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Analysis of the impact of probiotic adjunctive treatment on clinical indicators and gut microecology in
patients with H-type hypertension
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Research Institute of Guizhou Medical University)

Objective  This study aims to investigate the effects of probiotics as an adjunct therapy on the
improvement of clinical indicators and intestinal microbiota in patients with H-type hypertension. Methods By
comparing probiotic adjunct therapy with conventional treatment in patients with H-type hypertension., changes in blood
pressure, lipid metabolism-related indicators (including homocysteine Hey, lipopolysaccharide index LAP,and triglyceride-
glucose index TyG) ,and intestinal flora were assessed before and after treatment.  Results Before treatment, the mean
systolic and diastolic blood pressures in the control group and the probiotic treatment group were 139. 8943, 11 mmHg/
90.08=+ 1. 99 mmHg and 140. 13 = 3. 25 mmHg/89. 97 £ 1. 99 mmHg, respectively, with no statistically significant
difference between the two groups (P>>0.05). After treatment, the systolic and diastolic blood pressures in the control
group decreased to 137. 99 & 3. 70 mmHg and 88. 18 == 2. 52 mmHg, while in the probiotic treatment group. they
significantly decreased to 131. 94 +2. 61 mmHg and 82. 034+2. 01 mmHg (P <C0. 001). The reduction in systolic and
diastolic blood pressures in the probiotic treatment group was greater than that in the control group (P <C0. 001). In
terms of lipid metabolism indicators, the Hcy level in the probiotic treatment group decreased from 15. 0541. 43 pmol/L
to 11. 9940. 83 pmol/L,while in the control group,it decreased from 15.0541. 43 pmol/L to 13. 93%0. 82 pmol/L (P
<C0.001). The LAP index and TyG index also significantly decreased in the probiotic treatment group (P <C0. 001).
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Intestinal flora analysis showed that probiotic treatment increased the relative abundance of beneficial bacteria such as

Bifidobacteriaceae and Lactobacillaceae , while reducing the relative abundance of potentially harmful bacterial families

such as Enterobacteriaceae and Streptococcaceae. Probiotic treatment also improved the diversity and evenness of the

intestinal flora, with the Shannon index in the probiotic group significantly higher than in the control group and the

Simpson index significantly lower than in the control group (P <C0. 001).

Conclusion  Probiotic adjunct therapy can

significantly improve blood pressure control and lipid metabolism indicators in patients with H-type hypertension and has

a positive impact on intestinal microbiota. These results support the potential value of probiotics as an adjunct treatment

for patients with H-type hypertension.

[Keywords]) H-type hypertension;gut microbiome;blood pressure control;lipid metabolism

o I S 4 BR VU N e LA R R 2 L B
Ik o L 8 95 IR A R R 9 9 11 B A K A
Z 0 RIE R T AR R g A 1IN Z 3
5 I A5 FLX — B e ANl BT . H R
Il Fe 246 B A e TR B2 bk 20 B8 (Hey) ZKSF F 15 19 i I
FES L AR O i R T R 5 Hey We =10 pmol/L #Y)
ghdy. BRI R WL H OB R ik A8 R BN RE O o
W 295 L R A 75 % LA b, H S 2R A A
BHMN LB E,

AR R 8 22 1 T 9 OV i B TR W BE A
I B AR S5 BT L i R B RE AN 2
5B I A 18 6 A 3500 e g R g AR ) Be
FEAETRIE R . B 18 A A R A 5 2 R AR B
o ML R % o ML 1 % A S I e L g AR AR N
T B 18 AR A Y T B, B IE SETE R A i
JoE 1 5 B 95 ) i RN e AT A E s g T E A R AR .

