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2| WU AT XLTG11 LERRIM AR
BN e R ThEein A

FHI, D, BF, kiR, =FHE
(BRAIFEHRXFHFR, BRILERIE 150040)

TR AR AIAITILAHEATE XLTG11 2 /2 R AEA s R R e #or . R IREBUE (CTX) M R R HAE
A, KT FOEFBAE, HRAELK, AR, RS A% (LEV) (10 mgkg), %4 2HAERRE KA ILVEATH
XLTGI1 (1x10%, 1x107. 1x10°% 1x10° CFU), #%4: 28d, MZ &L/ RAE A RADRIEAT. A BLLILVHATH XLTGI1 TR
CTX sty SPGB, PAMRISH A PUARA 2098 5 37.37%. 43.43%. 56.56%F2 84.84% (p<0.05); 3&hos R ESEIPIKALE, R 3%
BB RIVAERI A2 5 38.24%. 50.00%. 55.89%F= 94.12% (p<0.05); #—ZHIMALEDE, EhiRkmies s (p<0.05), E+ 1x10°
CFU #Z4 MNHR LS EIRZ 20.82%(p<0.01), AR amies B 485 51.23%(p<0.01 ); A & ik 83k & G Fomie B FK-F (p<0.05),
VA IgA. IL-2 #2 TNF-a K-PH SR AR E, 1x10° CFU 724 IgA K-FFFE 20.03% (p<0.001), IL-2 KFHF 35.94% (p<0.001),
TNF-a K-FFF & 14.50% (p<0.05). FLXHEATE XLTG11 B4 5%/ R RAER, B ER ZARIM, 2R A B4 B RER T
K AL ) RAEILARTE .
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Bifidobacterium lactis XL.TG11 Alleviates Cyclophosphamide-induced

Immunosuppression in Mice

LI Wenwen, MA Weiwei, MA Qing, ZHANG Zhenhua, HUANG Lili"
(College of Pharmacy, Heilongjiang University of Traditional Chinese Medicine, Harbin 150040, China)

Abstract: The effects of Bifidobacterium lactis XLTG11 on immune function utilizing an immunosuppressed mouse model that was
constructed using cyclophosphamide (CTX) were investigated. The blank control and model groups were given normal saline, the positive
control group was given levamisole hydrochloride (LEV) (10 mg/kg), and the experimental groups were given B. lactis XLTG11 at different
concentrations (1x10°, 1x108, 1x107, or 1x10° CFU) for 28 consecutive days; subsequently, immunological indices were measured. All mice
dosed with B. lactis XLTG11 resisted CTX damage to the thymus; their thymic indices increased by 37.37%, 43.43%, 56.56%, and 84.84%
(»<0.05), respectively, compared with those of the model group. Additionally, the experimental groups showed increases in plantar thickness of
38.24%, 50.00%, 55.89%, and 94.12% (p<0.05), respectively. Higher villus height and goblet cell number in the small intestines (p<0.05) were
also observed, with those of the 1x10° CFU group increasing by 20.82% (p<0.01) and 51.23% (p<0.01), respectively. Moreover, elevated serum
immunoglobulin and cytokine levels were detected (p<0.05). IgA, IL-2, and TNF-a levels increased the most; in the 1x10° CFU group, IgA
increased by 20.03% (p<0.01), IL-2 by 35.94% (p<0.01), and TNF-a by 14.50% (p<0.05). Therefore, B. lactis XLTG11 enhanced the immune
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function of immunocompromised mice in a dose-dependent manner. Our findings can serve as a theoretical basis for the development and use of

