
EBT was used to treat PD model rats. Results: Behavioral test showed that EBT could reverse the motor impairment in the PD model rats.
Hematoxylin and eosin result showed that EBT could reduce the cell necrosis in the SNpc area of the PD model rats. Western blotting and
real time-polymerase chain reaction showed that EBT could decrease the p38 MAPK expression in the SNpc area of the PD model rats. 16s
rRNA sequencing analysis showed that EBT could improve the composition of intestinal flora in the PD model rats. Rikenellaceae at family
level and Alistipes and Allobaculum at the genus level were the key species in the PD development and EBT treatment to PD. KEGG showed
that EBT might change the iron uptake in PD rats. Conclusion: EBT could improve the motor symptoms and neuronal injury in the PD
model rat, and its mechanism may be related to decreasing p38 MAPK pathway and improving the composition of intestinal flora.
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Introduction

Parkinson’s disease (PD) is an age-related debilitating neurodegenerative disorder characterized pathologically by selective
loss of dopaminergic neurons in the substantia nigra pars compacta (SNpc) accompanied by a decrease in dopamine (DA)
level, and intracytoplasmic Lewy bodies aggregated by a-synuclein (a-Syn)'. The progressive loss of midbrain dopamine
neurons is the leading cause of motor dysfunction in PD**. The current mainstay therapy for PD is dopamine replacement.
However, long-term dopamine replacement can induce severe adverse effects, such as motor response fluctuations and
dyskinetic movements®”’. Therefore, it is necessary to explore new treatments against PD.

It has been reported that p38 mitogen-activated protein kinases (MAPK) was activated in DA neurons in the SNpc in PD
patient samples and PD mouse models®. The active p38 MAPK promotes the nuclear localization of p53 and the phosphorylation
of Parkin-1 and controls oxidative and inflammatory stress in DA neurons, causing DA neuron loss'*'2 Inhibiting p38 MAPK
activation could reduce DA neuron loss in PD"*!, showing p38 MAPK is a key pathway for PD treatment".

Many studies showed that intestinal flora performed an important regulation in the development and treatment of PD,
and microbiome modulation may benefit PD patient'®". Intestinal flora is also a therapeutic target for PD.

Our previous study showed that Er-Bai-Tang decoction (EBT) could effectively improve PD patients” quality of life, sleep,
mood, and cognitive disorders'®, but the mechanism of EBT to treat PD was unclear. Exploring the role and mechanism
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of traditional Chinese medicine through the gut microflora has become a research hotspot in the treatment of disease.
Therefore, our study aimed to explore the mechanism of EBT to treat PD via p38 MAPK pathway and intestinal flora.

Methods
Establishment of Parkinson’s disease rat model and treatment

Forty-five specific pathogen free Sprague Dawley rats (body weight 200 + 20 g) were randomly divided into three
groups: control group, model group, and EBT group, with 15 rats in each group. Rats in model group and EBT group were
subcutaneously injected with 2 mg/kg/d rotenone solution (soluble in sunflower oil) through the back of the neck for 28 days
to establish the PD model rats. The rats in the control group were subcutaneously injected the same volume of sunflower
oil once a day, for consecutive 28 days. After the successful establishment of PD rat model, the rats in the control group
and model group were intragastric with normal saline, and EBT group was intragastric with EBT decoction. The dosage of
EBT decoction was: 225 g (crude drug) / 60 kg x 6.25 = 23.43 g/kg, decocted into 0.78 g/mL, gavage 3 mL each time, twice
a day, for consecutive 30 days.

Behavioral test

Feces samples of rats in each group were collected the next day after the last administration, and the behavior of rats
in each group was evaluated.
The open field test

After being placed in the center grid, firstly, the rats were adapted to the environment for 10 min, and then the autonomous
activities of the rats within 5 min were recorded. The movement time and horizontal movement distance of the rats were counted.
The pole climbing test

A cork ball with a diameter of 25 cm was fixed on the top of a wooden pole with length of 50 cm and diameter of 1 cm,
and gauze was wrapped around the pole to prevent slipping. Then, the tested rats were placed on the ball, and the time
needed for the rats to get off the ball was recorded. Then, score according to the following standards: 3 points for completing
the action within 3 seconds; 2 points for completing the action within 6 seconds; 3 points for completing the action than
6 s. Finally, the score was calculated.