A WF5E TR - 4 A WA #b 7 AT LA s O R AR
W PR G AR o 0 AR EK I S T3 B 0 A T R A
Hey KN BR00 ¢ T 46 A2 B 6 H 2035 1 1K R %
() EL AR 52 ) S HLX i 38 AR S TR E AR k= RS
PEROTSE . R A BER B 7R 380 25 28 1l Bl iR 97 %
H 5y I A8 35 I R 38 Fr A el 8 25 SR S H X g L
AR, DU O HOR i e 0 25 AR T SR AT Y
SRR NS

MNR5HE

1 MRIK

A FEMRAE 5 FH b X 22 5 PR B0 A 1) P [R] F 5
JIT A E Y438 3 A o Ak I R S N R A% L BT B 3
R B AFA 18 B 5T 1 1 B 1 1 I R BIF 5T AL A
2023 4F 6 H % 2024 4F 6 H H A fE B HF 1 370
il 43 %o BRZHL (685 i) Fl 25 A R VA Y7 41 (685 fiD) .
HAEW 40~70 % ,BMI 18. 5~29. 9, {H#fi{EAEA
PERN M . Az G 2T A8 - A 45 WO AR AR B . P AR
TARIT T RANE X B 25 T 15 ok TR AR 38 1 b 2
CRYI B ) 245 A7 BR 2N W) A 7 5 [ 24 15 H20103723;5
FURE  H R B AR IR A1 5 mq, #HER 0.4 mg)2 7 IR,

TR 1R, 464 WA YT AL 750 BRZH i iy b 3% hn 25 2
AT TR ORI AT B == I 0 P e 5% () T« T 2 2 AT K o)
25) 5 [ 25 5. S10960040) 1 IR 7 420 mg/ik, 2
W/ d i BhIR YT PRl AR I (a1 35 A 4 JH] .

2 WHRAZE

2.1 AR AFEN WM E.Hey LAP, TyG 45
BAE Ay AR ST RS TR

2,001 IR MEI i Fe A A e i s AR Y 3 S R
fe bR >R A sk i s 17 R i SRS T D & L 4301
ORI AR FE MG K e . DU A0 5 o R R R DR EL S
ovin, 3 G B I PR RO AR RS O B R R O
UG BOT B EAE I A A5 R

2.1.2  [AAECEBE R (Hey) KF Hey KOF 52 PEAK
H A e 85 A e bn . @R
ok i A A SR Y v 80V A €8 i s CHPLC) Bl il 5k 4 7z
W B I 5 (ELISAD J7 850 5 M 3% v Hey B9 BE .
2.1.3 JRECHRAGEC(LAP)  LAP Z P4k 5 AT B A
B By HALHTI R AR 1A X LAP = [ Bl (em)-
655 /58 (L) I X 23 I H i =l (mmol/L) . JIE [l 1)
N 7 £ 3 2 EIRAS TR B AT S DAJEDK Sy B, ) it {E HK
R e AL

2.1.4 HM=FE-#EM(TyG I TyG FBEURT
i I 5 AR T AR AR HF R A XK TyG=In[=
JEH I =B (mg/dL) X 25 i i % (mg/dL) /2], i@ 4
25 M T IO LA AR 2 2 OB AT H i = R 2K

2.2 WmEMAESIH

2.2.1 FEARWSESEI YL B EERITAE R 2
EAEA R R A a R IR AE — 80 C A& T IR A7
BEAAES 24 h PiE4T DNA SRR S 2250 B
2.2.2 16S rRNA FEPIN 7 A ] 28 A A i A
DNA . jifizt PCR §" 841 % 16S rRNA LK 1Y V3-V4
D38, HEAT I 4 B . 0 45 R T PR A i B R

UEZ S ENE Y| I LY
2.2.3 BUEMIRETESS AT i T A

O3B W B TR W R T 0 A5 R AR AL B TR RE Y 2 R 1
T80 (4 Shannon F11 Simpson $8 0  FH BE4H B Can 7] .
J& KT B A D) DL RS R IR 1 HL R



. 430 -

POE R OR A F A A
Journal of Pathogen Biology

2025 4F 4 H
Apr. 2025,

5520 B AW
Vol. 20,No. 4

3 HEXESH

5 T 3 T 0 TR 9 925 4 50 PR AT AT DG
SIHT L TR R E T RE S I Hey \ LAP, TyG #8482
(8] /Y 5216 . R FH Spearman &Y, Pearson # 3¢ 4#7 , DU
e I 1 TR TR AR 5 1 DR AR b 2 1A 1 3 2R
4 BITEIE

