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Abstract: The purpose of this study was to examine the protective effects of selenium-enriched Bifidobacterium longum DD98 (Se-DD98)
on X-ray-induced hepatic damage in mice were investigated. Male SPF-grade balb/c mice were randomly divided into 5 groups: normal control
group, radiation control group, Se-DD98 high-dose group, Se-DD98 low-dose group and DD9S§ control group. After 28 days of administration,
the body weights of mice were monitored. Whole body X-ray irradiation was used on the 29th day, and then relevant indicators were measured
after the experiment. Compared with the body weight (24.44 g) and liver index (4.49%) of the radiation control group, the body weight (26.96 g)
and liver index (5.10%) of the Se-DD98 high-dose group increased significantly, with the levels of their serum liver function indicators (ALT,
AST) and body oxidative stress indicators (MDA, LDH) decreasing significantly, and the activities of their antioxidant enzymes (CAT, SOD,
GSH-Px) increasing significantly. Real-time fluorescent quantitative PCR results showed that the expression of Sod1 (3.58) and Gpx1 (7.14) in
the liver of the Se-DD98 high-dose group was significantly up-regulated (by 16.41 and 10.19 times, respectively), and the expression of
pro-inflammatory factor IL-15 (2.16) was significantly down-regulated (by 1.61 times). The mRNA levels of hepatic Sod1 (3.58) and Gpx1
(7.14) were significantly up-regulated respectively by 16.41 and 10.19 times in Se-DD98 high-dose group. In addition, both the high- and
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low-dose Se-DD98 groups could reduce X-ray-induced liver damage. Finally, the indices of the Se-DD98 high-dose group differed very little

Modern Food Science and Technology 2021, Vol.37, No.6

from the normal control group but differed significantly from the radiation control group. Therefore, Se-DD98 can alleviate X-ray-induced
hepatic damage in mice through reducing the level of oxidative stress, boosting the activities of the antioxidant enzymes and inhibiting tissue
inflammation.
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BRI H DDI8 #8417 RCM #5725 HiH 1k
24h, RIGHEMBIFhFEEFRIET 37 CIREHEFR 12 h,
BRTFHHEIR 5% (V) HefhB| kR IR 37 °C
REFEFRZE 16 h 5, BB - IR R R H 57
SRIGTFIERMEL G ARER ) 4RSEPRAERTFR 12h,
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Table 1 The sequences of primers for qRT-PCR

P53 L34 (5-3") Ti#s14 (5-3")

GAPDH  GAGAAACCTGCCAAGTATGATGAC TAGCCGTATTCATTGTCATACCAG
IL-18 CAGAGTTCCCCAACTGGTACATC GGGAAGGCATTAGAAACAGTCC
IL-10 GCTCTTACTGACTGGCATGAG CGCAGCTCTAGGAGCATGTG
Sodl AACCAGTTGTGTTGTCAGGAC CCACCATGTTTCTTAGAGTGAGG
Gpxl AGTCCACCGTGTATGCCTTCT GAGACGCGACATTCTCAATGA
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mg/g (Y EE &/ EED .
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Se-DD98 =i &4 : 0.2 mg Se/kg, IHHEL 5.4x10°
CFU/kg;

Se-DD98 A E4H: 0.1 mg Se/kg, WHH%L 2.7x10°
CFU/kg;

DD98 WHE4: I H %L 5.4x10° CFU/Kg.
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1 DD TEIEHGTIE T X/ 2ttt

