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Abstract

The third national investigation report on causes of death in China shows that cerebrovascular
disease has become the leading cause of death in the country. The focus of prevention and treat-
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ment of cardiovascular and cerebrovascular diseases in China is to prevent stroke. The incidence
rate of stroke in patients with H-type hypertension is higher. About 3/4 of the hypertensive pa-
tients in China are H-type hypertension, but H-type hypertension has not received universal atten-
tion in clinical practice, and there is a lack of effective treatment and follow-up for patients who
have been diagnosed. The gut microbiota is currently a hot research topic, which has been proven
to be associated with hyperhomocysteinemia in hypertension. In the past decade, there has also
been a large amount of evidence to prove that probiotics may achieve better therapeutic effects in
treating hypertension and hyperhomocysteinemia. However, the effectiveness of probiotics in
treating H-type hypertension is not fully understood and further in-depth exploration is needed.
This review discusses the effects of probiotics on hypertension and hyperhomocysteinemia by op-
timizing the structure of gut microbiota, regulating gut microbiota metabolites, inhibiting inflam-
matory response, inhibiting oxidative stress response, and their specific beneficial components. A
more systematic and in-depth understanding of the potential role of probiotics in the treatment of
H-type hypertension is provided, and the potential of probiotics in the treatment of H-type hyper-
tension is speculated, providing new ideas for the treatment of H-type hypertension.
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1. 5|

T IR A HG O IR PR R T L TREACoI < O 79 3 S AT Gl L 5 o 2 i 2 252 I 1L 285 92605 e L 52 1) 5 o
%, #% 2010 FF MGt Bkl 2ERKLE 31.1%MBRAE N 11(2) 1.39 12) %2 3 i i f2ma[1] [2] [3] i
JEA I v (R AP e 22U I (HHey) B, i A8 i Ao #2822 38 bk IR AR 90 s v 6 ) s Il e BB v,
A 73.1%M N [FE A HHey, 7683 AR A B HHey AR RTIA 1/4, FRESEHRE H B S i ®
IR, B & 9F HHey (Il Hey KPR F%F 10 pmol/L) [4]. 1 H A&y if He B 75 3 5] 1) ey If e 2
Hh IR L], ABTE SERR AT R E TS m iU B R L Hey Lk, Ak, T EAHiE H
REMER R, S EE Hey M RGMEIRTT KBEVI[4]. mliHo — R8s, 7B KR8 A
2T, AR R YA BT EThRes s, B EELERIERS], W7 R LUGE E#EA R
M, O A A R AT LAE AT A TE R, S A OB, AR AR R, B AR T 2 R
2 A BN AR BT LSO Bl T R 2R, 2 AR B S SR AR S A A R Y e A A, 3
EFRMGIE FREAERK, GRS DBt , A5 R AT DL B 4 R 1 18 R R e R KR
PURAER, WA F =g NGRS, #8436 vy DU I %2 i 24 G R EH . JRA1HE
M A A R IRIT mIUERIER, JRE H RS R isITHa BRI, BONEIESRE, 25, B
MYEIT 7

2. mEEET HESNESEREERFEMN

KERWHIESE SR, 50 NEAR P T 5 (il e 2 R R BN S EAT R L 1 R AR,
BE— P REAT VIR AL 70 M R DAL 8 BB 3 1] ™ T IR #h 1 & K H A ik /> [6] [7] [8]. FEZhSE
B ORI IR H R B L, T A ey L K B 8 TR K BB EAEE N, TR 1] AU T 1T o L
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B R B, JRZRTE T T RS AT B I EE R A T R 3E N RR[6] [7] [8]. H 2w i i A8 2 1 i i A 2H A5 v I
JEBFEFL, 5IEH NS B R [9]. B1% il i B4 T 25403607 7T Rt BN 16T e ML 38T
B A RS — 5, BTSN SR BE T B AL AR B0 SR R v I KRR 40k 2 A B o 2L 4l
A AURN IR IE R WKY ZHREAT X b, I K SR A i AL IETh e . RIS e MR- AR b, #hFEasE
WER YT W AR . OB AL AT o A W ER WY K R TE T AE I HE o 2RV, &M=
FLEE NG TR (SCFAS) I 4H R il SCFAS KA (Z R IR T BRANKIR) B = FE MG IN[10]. P LART DAHEMN 25 A4
FRE I 50 B 3 T 2 A B AR T B AC  R KF  EANE G 2 R, KR RN A 1 o) T
PABRARE A N L (0 XU o 480 5 ARRIBE TS, &8 2 /DA 3 TR i (1 22 41 N R v I PR RO K
KBEAK[1L] o B FEUEHE SRR 25 A2 B AT R I8 I 5O B 2 B8 4 R VAT i L, (EU: H T 2 £ se 30 %0 4 RE 7
VSIS SIS TR B, Bai AR AR E 2, XU AR AR IAFRE . AFEAE. A
I 8 1) 25 2 T8 R A v It A Y O PR R L Ph SR B S Bk o BT DA O 7 A B — Bk, B
Tt A A (11 PR 2 56 0 DAIE SEZIX — 5 4H

