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Protective effects of Lactobacillus rhamnosus CQFP202412 on the brain,

intestines, and motor functions of antibiotic-damaged mice

CHENG Bo LI Chong MENG Xianlu
(Chongqing University of Education, Chongqing 400065, China)

Abstract: [ Objective] To explore the effects of Lactobacillus rhamnosus CQFP202412 on improving the intestinal barrier, liver, brain
neurons, and motor function in mice through its antioxidant and anti-inflammatory activities. [ Methods] A mouse model was established by
intraperitoneal injection of a mixed antibiotic solution (neomycin 5 mg/mL, vancomycin 25 mg/mL, amphotericin B 0.1 mg/mL, ampicillin
10 mg/mL, metronidazole 5 mg/mL, and lipopolysaccharide 1.5 pg/mL), followed by intervention with L. rhamnosus CQFP202412. After
the intervention, weight-loaded swimming time and running exhaustion time were measured, along with liver index and oxidative stress/
inflammatory markers in serum and brain tissue. Histopathological changes in the brain were observed by HE staining, and PCR was used to
detect the expression of genes related to inflammatory pathways in the brain and key genes of the intestinal barrier. [ Results] Compared

with the model group, both live and heat-killed L. rhamnosus CQFP202412 significantly prolonged the weight-loaded swimming time and
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running exhaustion time in mice (P << 0.05). Body weight changes were not significant, while the liver index significantly decreased (P<<0.05).
Histological analysis showed that the morphology of cortical neurons was restored. MDA, IL-6, and TNF-« levels in serum and brain were
significantly reduced (P << 0.05), while SOD, GSH, and IL-10 levels were significantly increased (P<Z0.05). Gene expression of the AKT/
CREB/BDNF/ERKI signaling pathway in the brain was significantly upregulated (P << 0.05), and IL-6 gene expression was significantly
downregulated (P << 0.05). The expression levels of ZO-1, Occludin-1, and Claudin-1 genes in the cecum were significantly increased
(P << 0.05), with Occludin-1 reaching 1.26 and 1.46 times higher than that of normal mice. No significant differences were observed
between live and heat-killed L. rhamnosus CQFP202412 in the above results. [Conclusion] Both live and heat-killed L. rhamnosus
CQFP202412 can significantly alleviate antibiotic-induced impairments in motor function, liver and intestinal barrier damage, and oxidative

inflammation in the central nervous system of mice (P<Z0.05), with similar efficacy. These findings suggest that L. rhamnosus CQFP202412

has promising application potential in the development of functional probiotics.
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Figure 1 Changes in weight-loaded swimming time in mice
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Figure 2 Changes in running time in mice
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Table 2 Body weight, liver weight, and liver index of mice
20 %) /g T B /g JF48 50/ %
Normal 22.79+0.12 0.88+0.03 3.864+0.17°
ABXs 18.2241.33 0.85+0.06 4.6940.55°
ABXs+CA 19.1340.86 0.77+0.07 4.04+0.29"
ABXs+LR 20.45+1.59 0.82+0.07 4.01+0.37"
ABXs+D-LR 18.6641.60 0.85+0.07 4.54+021"
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Figure 3 Pathological changes in brain tissue of mice
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Table 3  Serum oxidation and inflammatory indicators of mice
15 GSH/ CuZn-SOD/ MDA/ IL-10/ IL-6/ TNF-a/
(pmol-L ") (UmL ") (nmol'mL ") (pgrmL™ ") (pg'mL™ ") (pg'mL™ ")
Normal 128.38+15.54° 141.70+£6.96" 8.54+0.28" 24.04+0.63° 53.99+0.21° 93.04+0.27°
ABXs 65.60+17.14° 83.59+4.78¢ 10.7240.97° 9.1440.72¢ 56.56+0.48" 138.09+0.78"
ABXs+CA 136.09+18.47° 116.44+5.84° 7.4241.00" 14.7740.34° 47.8740.10¢ 94.48+7.88"
ABXs+LR 80.334-17.80* 98.44143.98° 6.7940.18" 12.2240.58° 51.48+0.25° 93.76+0.41°
ABXs+D-LR 112.89+15.68™ 94.33+3.03° 5.714+0.42° 11.7441.02¢ 48.85+1.08¢ 97.46+1.33
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Table 4 Oxidative and inflammatory indicators of brain tissue of mice
w3 GSH/ T-SOD/ MDA/ IL-10/ IL-6/ TNF-a/
(pmol-g ") (Umg ") (nmol'mg ") (pg'mg ") (pgrmg 1) (pgrmg ")
Normal 16.003.04* 47.584+0.40° 2.760.14° 28.7540.09* 12.8540.19° 149.254-7.19"
ABXs 8.33+1.01° 32.8440.32° 12.9140.46" 18.69+0.49° 17.26+0.13" 227.74+3.31°
ABXs+CA 12.3+2.56 50.00+0.37" 10.6540.13° 27.52+0.30" 15.714£0.16° 162.43+9.42°
ABXs+LR 9.65+1.25" 44.30+0.44¢ 10.0640.74° 21.7441.24° 14.4440.64° 144.35+1.98°
ABXs+D-LR 8.59+0.37° 36.7140.57 8.83+0.25 17.7140.04° 12.39+0.78° 105.8746.42"

ToOFRERRERR 2R B (P<0.05).