The tail suspension test
The rats were suspended on a horizontal wire. The rats were given a score of 3 for grasping the wire with both hind paws,
2 for grasping the wire with one hind paw, and 1 for not grasping the wire with either hind paw.

The force swimming test

The rats were put into a 20 cm x 30 cm X 20 cm water tank for 5 min, and the water temperature was 22 ~ 25 °C.
The scoring criteria were as follows: the rats were given a score of 3 for swimming continuously during the test time, 2.5
for swimming most time during the test time, 2 for floating time more than 50% of the whole test time, 1.5 for occasionally
swimming and 1 for hardly ever swimming. Finally, the score was calculated.

Sample collection

After behavioral test, the rats were weighed and anesthetized by 4% pentobarbital sodium (40 mg/kg). Then, the rats
were sacrificed. The SNpc tissues of rats were taken out, some of them were fixed with 4% formaldehyde, and some of them
were frozen in liquid nitrogen.
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Hematoxylin and eosin staining

The SNpc tissues of rats were dehydrated by alcohol, transparent by xylene, deparaffinized, rehydrated and sliced.
The sections were ewaxed by xylene, dehydrated by ethanol, stained by hematoxylin and eosin (HE), and finally sealed by

neutral gum. The pathological changes were observed.

Real time-polymerase chain reaction

Total RNA was extracted from the SNpc tissues of rats, and reverse transcription was performed. After amplification,
real time-polymerase chain reaction (QRT-PCR) reaction was performed to detect P38 MAPK mRNA expression. $-actin

was used as internal reference.

Western blot

Total protein was extracted from the SNpc tissues of rats and quantitated using a bicinchoninic acid (BCA) assay.
Proteins were separated with SDS-PAGE and transferred to a polyvinylidene difluoride (PVDF) membrane. The membrane
was blocked by 5% nonfat dry milk for 1 h and incubated with primary antibody (anti-p38 MAPK, diluted 1:1,000) over
night. Then, the respective secondary antibody was incubated for 1 h at room temperature. Densitometric analysis was
performed using a Bio-Rad image acquisition system (Bio-Rad Laboratories). -Actin was used as an internal reference to

detect the relative expression of p38 MAPK protein.

165 rRNA sequencing analysis

The 16s rRNA sequencing work of rat feces was performed by Shanghai Paisennuo Biotechnology Co. LTD. Major steps
include the following: total microbial DNA was extracted from fecal samples using stool DNA extraction kit. DNA was purified
and quantified by quantitative qRT-PCR. Then, the paired-end sequencing on an Illumina MiSeq sequencer was performed.
The QIIME software was used to process the sequencing data, and microbial composition analysis and metabolic pathway
statistics were analyzed by the KEGG Pathway database (http://www.genome.jp/kegg/pathway.html).

Data analysis

All data are expressed as mean + standard deviation. For comparisons between multiple groups, data were analyzed
by one-way analysis of variance (ANOVA), and Tukey’s post hoc test was performed to compare data of multiple groups.
P < 0.05 was considered to show significant difference.

Results
Er-Bai-Tang decoction treatment reversed the motor impairment in the Parkinson’s disease model rats

Behavioral results included the open field test, pole climbing test, tail suspension test, and force swimming test (Fig. 1).
Compared to the control rats, the PD model rats showed the poorest motor ability, and EBT treatment reversed the motor
impairment in the PD model rats.
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EBT: Er-Bai-Tang; ***P < 0.001; ****P < 0.0001.
Figure 1 - Behavioral results.
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Er-Bai-Tang treatment reduced the cell necrosis in the SNpc area of the Parkinson’s disease model rats

The HE results are shown in Fig. 2. Compared to the control rats, more necrosis was found in the SNpc area in the PD
model rats, and EBT treatment reduced the cell necrosis in the SNpc area of the PD model rats.