3. A EETHEEFHAR~IENE H BSmE

e ML 58 K S AR R S A2 L i T R B 2 FEPE BRI, A 7 AR I ol AR = 00D, B0 8
s, H AT 536 B T G AR R 4 R J M D TR (Short-Chain Fatty Acids, SCFAs) fII% L =
F Ji%(Trimethylamine-N-Oxide, TMAO). 5% ¥ (Lipopolysaccharide, LPS)ifF 785 N BA R, e AT m] LARZ M il
R4

1) ARy SCFAs FEHIRARM KBV RIENE 404, \Eam, W37 4E, Hhmimes. W
M TR =FBONEE, AT S L AE R 90% A A [12]. FEEENRIR T LIS G & AMRBE 2k L &
N R IERFTK . W EVRAMRIIRE . T4 SORE OB, 5 i R AR RIS B YDA OG,  SRER R B
M3 SCFAs & & 5.0 ML HA I KA W34 K0, SMEH T SCRAs HIVKE AT DL O VB ARAS,
Rep A T A DU [13] o I R 55 J 08 T 0 R IR 0 0 110 7= A TR i, BUBEAT B, AN th 7
FHSE B R T DABR B P SCFAS 55 M i 76 21 B A1 I s A 4 F

2) NRIKE TS EY), WaHlE . SE. AMLR%, TMAO KA 1T i w B [14] .
TMAO " LAk A —SE AL B AR, s MU &P 5K, MR EE L, ik TMAO-AVP-AQP2 i, 1%
TR BRI GRS =R N, Bl 4, MM A, Rk s Bk R O A, 5l iMmETm[12].
M Meta 73 Hr i 25 b T AR A, MR AEFR o TMAO 7K-F 5 i s i A B in R IE R R, IE BAFEES
B S5 ()70 B R BE[14] - 7E45E F Probio-M8 S G YT el R 20k it Ao B A IR 2 I 2 A B L AH 55T e 7R AH Al AR
WA T AR A (R S B A R T R W R B £, TMAO FHE 20 ik ol A A Ak Z FE R B /D [15] . {H H AT
R 2 g A TR A YR T e I I PR UE 4

3) R 2 WA o 25 T P4 B B A 4 B A BE B LR A o R BREEAT W9, I 22 mT DA 350 A T R
BEfg[16]. % FMEET A K TR0, SIEMIERBI[17]. WHid 52455 i e 2 880 fe kN g
R[18]. H2 N KR 2 WEIE I BOE N A Toll #5244k 4 (Toll-Like Reporter 4, TLR4)f# NADPH % fti§
/ROS/eNOS {5 5 iE B s, FIEIME ThRekiH, 22253545 H ¥ (Mitogen Activated Protein Kinase,
MAPK)FII NF-xB 42 5 80l R N, B/ 3l AR AT R, 4 K BRI RN s AL W 5
FMAE W IE, ARSI EACFER] 7 8eg, AR FER B 2 5753 10[19].

[ I 2 A1 i T R 544 A I HRR (Bile Acid, BA) LA K i AL A (Hydrogen Sulfide, HS)HI/KF-AH5%. JHYT
TR 5 2 ks AR A 25 DI AR DG, BT LA I G 7K Sk s i e B i PSSO B2 IR OL R, IHYTER XS
MU 20, BB AR s 2 MR B, Ry PT L iy Je g X 52 4 (Farnitone X Receptor,
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FXR)PA K G & FHEEART R 244 1 (TGRS) [2017 A AF FH o 7E i i He i Job Rt v 4775 5 BT B AR B8 98
%, MRV BRI AL AN A 28 MW kD, LRV, RAERRS:, LI R ZEA LR T & [21].
Yo X LE AT B VFRE AR RV RR, Rema AR Y AR BT ARSE, BRI . ARG ST, KA
PASK A N — P 5 175 G, (HHAR B0, i 40 i A i 1 B BE S mT 7 e, Wi A
SR IE N ORI, 52X I S R AR B A, 0 — 20 SR8 SR I A S 1ok 5 i S L)
EPAREZN KRR BRI T o AR, B SRRSO LS T i LA Py B, (R gE 5 B 1 /A,
NI A AR A, RS B P R. IX — I R AR M P LRt M5k, AT B2l ik
M. thah, BAEERAPEMFPIRIER, SR LRI O M3 R 50 % 52 FAL RO 98 RE SN 45477
XA AT B 4ER5 O 03 RGO BOIRAS , TR O 3973 1 R A= [16] - Rl kB Ak & mT AT Bh 4%
M. AHH TG T 5 A WA TR A IR BR A A S & B i AN TG 2, b Fdk— D kAT 3 5L 0 Bl
e AR LAIE 58
4. mEEBETMAERARD H #ShE