MBS 2 d, 5 NC 4fkE (26.91+0.53 g) #H
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Fig.1 The changes of body weight of X-ray irradiated mice in
experimental period
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Fig.2 Liver index of X-ray irradiated mice in each group
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Fig.3 The activity of AST and ALT of X-ray irradiated mice in
each group
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fio SeL 4H (25.38. 17.70 U/L) tHEHLH SN I22 %
. BT DD98 Al SeL 4H, SeH 4/NFMLE AST
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F1 GSH-Px (2479.10 U/mg prot) ¥ /123 &, 703
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FIEK P TREZ S .5 SeH M1 SeL 41 Sod1(3.58.
242) F1 Gpxl (7.14. 2.73) HXERELSEHEES
F IR 4A1 DD98 41 (p<0.05), FHHTPT LT
Se-DD98 A LAFIE (i et T FIRFE Sodl A
Gpx1 /KPR fif B m it S8, AT
g DD98. WHIRMFFRIL, EREFH R E MR
A HRETE S HFIE Gpx1. Gpx4 Al SodImRNA ik i
F P, A1 AT AIBE R DL Se-DDIS 1 87% 1)
Tl LA F AR AR (SeMet) HITERAZELET. T SeMet
AT LA I B P B A 9 B RE DA G R
SHIPEA RS, W GSH-Px. TrxR. SelP, fEHi%
WHIH ARG PR E e . AR, 18MH
EBH MG Se KT S5 AR, X3t — 25 W] Se-DD9S
XFFTBUR PR R R, 2 /D30 o il 1 o
iR ok R e P W IF =R R AN Gy & i ladiiliio)
RPEA . X—4R5FIEHHEYEE SOD Al
GSH-Px & 1M R A B EIE. te4h, BIFTA
I SeMet 1] DU IS A B P F 5 BRI pS3 AT 179
YA T Gaddda Al p48XPE FE[H, 53| 71 IR
PIBRMEE IN. (NER) MR SR AMEFES 115 T
DNA {0, #EAWIFEH, Se-DDI8 F& 754t ik
T AP P9 S DAL T pS3 AT 2 it ST 1 B 400
DNA BJ#ifs, X AEAR#—P LT

8 ONC a
HIR
5 6l B SeH
2 M SeL
< mDDY8
N
2 b ?
R
& 2t be c
c C
[ [
0 mim [ |
Sodl Gpxl

6 X STEARSHMA & LB/ NRATARE Sod1 F0 Gpx1 FAZEML
Fig.6 The mRNA levels of hepaticSod1 and Gpx1 of X-ray

irradiated mice in each group
27 X H&BA/DRAIERERE

/N AT AER B A AR A A R sl 7 ffroR, NC
ARTHEA MRS % . RS IEH . IR AL AP Jefffik
(CV) F KT, B RAEE, A s BRI ok
IME BT, A BT WA R 5k, A ERT et
AR X ) B AT ILREE 2 AN £ 4R AR A ot
FARGE, IR BA . Tk, A R 432 )
B R . YT ARIES H AR AT A AT ZAZE H K
AL, FESIFBWIA . £ 3Gy X L

16

2| RN IR . 5 IR 418, DD98
/N R LR R 16 Bk, (E R gk 7 L,
BRIy sk 7e i, FAARALE DDOS HA AU AT
FEEIER . she AT Sel ZH/INEUFFIR AR HED | %%,

R ULER KR LB R B8 Tk e, S PR IR T RAR,

BRIEH I HR S . %4 R T Wit S S
Se-DD98 TEf#-H A 552 X Bt k155 5 AT L 445 14
P 7, W T HERS B s 7.

7 X-SHEAREHRMA S R AT AR F S AL

Fig.7 Hepatic pathological changes of X-ray irradiated mice in
each group
7 : a: NC, EwTiB4E; b: IR, #&4+stRé4H; c: SeH,
Se-DD98 Z#|&41; d: SeL, Se-DD98 &7 Z4H; e: DDOS,
DD98 ¢ 48,

