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Abstract: To investigate the ameliorative effect of Lactobacillus rhamnosus GG (LGQG) on cardiorenal injury in chronic
heart failure (CHF) rats, a CHF rat model was established by ligating the left anterior descending branch of the left coronary artery.
The rats were then randomly divided into the sham operation group, LGG group, CHF group, and LGG intervention group. After
8 weeks of LGG intervention, echocardiography was performed to assess rat cardiac function, and levels of serum N-terminal pro-
B-type natriuretic peptide (NT-proBNP), serum creatinine (Scr), and blood urea nitrogen (BUN) were measured. The contents of
tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), glutathione peroxidase (GSH-Px), malondialdehyde (MDA), and superoxide
dismutase (SOD) in renal tissues were determined. Additionally, changes in the expression levels of TNF-a, IL-6, MCP-1, and IL-10
were analyzed by quantitative real-time polymerase chain reaction (QRT-PCR), and the pathological changes of renal tissues were
observed. The results showed that LGG can repair the cardiorenal dysfunctions caused by CHF. After LGG intervention, the mRNA
expression levels of TNF-a, IL-6, and MCP-1 decreased by 13.92%, 15.20%, and 15.58%, respectively, whereas that of /L-10
increased by 22.21%. The TNF-a and IL-6 contents in renal tissues decreased significantly by 18.67% and 25.92%, respectively.
Furthermore, SOD and GSH-Px activities increased by 31.73% and 43.14%, respectively, after LGG intervention, and the MDA
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content decreased by 14.85%. The pathological severity of renal tissue was also improved. In conclusion, LGG can repair renal

dysfunction by alleviating oxidative stress injury and inflammatory response. These findings can provide a theoretical foundation for

developing functional products against CHF-related renal injury.
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ERILE NI 3.30 12, FHrbul J3E5% 890 73, JFH.
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W B CHF K RIS iR, BRI, IR
#% CHF KR O g mo o ae i . LGG 45
RS IR AT B X LGG 20 W AR =) p40 &
FIE I EGFR GBS i b ohae, #dlan e,
B RE SR, T LGG AT AR (R 3 A0 s A 4 K SR
AE U 95 s R IE R R LR AE AT RE R
PORT LGG X0 A SeE W EH, HEF
5% LGG XF CHF ¥ 5t N AH 5 '8 451473 1) et 16 F A L
il WA IR . BRIk, ARHITF TR P 45 4L 20 e IR 23 ik 2 e
RS 457 CHF KEBEZY, $R1F LGG %} CHF #HK 541
il el AE F . #EMi4E 8 LGG 203 CHF A2 B Hi0
AL o

1 HMR5REE

L1 EEMHERA

B 25 BB FLFF B ATCC 53103, ASLIG =R 7
e, WIINTH B IRAE A dr B R PR A\ s 4% £
RHREEER, b ZARRHCARA R ofraik
A N K i B B 44 Ik 5 44 (N-terminal Pro-B-type
Natriuretic Peptide, NT-proBNP). i j& Wl ff (Serum
Creatinine, Scr).  Ifil JK & % (Blood Urea Nitrogen,
BUN). ff 8 #F € Al 7--a (Tumor Necrosis Factor-
alpha, TNF-a). H 4l fid /& % -6 (Interleukin-6,
IL-6). & Bt H Ik & %A fb ¥ B (Glutathione
Peroxidase, GSH-Px). A . % (Malondialdehyde,
MDA) il % 6 ¥ B 1k B (Superoxide Dismutase,
SOD) 7tk A&, ikAdEMEBE (Rilg) ARA
F; SPARKeasy Improved Tissue/Cell RNA Kit.
SPARKscript II All-in-one RT SuperMix for qPCR.
2xSYBR Green qPCR Mix, BARME CILHZE) HRA
#]; qRT-PCR 5%, ETAY (L) BRAA.
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N 28, HARE LR (RED #BEARAA ;
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1.3 Wk

13.1 LGGH##H#

¥ LGG T MRS ¥ 7% 2 Ry AR AR =k, %R
R PERE IR AR 0 3% A E AT 8P, 137 C
KM TR 240 5, 4 °C. 6000 rrmin' 19264 F 5
L 20 min, H G AT UE % BR £k 2% ¥ (Phosphate-
Buffered Saline, PBS) Wik 2 ik, RS KFRE
% 1x10° CFU/mL, %M.
132 CHFKRAAEA 493

