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SmAEX 2R TRE/NSHRIFIER
FRH, LW, & #, KWk, HAA"
(ZRTPEHRFHFR SRE 150040)

WE ARTILLCAZALAAMNTHBES FLAMRTHEAE MR LA D RGFH 0, ¥ BALB/c A AL H 2 G WA kA 4
(R ARLK), xR # 7 ek &k (10 mgkg) ] A& F & AF KB A (55 # F 2.5x10°,5x10°, 1x107
CFU/0AmL £ & & A H), H8 %0 28d, 02 D AMERE R WL EAR ARRLAEAR TR wIe LG o kb
HRERE QR MLE TR, SR A, HAA Mg & F 4 RO IR SR 38 e (P<0.01) A& F & A E SR
A3 58.92% ,67.86% ,80.36% ; R K A T & R A JE 3G e (P<0.01) A& F (& A & 5% 845 A3 e 20.34%,
27.12% ,67.80% ; fo % % o 7 /K F 3 3 hm (P<0.05) , 2A F 7 & Fo 3 7 & 2038 sn 2 (P<0.01), 2 51 3 47 31.25%,40.23%;
&P @ A F E Ak e e CD3* CD4*CD8 F» CD4CD8* & 4 b3 Am (P<0.05) , ¥4 CD3*5k 4 2 3% (P<0.01) 4& . F . &
A F W20 5 R 3 A 33.17%,42.63%,54.65%; # 7 & 48 B SR A 45 (NK) 28 1 b 5] 9 3238 e 56.50% (P<0.01) , o ik % J% #k %
& IgA TeG IL-2 TNF-a K-F ¥ 7+ & (P<0.05) % A4 S A W R B T R LA NKT EH L FREEM, A%

3% S S AR B ARAE R S T AARAL T A F IR,
KA
XEHS 1009-7848(2023)08-0124-08
2019 47 i 2 el AR A 2 il 22 (COVID-19)
TE 2B R TR T R R E ) iz
BRI TR, AT 98 R MUK S 2 D g T B2 B e
iti 98 72 s 1) FE LI IR 22— Rt 3 iR AL AR B 2
J1 AR PURTERE ), G A B IR R TC
HE IR E AR E TR R R E R, W A A
R AR S T E I E Tzl m], RS
LA ATAE PERE L R AFE R, T TR I R A v 32
B BRI Z 1Y SR, H IR WA g 2 TR
K H T XU FF 5 & (Bifidobacterium ) Fl L ¥ 5 J&
(Lactobacillus ), F i ZL BB FF 1 XLTG11 (Bifi-
dobacterium lactis XLTG11, B. lactis XLTG11)
TP FL AT & P8 (Lactobacillus plantarum P8, L.
casei P8) . T & FLAF W Zhang (Lactobacillus casei
Zhang, L. casei Zhang) & HA RU4F0mwRIE, Xt
N T B 2 v, J&E WS §TH T &8 R
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RET, SR M0 5 A FLXUECAT 1/ XLTG11  + % FLAT B
Zhang FIURL W FLAT R P8 (192 & 5 A= T il 77 18 2%
G E DI RE AT IR VL ARIE o A S A 98 A [ 5]
B &2 A 25 A e R X 2R B BE % (Cyclophos-
phamide, CTX) %5 1 /N R 9% D) e 152 i, Ry
52 G g A TR AR S TR0 77 I R P B AR ) 2
WA

1 #MBERE
1.1 ZWBEM

A wa R, AR S50 i 25 AE T )2
FLAUE AT XLTG11 (1x10" CFU) ., T M FLAT &
Zhang (1x10" CFU) Fi48 ¥ L #T 1 P8 (1x10"
CFU) Lk 4:3:3 it f b &2 VR & B, B 4 e AR Tl
YR A R R
1.2 Xz

SPF %% BALB/c /N, 6~8 JEIS | HEE | AR
18~22 o, Wi MW b h in 3% R 20~23 °C, 12
h BIRE 228 IR A R AOK B,
1.3 XA 5

CTX VR T#r , VLI 8 iy 5 25 By A7 B ) 5 46
PR 72 JiEWK M (Levamisole hydrochloride, LEV), 1l
PR 2501 A7 BR 2N 7 5 4 £ 40 4 il (SRBC) , B 3£
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M A BRAE . ANRPOEHRST CD3-FITC,
CD4-PE-Cy7 .CD8a-APC fil NK-1.1-PE, it
(At RN A R F] /b UL ELISA 12 7
£ IgA JgG IL-2 IL-12,1L-1B  TNF-a, VT 75 filf %
S AR E]

Uebr R R % 0.02 mm) , /R & HJ] B
A BR BT AT 2 W) 5 B 1 5 4% (50 L), L
A U RERS ) MLS-3751L-PC & JE 78 75 K
7% MDF-382E-80 “CVK#5, H 4% Panasonic /A &
SORVALL ST8/8R ki &AL, 3 E TOMOS
A ;NovoCyte3110 Ji A0, 2 [F Agilent 227,
1.4 ZLWH*

