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Special column: Effects of environmental hazards on the nervous system
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o4& B B IR ST BUA R DRER (5B ER,

[753%] % 15 Rt sD KRN AXTIRA, BEAR A) . BEEKFARHRW ),
45 R, WRATHITRE, EREBLTLAMK(20 mLkg™ ; IR AF0 IR+HRW AT
R 20 Gy 2R ST, BRaE0 3 K. BREl 10 . BESXEBL FANK/ESKEIFLEL 304,
20 mL-kg ™) o BRMBAR —MRS, HERBRHNEFE 7R L 14 K. F21 K. F30XKNUE
AR, TRITEE 30 XFFE Morris KR E L5, MABRFIBIZEEN; EREZIF
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HRW B K EE S A TLR4. Caspase 1 mRNA FRiAKFER IR A TFPE(3Y P<0.05) , NF-kB. NLRP3
MRNA FRIAKFER FHENBEE, BEERLTRITERN(I P>0.05), Western blotting S23u45
RET, IR+HRW A K IR BB 5 TLR4. Caspase 1 EHFRIXKTF FFE(Y P<0.05), NF-
kB p65. NLRP3 TEFRIAKFH FHEMEDE, BERELEAITFEN(Y P>0.05),
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Role of TLR4/NF-kB signaling pathway in hydrogen-rich water improving cognitive impairment
induced by ionizing radiation in rats CHEN Xiaoman™, WANG Yong"’, LIU Mengya®, LUO Hao’,
WANG Yongli?, LI Jianguo®, QIN Xiujun®* (1. School of Forensics, Shanxi Medical University,
Taiyuan, Shanxi 030001, China; 2. Shanxi Key Laboratory for Pharmaceutical Toxicology & Radiation
Injury Pharmaceuticals/CNNC Key Laboratory for Radiotoxicology and Preclinical Assessment of
Radiopharmaceuticals, Department of Radiology and Environment Medicine, China Institute for
Radiation Protection, Taiyuan, Shanxi 030006, China)

Abstract:

[Background] In the process of radiotherapy, when radiation kills tumor cells, it inevitably
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damages normal tissue cells.

To investigate the role of Toll-like receptor 4 (TLR4)/nuclear factor-kappa B (NF-kB) signaling pathway in the improvement of
cognitive impairment induced by ionizing radiation by hydrogen-rich water before and after whole brain irradiation in rats.

Fifteen male SD rats were randomly divided into three groups: control group, irradiated group (IR group), and hydrogen-rich
water intervention group (IR+HRW group), with 5 rats in each group. The control group was not irradiated, but was given purified water
(20 mL-kg™) by gavage every day, while the IR group and the IR+HRW group were irradiated with a single dose of 20 Gy. Three days be-
fore, 10 min before, and 30 days after irradiation, purified water/hydrogen-rich water (20 mL-kg™) was given by continuous gavage every
day. The general condition of the rats was observed every day, and the body weight were measured on the 7th, 14th, 21st, and 30th days
after irradiation. On the 30th day after irradiation, the learning and memory ability of the rats was tested by Morris water maze; the
pathological changes of hippocampus were detected by hematoxylin-eosin (HE) staining after sacrificing the rats; the contents of glu-
tathione (GSH), malondialdehyde (MDA), interleukin-1B (IL-1B), and hydroxyl radicals in brain tissues were detected by enzyme linked
immunosorbent assay (ELISA); the mRNA and protein expression levels of TLR4, NF-kB, NOD-like receptor pyrin domain 3 (NLRP3), and
cysteinyl aspartate specific proteinase 1 (Caspase 1) were detected by quantitative real-time PCR (qRT-PCR) and Western blotting in the
hippocampus of rats.