Control Model EBT

100x

400x

EBT: Er-Bai-Tang; red arrow: necrosis.

Figure 2 - Hematoxylin and eosin results of the SNpc area.

Er-Bai-Tang treatment inhibited the increased expression of p38 MAPK in the Parkinson’s disease
model rats

In this part, we detected the expression of p38 MAPK in the SNpc area. As shown in Figs. 3a-3c, the PD model rats
increased the expression of p38 MAPK mRNA and protein, and EBT treatment inhibited the increased expression of p38
MAPK mRNA and protein in the PD model rats.
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EBT: Er-Bai-Tang; MAPK: mitogen-activated protein kinases; WB: Western blotting;
q-PCR: real time-polymerase chain reaction; *P < 0.05; **P < 0.01; ***P < 0.0001.

Figure 3 - WB and q-PCR detected the expression of p38 MAPK in the SNpc
area. (a-b). WB results for p38 MAPK. (c) q-PCR results for p38 MAPK.

Er-Bai-Tang could improve the composition of intestinal flora in the Parkinson’s disease model rats

To clarify the effect of EBT on intestinal flora in the PD rats, we used 16S rRNA gene sequencing technology
to analyze the changes in intestinal flora. The intestinal flora composition at phylum, family, and genus levels in
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the control, model, and EBT groups is showed in Figs. 4a-4c. Next, LEfse analysis was performed to reveal the
significant of abundant modules among the three groups. As shown in Fig. 4d, at phylum level, no significant change
in intestinal flora was observed among the three groups; At family level, Rikenellaceae was the key species and
significantly increased in the PD model groups. At the genus level, Alistipes and Allobaculum were the key species
and also significantly increased in the PD model rats. These suggested that EBT could improve the composition of

intestinal flora in the PD model rats.
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Figure 4 - The composition of intestinal flora in the rats. The intestinal flora composition at (a) phylum, (b) family, and
(c) genus levels. (d) LEfse analysis was performed to reveal the significant of abundant modules. Hollow nodes
represent taxa with no significant difference among three groups, while green node indicates that these
taxa show significant difference among three groups and are more abundant in the model group.

Er-Bai-Tang could change the metabolic pathways of intestinal flora in the Parkinson’s disease
model rats

KEGG analysis was used to explore the differential metabolic pathways among the three groups. As shown in Fig. 5a,
the PD model rats significantly increased the Sphingolipid metabolism of intestinal flora compared to the control rats.
As shown in Fig. 5b, compared to PD model rats, EBT treatment mainly inhibited the biosynthesis of siderophore group
nonribosomal peptides of intestinal flora in the PD model rats. These suggested that EBT could change the metabolic

pathways of intestinal flora in the PD model rats.
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Figure 5 - KEGG analysis of intestinal flora in the rats. (a) The differential metabolic pathways between
model (M) group and control (K) group. (b) The differential metabolic pathways
between Er-Bai-Tang (T) group and model (M) group.

m Discussion

The loss of substantial nigral projections neurons, which results in DA levels in the dorsal striatum, is the primary cause
of PD. As a precursor for DA, 1-3,4-dihydroxyphenylalanine or levodopa (1-DOPA) effectively alleviates motor symptoms
in PD. However, long-term use of -DOPA induced dyskinesia'. In our study, EBT alleviated motor impairment and

reduced cell necrosis in the SNpc area in the PD rats, suggesting that BET might be a potential therapeutic agent for PD.