probiotic health foods.
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s AR RE A AT N R A
PSRRI, SN B8R B s 3 e
FERGE, SEuRIE E RN RN, I B)TE 4T
BIpmREN. BT, AR AR eI R
Rz, FER IER R e e, K
FERIE T AT R R ASAT B . AT & T
BN BEFLIEFR (Bifidobacterium animalis subsp.
lactis) BIFALXUEA T (Bifidobacterium lactis) “&4=VE
i, AT, ERRE T TR AL )
WK R 22 4 A% IAE  (qualified presumption of safety,
QPS) A HIA UG AT XLTG11 435
B LiE, HARRSARE, 72 pH 2.5 A
TEWF 3 h, fAEFENT5.01%, ZJG4kEE1E pH 8.0
RN WA 11 h, FAEFN 89.75%, A RAFH)
B a2 v, BT R R R i
SN R LSBT XLTG1 Al AT /N B 4
MEAAEE . R T AREHAIETE 1k, 398N R
Y S g% SRR G e ThRE - AR, AR XLTG11
AT DARRARAR R AR 730k, Bgoimllpid bels, 15l
TERAEHRL, $REFBEARIIIR & &, BEMA AR
RRERR RN S S0/ RBm g &5 PRBmE R

(cyclophosphamide, CTX) & —FhZHiERivIT 254,
X BN AR A G2 B B HIIVE il %
S AR 3 F 2,

AL CTX MRl ™/ RABAL, ERAL
BB B XLTG11 $8 3 Hox /) b S e+ 54, 48
Ml DhRE NI BR IR S BR R A 9ORE R £

UREM, A EVEUTFLOSUBAF R XLTGL B 175 1)
RE, a2 B A 7507 R RN FH R R A £
H R PEALEIR IR

1 MRERE

L1 A#

11,1 EBR@E#

ARUEATFE XLTG11, FEAZp AR AF;
Hh [ B AR A B P R B 2 D 2 S A A R O PR
%i'5 CGMCC No.18738. SIS HINHF Bk LAAS [R5 & 55
BEARATT-80 CUKAH, FH 0.4 mL AEFEER/KVE NVETIIE
FHIREC .
1.12 %£zh

8 JElRAfe B SPF it BALB/c /MR (18~22 ),
LT RAEEMBEARBGARAF, sV aES:
SCXK (iL) 2020-0001. SLEBEhYNHFET BRI S)
W, BAREBYOK. RE, AT 2023 C,
12 h BAREAS 2
113 EE2XHF L E

BB TR (kS 20172225), VLo
2y B IR A | 3R A2 e DK B ( levamisole
hydrochloride, LEV) (#lt*5 200102), hifti K525
HIRAT]; 4E440 (SRBC) (b5 20210605),
R AEMBEAERAR NREERED A

(immunoglobulinA, IgA, %5 MM-0055M2). %%
BREE 1 G(immunoglobulinG, IgG, %5 MM-0057M2).
FH# y (interferon-y, IFN-y, %i'5 MM-0182M2).
PBIEABEIRF @ (tumor necrosisfactor-a, TNF-a, %
5 MM-0132M2). H4HMfi/r % 2 (interleukin, IL-2,
%5 MM-0701M2). FI4HAE-3 6 (interleukin, IL-6,
%i'5 MM-0163M2) k7 &, TTIMEE sl A BR A F;
Donatello fit7K#L, = AHF| DIAPATH A +]; JB-P5 £
L, BRAHETARAR: RM2016 JiET] AL,
R RIS E PR A F]; SORVALL ST8/SR &5.0aHL,
2[E TOMOS A 7]; Nikon Eclipse E100 Y2 & 452,
HAJE .

1.2 7

12.1 ZshintaRAER # S

25 A LH AR 2 E R AR FE 27K 0.4 mL, FHPERTRE
AR LEV (10 mg/kg), FLBUEFFE XLTG11 A[FH
FE AL BIRERRFLSUBAT B XLTGI W 1x10°,
1x107. 1x10% 1x10° CFU, ¥F4: 28 d, WA E HE.
%23, 24d, BREAANEEESEREKAN, HAR®
SNBSS CTX (40 mg/kg), SRRy
SEAPEAR T /N R
122 HIAEBEIRENE

SEAGHS 28 d ARIKEEZ 30 min J&, &4L/NRRE,
BHEB A ALTE, FBUERAEAE, FIB LAY, H
JEAUR TR/ 5y, FREE 42 o 3Tt S R AT B
i

I P B

s = TR (mg)
AN B (g)
123 R AAB TS5 R K ( delayed type
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hypersensitivity, DTH ) #|&

SEIGHS 23 d, 285 0.2 pl20 pl 2%(V/V)SRBC
(1R 4 d XNERIHTSUSGE . THERT. 524 h
B an IR S WAN Wiy DAcs w4 VA - i et i VA 54
ZRBCFEIE, T B E R 2.