After irradiation, the rats in the IR group showed symptoms such as head hair removal and salivation, while the symptoms of
the rats in the IR+HRW group were milder. No animal died in the control and the IR+HRW groups, while one rat died in the IR group.
From day 14 to day 30 after irradiation, the body weight of the rats in the IR+HRW group tended to be higher than that in the IR group,
but the difference was not statistically significant (P>0.05). The Morris water maze results showed that the escape latency of the IR+
HRW group was shortened compared with that of IR group from day 1 to day 5 except day 3, but the difference was not statistically sig-
nificant (P>0.05). For the rats in the IR+HRW group, it took less time to reach the original location of the platform after removing the
platform on day 6 and the number of crossing the platform and the residence time in the original platform quadrant increased (P < 0.05).
The HE staining showed that the number of hippocampal cells in the IR+HRW group was slightly reduced and arranged neatly, without
obvious nuclear hyperchromatic and pyknotic phenomenon. The ELISA results showed that the MDA and hydroxyl radical levels were de-
creased in the IR+HRW group compared with the IR group (P < 0.05), the GSH content was increased, and the IL-1B concentration was de-
creased, but the differences were not statistically significant (P> 0.05). The results of gRT-PCR showed that the mRNA expression levels
of TLR4 and Caspase 1 in the hippocampus of the IR+HRW group were decreased compared with the IR group (P <0.05), and the mRNA
expression levels of NF-kB and NLRP3 were also decreased, but the differences were not statistically significant (P> 0.05). The results of
Western blotting showed that the expression levels of TLR4 and Caspase 1 protein in the hippocampus of the IR+HRW group were decreased
compared with the IR group (P < 0.05), and the expression levels of NF-kB p65 and NLRP3 protein were also decreased, but the differences
were not statistically significant (P> 0.05).

Hydrogen-rich water can improve cognitive impairment induced by ionizing radiation in rats, and its mechanism may be related
to regulating TLR4/NF-kB signaling pathway, inhibiting inflammatory factors, and attenuating oxidative stress.

hydrogen-rich water; ionizing radiation; TLR4/NF-kB signaling pathway; cognitive impairment
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DFIEIVECEY, RERE, 815 TR TR — L
TIR WRIERA 2 FE, FERRAERERTH
EEBBER", TLR4 2 TIRs RIEHIXEBR R
—, SRIERMNSEZEZTIEX, #%ZEF-«B(nuclear fac-
tor-kappa B, NF-kB) il F TLR4 NI RIERF, &
WEHE" ™, TLR4/NF-kB BRHEMRERNIESH
FIBER, NF-kB —B#AUE, MR IBFSEERENR M
MEF, SHRIERN, ATISIEEZNAREN
N #o NF-kB BY2UE Bl S 2 Nod 1+ 32 {8 & H-3(Nod-
like receptor pyrin domain 3, NLRP3) A& fE/)MABY mRNA
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BERFNBUANIIEER AP RIER.

1M sD KR 15 2, K& 250~300 g, 8 A 4. M3
Bt REEFNELRYRABRABEKRIES:
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18 AFIE(HFEILRKEE), 2 RNA IR IXFE (P E
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1.6 HE 3}t

EVHTEE KRR, BT 4a%ZRPREEG, #
TALEEIE, VIREER 4 um B, AR R A AN
MPBLIRE, JHE TMEMARRIEFHE,

1.7 ESEX 9% % MY iX 3& (enzyme linked immunosor-
bent assay, ELISA)

BUA FRANZAZE, £/ GSH. MDA, IL-18. FBEHE
HFE, =IRIHEPICN GSH. MDA, IL-18. R EHE
K,

1.8 qRT-PCR

PEARBED, ¥F2 30~50 mg /85, I 1 mL
TRIzon ZERTRERE L, KA, BUKIE, RREE,
B2 B, BT IUERION 30 uL RNase-Free Water 78
73 78RR RNA, UIREX KRB S RNA, IREB R ERIAT
217 B B RNA R ¥ R 79 cDNA, R #E SYBR Green
qPCR Mix i 7 & 1% BE H 12 M mRNA A KFE, LA B-
actin AN S, W EHRERFITH—HAIE, HNH
27K R IT B E4H TLR4. NF-kB. NLRP3. Caspase 1
mRNA BIAEXT FRIK, 51 HIILR 1o

x1 5|%F51(5'—3"
Table 1 Sequence of primers (5'>3')

B[R &R (Gene) IEMS|#¥)(Forward prime) = [E5|%)(Reverse primer)