Some investigations demonstrated that the p38 MAPK pathway was a therapeutic target of Chinese herbal medicine in
PD. For example, calycosin attenuates 1-Methy-1-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced PD by inhibiting the
activation of TLR/NF-«B and MAPK pathways®; polyphenols from Toona sinensis seeds alleviate neuroinflammation induced
by 6-hydroxydopamine through down-regulating p38 MAPK signaling pathway in PD rats*. Interestingly, Atractylodis Rhizoma
Alba and Bupleurum L., Chinese herbal ingredients in EBT, were both found anti-inflammation in vitro via suppressing p38
MAPK signaling pathway*>*. In our study, we also observed that EBT inhibited p38 MAPK signaling pathway in the SNpc area

of PD rats and performed a protective role in PD development.

Some evidence supports the potential roles of gut microbiota in PD***. Lorente-Picén and Laguna summarize that:

at the phylum level, the levels of Proteobacteria, Actinobacteria, and Verrucomicrobia were increased in PD; at the family
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level, the relative abundances of Prevotellaceace and Lachnospiraceae were reduced and the ones of Lactobacillaceae,
Bifidobacteriaceae, Enterobacteriaceae, and Verrucomicrobiaceae were increased in PD; at the genus level, the relative
abundances of Blautia, Roseburia and Faecalibacterium were decreased and the ones of Lactobacillus and Akkermansia were
increased in PD. In our study, we found that: Rikenellaceae at family level and Alistipes and Allobaculum at the genus level
were the key species in the PD development and EBT treatment to PD. EBT inhibited the increase of that gut microbiota
in PD, suggesting that EBT could improve the composition of gut microbiota in the PD model rats.

Finally, the potential functions of the gut microbiota in PD rats under EBT treatment were predicted using the KEGG database,
and our study showed that EBT treatment mainly inhibited the biosynthesis of siderophore group nonribosomal peptides of intestinal
flora in the PD model rats. Siderophore group nonribosomal peptides are natural products commonly produced by bacteria and
fungi®®*” and have essential effects on the hosts life. For example, Bacillibactin, one nonribosomal peptide discovered from Bacillus
subtilis, serves as a catecholic siderophore to regulate iron uptake. Therefore, EBT might change the iron uptake in PD rats.

Our study showed that EBT could reverse the motor impairment and reduce the neurons necrosis in the SNpc area in
the PD model rats, and its mechanism may be related to decreasing p38 MAPK pathway and improving the composition
of intestinal flora. Rikenellaceae at family level and Alistipes and Allobaculum at the genus level were the key species in the
PD development and EBT treatment to PD. KEGG showed that EBT might change the iron uptake in PD rats. Our study
provides strong evidence of a beneficial role of the EBT on PD.

Conclusion

Our study showed that EBT could reverse the motor impairment and reduce the neurons necrosis in the SNpc area in
the PD model rats and its mechanism may be related to decreasing p38 MAPK pathway and improving the composition of
intestinal flora. Rikenellaceae at family level and Alistipes and Allobaculum at the genus level were the key species in the
PD development and EBT treatment to PD. KEGG showed that EBT might change the iron uptake in PD rats. Our study
provides strong evidence of a beneficial role of the EBT on PD.

Authors’ contributions

Conception and design the study: Li ] and Ni Y; Technical procedures: Li ], Yu X, Huang L, and Zhu J. Analysis of
data: Li ] and Ni Y. Manuscript preparation: Li ], and Ni Y; Critical revision: Li ], and Ni Y; Final approval de version to
be published: Li ], Ni Y, Huang L, Yu X, and Zhu J.

Data availability statement

The data sets used and analyzed during the current study are available from the corresponding author on reasonable request.

Funding

Chongging Scientific Research Institution Performance Incentive and Guidance Special Project

Grant No: jxyn2019-2-9

Reference

1. HeX, Yang S, Zhang R, Hou L, Xu J, Hu Y, Xu R, Wang H, Zhang Y. Smilagenin Protects Dopaminergic Neurons
in Chronic MPTP/Probenecid-Lesioned Parkinsons Disease Models. Front Cell Neurosci. 2019;13:18. https://doi.