SPF 2% 6~8 Jil. R &N (200£20) g FIkEM: SD
KR 40 R, 0TIkt ge i R s i s ARG R A A,
A MAF S SCXK (5T) -2021-0011, ZEY) L6 54
A K ZE B P S I AR B A A S L L UHE B, B
YIS FE 4 5 20220309001, 7EiRE (2442) C. 383
AHXHRE 40%~50%- 12 h BB & JHIG 2610 1 5 i 77
1AJG, BRREEYL N 4H, G410 H, 55081
FARLH (Sham) ; LGG 2H (Sham+LGG) ; {0 FH
(CHF) ; LGG F 4l (CHF+LGG). ¥ H 454l 4R
BNk AT B SOIER AR E O R R, R R ECN
10% (1) 7K & S % 3.5 mL-kg ' % CHF 41 il CHF+LGG
AR BRBHAT I v, UK BRAIEML, T 2 5 0o JUE
Ja GEALTEAR SIS BT B S, W8 L PRI A B S F B
RIS W b, &R RAKE B E 0P S R RS
AR, A MIES. Sham 411 Sham+LGG 21
IFLAEFL, HAh#E/EE CHF 41 CHF+LGG 414
Ao DU ROARJGIESE 3 d Bz TV S8 77 S5 iR H e

02mgkg’, WIAFENHEEREHKR S /7 U A7, Sham
AT CHF 4K SRR IEH A HRoK R, Sham+LGG 41
A CHF+LGG K BAE 1IEH B HRKIR B 45T LGG
110’ CFUMd #H . RJ5 8 FIRIK R A Tifabr .
133 RESHAEFERA AR

ARETRARJG 8 JAXS K AT AR A, FH 7 98
e AR BRI K B A BN [ E R R B B E KBk
WES LR, AR, /NSRS RGN KR O D)
REfEbREEATREI, M ZYiE5%, LV Trace 40 M Zc & 4 1l
43 ¥ (Left Ventricular Ejection Fraction, LVEF). %5 f
4545 % (Fractional Shortening, FS). & = &F 7K K
1% (Left Ventricular End-Diastolic Diameter, LVEDD).
fo %= W45 R W1 N & (Left Ventricular End-Systolic
Diameter, LVESD). A E &5k AKIWE (Left Ventricular
End-Diastolic Pressure, LVEDP). 7 % I % £ (Left
Ventricular Systolic Pressure, LVSP). /»3% (Heart Rate,
HR) FIF)shlkE (Mean Arterial Pressure, MAP) ¢
O IUJRETR bR, FETFRARIE 3 NI EAE - 5E. B
e U B 50 < 45% 90 RS S DAt o
1.3.4 £ FNT-proBNP. Scr. BUN. TNF-afe
IL-62 AT

ARJE 8 JA KRG F kM ik 2 h J5, 4 C.
3000 rmin' [F25F N B0 15 min, HU R, 285 B
AEFE R SR IFREAT MR o 23 ) 4 Bt 2 i B A5 0 L 7
1 NT-proBNP. Scr. BUN, TNF-o Fl IL-6 £ & HEAT I 52 .
1.3.5 SOD. MDA#GSH-Px4& 4547

0.1 g k BR 5 4L 85 50 3 P OE 50 0
KB WEAI S AE 4 °Cy 3 000 romin I ET B
O 10 min, B E3E. 23 4% BOEGR & W 4 X SOD.
MDA Al GSH-Px & &3EATINE , e Jaohe B 51
FHRPRIE B E AT E R VAL (mg) 2]
SR

#1 3195
Table 1 Primer sequences
K AR B 2R R
ANP GAAACCAGAGAGTGAGCCGA GCCAGGAAGAGGAAGAAGCC
BNP GACGGGCTGAGGTTGTTTTA GTGGCAAGTTTGTGCTGGAA
p-MHC GAAGACAGAGGTCCCCAC CAGTCCCCGTTCCTAATA
TNF-a GCCACCACGCTCTTCTGTCT GGGCTACGGGCTTGTCACTC
IL-6 TTCCAGCCAGTTGCCTTCTT CTGTTGTGGGTGGTATCCTC
MCP-1 AATGAGTCGGCTGGAGAA AAGTGCTTGAGGTGGTTGT
IL-10 CCAGTCAGCCAGACCCACA GGCAACCCAAGTAACCCT
P-actin AGAGGGAAATCGTGCGTGAC CAGGAAGGAAGGCTGGAAG
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% 2 LGGXCHFX RO I REdR RIS
Table 2 Effects of LGG on cardiac function indices in CHF rats (n=10)