ReJH SPSS 25. 0 B AT Rl 52 BT - 1 BE Rk A
BB BRERE (o £5) ROR AL AR ¢ K3 35K

PERLR R R TR L E A (7)) FRoR A
ZIE PL AR X KB . A G 4 M R A Pearson A
KB LT, P<<0.05 HESHGIT%E L,

#H R

1 WABRE—RBEILE
WG 4H ER B TR R Y — I R R G B B 22 % (P
>0.05), 45/ FE 1,

x1 FWAHABRE-RBEILER

Table 1 Comparison of general conditions between two groups of patients

- A i 2 5
215 %K UER Z AF i BMI T B
XPIRA 685 357(52.12%) 328(47.88%) 55.3949. 21 24.06+3. 25 341 326
A4 685 335(48.91%) 350(51.09%) 54.47+8.63 24.18+3. 30 365 329
x'/P 1.413/0. 235 1. 683/0. 194 0.026/0. 871
t/ P 1. 915/0. 056 0.716/0.473

2 WMAREMETHERLELE

AMFGE X H A & i 8 7E 45 A2 45 A TR IR
7 5 W BUIRYT IS 0 I AR AT T R BT . FEIR
IR X BE A RN 25 2E B A 7 AL IR T RN BT 5k E (8
Ayl 139, 89+ 3. 11 mmHg/90. 08+ 1. 99 mmHg
1 140.13+3. 25 mmHg/89. 97+1. 99 mmHg., 41
] 2 LT X (P>>0.05), WGJ7 5. 0 B 1
W 4 AR AT 5K FE 43 R & 137, 99 £ 3. 70 mmHg
88.1842. 52 mmHg, Ifi 245 /& T 6 J7 41 W) 8 2 [ &
131.9442. 61 mmHg 1 82. 034+2.01 mmHg. %it
Sy HT R X BRALIE YT H S WA TR R ET 5K R Y LA
R 25 B (P <C0. 001) , 25 AL VAT 4L M AR 32
BRI AT S W4 R &P Ik B B E M 2 R (P <
0.001), BLAN, B4 IE] Y bbbt o d 3 Pk 25 L 2
A IR YT LR IR T 5 W4 TR RN &7 3k B R R R 38 K
TRERZH (P <C0. 001) . MIRYIT G 16 DLRE . IR TT
Je WS4 R R A i 8 L R 25 A ALY T R O
F(P<C0.001), [FFE, X AR IEHFKETRET
1.90 mmHg, t5 E AR EEF K E TR T 7. 94
mmHg, #5 42 76 41 /) T R i 3 R RE 3 O B 3 (P <
0.001),
3 AABERRARGEHEXEREABEREE

AMFGE X H B i e R 7E 4 A7 45 A TR A
7 5% BUIRYT BIS e SAAE bR HEAT T LA BT
£ 45 [A) B2 e 20 R (Hey) (iR Bk 3 48 80 (LAP) F1H il
SRR CTyG) #8504 7] 784 2 bk & Bk (Hey)
JKAF-RT UL 36 97 HE X BRAH RN 4% A2 TR 9T 4L Hey 7K
43 ) 15, 05 4 1. 43 pmol/L Al 14, 95 + 1. 42
pmol /L, W 8] 22 5 e G 1 2 L (P =0. 3176) . if
I7 )5 X BRAL ) Hey /KF-FE % 13. 93420, 82 pmol/L,

T %5 A5 AT 41 2 11. 9940, 83 pmol /L, BiZHiA YT
J& Hey ZKF 8 7R 26 A 4L B B 0 O 1 25 (P <
0.001) . GEit/r#r 22 B, xf B4 M 25 28 B 43R 97 il e
Hey /K1 B35 o B 28 P22 5 (P<<0. 00) ,
v 2B IR T A Hey 7K P BEARIE 2 3R (P <<
0.001), HHEAEHE E 8B (LAP) L5 S0 WL 87 R . X
HEZH RN £ 26 IR 9T 4100 LAP 45 8043 70 4 30. 08 &
3.22 f130.02+3. 07, 4 A] 22 - LG 1T 2 L (P =
0.977) . RIT G X A 1) LAP f8 8 f% = 27. 97 &
2.5, M s B FIBIT AR 21,96 2. 09, A IBIT )G
LAP 850 b 38 0 /R 26 /E WAL T Mo o i 35 (P <
0.001), XJHRZH #0145 AE W AIG YT A G LAP #5509 e
R R BN R (P<<0.00D), 35 £ HIRITAH I
LAP 45 %5 A% i B2 58 (P<<0. 001) 1 i H b = -
B CTyG) 8 B8 5 vl 0L IR Y7 1T 6 B4 0 25 A= TR
VBT TyG 385050 51 M 6. 49£0. 30 1 6. 52 &
0.32, B[R] 22 7 LG8 1 2% & L (P =0. 456) . JAJT
Ja X BRI TyG f8 8% & 6. 310. 25, 1M #4542 B iR
JPAMEZE 5. 7940, 20, HALIRIT J TyG ALK
TR A5 AR TR AL R R O B (P <0, 001) X HR 4 36
AWAIRITHTG TyG $5 500y b Won iy o 3% vk 2=
S (P<C0.001) , 1 4 A= IR IT H 1Y TyG 45 B AR IR
JETE R (P<<0.001),
4 FAREHERHTUBERILER