PORETE o ML (9 R AR R B R B B A, 5 5 ARG AR IR 7 o T 40, B 4. JEK
gf. EWRAEHAN DC A, HATAEE R EAE R R AER T INF-p. TNF-a. CCL-5. TGF-A. IL-1.
4, 6. 10 %5[22]. BFFURILE BN E AT DL B0 O FLERAT B s DL B T 40 )f-17 (Thi7) /e
Wag, Th17 T B e A Bl . FOE Ak aT e 3 98 7 IL-1. IL-6. IL-12 FIREARL, AT 330N i ThRE
15, SifET @A, e E BRI MBS, o0 5 80 e R R Th Rk RS, S8l
JEFFE[23] ARG PR SE A 20 I LA B 12 JE AT AR A e R N 8 i L6595 PR DR, BRI
TNF-a. 1L-6 Fl 1L-8 %5 2 Ff 5 hE Rl 7 17K P [24] o D7 IRFLAT B (B IR FLAT 1) e A DAy — o e P A
TR RER i A T, A 2 AR IR LT B SLZX19-12 R AT /N BREAT B AL HE S 06, 2 I H ) 2 A7 ER LA B e
AT /N ERAR R A OB AY RS X RE R EUIHR(UDCA) I & . bk, D IRAFFRTESE 2 HEm 2
PRI FRAR 7 ARV IR ARUAE O B BE 1Y) & 5=, 20 7 QLT 1R 28 /0N BROBFIUE P9 2 i AH DG 1) 1L-6 T TLR-4, J& FRX
FoakWhD, A REBHLIE T FFAE A SORE S S AT R PE T REYTRR AT LARE SR 45 & TGRS P24 R it K AE
T2 ST 2L/ B 7 TGRS A% mRNA Rk N[25]. A0 7E i ML i K0 th A %6 8
TEH, B HTA KES Y SEIIESE a4 & v] LR B BT R AE R, HE R G 2R A BG YT H 2 &y i s A i R
FGRHED

5 mfEEETmEANERER H E2SmE

A B e L T 22 T FRTER 2R CLLE e ML S A AR 2 [ 3, S AR v ) KR e PR AT FE 3R B
ARG ST 50 MU R R B AE B R AR OGRS I B R AR R e R AR Sk R [26] [27]
[28]. 12 A I A 2 A e AT AR B 5L IE RS 5 7 S RORIA, A& — Rl W B A BENLA . R
AP S B o E I S (ROS) 7 25 BT S A B A PR SRS PR, T 80P Bz T e P s A1 L
EEM, REATEME[29]. JE EYAN SR TURA B AT DL R BE PR RS, LA NSRS
HHEN RGN TT[28]. H AT AR ZHTITR Y], 284218 th A LAG il S AL S5 195 . XUBCAT 1 Probio-M8
A AR ML A BB B, 78— T T IR PR AL ) s sk gk, SXTIRZLAEL, MEEr Probio-M8
(/N SRR PR TR RO A EH B, A I H o S Pe i 1 5 B il 25 1 I [30] o IR FE SR FUAE A FLAT %1 P-8
fptEAE B R I, A R A AU T P-8 ME B /NN A IR 2 h 3 e H Ik . T-SOD
GSH-Px [ & 2 2 T (P < 0.05) [31]. il i i P A2 AR AL RGT L BESG 9, 170 2 2 1 vl LA ) S0P B2
PSS, R AN 25 2 TR B 6 D B AR s P PE R, SR AT S0 T 2 A TR A B YR T R L L B e ) 2~
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WM RBF AU . 6Bt — 20 A A A B AE I RO T T, O L TR O BT SR BT 1 07 R
6. mEEFEFERT T H BSME