AT Sham Sham+LGG CHF CHF+LGG
W Z/g 346.17+18.40  364.5+ 11.50% 362.67 = 17.10 366.17 + 16.60
SRR /g 0.97 +0.14 1.11 £0.15% 1.58 £0.10%** 1.32 £2.05%
SR /% 278 +0.15 3.05+0.30 433 £0.25%%* 3.53 045"
LVEF/% 80.57 +3.85 80.72 +3.42 39.25 +2.64%** 68.93 £4.76™
FS/% 40.37 £2.63 40.78 £2.01 17.3 + 1.16%** 34.23 £2.52"
LVEDD/mm 5.28+0.55 5.22+0.45 8.1 +0.53%k* 6.17+0.36"™
LVESD/mm 423+0.62 4.17+0.55 6.22 % 0.62%** 4.82 +0.42"
LVEDP/mm Hg 8.97+0.83 9.13 £0.65 19.63 + 1.43%#% 12.58 £ 1.13"
LVSP/mm Hg 125.92 + 6.50 125.97 +5.42 100.42 £8.15%** 114,92 +4.86"
HR/bpm 355.83+23.00  358.02+16.55  383.17+14.04**  363.33+9.53"
MAP/mm Hg 106.83 + 6.40 109.07 + 8.42 89.58 + 4 85%#* 102.22 + 478"

7 : 5 Sham 448 kb, * A+ P <<0.05, ** A7 P<<0.01, ** &7 P<0001; 5 CHF48k, ¥ &+ P <001, * &+

P<<0.001.
1.3.6 B K A% EPCRAHT

B 0.1 g KR E AL S R S IESI 2R, R
P 7 i B 2 6 RNA 3E47 $2 BURD 38 8% 5% . PCR
¥ 1Ak £ 2xSYBR Green qPCR Mix 177 & (184
YW, SRR RS EYEE N 20 uL, fEIRYHIRECN
40 K. SEEFTR A5 T A R 1.
13.7 BRI AN

HOK BB, 255 BN 4% 12 5% H i [E
SN CEERLKS O IRE AR A S BIE D) A
HIEYI R & Wb KIS 5 BT HE e, H AR
I S A W42 1 2H S0 AR A
1.4 Fit#FrE

{8 H GraphPad Prism 8 ¥ fF 1T G it 2= b3, i
A $UE UL Mean®SD £ 7, K H XU 3E i XF ¢ 46 5%
HEAT P 2 [A) 3 1 22 S VP A, 4HIA) LR ] one-way
ANOVA %7 ¥ F1 Bonferroni % & Lt #:, LA P {H <0.05
NEB G # %R

2 HR545%H
2.1 CHFABAMA % % FLGGXCHF X HU 3
&b 36 AR Y B v

W5 2 W] LGG 1] LAAT 2 b i ik 1 15 7 e e Th A
B R AT B, B I R, R R
B O TR AU, EBRIERE -, ABRIR 4L
e AR BN K A e B T2 8 ST CHF K BUBERY, 3 5 s 44401

126

KBRS AL D e AR bR I A AL B AT I &, YFAY CHEF
BT S 7546 2 R Th DA &2 LGG %F CHF K B0 Th BE 45 b
fFsgm, o LVEF A1 FS A& PP 0o 22 1 Th BE R AZ O
AAr, FALPCER A O =EIRSTRE1IRSE, —OFE2
W () 3= B4 4 s LVEDD Al LVESD Sl 70 =5 Jl 1 K
AN, FAEFH IR A OB KM ERE, 2O R
HEPRE s LVEDP Ft a2 e B0 3 78 41 52 FH A = R
i 755 188 I (R SRR FE A LVSP A MAP T 36 ] S i 10
JUE B S A s AN R B K LR ES, BAR LS R L 1 AN
#* 2. 5 Sham HAHLL, 18903 )5 CHF A KR 172
O E R HZ R B s, Ao mE. O
& b LVEDD. LVESD. LVEDP #l HR 7} %l & # 7t
T T 62.89%. 55.76% 53.41%. 47.04%. 118.84% FlI
7.68%, FEFMEE (P<0.001). [&K CHF 4K i
() LVEF. FS. LVSP 1 MAP #4552 F [%, 4r 5 F %
T 51.28%-. 57.15%. 20.25% F1 16.15%, 5 Sham 41
ML Z S R 2 (P<0.001). I H LVEF45%, it
CHF 4K Bl O IR S5 M R D RE R A i 25784k,  CHF AR
IR . 5 CHF 4L, LGG T4l KR A
O EREZ BN AT B RO, OB R RO AR B
B % R BT 16.46% 11 18.48%, LVEDD. LVESD.
LVEDP #1 HR 9] & N B¢, 5 CHF ZHAH th 75 7l FE AR
T 23.83%. 22.51%- 35.91% A1 5.18%, 2 7% & #
(P <0.01 3 P <0.001). [[F K LGG T i J5 K & 1
LVEF. FS. LVSP f1 MAP % & & T+, Wt T
75.62%- 97.86%- 14.44% 1 14.11%, 5 CHF 4Lk
Z R EE (P<0.01 80 P<<0.001). LVEF fIFS ]
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RERTE, KW LGG At T ORI M) 6e s 1M BzE, TSP R TARISE R, TR
LVEDD #1 LVESD ] F F£42 7~ LGG ] R % 2% 5181 4% a8 A B AR S A T 12 0 32 B 38 LVEF. BNP R 1A K
T CHF S8 OEARRES, X — BRI RE S, P, BESGEEFOINRENER .