A S — 25 %] b 25 A B AR BRALZE IR I R S
Jo 38 B RE AR AL HEAT T 0 58 40 s DAV AG 25 A TR N
EMARNEN, PR RILE 1. B ARRTIRIT
I JE 0T BRZH R0 4 A= TR 2H AR 3R i G R AR O T R Y R
1. Prveig i KB B (Lachnospiraceae) TF 35 4 16
TG« 40 A2 T2 T BE WS A R B L INVA YT G 6 BRI R



Journal of Pathogen Biology

20254F 4 F 5 20 5 4 )
Apr. 2025, Vol. 20,No. 4

« 431 -

R FE TR B, A F M E R
(Enterobacteriaceae) | 5% 3R & Bl (Streptococcaceae) |
W I Bl (Prevotellaceae) EIRIT G SRR E W B
AR RH XoF = B TR W TR 7 4 v X R B T AE A AR A PR
R B . 55 4h & A W B ST o TR H w R
( Ruminococcaceae ), ook Ft
(Bifidobacteriaceae) . L ¥F T F} (Lactobacillaceae) |
L Bl ( Bacteroidaceae ). FH ¢ B
(Veillonellaceae) fF) RN 3 i, B&/R T WA RE
1BYT TG Shannon ZAEPEFEEC S 4L . YR ST AT X IR
21 45 A2 TR AL Shannon F8 8 W& 2 7. BT )
% A2 4 %) Shannon 5 300 2% = T4 BR4L . R W] 45 2F
BRI T B R R 2. B C R T A
BHEVGITHTIG Simpson 14 2] BE R BORY A2 L . IR ST AT .
PIZHIY Simpson 680 W& 22 5. W07 5. s A W 41
(1) Simpson #5§ $1i FK T 4 B4 . 3% 3 WA 25 AR BIR U7
Je T 3 TR 1) 22 50 B R R R R A I AT

A BHBFEWEREY RS HEL B S AR EWIEME
YR RER Shannon 488 C £ 4 8 3 38 B 9 1 B9 Simpson 48
¥, » P<<0.001

1 BHBEFEREMEFRHE
Fig. 1 Characteristics of the gut microbiome in each group of patients

5 BEEHSEARSEXERNEXES T

HE— BB T H OB il R 1 RS AR AR
AR OCTR bR Z [ AR G M .l G2 3 0 i AL 1A
I7i) 3 31 1 A 5 U 45 e (SBP) (4 3K JE (DBP) | [ 84 2 b
R (Hey) K1 IR 2 18 B0 (LAP) L H il = P-4 4
BECTyG R B A MG R H . 45 RILIEN 2, $iviik
Wi K W BF (Lachnospiraceae) 5 SBP F1 DBP £ 1F #H
F L HHFE R Ay 0. 257 445 F1 0. 317 185, 1M 5
LAP #l TyG 8852 EAH G, WX — B BF al 8 45 1
Hemy ot w0 jg AR X AL A 6. g AT R
(Enterobacteriaceae) 5 SBP #1 DBP 1y & . 2% 1F 48
K MK R BN 0. 364 724 1 0. 519 589, R X
— T B AT BB 7E I A Y b R B . R E R
(Ruminococcaceae) 5 SBP £ 17 # 56 , #H 5 & % Ky-0.
154 677,15 Hey /K-t 2 5RO, £ BIIX — B RE AT AE
5 B AL M K A Hey K SF F &, B W OB
(Bacteroidaceae) 5 Hey /K EE2 B F AL, MR R