2.8 Se-DD98 xt X 4t £ 48 4f /1N BT M 3% E B

FARAAFH R

SORE ST VIR, AT S0 A0 5 B HAR
fIEZ — R 9RE R FIRAEATE, 2957 Z A7 STkt
TR NAZFAERFEREZH LY, SR MR BB, &
kT Re FEUT ERASWUL . WE 8 Fiir. 5 NC
ELEE, IR AR IL-18 M5 & B BT & T 5.63
B (p<0.05), R X FHLERS 251/ R
RINF -1 S ES . 5 IR ALE:, DDIS 4T
HIL-18 A e HIPEAIC, R %R . SeH. SeL
AR IL-18 KF (2164 3.14) EFHLT IR 4140
DD98 X4, A Se-DD98 AHH T Hi4li DD9S fgfi%
B S 2N RUFFIE IL-18 B ThaE (p<0.05). %
T IL-18, SeH Hitnf AR ZE M IL-10 /K, 5 NC



MR BRI

Modern Food Science and Technology

2021, Vol.37, No.6

HAREL I T 7.09 155 . AHFTARE IL-10 & —Fia %k
Pt MR T, FERIRBHAEAG 35 (1) 9RE [ B H e
FAEP), ASE KW, Se-DD98 ] LI B AT
R F IL-18, FF BIHE R 40 e+ IL-10 &
B (p<0.05), HARMT %40 DDI8. Jeili It sk
B, Se-DD98 feff it FCHNEH IL-18. IL-6 Fff
FIRSEA T (TNF-0) MITZEfR/ MRS, A&
WFFCIRRE R B, Se-DDO8 HJ LA 2 BRI AR A i 48 [
G P w5 R R R il S e G i e
SERENMRES ST ER -8, BRT
Se-DD98 Zfif X S 4R AT BURE A7 I pL vT e &

| S S A I
10 ONC
HIR a
gt B SeH
T; M SeL
2 = 1NNoQ
< 6 L a =70 a
: :
ab
47 b b
=
S be
~ 5|
NN 1
L1 IL-10

8 Se—DD98 XA AR X EEFIAMIFIN
Fig.8 Effects of Se-DD98 on hepatic inflammation-related gene
expressions

A TR 5 PR oA S (R 2 AR i e e
HRERITRPT SN S0 Loguercio 255U F AT
i8], YONIE ERHREL TR SR L .
J rp 2 R B A A @GN e
ThRe A3 T BB S, TE w2 frg
PR ™ AR A AR SR AR SR s I PR AR
18, FEsATT ARG T B IE A e A W)
B, R WA BT AR AT B XTVa,
W AT ROAERA SRR, O B A A
PAFEBIN, — B piE hrRETh e 251, WA,
T AN A R B, RS AT
JUE Kupffer 41 i SEEEAIFE I E Kupfier 40 B2 i T Toll
FE32 4k (TLRs) 45 & N85 3 W0 16 JE & 1 e
(MAPK) FIZIA T «B (NF-xB), 724 5 PEANHIA
T, AHE INF-o FIAARAIE T (-6, IL-1) Pl
a2 T RS S (et Tl R A ) A A A A
MG 5 it R ch el I, 2d 2k B b B s i T
FPERGE, e R 5 HIREEG 4 TNF-a Al
B RPN 7 IL-10 FEE LA KR T B
(TGF-) %P4, BRZAREFUAE GG @it TLR-4
M TLR-5 A FHINEREEE, ISR 558

TNF-a {1774, Hye PR RBLK AT LC67
ATLAREAIC HFD 5 A HE R /IS BRI AT I A T 22 B
(LPS) MI7K°F, #0177 HFD % S/ NF-«B j&{LIt
N T fiE B %ERE R A claudin-1 A occludin 7E45
HERIA, INTTRER T FIERE AR 1, RERERNZS %4 .
AN, Qu PR 5T K I SeMet -t HEMS i i 3141
TLR4-NF-«B-NLRP3 {5 5l 40| LPS #5FH)
KSHFLHLRIERE « FEATFH, FATKIL Se-DDIS RES
IR R T IL-18 (BT, SR 1
IL-10 HIBEII 5 A4ty DD ¥4 77 AH L EA 5K K7
FEORAPER, (B B frpmL], XA AR T —
BRI