TLR4 TATCCAGAGCCGTTGGTGTA CCCACTCGAGGTAGGTGTTT
NF-kB CCACTGTCAACAGCAGATGG TTCTTCTCACTGGAGGCACC
NLRP3 TCCTGCAGAGCCTACAGTTG TCAGCTCAGGCTTTTCCTCC
Caspase 1 AACACATTGAAGTGCCCAAGC  ACTCCTTGTTTCTCTCCACGG
B-actin CGTTGACATCCGTAAAGACCTC TAGGAGCCAGGGCAGTAATCT

1.9 Western blotting

VAR B4R 20~30 mg, IRENVALEH, EA
BCAEHITEE. RIBEHD FERME, KEFREF
HFITERIKNIRER, B R s%EtAETMEF 2 h,
MMN—H(FERR LB B9  TLR4, 1:500; NF-kB p65,
1:800;, NLRP3, 1:800, Caspase 1, 1:2000, B-actin, 1:
20000)4 ‘C &KEB. IR, B=ZERE HEHKE
TR+IER(TBST) &35E 3 R, &R 10 min, 230N HRP
FREBWF R IAEM WL F R E(FERELLFI 9 1:
5000),37 °CEE 1 h, ARG F TBST R 3R, Bk
10 min, JERREIINE A YR #HITE B FB Image
1.52a MENEBFHFEHFITREBNDT. A&
F19 B-actin, LL TLR4. NF-kB p65. NLRP3. Caspase 1
5 B-actin NIk EEZ LD & EBENRIAKE,
1.10 HRitFEDH

SKF3 SPSS 22.0 BRI #IBHITH 1T 7247, Graph-

pad prism 8.0 fEE, AE S EUMITRILERILIRFE
REENEHEDH, LSD EZWFEAMT;, EREHEST
MR RASEZE ANOVA HE DT, LSD AR 7D
Mo ¥2307K 4 a=0.05,

2 4
21 —fRRBMEEL L

SKICHAE], WRAAREZBIES, RAKRLIN
SLERBRE(3/5, THREIEE 7 RHEI) . FHE(s5/5, T
S5 4 RHEI) , IR+HRW A KR SLERARE(2/5, TR
555 7 RHI) . A(5/5, TREEE 5 RHEM)
TERER IR AR B B, XTHRAM IR+HRW A KRR H
MFETIES, M IR A7EREIESE 14 KB 1 RAERT,

REAXNBRAEEERFEE VR BF21 KR F
30 RIEFIFEBLE(P<0.05), IR+HRW A A RIAETE
BEESE 14 K. B 21 KMEFXHRA(P<0.05), 7E8
HEE 30 RERTRANERE, BERLERAITE
BX(P>0.05), EHRIFESE 14 K—5 30 X, IRtHRW
AARAEEST REAVERE, BERHLTRAITER
X(P>0.05)(E 1),

600 o l?‘ 'i|

400

{AE (Body weight)/g
N
8

0 7 14 21 30
PR &Y f5 B8] 52 (Irradiation time)
[ x4fR4A(Control group) [ IR £H(IR group) [ IR+HRW £B(IR+HRW group)

[3¥] *: P<0.05, ***: P<0.001,
[Note] *: P<0.05, ***: P<0.001.
1 BHEFRRHAZNKREELL (n=5)
Figure 1 Changes of body weight of rats in different groups after
irradiation (n=5)

2.2 FIBIZEENTWL

FEE AR RERAVIL I, Fr A A5 89K B k6t
BRERERZ 4852, &1 078 R Z A B kS AR
£, BREE 3 X9, 5 1 X—58 5 K IR+HRW AR RAE
XIF IR AR RIS B 4BREMNES, BERE TSR
ITEEX(P>0.05)(E 2), 5 IR A1ELL, IR+HRW LK
RTESE 6 KIEEF B EEHAT AR KA EFTANIE
B, FHTERBIMERT S REEEEEIE M
(P<0.05)(El3),
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2 BSEREARIKREEEEEKRER (n=5)
Figure 2 Escape latency of rats in different groups after
irradiation (n=5)
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{tk 8 5
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0 0
£85/l(Group) £831(Group)
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X
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40
30 [ X3B&ZH(Control group)
2 [ IR £B(IR group)
20 [ IR+HRW £B(IR+HRW group)
10
0

2851(Group)

CEl A BEXFRFETFEAEFTANE; B: FHTEERE; ¢ RFEER
FRISEEAYIE], *: P<0.05, **: P<0.01,

[Note] A: First arrival time at the original platform; B: Platform crossing
times; C: Time to stay in the original platform quadrant. *: P<0.05,
**. p<0.01.