-0, 631 817, 31X A 8 & WK 4 0L 1 Bk 240 TR 1 s 20
5 Hey K F 8 J+ & A XK. B R @ B
(Streptococcaceae) 5 TyG 3850 5 1IFE #H 5% . AH & R %X
0.267 561, ] G5 A8 BB R ELA K. FLAF R R
(Lactobacillaceae) 5 DBP #1 Hey /K 2 7 AH 5%, 3=
7 FUAF RN B AT RE AT B T REAIRES 9K T AT Hey 7KK,
XUEHT W BE (Bi fidobacteriaceae) 5 2 4~ 1 45 2 T
KL RIE S TyG 48 B AH OC & -0, 720 801, X
] i 2% B DL, FF TR 40 T 1 920 5 AR 25 B AE 1 XU
WA 5. FRERE B (Veillonellaceae) F13E K B B
(Prevotellaceae) I #H & ML 55 . (H A} SR 5 SBP
i DBP %2 il ) IEAH S

i “ e ’

=
3

B2 BEEHSERGEXERNEXESR
Fig.2 Correlation Analysis between Gut Microbiome
and Lipid Metabolic Indices

o

AT R R, 35 A4 7 B B IR T RE 96 3 BR AR
H R i 1 A8 3 0 I 7K P o YA T R 4R A Y i
JEKFAH Y, 3 3¢ B 5 41 7 S R R AE B A AT Ee
TRIT G - 2 A5 TR YT 4 A W48 P N AT K ) K T
XA, X — A BS A SO 45 R — 5. TRk
L S 2% R B AR 96 e AR I A 5K R B g
CACE) 1l 79 e WA ot . e o 2 2 13 m] B T
1 B N 2 T RE R — EAL AL (NOD 1y 7™ A S 2 33 i
EEPIR L AN ST R I L D FE 25 2R T R 5 AT LA
8 AR o i R R A I R A U e D R 3
EHAEYRER o ZRED . BAN KRR A G E
TR 7] it FT LA AR I 4 R L TR G R L g e
FEHEIR 36 A B AT BB 8 A 0% M T R AR A OR TR YT R I
JEo Fioh AHEGE & B a6 A T B B IG T B REIL T H
TR IR A ) 7 bk 20 BR (Hey) | BE 5K 3 48 5L
(LAP) fiH 3 = BR-# 45 B (TyG) #5 %k, Hey F# 2
H R 5 1 A8 35 00 4 s 3l 2k 22 R A Cn 5 0 L I
1Ak VERBE TR /AR TG AR FE N R ) B8 S L B ik
o A B AL 1A T B R 4 G B T B AR Hey
RE 8% A3 550 35 1m0 I T RR A AR 25 A AE B0 o i



TR R R A M F R

Journal of Pathogen Biology

2025 4F 4 H 55 20 HBE 4 1
Apr. 2025, Vol. 20,No. 4

PENT . LAP 55000 B AR 1T R 15 /0 1 30 I I A ke 3
i 05 FE AR AT 5T, 25 2R T RE % 5 R B 40 i
gr i slgA L P AT 9 BAs R SCFAs AR (U, A 30
B g SN B R A R L RORG R I R
3K B A2 AR i 38 i PR T RE L B AE R LPS JKF- L 4l
il g E SR L H I = R A B (Ty GO 8 U 5 Ik
Bl ok A 7 T R A N7 S B PR R L i T HOAY i Hs i
B R AT UK WO B AR ZE AR g
RERBT L FIR &5 A T AT BE G R s i T A I A R A1 i
By RACHUORFEAL Hey 7K -3k S 0L W] BE i BE T 45 2E
Tl DAY 78 B Hey \LAP F1 TyG 48 #0119 34
B