3 Zhip

ASCHEFE T B KA DD9S (Se-DD98) it
X SR A USRS A /N R ER B ER . Se-DD98
AT CAZRAR/IN B4 E BT R FR B PR ez Iy
Ihfetabs, BB IME AT E L RAOK T BE5s
JFNEFCEABRETE . PRI 2 R/ P A s
A 28 PR 7K ~F AT 82 P s 4534, U B G
MU B DD98 % X HT 2R FrSUSURPEIF 4 B Rt
e R, BAE SO T 52l DD98 25 A2 R YATT »
B BRIV E LA, IE T3S RN T

B I bk

[1] Riley P A. Free radicals in biology: oxidative stress and the
effects of ionizing radiation [J]. International Journal of
Radiation Biology, 1994, 65(1): 27-33

[2] El-shennawy H M, Shahat A N, Ahmed A G et al
Ameliorative effect of Silymarin against radiation-induced
oxidative stress in the liver of male rats [J]. Pakistan Journal
of Zoology , 2016, 48: 1905-1909

[3] Messarah M, Klibet F, Boumendjel A, et al. Hepatoprotective
role and antioxidant capacity of selenium on arsenic-induced
liver injury in rats [J]. Experimental and Toxicologic
Pathology, 2012, 64(3): 167-174

[4] Wang J, Ji HF, Wang S X, et al. Lactobacillus plantarum
ZLP001: in vitro assessment of antioxidant capacity and
effect on growth performance and antioxidant status in
weaning piglets [J]. Asian-Australas J Anim Sci, 2012, 25(8):
1153-1158

[S] GuZ, LiuY, Hu S, et al. Probiotics for alleviating alcoholic
liver injury [J]. Gastroenterology Research and Practice, 2019,
2019: 9097276

[6] Pophaly S D, Poonam, Singh P, et al. Selenium enrichment of

17



MR BRI

Modern Food Science and Technology

2021, Vol.37, No.6

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

18

lactic acid bacteria and bifidobacteria: a functional food
perspective [J]. Trends Food Sci Technol, 2014, 39(2):
135-145

Zhu H, Zhou Y, Qi Y, et al. Preparation and characterization
of selenium enriched - Bifidobacterium longum DD98, and
intestinal

10(8):

its repairing effects on antibiotic-induced
dysbacteriosis in mice [J]. Food Funct, 2019,
4975-4984

Qiu Y, Zhang J, Ji R, et al. Preventative effects of
selenium-enriched Bifidobacterium longum on
irinotecan-induced small intestinal mucositis in mice [J].
Beneficial Microbes, 2019, 10(5): 569-77

Mcgill M R. The past and present of serum aminotransferases
and the future of liver injury biomarkers [J]. Excli Journal,
2016, 15: 817-828

Rehab M. Evaluation of the effect of spirulina against gamma
irradiation induced oxidative stress and tissue injury in rats [J].
International Journal of Applied Science and Engineering
Research, 2012, 1(2): 152-164

Zhao D, Gao F, Zhu H, et al. Selenium-enriched
Bifidobacterium longum DD98 relieves metabolic alterations
and liver injuries associated with obesity in high-fat diet-fed
mice [J]. ] Funct Food, 2020, 72: 104051

Liu Y, Lu Q, Ye G et al. Protective Effects of
selenium-enriched probiotics on carbon tetrachloride-induced
liver fibrosis in rats [J]. Journal of Agricultural and Food
Chemistry, 2015, 63(1): 242-249

Samarghandian S, Farkhondeh T, Samini F, et al. Protective
effects of carvacrol against oxidative stress induced by
and kidney [J].
Biochemistry Research International, 2016, 2016: 2645237

Wu J, Yan Z, Schwartz D E, et al. Activation of NLRP3

chronic stress in rat’s brain, liver,

inflammasome in alveolar macrophages contributes to
mechanical stretch-induced lung inflammation and injury [J].
The Journal of Immunology, 2013, 190(7): 3590-3599
Barshishat-kupper M, Tipton A J, Mccart E A, et al. Effect of
ionizing radiation on liver protein oxidation and metabolic
function in C57BL/6J mice [J]. International Journal of
Radiation Biology, 2014, 90(12): 1169-1178