3 BRHIEFREARAKRE Morris KK LR (n=5)
Figure 3 Morris water maze experiment results of rats in different
groups after irradiation (n=5)

23 BOREFETHK

B\TA: WERAKESES cA3 XAMASIES,
HESIEESS, RAKRRESHAMBEFTER L, HHIE
i, BBy TR EINR, EZESE, IR+HRW AKX
BEARKERERLD, HYIE, RILAENEZ
ARERERINZR(E 4),

IR+HRW ZH(IR+HRW group)

[3E] A: x200; B: x400,
[Note] A: x200; B: x400.
B4 BHEFRANARSSHBHRFTWL (n=5)
Figure 4 Histopathological changes of hippocampus in different
groups of rats after irradiation (n=>5)

24 RALRPRERTF. EUABIETREL

5 R H#8LL, IR+HRW A K R AKLALR 1 MDA, £
BHEEKFEMR(P<0.05),GH EEFHD. IL-1 K
E(RERE)ERENEE, BEERHLTARITFEEREX
(P>0.05) (&l 5),
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#2 B % (Hydroxyl radical)/(U-mg™)

£H%1)(Group)

[ %4884 (Control group) [ IR £A(IR group) [ IR+HRW £B(IR+HRW group)

[EIA: GSH; BX MDA; C: IL-1B; D: 32 BB E ., **! P<0.01, ***
P<0.001, ¥**** p<0.0001,

[Note] A: GSH; B: MDA; C: IL-1B; D: Hydroxyl radical. **: P<0.01, ***:

P<0.001, ****: p<0.0001.
B 5 BREFRASNKRREERF. SUBIEFEK
(n=5)

Figure 5 Changes in inflammatory factors and oxidative stress in-

dexes of rats in different groups after irradiation (n=5)
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2.5 85 TLR4. NF-kB. NLRP3. Caspase 1 mRNA
RIXT

GRT-PCR ER R 7R, 5 IR £A4ALL, IR+HRW A KR
78 5 TLR4. Caspase 1 mRNA R iAK F T FE(P<
0.05) , NF-kB. NLRP3 mRNA RiX/KEH FREMEE,
BESERITFEN(P>0.05)(E 6),

1.5 2.0
*
3 ]
3 T 3 15
B < 1.0 — B <
%% %2
Koo K49
#® g e
=3 =9
= % 0.5 = %
K] < 05
< )
0 L L 0 L
28%!)(Group) 28%!)(Group)
2.0 *
2]
3 3
3 15 3 15
H— c |§|_ c
%5 %2
K o K o
H% x H‘K x
=9 =9
o o
< % < %
3 05 T 05
) S
0 L L 0

28%1)(Group) 2%!)(Group)

[ x$5R4H (Control group) [ IR ZH(IR group) [ IR+HRW £A(IR+HRW group)

[3E] A: TLR4; B: NF-kB; C: NLRP3; D: Caspase 1o *. P<0.05,
[Note] A: TLR4; B: NF-kB; C: NLRP3; D: Caspase 1. *: P<0.05.
6 BEEFREARIKEFRRE mRNA &Ri& (n=5)
Figure 6 Selected mRNA expressions of rats in different groups
after irradiation (n=5)

2.6 S5 TLR4. NF-kB p65. NLRP3. Caspase 1 &
B&RELEY

Western blotting 25 R 2/~ , 5 IRAHELL, IR+
HRW A K B /82 TLR4. Caspase 1 EARIAKFET
F%(P<0.05), NF-kB p65. NLRP3 Z& H RiA/KFH T [E
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