HE— 2% i T8 T RE AT 20 AT O R S H RS i
Js A B4 W R 438 B 0 A A S A 20 A AT L 4 2R RIR T
J& At B OBUSCRT B RE L LA T B A A T T B
T TS AT T 0 0 T R L R TR Y R S S B
K. JF HoA5 A2 WG TT 035 50 1 i e B ) 2 AR A
5] BE L3 AT A B TR 1R 3 fk B R D BB L ik s
FRAE 9 I R o AU 4 b S A e A
Lachnospiraceae Fl Enterobacteriaceae 5 1l J& 5 1F 1H
5,1 Bacteroidaceae 5 Hey /K2 AHE . Huiwh
T 5 B FLFF 25 (Lactobacillus) W ) 2 F i b, 40
Lactobacillus plantarum ,L. helveticus H9 Y HEWEAE
Ay G B RN % i DN 22 T T B A e LR L WY R
W, L. plantarwm REAE I8 1 P35 A5 57 A0 0% A5 40 ]
AP S 185 Ji T TR A PN R 2 A I Ok 22 i
g RN SRR . A, — Tk T B
¢ Z B FI B Lactobacillus plantarum % [ i 44 1% 5
e I R T SR AL T T 9 s 1) B A TE TR AH G 1Y
KA RENS 25 B AR A 255 AR Y SR AL 35 45 - G045 Bl ik
I & fH A BMI®Y A @ o FE K BB A p, L.
helveticus HO™ X [t IE i 5 PR 42 35 7 2 7 7 D)
8 52 i L AT BE 5 5 I s 800 A 56 . H RTBIF 5 B XU
2K (Bifidobacterium ) ¥ i 15 55 I8 I 5E K B B
R R L 2% W TR I KBRS R R b Bk A L i
1 AR BT 11 il 71, BE 65 W] . [ AIK DOCA i % 2tk
R AR TR IR K BRUBE IR g Al T 1 B S
E. faecium WA ML # TH i F0 NG B 2R ALAT
ST, R AR BRE HY R BB AN X HOR G IR R
NHEHEAT BT LB 3 vy 1 e A A 5X A 4y gk
TS

i A TN i G TR B4 8 TR P T BB A 22 Rl L
S A A AR B £ 45 oA i T 5 R ) RE LT T A
P& SN A AT g A . A g AR T T RE
T 5 e i T TR 0 AR AR W R B N D R 1 7 A L
T 52 00 i 3 A AQIH R R o R DR B IE S L 3 ik — 2P R R

it A2 RN A S i TE TR AR 119 5 T L Rk 2 A e H.
PR i I e AN BAC S . e A WF 5 4 2R S B BE
FE 2590 B 5 36 97 ROR - LA RS IR # AR IR T T &
ITT AT RE 2 g OB ol R AR A Bt B A SRR T
L

(5% 3]

(1] RIE TV F L0655, IR B A AR KRR XA e
KE A 25 17E R ML 58 (T 1. op B0 R AR 4 2% 42 5, 2024, 19
(2):149-156.

[2] Chan RJ, Helmeczi W, Hiremath SS. Revisiting resistant
hypertension:a comprehensive review [ J]. Intern Med J,2023,53
(10):1739-1751.

[3] Van Den Born BH, Lip GYH,Brguljan-Hitij J,et al. ESC Council
on hypertension position document on the management of
hypertensive emergencies [ ] ]. Eur Heart ] Cardiovasc
Pharmacother,2019,5(1) :37-46.

[4] Wang MC, Lloyd-Jones DM. Cardiovascular risk assessment in
hypertensive patients [ J]. Am J Hypertens. 2021, 34 (6):569-
577.

L5 ] Wu DF., Yin RX, Deng JL. Homocysteine,
hyperhomocysteinemia, and H-type hypertension [J]. Eur J Prev
Cardiol ,2024,31(9) :1092-1103.

L6 #alt. Jig 3 v A X v ) 280 2 e e R I A 119 52 el B AL il B 5%
[D]. L7 REBER K. 2020.

[7] Xiao K,Xv Z,Xv Y,et al. H-type hypertension is a risk factor for
chronic total coronary artery occlusion: a cross-sectional study
from southwest China [J]. BMC Cardiovasc Disord,2023,23(1) ;
301.

[8] O’donnell JA,Zheng T.Meric G,et al. The gut microbiome and
hypertension [J]. Nat Rev Nephrol,2023,19(3):153-167.

[9] Richards EM, Li ], Stevens BR, et al. Gut Microbiome and
neuroinflammation in hypertension [J]. Circ Res,2022,130(3):
401-417.

[10] Moutsoglou DM, Tatah J, Prisco SZ, et al. Pulmonary arterial
hypertension patients have a proinflammatory gut microbiome
and altered circulating microbial metabolites [J]. Am ] Respir
Crit Care Med,2023,207(6) :740-756.