124 D IAFEIRLALR A FE AL

INRALIEIG, REE 2~3 em /NI, 4%% R H
el e, bk, B, RSP BEEIEAED R,
HE Y, b2 DA W52/ ING B IR 4 2 AR
1, Pt B IRS 2 SCRERAED,

1.2.5  NAZERARE S E AR IS B M

i 1.2.4 /NGHEERALZ HE Yea ) Fr, iU
A2 E I IREAT 100 £5 8%, 18 H Image-Pro Plus
6.0 ST ERAT, LA KA ANRAERRAL, 43 ISR )
A 5 e EEE (Villus height), FoRHF
B

i 1.2.4 /NGB R G V) R KU At
TR S R IC (PAS) Hefaibd, EEUVNMNAHZIHE K
XIFHEAT 100 5%, 148 Image-Pro Plus 6.0 73HT4K
T, A KAEARRHERAL, TR K FEAR IR AN £

1I=)

Bo
12,6 i e B F K-l

SEHGH 28 d KIREAZ 30 min &, RS/
ARBREX 4= 1ML, 3000 r/min #5.0» 10 min, HUILIE2>%E
-80 CUKFEA A . ELISA R & IMIME IgA.
IgG. IL-2. IL-6. IFN-y. TNF-a 7KV, #fF5 8%
kAT

1.3 Ggit#ErE

M. SPSS 26.0 Fiit4kAt:, SLI0EHE LA b vE
# ( x+S) Fon, BRI ZEONTET B A0,
LSD i LT HIRELER, p<0.05 B BEMEER.

2 GRS

21 HHDRRRET HEIME

R Ui B G AR T, 2 T 4R k.
KA BRERAA SR e g, K
P M LE NI A ATE R h e B AR,
PUAIESZ HUR RIS, T M40 L B 4% H
W2, MMARREX AR, s B AR B &
BB IR R, MR R RO R s AT PR
WU R R K, FECRAE R B DhREVEA
AAEE R O, IR T LIS A

12

FER 2 AE B CTX BT /N R e DhRe rIs2m,
S5 CTX AT AR/ Bl IR AT e A, &fE
WS, /NEMRTE SR, EREEO
BEZES. FIEAE XLTGI ARREFIEHS CTX
AN e AR L W N R S EE N 5
RORIZE /) BRI R TR B I FRE R 2 PEAIC (p<0.05), Tt
BB IC /NS AU R R D . SARBLZH LA, BHYE
HHHEZH /N B AR B E0E K 43.43% (p<0.05), XLTGII1
SN R EAE N (p<0.05), HEFIEMK
HitE, Hrh 1x10° CFU FIELRIN 37.37% (p<0.05),
1x10" CFU FHIE4H N 43.43% (p<0.05), 1x10° CFU
FIELAIIN 56.56% (p<0.01), 1x10° CFU #E2HI N
84.84% (p<0.001), {HZAH/NRRFEEC I B .
FHIFLRUEFF I XLTG11 AT LA CTX %/ B
(e, Rl R R BT TR K, (EANRESS
Pt CTX FEUR /N BT o
1 XLTG1 AEIFIELEXS CTX /) FRRIAR AR e S 220

Table 1 Effect of different dose groups of XLTG11 on thymus

and spleen indexes in CTX mice ( x+S, n=8)

483 o) EiE 4 EEE 3

Z4=F:| 2112036  3.12+0.94

AR 4 0.99+0.20™"  2.40+0.54"

PRI B 2R 1424044 2.97+0.49
XLTG11 (1x10°CFU)  1.36x031%  2.69+0.42
XLTG11 (1x10’CFU)  1.42+041%  2.71+0.50
XLTGI1 (1x10°CFU)  1.55+0.44"  2.73+0.62