Ismail A F M, Salem A A M, Eassawy M M T.
Hepatoprotective effect of grape seed oil against carbon
tetrachloride induced oxidative stress in liver of
gamma-irradiated rat [J]. Journal of Photochemistry and
Photobiology B-Biology, 2016, 160: 1-10

He L, He T, Farrar S, et al. Antioxidants maintain cellular

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

redox homeostasis by elimination of reactive oxygen species
[J]. Cellular Physiology and Biochemistry, 2017, 44(2):
532-553

Yi H W, Zhu X X, Huang X L, et al. Selenium-enriched
Bifidobacterium longum protected alcohol and high fat diet
induced hepatic injury in mice [J]. Chin J Nat Med, 2020,
18(3): 169-177

Khan A Z, Kumbhar S, Liu Y, et al. Dietary supplementation
of selenium-enriched probiotics enhances meat quality of
broiler chickens (Gallus gallus domesticus) raised under high
ambient temperature [J]. Biological Trace Element Research,
2018, 182(2): 328-38

Verma P, Kunwar A, Priyadarsini K 1. Effect of low-dose
selenium supplementation on the genotoxicity, tissue injury
and survival of mice exposed to acute whole-body irradiation
[J]. Biological Trace Element Research, 2017, 179(1):
130-139

A KRR, 5. SOD1 Ml 5 v PEAEE 5 S
B[] 4L 2530 2018,30(10):1475-1486

LI Xiang, SHI Jiayuan, QIU Shuang, et al. SOD1 inhibition
regulates the ROS signaling transduction [J]. Prpgress in
Chemistry, 2018, 30(10): 1475-1486

Gan F, Ren F, Chen X, et al. Effects of selenium-enriched
probiotics on heat shock protein mRNA levels in piglet under
heat stress conditions [J]. Journal of Agricultural and Food
Chemistry, 2013, 61(10): 2385-2391

Gan F, Chen X, Liao S F, et al. Selenium-enriched probiotics
improve antioxidant status, immune function, and
selenoprotein gene expression of piglets raised under high
ambient temperature [J]. Journal of Agricultural and Food
Chemistry, 2014, 62(20): 4502-4508

Khan A Z, Kumbhar S, Hamid M, et al. Effects of
selenium-enriched probiotics on heart lesions by influencing
the mRNA expressions of selenoproteins and heat shock
proteins in heat stressed broiler chickens [J]. Pakistan
Veterinary Journal, 2016, 36(4): 460-464

Thuluvath P J, Triger D R. Selenium in chronic liver disease
[J]. Journal of Hepatology, 1992, 14(2): 176-182

Seo Y R, Kelley M R, Smith M L. Selenomethionine
regulation of p53 by a Refl-mediated redox mechanism [J].
Cancer Epidemiology Biomarkers & Prevention, 2002,
99(22): 14548-14553

Nada A S, Hawas A M, Abd Elmageed Z Y, et al. Protective

value of aloe vera extract against y-irradiation-induced some

biochemical disorders in rats [J]. Journal of Radiation



MR BRI

Modern Food Science and Technology

2021, Vol.37, No.6

[28]

[29]

[30]

[31]

[32]

Research and Applied Sciences, 2013, 6(2): 31-37

Xu J Y, Zhao L, Chong Y, et al. Protection effect of
sanguinarine on whole-body exposure of X radiation in
BALB/c mice [J]. Brazilian Journal of Pharmaceutical
Sciences, 2014, 50(1): 101-106

Yao Y, Wang L, Jin P, et al. Methane alleviates carbon
tetrachloride induced liver injury in mice: anti-inflammatory
action demonstrated by increased PI3K/Akt/GSK-3
p-mediated IL-10 expression [J]. Journal of Molecular
Histology, 2017, 48(4): 301-310