N SRS R 1) S 507 2% AR PR A4 T ) A 2 A a

R Ay i b B P A3 T SO0 R U, AR R A I v M
T [ |
ARG KBTS R DL, 262 B R T £ 300} —]
S CHF KR OID I b LSO (], w2 z T 1L
L -1 1T
B4{i LVEDD. LVESD b\ 7} % LVEF'?, g 200r -
Sham Sham+LGG z
2 100
o
Z
Z 0 1 1 1 1
Sham  Sham+LGG CHF CHF+LGG
Groups
CHF+LGG b, | |
— — — ] £ | * |
g [ % 1T 1
= 15F
z T
E T —
Lo ——
=
°
B 1 M EBE O ER IR RE g 05r
Fig.1 Representative images of M-mode echocardiographic E
examination 00 Sham Sham+LGG CHF CHF+LGG
2.2 LGGX&CHF}( LQL\‘ NN ;&‘7]:7]? 'La /Atﬁ] El‘j ?} IJ@ Groups
0> ) B 47 L7 NT-proBNP. 0 B 4 FR ik ( Atrial Caop .
2 | I * |
. . . 1) e _ [ I ] 1
Natr?uret%c Pept%de, ANP). B B i 44 ik (B tyl?e E, sl *x
Natriuretic Peptide, BNP). B-lEK & 1 #H % (S-myosin z T
—
Heavy Chaine, S-MHC) 7E V¥ fy 0 L 43 15 5 o0 T B ,f 10 —-
; NI N z
WEPRGEBEERAD. EOhgERFS I 3
#1, ANP. BNP. NT-proBNP 2 [8] 77 7E ¥ [Al 1, St £ 07
M2 5.0 0% /%0, 10 A-MHC E O LKL % 00 s - s s
G ROAL AR A, (20 DUIE 5 R TR 2 sem Shmiae - GHE G
. G
B s, g B 2 W&, 5 Sham 414H L, roups
CHF 41K 5L NT-proBNP & & W] & 2 &% 1 27.47%, d,,. .
ANP. BNP Hl B-MHC [f) mRNA % 3% /K43 518 m 7 E ’ el 5
30.27%- 28.74% F138.67%, ZFikiE#EH (P<0.01), é L5 T
K H LGG T il J5, NT-proBNP & & F [# 1 17.76%, & Ll T - T
ANP. BNP 1 B-MHC [¥] mRNA FiE/K V505 N T S
13.55%. 12.26% Fil 23.74%, & CHF 41 4l Ltk 25 % & v 05t
%M % (P <0.05 8 P<0.01). ANP Al BNP [f] 3
N N 0.0 1 L 1 !
mRNA FiEKFETFHE, BEEKRM T LGG FHEE T Sham Sham+LGG CHF CHF+LGG
O VLA BERL F7, UESE TR RS O Bl P O 1RO I A Groups
IR 45 R . f-MHC mRNA F KV 1) T 53k Bl 2 LGG 7 CHF X RO SEHRIE R0
B LGG n] el 12 AL JEAS 5 deE . bl kg Fig. 2 Effects of LGG on heart failure markers in CHF rats
ﬂ%ﬂ, CHF %§|E‘E*Iﬂﬁléﬁ<iﬂf%?§1$§iﬂﬂ, ﬁzﬁ LGG ik %&TJ: P<0.05; ** ﬁﬂ’: P <001 ; #** ﬁﬁtp <0.001.