[11] Chittimalli K,Jahan J,Sakamuri A,et al. Restoration of the gut
barrier integrity and restructuring of the gut microbiome in aging
by angiotensin-(1-7) [J]. Clin Sci (Lond),2023,137(11);913-
930.

[12] Hsu CN, Yang HW, Hou CY, et al. Maternal adenine-induced
chronic kidney disease programs hypertension in adult male rat
offspring:implications of nitric oxide and gut microbiome derived
metabolites [J]. Int J Mol Sci,2020,21(19) :7237.

[13] Kong CY,Li ZM.,Mao YQ,et al. Probiotic yogurt blunts the
increase of blood pressure in spontaneously hypertensive rats via
remodeling of the gut microbiota [J]. Food Funct, 2021, 12
(20):9773-9783.

[14] Chen BY,Lin WZ.,Li YL, et al. Roles of oral microbiota and
oral-gut microbial transmission in hypertension [J]. J Adv Res,
2023,43:147-161.

[15] Liang Z, Li K, Chen H, et al. The association of plasma



Journal of Pathogen Biology

2025 4F 4 H

Apr. 2025,

.20 %55 1
Vol. 20, No. 4

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

homocysteine concentrations with a 10-year risk of all-cause and

mortality in  a community-based chinese
population [J]. Nutrients,2024,16(12) :1945.
FBEA S E o, 48 25 A8 T T 700 i i I 0 F 52 000 O i

(1], WA m I R4 % . 2022.30(5) : 420-424,

cardiovascular

Catena C,Colussi G, Nait F,et al. Elevated homocysteine levels
are associated with the metabolic syndrome and cardiovascular
events in hypertensive patients [J]. Am ] Hypertens, 2015, 28
(7):943-950.

Yuan W, Shao Y, Zhao D, et al. Correlation analysis of lipid
accumulation index, triglyceride-glucose index and H-type
hypertension and coronary artery disease [ J]. Peer],2023,11;
el6069.

Jia X, Xu W, Zhang L, et al. Impact of gut microbiota and
microbiota-related metabolites on hyperlipidemia [J]. Front Cell
Infect Microbiol,2021,11:634780.

Verhaar BJH,Prodan A, Nieuwdorp M,et al. Gut microbiota in
hypertension and atherosclerosis; A review [ J]. Nutrients,
2020,12(10) :2982.

Xu Z,Chen P, Wang L,et al. Relationship between TyG index
and the degree of coronary artery lesions in patients with H-type
hypertension [J]. Cardiovasc Diabetol,2024,23(1) ;:23.

ThGR I, AEATL . B, 25, JET 16S rDNA M FH AN B KM
L K SR T8 B R4S AR AL KPS T RIS ). e b R 227
Fi],2020,38(8) : 71-74.

Chen Y, Liu W, Xue J, et al. Angiotensin-converting enzyme

inhibitory activity of Lactobacillus helveticus strains from

traditional fermented dairy foods and antihypertensive effect of

[24]

[26]

[27]

[28]

[29]

[30]

fermented milk of strain H9 [J]. J Dairy Sci, 2014, 97 (11) .
6680-6692.

Sun L,Liu J,He Z,et al. Plant-derived as alternatives to animal-
derived bioactive peptides: A review of the preparation,
bioactivities, structure-activity relationships, and applications in
chronic diseases [J]. Nutrients,2024,16(19):3277.

Michael DR, Moss JW, Calvente DL, et al. Lactobacillus
plantarum CULG66 can impact cholesterol homeostasis in Caco-2
enterocytes [ J]. Benef Microbes,2016,7(3) :443-451.

FEFE B 454 W Probio-X &ff DA 7 & 4 & 1 & B iR 15 ol
RERBESELD]. ASEH BERER . 2023.
Wang J. Li C, Xue J, et al. Fermentation characteristics and

angiotensin  I-converting  enzyme-inhibitory  activity  of

Lactobacillus helveticus isolate H9 in cow milk, soy milk, and
mare milk [J]. J Dairy Sci,2015,98(6) :3655-3664.