XLTG11 (1x10°CFU)  1.83x0.32"%  2.89+0.42

E: p<0.05, "p<0.001, 5= & LLER; p<0.05, ¥p<0.01,
p<0.001 HAEA LA LA

22 &4 /NF DTH M =

2 2 XLT61 AEIFIELEX CTX /MR EFREE IR0
Table 2 Effect of different doses of XLTG11 on plantar
thickness of CTX mice ( x+S, n=8)

285 3B B /mm

=@ 0.50+0.04

AR 0.34+0.08"

Fenbesd B 28 0.54+0.11"
XLTG11 (1x10°CFU) 0.47+0.12"
XLTG11 (1x10"CFU) 0.51+0.05"
XLTG11 (1x10°CFU) 0.53+0.09"
XLTG11 (1x10°CFU) 0.66:£0.24"

Z: p<0.05, 5 & @Lmkiz; 'p<0.05, "p<0.01, ™p<0.001
LR AR
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B 1 AFEHRE TSR AREEALAAE-RL (HE) &
(X100)

Fig.1 Observation of small intestinal mucosa tissues
hematoxylin-eosin (HE) staining under the light microscope
(x100)

iErar FEL; b AR, o PR, d: XLTG11(1x10°
CFU); e: XLTG11(1x10’CFU); f: XLTG11(1x10® CFU); g:
XLTG11(1x10°CFU).

SRBC #55/Nil DTH 3P AL AUEA R0 4 i e
Eohfefemt, R 2 frn. 5 MR,
HBERY 2H /)N BRAR B R FE R 2 IR (p<0.05), XLTGl11
(1x10” CFU) A/NRAEERZEER I, BINBCER 32%
(p<0.05). SEAIZHLLEL, BAMERTHELE /N BE Bh T
TN, BEINRCR 58.82% (p<0.01), XLTG11 %5
TN R RAEESIE N (p<0.05), HBEELSZE
FERRGIRE 2, S INECR 758 38.24% (p<0.05).
50.00% (p<0.05). 55.89% (p<0.01). 94.12% (p<0.001).

23 BU/NRNEEA SRR A

N 70% 1)k 4R AAAE T i, WiE BA
PG TR, AENUARRORI s Ty, FHAZEEM
SEHNMET] DL N T A B, 1T i g S Bk
& TN, BFFE R, CTX B a2
G VRIS, T LU T i 2 A B R R
AV, BETRIE G TR N E N, AN R

M HE Yo BIE 1. 2 A4/ NRIMz AL
SERTELT, SREHPEESTRE, HAS). BAHN
BUNABE R , B, RESHKEA—,
HASF G . BAMERHIBZELA XLTG11 &7 84NN
AR R BRI A G, R SIR AR . bEE
FIERE, NRE NGRS RS RIS
BHME, LLXLTG11 (1x10° CFU) BV E.

24 ZANEUN R TE R R & AT 28 e

& 2 RZFEHETUNE/NBRIEALOMERERK (PAS) £
(X200)

Fig.2 Observation of small intestinal mucosa tissues periodic

acid-schiff (PAS) staining under the light microscope (x200)
E:a: RE4; b AL ¢ PR BBLE; d: XLTG11(1x10°
CFU); e: XLTG11(1X107CFU); f: XLTG11(1X108CFU); g:
XLTG11(1x10° CFU).
TE/NREIRZ 5 /N R TR ) 5 Js A o R TR AR
RENBE, HEINBYE —Z 0 ZRAM, R
2 ML 1) FRDRS VB WA BN ARIR A . /PR E
UM 5B IR AT AR ELBARSG, SR
EHUAA KR B EEAE R, SRR HE Nz
WAL E TR RE IBRGT, FE—ERR I LR A
efg I B AR SRR A ARG SR S M
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R ThRE B VIS, MORANM AT LSRR A&
MR, & 5mE R ER R, Nana Wang
ALV S AL SUBAT B XLTG11 T LACK B I 3 S Wy
BUNR ARG, FEPOMIRA %L H kb,