Acta Cir Bras. 2022;37(11):e371104 7


https://doi.org/10.3389/fncel.2019.00018

Er-Bai-Tang decoction improved the movement disorders and neuronal injury in the Parkinson’s disease model rats via decreasing
p38 MAPK pathway and improving the composition of intestinal flora

10.

11.

12.

13.

14.

15.

16.

17.

18.

org/10.3389/fncel.2019.00018

Miyazaki I, Isooka N, Imafuku F, Sun J, Kikuoka R, Furukawa C, Asanuma M. Chronic Systemic Exposure to Low-
Dose Rotenone Induced Central and Peripheral Neuropathology and Motor Deficits in Mice: Reproducible Animal
Model of Parkinson’s Disease. Int ] Mol Sci. 2020;21(9):3254. https://doi.org/10.3390/ijms21093254

Zhelev Z, Bakalova R, Aoki I, Lazarova D, Saga T. Imaging of superoxide generation in the dopaminergic area of the brain
in Parkinson’s disease, using mito-TEMPO. ACS Chem Neurosci. 2013;4(11):1439-45. https://doi.org/10.1021/cn40015%h

Liu Y, Geng L, Zhang J, Wang J, Zhang Q, Duan D, Zhang Q. Oligo-Porphyran Ameliorates Neurobehavioral Deficits
in Parkinsonian Mice by Regulating the PI3K/Akt/Bcl-2 Pathway. Mar Drugs. 2018;16(3):82. https://doi.org/10.3390/
md16030082

Tarazi FI, Sahli ZT, Wolny M, Mousa SA. Emerging therapies for Parkinson’s disease: from bench to bedside. Pharmacol
Ther. 2014;144(2):123-33. https://doi.org/10.1016/j.pharmthera.2014.05.010

Pires AO, Teixeira FG, Mendes-Pinheiro B, Serra SC, Sousa N, Salgado AJ. Old and new challenges in Parkinson’s
disease therapeutics. Prog Neurobiol. 2017;156:69-89. https://doi.org/10.1016/j.pneurobio.2017.04.006

Wong YC, Krainc D. a-synuclein toxicity in neurodegeneration: mechanism and therapeutic strategies. Nat Med.
2017;23(2):1-13. https://doi.org/10.1038/nm.4269

Ray A, Sehgal N, Karunakaran S, Rangarajan G, Ravindranath V. MPTP activates ASK1-p38 MAPK signaling pathway
through TNF-dependent Trx1 oxidation in parkinsonism mouse model. Free Radic Biol Med. 2015;87:312-25. https://
doi.org/10.1016/j.freeradbiomed.2015.06.041

Asih PR, Prikas E, Stefanoska K, Tan ARP, Ahel HI, Ittner A. Functions of p38 MAP Kinases in the Central Nervous
System. Front Mol Neurosci. 2020;13:570586. https://doi.org/10.3389/fnmol.2020.570586

Chen J, Ren Y, Gui C, Zhao M, Wu X, Mao K, Li W, Zou E Phosphorylation of Parkin at serine 131 by p38 MAPK
promotes mitochondrial dysfunction and neuronal death in mutant A53T a-synuclein model of Parkinson’s disease.
Cell Death Dis. 2018;9(6):700. https://doi.org/10.1038/s41419-018-0722-7

Karunakaran S, Saeed U, Mishra M, Valli RK, Joshi SD, Meka DP, Seth P, Ravindranath V. Selective activation of
p38 mitogen-activated protein kinase in dopaminergic neurons of substantia nigra leads to nuclear translocation
of p53 in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-treated mice. ] Neurosci. 2008;28(47):12500-9. https://doi.
org/10.1523/jneurosci.4511-08.2008

Brobey RK, Dheghani M, Foster PP, Kuro OM, Rosenblatt KP. Klotho Regulates 14-3-3{ Monomerization and Binding
to the ASK1 Signaling Complex in Response to Oxidative Stress. PLoS One. 2015;10(10):e0141968. https://doi.
org/10.1371/journal.pone.0141968