Loguercio C, De Simone T, Federico A, et al. Gut-liver axis:
a new point of attack to treat chronic liver damage? [J]. Am J
Gastroenterol, 2002, 97(8): 2144-2146

Sheth A A, Garcia-tsao G Probiotics and liver disease [J]. J
Clin Gastroenterol, 2008, 42(6): S80-S84

Touchefeu Y, Montassier E, Nieman K, et al. Systematic

review: the role of the gut microbiota in chemotherapy- or

radiation-induced gastrointestinal mucositis-current evidence

[33]

[34]

[35]

[36]

and potential clinical applications [J]. Aliment Pharmacol
Ther, 2014, 40(5): 409-422

Isolauri E, Salminen S. Probiotics, gut inflammation and
barrier function [J]. Gastroenterol Clin North Am, 2005,
34(3): 437-450

Hakansson A, Molin G Gut microbiota and inflammation [J].
Nutrients, 2011, 3(6): 637-682

In Kim H, Kim J-K, Kim J-Y, et al. Lactobacillus plantarum
LC27 and Bifidobacterium longum LC67 simultaneously
alleviate high-fat diet-induced colitis, endotoxemia, liver
steatosis, and obesity in mice [J]. Nutrition Research, 2019,
67: 78-89
Qu J,
lipopolysaccharide-induced inflammation of chicken liver

selenomethionine via TLR4-NF-«B-NLRP3

Wang W, Zhang Q, et al. Inhibition of
tissue by
signaling pathway [J]. Biological Trace Element Research,
2020, 195(1): 205-214

(E#EE 4270

[14]

[15]

[16]

[17]

[18]

X I 5 B < 0o K B 2L A U R S 222 188 o 55 B )
SMAD). W) = B R 24,2016

ZHAO Ri-xia. The effect of sleep deprivation on the content
of amino acid neurotransmitters in rat brain tissue [D].
Kunming: Yunnan College of Traditional Chinese Medicine,
2016

PRI, 208, T 55 B5F GABA fiE RGUEMIRTT RARM)
HURI[T]. IR A M 23 R, 2018,18(3):565-567

LIN Bing-qi, LI Feng, MA Jie, et al. Explore the mechanism
of insomnia based on the GABAergic system pathway [J].
Progress in Modern Biomedicine, 2018, 18(3): 565-567
Wang S, Wang C H, Peng D Q, et al. Agarwood essential oil
displays sedative-hypnotic effects through the GABAergic
system [J]. Molecules, 2017, 22(12): 2190-2207

Sookoian S, Gemma C, Giantti T F, et al. Serotonin and
serotonin transporter gene variant in the rotating shift workers
[J]. Sleep, 2007, 30(8): 1049

Holst S C, Valomon A, Landolt H P. Sleep pharmacogenetics:
personalized sleep-wake therapy [J]. Annu Rev Pharmacol

[19]

[20]

[21]

Toxicol, 2016, 56: 577-603

By oz, e, 32 600, A8 S A DU 2R UORH il 28 09F 9 ]
R, 2016,41(12):62-65

DUAN Zhou-wei, XIE Hui, DOU Zhi-hao, et al. Study on
the preparation of compound agarwood tea beverage [J].
Food Science and Technology, 2016, 41(12): 62-65

B TR UUE A RYT DNA AR L L 7T
(D] M BE 2K 52,2013

HAN Wei-juan. Study on the activity and mechanism of
agarwood tea in protecting DNA from oxidative damage [D].
Guangzhou: Guangzhou University of Traditional Chinese
Medicine, 2013

W R, S A PR il S5 T 2R SR P A SN S AR A P
R R AE PR (0] AR & S RHE, 2013,29(6):1198-1242
CHEN Di-ling, WU Yi, LIN Li, et al. Evaluation of in vitro
antioxidant and in vivo hypolipidemic effects of agarwood
tea extract [J]. Modern Food Science and Technology, 2013,
29(6): 1198-1242

19