Jiang J, Wu C, Zhang C, et al. Strain-specific effects of

Bi fidobacterium longum on hypercholesterolemic rats and
potential mechanisms [J]. Int J Mol Sci,2021,22(3) :1305.
Robles-Vera 1, De LA Visitacion N, Toral M, et al. Probiotic

Bi fidobacterium breve prevents DOCA-salt hypertension []J].
Faseb J,2020,34(10) :13626-13640.

Huang J. Huang J, Yin T, et al. Enterococcus faecium R0026
subtilis obesity-

combined with Bacillus RO179 prevent

and modulate gut microbiota in
C57BL/6 mice [J]. J Microbiol Biotechnol, 2021,31(2);181-

188.

associated hyperlipidemia

[ E#Y 2024-11-21 [f&EBH#Y 2025-02-10

1SS0SV 000000000000 0000000000000 0O 000000000000

(B3 427 30

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

LR MS  BRK 2 BE. o SR DRV T B R 4 BT R R T I g R
B R RERRAE LT ], A 52 96 I IR IR Y s 2% 75 (i 7 D L 2021
(3):149-157.

Zhao C, Hu X, Bao L, et al.

development of mastitis through a reduction in host anti-

Gut dysbiosis induces the

inflammatory enzyme activity by endotoxemia [ J]. Microbiome,
2022,10(1) :205.

Shen S,Ren F,Qin H,et al. Lactobacillus acidophilus NCFM and
Lactiplantibacillus plantarum Lp-115 inhibit Helicobacter pylori
colonization and gastric inflammation in a murine model [J].
Front Cell Infect Microbiol,2023,13(1):1196084.

Zhong W,Wu K, Long Z,et al. Gut dysbiosis promotes prostate
cancer progression and docetaxel resistance via activating NF-
kappaB-1L6-STATS3 axis [J]. Microbiome,2022,10(1) :94.
Szczesna M, Huang Y., Lacoursiere RE, et al. Bacterial esterases
reverse lipopolysaccharide ubiquitylation to block host immunity
[J]. Cell Host Microbe,2024,32(6):913-924,e917.

Zhou C,Yang S,Ka W,et al. Association of gut microbiota with
metabolism in rainbow trout under acute heat stress [J]. Front
Microbiol ,2022,13(1) :846336.

Wang Y, Xiao J, Wei S, et al. Protective effect of zinc gluconate
on intestinal mucosal barrier injury in antibiotics and LPS-induced
mice [ J]. Front Microbiol,2024,15(1):1407091.

Hashemi B, Abdollahi M, Abbaspour-Aghdam S, et al. The effect
immune and their therapeutic

of probiotics on responses

application: A new treatment option for multiple sclerosis [J].

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Biomed Pharmacother,2023,159(1) :114195.

Mazziotta C, Tognon M, Martini F,et al. Probiotics mechanism
of action on immune cells and beneficial effects on human health
[J]. Cells,2023,12(1):184.
You M, Xie Z, Zhang N, et al.
metabolism; mechanisms and therapeutic targets [ J]. Signal
Transduct Target Ther,2023,8(1) :196.

Zhao H, Wu L, Yan G, et al.
progression: signaling pathways and targeted intervention [ J].
Signal Transduct Target Ther,2021,6(1):263.

Zhao J,Liao Y,Wei C,et al. Potential Ability of Probiotics in the
Prevention and Treatment of Colorectal Cancer [J]. Clin Med
Insights Oncol,2023,17(1):11795549231188225.

Jiang S, Ma W, Ma C, et al. An emerging strategy: probiotics

Signaling pathways in cancer

Inflammation and tumor

enhance the effectiveness of tumor immunotherapy via mediating
the gut microbiome [J]. Gut Microbes,2024,16(1):2341717.

Chen D, Le TH, Shahidipour H, et al. The role of gut-derived
microbial antigens on liver fibrosis initiation and progression [J].
Cells,2019,8(11) :1324.

Porcari S, Benech N, Valles-Colomer M, et al. Key determinants
of success in fecal microbiota transplantation: From microbiome
to clinic [J]. Cell Host Microbe,2023,31(5):712-733.

Routy B, Lenehan JG, Miller WH, et al.
anti-PD-1 immunotherapy in
melanoma:a phase I trial [J]. Nat Med,2023,29(8):2121-2132.

KB Y 2024-11-06 [MEEIHEY 2025-01-30

Fecal microbiota

transplantation plus advanced



	2025-04