M35 SR TE R S ThRe . 2 4H /N BRI Rl
YEmE HE JEgs RILE 1, MRIAEEE PAS 4
a2, WSS RN 3. 5T AHE, B
HANRNFAERE R EZ L (p<0.001), MR4HME
HHFK (p<0.05). SHAIHLLE, BHPEXSRRZH/NE
NHBRE SRR, ISR 16.91% (p<0.05),

PRGEM L H XG0, IR Ny 47.83%, XLTG11 %
FIEA/NRNGE RGN, & /N
BRI 15.23%(p<0.05), 15.77%(p<0.05), 16.35%
(p<0.05), 20.82% (p<0.01). 1x10" CFU ZHHIR4H
W H 390 33.59%, 1x10° CFU 1410 40.45%, 1x10°
CFU $81151.23%. S50 25 SRR B, ALRUEA B XLTG11
AU R NGRERE, SEIN/NEE R0 BRI
A, HIMCIRAIRECE, T CTX MR gL
FRAA5, %h /) BR i R S B B R A A,

5 Nana" i 77 45 S AH— %K.

FIXLTGN REFFIEEX/NARHEAESEFAR ML B Y
A

Table 3 Effect of different doses of XLTG11 on villus height and

goblet cell number of small intestinal mucosa ( x+S, n=8)

23 KEZHE/mm AR ML R

4=l 338.22429.51 23.90+5.01
AR 264.80£2627""  17.06+3.49°

Feb e B8 48 309.58+51.42%  25.22+5.93%
XLTGI1 (1x10°CFU)  305.13+34.31% 19.50+6.77
XLTG11 (1x10°’CFU)  306.57+32.71%  22.79+3.53"
XLTG11 (1x10°CFU)  308.10+38.47*  23.96+5.68"
XLTG11 (1x10°CFU)  319.93+51.5"  25.80+7.90"

E: p<0.05, "p<0.001, 5= @ LA p<0.05, ¥p<0.01,
SRR 4 AR,

25 ZH/MRME IgA. 1gG. IL-2. IL-64

IFN-y. TNF-a A-F i &

x4 BHENRIMTE 1gAs 1gGL IL-2, IL-6. IFN- ¥\ TNF- a K
Table 4 Levels of serum IgA, 1gG, IL-2, IL-6, IFN-y, TNF-¢ of rats in various groups ( x+S, n=8)

0%\ IgA/(ng/mL) IgG/(ng/mL) IL-2/(ng/L) IL-6/(pg/mL) IFN-y/(ng/L) TNF-o/(ng/L)

TE 57.8743.64  462.19421.64  700.68+123.49  8229+7.06 4727345155  467.16+30.28

AR 4 4838+3.65"  378.10£92.63"  533.40£65.94”  56.50+13.29™"  403.99+64.51"  412.70+57.50"
FebEst RB 40 55.95+3.66™  467.59+54.35™  666.32+£134.02"  77.12+17.49%  466.78+62.60°  496.86+49.31%
XLTGII(1x10°CFU)  54.11£3.19"  40524+3533  646.22+142.10°  61.59+8.77 399.58+51.32  463.58+38.69"
XLTG11(1x10CFU) ~ 54.75+3.30"  432.87+32.42"%  663.80£103.17"  67.96+5.73 433.15+5326  465.62+41.08"
XLTG11(1x103CFU)  56.95+8.72%  440.56+47.27"  673.12480.22"  68.73£14.61"  460.97+33.15"  468.12+78.39"
XLTG11(1x10°CFU)  58.07+6.85™  512.72421.05™  725.08+63.62™  69.36£9.44"  476.94+47.67"  472.56+33.93"