Fak ¥ B T B (P<C0.05) , 4 3 ok IE % 41 1) 60.75%,
18.29%,47.15%,62.74% , YA HL 4= E /- T AKT/CREB/
BDNF {5 5 4 . H+# AKT {E 5 AKT/CREB/BDNF {5 %
T EAON L S SR A AR G T iR
PP A K A Y iR R a2 3™, CREB N AKT MY JiE
Yy, 34k CRE J¥ 51 3 i, 15 w2 oo iy A & 50 A
23 fil v YA M T 2% 20 5042 BE g M SG BA B R IR A S
BDNF 25 CREB T il % S 4= 8 52—, 3 8h 7 K3 &
CRE ¥4, N L 3% p-CREB i #5', BDNF 5 &7 A i 4
T2 W B (TrKB) 25 & 45 5 80 T )i Ras-Raf-MEK-ERK j#
BTG L T AR ) ERK1/2 7T LIRS R 1k Raf \ MEK 45 3 g , iff
1M ¥ £k CREB 5§ IS 97 , 3 3h e 5% #0128, J8 103 19 28
2324 ek R | B2 WL AT T (ORI B ZE A ST
)T #is , AKT .CREB .BDNF Hil ERK 1 % [H % 5 A [F] 12
FEETE. Horb B B0 FL AT 1 240 1 CREB .BDNF
ERK1 [ 3R A 58 T B A0 FLAT B 20, 10 AKT R Ik A7 2 .
B2 W LA B A (B K 0 R 2R W FL AT B 41 ) CREB %Kik
3 U MERR 41 5 1 % 41 (P<<0.05) , BDNF ik 511
ME R 20 AT, H Xy 8 2 1R 41 (P<<0.05) . 5 IEH 4l
AH LL B A IL-6 3R 3K 3 TH & (P<<0.05) , M IE R AR
1.85 %, 83k B2 W LA 77 (A R0 L2 LA ) A
WMERR T W5 IL-6 235 FFE, 20 318 1.23,1.03 %, /5 & 50
MERR 2 (1.08 1% ) MR AL o £ 1, 28 B2 WE ZL AT 18 (¢
R E A LA TR ) AN EERR T WS | G414 AKT .
CREB.BDNF .ERK [ & K & ik i, fit 2 X+ IL-6
W, U8 BH 85 2 1k 1) AKT AJ 7% CREB . L% BDNF .ERK 1
FEk 0 A A0 R AR 407 HG v AR G B LAY B AL O
CREB .BDNF .ERK I /4 [F 3 ik 5 R i £ 5 BB ZLAT 7
20 1 H AKT 2N R B 0O de i = 3 76 T IL-6 2 [N 3%
RO N AR
28 MNREBALHAS/NEEAR-1(Z0-1) EEEH-1

(Occludin-1) #1 # & & B (Claudin-1) & E F %

i s A, B2 ZO-1 ., Occludin-1 1 Claudin-1 3%
R 3k 1 18 3 R [ (P<<0.05) , 43 51 S 1F 4 20 19 11.6%,
44.7%,50.9% , BLIR G Hi 4 R S35 7 /N R LB 40 i

3o e MERR | 250 FLAT B (SRR TG B2 ZLAT )
TG, %855 mRNA 925 RFRE I, R4
B AEfE 2 e . Hob £ Claudin-1 B9 38 15 F | Claudin
FEART LR B3 b A0 0 ) R A2 o B R o 4
P S R A, T 2R 75 1 A 41 i o %, B2k
WEZLAF B 41(0.77 £%) PRI B2 B ZLAT 1R 41 (0.85 15 )
HRCRAT B T e RR 4 (0.1 £5) HR T IEH A . 1
Occludin-1 (9 2 3k i, Occludin & [ AT 3% fin #4515 A BHL , 4
FF 20 L 22 1] ) 38 3 TR IR VO N PR LR A A
B P T 4 BT B R T B R LT B
A0l R TS % B AR 4 B R 146, 1.26,
127 f% B82S FIEW Al . 76 20-1 ik, Z0-1 7E A
1 40 i 22 (R TR BT — b 5 WL 8h 2B 1 AN e R B R T
L0 B B TT R A SR B A AR T AL
FF AL (BT B2 B LA R 41D nHERR 41 =% Xf ZO-1
B T TIURCR AR R 35 55, 0w TR AL, L b B 2R FL A 7
ZH(0.2247%) 55 0 MERR 21 (0.24 475 ) ORI 5 #AIG Fl 2
FLFF A 4 (0.66 £5) BOUR i, B3 @ TR Wi, B4R T 1F
HA(P<<0.05) . R B2 0EZLAT B (S 0T LA i 2L
FF R I HE R T AT | 98 i 18 7 Claudin-1,Occludin-1 1
ZO-1 Ry R e ik, o0 i o] L 3% Mg 3 5 B A 40 47, L v i
R 3% 2 LT TR 2 > B LA O 4 > e R 4

g5 b A R SN RIR N SR SRR, S
O R (ROS) Kt 77 A, o 40 1 4tk 45t 1 o il 4
LU T 5 A RN IV R, X S Ak A8 43 T O BURR SR
T TS A 2 AN ) 5 S T L R R T Y
RS Ee, RASUMAL ARG R, 28
ROS I 25 Y JF JUE 4l i A I ) g 5, 51 % g ik 4= 1k
MDA &t Tt , T 40 A P9 A 2 R A 465 o 20 400 it 4% A2 431
R EOF e Sw  E S KA A B R T L
T8 1o G Ak R SO I R T L B N M A I R A B T R AN i i
DAL 4 ol A 2 SF i, 48 5 1 55 i T A0 i AR i R R T 5
BEIh e, A5 8 T AR > B AR K 25

T RE 1% 3 i 22 b i A2 R 7 40 B 3, DRl 2R K A A
FHEY S 8 g5 A DR SR FLRF A AT L A b A
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Figure 4 AKT, BDNF, CREB, ERK1, and IL-6 gene expression in brain tissue of mice
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Figure 5 ZO-1, Occludin-1, and Claudin-1 gene expression in cecal tissue of mice
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