Brobey RK, German D, Sonsalla PK, Gurnani P, Pastor ], Hsieh CC, Papaconstantinou J, Foster PP, Kuro-o M,
Rosenblatt KP. Klotho Protects Dopaminergic Neuron Oxidant-Induced Degeneration by Modulating ASK1 and p38
MAPK Signaling Pathways. PLoS One. 2015;10(10):e0139914. https://doi.org/10.1371/journal.pone.0139914

Kosakai A, Ito D, Nihei Y, Yamashita S, Okada Y, Takahashi K, Suzuki N. Degeneration of mesencephalic dopaminergic
neurons in klotho mouse related to vitamin D exposure. Brain Res. 2011;1382:109-17. https://doi.org/10.1016/j.
brainres.2011.01.056

Obergasteiger ], Frapporti G, Pramstaller PP, Hicks AA, Volta M. A new hypothesis for Parkinson’s disease
pathogenesis: GTPase-p38 MAPK signaling and autophagy as convergence points of etiology and genomics. Mol
Neurodegeneration. 2018;13(1):40. https://doi.org/10.1186/s13024-018-0273-5

Brown EG, Goldman SM. Modulation of the Microbiome in Parkinson’s Disease: Diet, Drug, Stool Transplant, and
Beyond. Neurotherapeutics. 2020;17(4):1406-17. https://doi.org/10.1007/s13311-020-00942-2

Chen Z-], Liang C-Y, Yang L-Q, Ren S-M, Xia Y-M, Cui L, Li X-F, Gao B-L. Association of Parkinson’s Disease
With Microbes and Microbiological Therapy. Front Cell Infect Microbiol. 2021;11:619354. https://doi.org/10.3389/
fcimb.2021.619354

Li ], Chen Q, Tao W, Tang J. [Clinical effect of Er-bai-tang Decoction on Parkinson’s disease related constipation].

Acta Cir Bras. 2022;37(11):e371104


https://doi.org/10.3389/fncel.2019.00018
https://doi.org/10.3390/ijms21093254
https://doi.org/10.1021/cn400159h
https://doi.org/10.3390/md16030082
https://doi.org/10.3390/md16030082
https://doi.org/10.1016/j.pharmthera.2014.05.010
https://doi.org/10.1016/j.pneurobio.2017.04.006
https://doi.org/10.1038/nm.4269
https://doi.org/10.1016/j.freeradbiomed.2015.06.041
https://doi.org/10.1016/j.freeradbiomed.2015.06.041
https://doi.org/10.3389/fnmol.2020.570586
https://doi.org/10.1038/s41419-018-0722-7
https://doi.org/10.1523/jneurosci.4511-08.2008
https://doi.org/10.1523/jneurosci.4511-08.2008
https://doi.org/10.1371/journal.pone.0141968
https://doi.org/10.1371/journal.pone.0141968
https://doi.org/10.1371/journal.pone.0139914
https://doi.org/10.1016/j.brainres.2011.01.056
https://doi.org/10.1016/j.brainres.2011.01.056
https://doi.org/10.1186/s13024-018-0273-5
https://doi.org/10.1007/s13311-020-00942-2
https://doi.org/10.3389/fcimb.2021.619354
https://doi.org/10.3389/fcimb.2021.619354

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

LiJetal

Hebei ] Tradit Chin Med. 2017;39(9):1337-9. https://doi.org/10.3969/j.issn.1002-2619.2017.09.015

Eshraghi M, Ramirez-Jarquin UN, Shahani N, Nuzzo T, De Rosa A, Swarnkar S, Galli N, Rivera O, Tsaprailis G,
Scharager-Tapia C, Crynen G, Li Q, Thiolat M-L, Bezard E, Usiello A, Subramaniam S. RasGRP1 is a causal factor
in the development of I-DOPA-induced dyskinesia in Parkinson’s disease. Sci Adv. 2020;6(18):397-408. https://doi.
org/10.1126/sciadv.aaz7001