E: p<0.05, “p<0.01, p<0.001, HEELE; p<0.05, Fp<0.01, p<0.001, LHAAILA AL,

HUAEA IgA F 1gG Wy ml LAt B LR BE T 47
bR B R s B A e AR B LT, AT R e
FEAE R, IL-2 & T 40HE 2 Thl B4R 1, W]
FFE RN A AR A F, 40 IFN-y. TNF-a
221 TL-6 /& Th2 RIGIMN T, FZRE T3 T
6L T HA G 28 A 402, i B 9 L4 i e e 4
HISETE AL, T 7 iR et e BR B 1 2 5 A
B, LAUNRIEMRE TR LK 4. 55E
ZHEb A, RETZH /N RIS TgA - 1gG IL-2. IL-6+ IFN=y.
TNF-a /KPR (p<0.05) , WM CTX 2T/
LSRR 570 . SRR EERE, PR BEZH /N
FRUMIE IgA IgG. IL-2. IL-61 IFN-y. TNF-a /KF-7>
AT 15.65% (p<0.01) « 23.67% (p<0.01) « 24.92%

(p<0.05) . 36.49% (p<0.01) . 15.54% (p<0.05)
20.39% (p<0.01) ; FXEAF B XLTG11 P44 7E2H

14

%F IgA. IL-2. Al TNF-a & ¥4 5 &= 5 1EH
(p<0.05) , 1x10° CFU % 1gG. IL-6. IFN-y /KF-43
TR 16.52% (p<0.05) + 21.65% (p<0.05) « 14.10%
(p<0.05); 1x10° CFU 4143 5T+ 35.60% (p<0.001)
22.76% (p<0.05) . 18.06% (p<0.01) . ASZI;HTHA
W s R B, FLUBFFE XLTG11 % CTX £k
R /N BBAE T bk B2t i APy B T R,
AR /N B T REE4HH CD37.CD19".CD4 'CD8
"M CD4 CD8 F4rth. WEFLEM, CD19' 25 B i
AR B AL, (Rt ERE 28, Tw
T B 2 RS T2 AN 40U (1) S 3 Bk A 1 00 ™
A IgM BN A 1gGL TgA B IgE, M TG
HA R ER 1 TgA F 1gG FA/K P, cD4"CD8 #1
CD4 CD8'T #k 41 S5 40 A 7 IL-2 1 TNF-a S1E
FARPO, TRk, FRA T FLSUEAT B XLTG11 355/
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B AR Th A 8 o b T A e B Ak, THE B itk
ELAH BN T 9bR 4 P 203 S % BR 2 4 A Th 41 Th2
AL IR T K T2 S AR G S S SE PR

3 ZHig

SIS A4 R IR, 40 mg/kg CTX LRI
W2 d R E RN RN B RO F e 2. FRIC 2 B
JHKEE, BEAR NSRS EAMOIRAE RS H , FES
TE IR A IgA . 1gG FZHiE AT IL-2. IL-6+ IFN=y,
TNF-a (7K (p<0.05) , FEINEES /N R Sy ThRE(E
RS, TEVEE 45 T A AR A FLSUER B XLTG11 T
i 28 d J5, CTX /NERAZEIIREAC NG HAT 2] 8 2.k
3, ABUEATE XLTGI1 (1x10° CFU) 20/ Bl it
HAem T 84.84%, AMMIKFEEIGIN T 94.12%
(p<0.05) , IMIEHHLAT- IgA. IgG. IL-2. IL-6+
TNF-y #l TNF-a 7K~F43 3745 20.03% (p<0.001) .
35.60% (p<0.001)+36.03%(p<0.01).22.76%(p<0.05)-
18.06% (p<0.01) . 14.50% (p<0.05) , HEFEK
W, R IGTRLA R D RERIER . b, X
BB XLTG11 W] AR/ MR EH S0, D
SURATERE, S0/ E s FE ARG e H
1x10° CFU 41 /I B /N i 98 & 5 5 389 im0 20.82%
(p<0.01) , MRAMMEH AN 51.23% (p<0.01) ,
FEI LT R G VA A i BB R R, B
AHERII B R S R e . 28 b, FUSUEF R
XLTG11 BAsgsadiigelE i, HERERETE.
X2 LR XLTG11 78 (i 07 T HI T %
5 SR T EAR SRR
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