FRIRN T LR S BE T CHF Xf O ReIHnfER], B B 3-6 F.
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2.3 LGGXCHFX & '§ b f by % v

Ser Al BUN TE VAl B /NERBEL ThAE . FIWT ' ThBe
05 b B E M /E . Ser Al BUN 43 51 &2 8 [ i
FUVLAARIE I 2 B0, 2B /NBR g B PR HE ik
Gb, ME/NERIEIE ThEE TR, HHILE R EUE R,
Scr Al BUN 7E IfiL A (K B 2 T ™. i1 3 ] &,
CHF 4K &% Scr Al BUN [ & & W . FF &, 5 Sham
4 AH EE 20 B39 T 38.01% A1 29.63%, 7 R Ak W #
(P<0.01), T LGG T Fil4l 7 Scr #1 BUN [ 4 & B
R B, 5 CHF AAHLL S5 T RE T 16.21% F1 15.04%
(P<0.05), F£Y LGG T 1w & k3t 1B /hekygid
Dhfig, X AT REAE O D) RE G 51 M B R i, B
J LGG X} '8 WE 98 i S0 A S 380 B H2 1E A 3% ) =
AR, TEHEPNO R, BT R AL
B FPO2 AW FEAIK =1 JR R I K AR 1 Ser Al BUN &
&, 0 R IR M K R Dheeti s B A1 EAEH .
X8 2 USRI AT 2 B 2 AR T R A R BE A PR AR &
P i 4% 8 K B9 Ser F1 BUN & . Wang 2% [
HF 7t 22 BH 12 44 5 993 11T ~ IV 39 110 25 o AR P o g A i Bk
B TR L AT B R OO T B 2 i R A a AR TR
56 MH G, HER BUN & & BB, £UWE
AN TR) () 2B A5 A T 2 A B AT R E I AH AU ML R
YER . LGG 7 e i i S8 A S0 A 195 0 98 1 S 7
M FAAER T T BB A 45347

[

80 | *E | * |
_ f - f 1
2 60 T
é_ T
S wl L L
g
s
8 20r
5
n
O 1 1 1 1
Sham Sham+LGG CHF CHF+LGG
Groups
Hk *
b, | ——| |
~ —-A
2l T
=}
g T T =
S 6t
|2}
g
£ 4r
S
g 2r
m
0 1 1 1 1
Sham Sham+LGG CHF CHF+LGG
Groups

[ 3 LGG % CHF KRB IhaeRIZm
Fig. 3 Effects of LGG on renal function in CHF rats
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2.4 LGGXTCHF A R B 41 28 3% M 2R 0y 5 v

| * * |

a I {} 1

400 2
~ 1T
'_1
& 300 T
£ T —
5 200+
=]
3
3
o 100F
Z
[_‘
0 1 1 1 1
Sham Sham+LGG CHF CHF+LGG
Groups
| ¥k I okl |
b 60 - I . 11 1
g 1
on
= 40
3 T T =
5
=
S 20t
Q
=
0 1 1 1 1
Sham Sham+LGG CHF CHF+LGG

Groups
[ 4 LGG 3f CHF X R'EHRA KM R 00
Fig. 4 Effects of LGG on inflammatory response in renal

tissues of CHF rats

TNF-a F1 IL-6 7E 1 % Bl 44 4 i & Bk 72 h B
A 12 # /E H®". MCP-1 (Monocyte Chemoattractant
Protein-1, MCP-1) X 2 iF S W 5] 2 147 5 s 4411 i N B A
A EAEEEN. A4/ % -10 (Interleukin-10,
IL-10) 1EAHL2 R Be i BR i A1 2 1 98 0 [ B, iz
o S S N5 Y . I 4 FT%, 5 Sham
HAHEL, CHF 4K B 2 1) TNF-a f1 IL-6 1)1 &
ST T 38.54% (P<<0.05) F149.23% (P<<0.001),
HEHEM L, LGG 175 TNF-a fil IL-6 {1 & & 5 CHF
A EL BB R BT 18.67% (P <0.05) A1 25.92%
(P<0.01). #—#%t TNF-a. IL-6. MCP-1 F1 IL-10
) mRNA K& K347 7 204, B 5 7%, CHF
4 TNF-a. IL-6 F1 MCP-1 ] mRNA 1A /KF-5 Sham
AL B ET &, 25T E T 28.43% (P <0.0D).
35.29% (P <<0.001) #137.93% (P<0.001). ifj LGG
F¥iJ5 TNF-a. IL-6. MCP-1 f{] mRNA ik /K F73 5l
R PR T 13.92%. 15.20% A1 15.58%. 1 & 5D fif
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