Yang ], Jia M, Zhang X, Wang P. Calycosin attenuates MPTP-induced Parkinson’s disease by suppressing the activation
of TLR/NF-«kB and MAPK pathways. Phytother Res. 2019;33(2):309-18. https://doi.org/10.1002/ptr.6221

Zhuang W, Cai M, Li W, Chen C, Wang Y, Lv E, Fu W. Polyphenols from Toona sinensiss Seeds Alleviate
Neuroinflammation Induced by 6-Hydroxydopamine Through Suppressing p38 MAPK Signaling Pathway in a Rat
Model of Parkinson’s Disease. Neurochem Res. 2020;45(9):2052-64. https://doi.org/10.1007/s11064-020-03067-2

Jeong YH, Li W, Go Y, Oh YC. Atractylodis Rhizoma Alba Attenuates Neuroinflammation in BV2 Microglia upon LPS
Stimulation by Inducing HO-1 Activity and Inhibiting NF-xB and MAPK. Int ] Mol Sci. 2019;20(16):4015. https://doi.
org/10.3390/ijms20164015

Zhu J, Luo C, Wang P, He Q, Zhou J, Peng H. Saikosaponin A mediates the inflammatory response by inhibiting
the MAPK and NF-«kB pathways in LPS-stimulated RAW 264.7 cells. Exp Ther Med. 2013;5(5):1345-50. https://doi.
org/10.3892/etm.2013.988

Matsuura ], Inoue R, Takagi T, Wada S, Watanabe A, Koizumi T, Mukai M, Mizuta I, Naito Y, Mizuno T. Analysis
of gut microbiota in patients with cerebral autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL). J Clin Biochem Nutr. 2019;65(3):240-4. https://doi.org/10.3164/jcbn.19-22

Lorente-Picén M, Laguna A. New Avenues for Parkinson’s Disease Therapeutics: Disease-Modifying Strategies Based
on the Gut Microbiota. Biomolecules. 2021;11(3):433. https://doi.org/10.3390/biom11030433

Wang S, Brittain WDG, Zhang Q, Lu Z, Tong MH, Wu K, Kyeremeh K, Jenner M, Yu Y, Cobb SL, Deng H. Aminoacyl
chain translocation catalysed by a type II thioesterase domain in an unusual non-ribosomal peptide synthetase. Nat
Commun. 2022;13(1):62. https://doi.org/10.1038/s41467-021-27512-0

Privratsky J, Novak J. MassSpecBlocks: a web-based tool to create building blocks and sequences of nonribosomal
peptides and polyketides for tandem mass spectra analysis. ] Cheminform. 2021;13(1):51. https://doi.org/10.1186/
§13321-021-00530-2

Segond D, Abi Khalil E, Buisson C, Daou N, Kallassy M, Lereclus D, Arosio P, Bou-Abdallah F, Nielsen Le Roux C.
Iron acquisition in Bacillus cereus: the roles of IIsA and bacillibactin in exogenous ferritin iron mobilization. PLoS
Pathog. 2014;10(2):e1003935. https://doi.org/10.1371/journal.ppat.1003935

Acta Cir Bras. 2022;37(11):e371104 9


https://doi.org/10.3969/j.issn.1002-2619.2017.09.015
https://doi.org/10.1126/sciadv.aaz7001
https://doi.org/10.1126/sciadv.aaz7001
https://doi.org/10.1002/ptr.6221
https://doi.org/10.1007/s11064-020-03067-2
https://doi.org/10.3390/ijms20164015
https://doi.org/10.3390/ijms20164015
https://doi.org/10.3892/etm.2013.988
https://doi.org/10.3892/etm.2013.988
https://doi.org/10.3164/jcbn.19-22
https://doi.org/10.3390/biom11030433
https://doi.org/10.1038/s41467-021-27512-0
https://doi.org/10.1186/s13321-021-00530-2
https://doi.org/10.1186/s13321-021-00530-2
https://doi.org/10.1371/journal.ppat.1003935