an AR PR T R I S R I T 450, WHEE. WE. RIZEASLP). FEREEZHE(CPS). i
TR EE R R IR 22 W45, WA T A AR 9543 T S (MAMPS) o 3 S5 4 1] DA AR R 32 R (PRR) 45 &, 9]
1 NOD FE3Z4A(NLR)AI toll BE3Z4A(TLR), JE7E IEC FiT T kB (NF-xB). £ 2R354k (1 i
(MAPK). i B SE T OS2 ARy FIHARAS Sl B . MAMP 381875 40 i 25 11 Bl ORI (5 5 2008k
JNE, 72 A 2 Fh g i PR R R [32] [33] [34] [35]. JeRi B /i 7R B, FLAT R« RUSAT 1 23484y
KIGHF B 71 7T DA PRRs R, 4R R I8 R A5 R 2F iz i 4 e 07 TR 4% 4 FH[33] [34] [35] .
RERMEAE S5 EmMERNRERE, A%EE B RESIERR S A=H, 5048 T T A #
Le2W JERELLHEE . KIEMBEAIESES, MEERGIEFLESEE, WREHRRME. 4R
2 WG B ZEURT K 20 R BRI R R B, IR B R B I 470 53 AT BB A7 7 5 2 A2 B B AP [36] . Sawada 55
W R I FUAT B 40 M BE rp AAAE — Bh 220 - IRIRKE Ry, P DARRAC IR & 1t K B R ML [37] o 4 LA B 4 i B vh
() 2 B - SR R 70 7 BRI R B, T RUR IR BRURVEAIAE YT PGI2 B =y HEMES I, X se 45 R
B, 1R o A TR A 22 B R e o I A FH PT BE 2 BT PGI2 AR )6 B 1 5 B £ [38]
7. mAEEENSER ¥ SR IE

(] 284~ e 2 R SRR T B R B AR, 77 A JG mT DUIE I R AN 4 A 3% B B AR N R R, 1AL
WA 2 R A R I Hey /KSF, HERE SRR I Hey T s 1 38 22 J5 R Dk i g ik = R (B50) 4 i
Hey/ i FE AR i 458 Hp O B i 11 22 DR B [39] o I [R] Y 2 Jb 2 I T LA ok v 1 415 5 4 PR R - S A 450
15[40] [41] [42] e iR RE 2 Ik 2 B /K P T LA 30N B2 DhRe et , £F4EmRIER, MR EEL, &5 SEE)
JOKAREA , 8 v I T FR o A i A R AR R 38 9 0 [43] [44] [45] . 76 23 R FH et 8 B8 35 IR 0 e AR o v [ 7R o
ISR IE 8 I A TE BRI LA A o, SRR LL, v [R] BL ~Y JDk R AR A6 5 W 1 e o 1) & e
BEAT B 8 (Fusicatenibacter) . KIZAFBE S IKE . P KRE RS FEEH BRI, $7m 5 [F 8 2 b &R E
NBEE g RN I8 W AP 2 5, B R S HHey B AR Z 00 Hey AH DG I K i vT BB A71E
BN R [46] . 2P0 i A B AT DA R0 B AT B PR 2 1 ot [ 28 - Ik S RV JEE 5 AE — TR L XU 22 Tt 77156 R
W R . *hFE 2 WA 35 AL 1 12 J TG AR Hey W . BRSO 2R, ol Mg /K F . iXees
IFa) 28507 T A AL o I T S PR XU [47] o DA AR R UE 48 S 7 b 78 i R 0 ] LRI I Hey 7K
ARG A e () SR XU [48], I BR(AEAE 3K Bo) & — P /KA TEAEA 35, AN AR A 1) R A T 5 7R 1R 1 S i 1
B, BRI ER 9 N EERIR, W TE RS R IE . R, SO B A BT R A Y RE
43 B AR T PR AR SR B AR R [49] [50] [51]. B miE b R 4R MR ISCS A SR N R AG PA BRI I ) 78 2
AR ESPERT, SEEGAH LS T/ RO BE B RIT 8 AR I, 5 IAHAHEL, /MR
I R K B EE RN [52]. LA BB AR, (R B PR R U R A i S IR N E SR,
AT A AT DL AR i B BE AL R, 6 TT BE AR Hey 7K, ZEARZ RS 25 A b, SUBFF 3 7T LA™
AR, RTREAE R B R AR AR T TR A R, EH AT 5T B AR A R A R AE B A A
S I R B AR FRAILAR T OB B A T e (R B e B SR URE AT e 1P =, 7% S0 vy [ 284~ e 2 R
MILAE B AT #E— A e PRS00 o T 0 DA 2 A TR Sl A2 RUSORT 17 B AV 7 v L ) 5~ JO 2 R ML ) 22
H B i PR AT R

8. RE
H Ry s 1236 48 R BOR BUE TG 77 Qe b Pl i s 25 i S A& . B H R s
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FERE, 2L

A2 I PR R 2 ARk Z AT R B DT S a7, 3R 2 25 R 2B e i) i T A48 21 PR A 385 A0 8 19
S EAL, BORIRITPOR EINERE, 0%, AT, Hl CeAIERIESE H R iiE S s w2
AR R, MIERHARETES H RS ISR e AR, MASYISERAER], A
TR, o [ R P R I RE A B T %%, SR ok T 2 2B VAT H 2 ey i PR 7 28D i PRAIE
PEIERIN FEZ o 324 D91k I TOHE 5 BT B AR W) SEIR i B o 75 00T I PR R 3 AT S — 2D W 7T,
SE B AP IR R AL, s JLAE N AR P AR T B BEAE AL, AT A 2 26 B Al Bve T H A g i e
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