141 ¥ stit  BALB/c /N BEHLSY A 6
20, 25 [ 20 RIS 7Y 20 R i A B AR K| BH AR Xo) T 2
IR LEV (10 mg/kg) . & & i 42 WHR (2.5x10°
CFU) .H1(5x10° CFU) . &1 (1x107 CFU ) 7 5 40 % iR
i AR RN A2 8 H L HFZE4aT 28 d. S IROCHR
[8], 7EALBERT 6 d, 1A 4 L 20 | 35 A= T 4 R0 B 7 ok g
2l /N BRI 7 55 CTX (40 mg/kg) , 2L 2 d, % H
20/ R B i B AR B K, R e T RE AR R /)
BB,

142 LS EREE LA 28 K, il
BRI 425 30 min Ji 9, 4b S8 76 G 1 36
58T 4 550 M P A0 L, e 25 IV, W T K g PR,
T B i AL I B (mg) S5 AT 2 (o) I B AL
143 B RN E (Delayed type hyper-
sensitivity, DTH) >R & #h 35 )5 16 0 22 /) BB
RIS R SCE S 23 K, A /N RUE I
5 2% (R B $0)SRBC 0.2 mL B8, 4 d J&, %F /)
BRZC S5 2 VR B EA TN A, JRAE DU = A B R T
5 20% (A FL43 50 SRBC, 4 H/N L 20 pL(4 1x
10° /4~ SRBC), T 24 h J& B /N BRUZ2 J5 A2 k3
A7 JBEJE AT I A ] — PR A2 i 3 R IBCF- XM LA
VESFTHT S5 0 R E R B 25 (R R DTH 9 s i 2
B

144  IM¥EHEMFEAEME (MEEE) SR
24 K, B H/NBRIEEES 0.2 mL 2% (KB 50)
SRBC #EAT 43, S 5 4~5 d IRERBUM , & T 5
DL TCE LY 1 h KR I 5 4 R R B il
FE4 81,2 000 v/min B0 10 min, Y& M3, fH
FH AR B ER 7KK 10T A5 R 8 I 7 % 28 Bl il 95 A

B oW m

Z

D\

LRI 0.5% (R U480 SRBC TR 47,37 “Clli 48
B8 3 h, Goit i EREEAE B TS AH I BTIAR R
1.4.5  JBUE I 20 MO BF A o e A SRR A 28
K, /NI 25 30 min J5 4 B8 | JC B PR 8 4
JE I I i A R AF IR P A T /0N BROB D B9
AFF s 3k 0, WA /N BROMEL A, A PBS, B B VT TE
FH 100 WL PBS HE &0 UIIE 5 Yo, B T i =40
M4, # anti-CD3 .anti-CD4 .anti-CD8 F1 anti-
NK H0 A2 55 B o0 A 22 40 g 2L v L 4 °Calit ot
W% H 30 min, PEEE A 500 wl PBS & 41 it
TE, 45E LI CD3*,.CD4*CD8,CD4 CD8*T #k I 41 ffd
HTNK 41 17 43 3R R B2 5 A TG /S BRI Ik
EEL 200 it IV FFE A R
1.4.6 I IgA IgG . IL-2 IL-12 TNF-a 7K -l
E SR 28 K, /NRAR K4 25 30 min 5 HREK
B ,3 000 r/min &5 .L> 10 min, BUMLIE R . 4351
K /N UL 7 TgA TG IL-2 IL-12 IL-18 . TNF-
o R BRI 45V A5 TR BB A 64T
1.5 FitZEo#H

K SPSS 26.0 48 it 8 A #E AT e it o i
S BE LOF A AR 25 (v £ 5) Rom , ZALRIFE
AR SR B TR 22 0 22 0 i AT 0 Ab 3 LSD 1
PP AL, P<0.05 HAT i E a7

2 ZBR55W
2.1 ARARN MR EEREEHNE T
I it e 5N G i 5% v A T LA ) i I AL
ARSI, TR S R D) R P T B
B AR AT, 5 A A A AR TR A i
T HOM DGR A M 25 5 (P<0.01) , 5 AR A
4L HR, B G A e R e AL B S B (P<
0.01), 52 & 5 A= BAK , rf & 500 2 41 2 03 5 34
(P<0.01) , Horp g ) i 4] 22 5 18 3% (P<0.001)
22 EAHAREMN/MRIBEZBTEKNAZM
SRBC AT #ill 34 T bk [ 4 it 384 5350 1l S50 A0k 0 4
ff, 51 AR e AR R, S 20 B G 8 1 A P A
B, MR 2 AT, 5a8 4L Hed B 4 B R
B B BEAIG (P<0.01) , SHEEAY A E 4, BH X IR 4 A2
LT B E BN (P<0.001) , B A 5 AR H AL P 5
) 2H 34 3 1Y (P<0.05) .
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x1 B AR CTX %S/ R Mg B Fn R 45 #09

=0 (X +s,n=8)

®2 EAHEENCIXFESMRBRBETERE
AU A M SR AR (X £ 5,n=8)
Table 2 Effects of compound probiotics on DTH and

serum hemolysin content in CTX induced mice (x +s,n=8)

Table 1 Effects of compound probiotics on thymus
and spleen index in CTX induced mice (x % s,n=8)
28 31 A B 35 P 5 4
Tau 1.49 £0.36 3.89£0.57
A A 0.56 + 0.20%** 3.21 + 0.44°%*
zRERSE 0.88 +0.22" 3.55+0.52
&FZHAHM 0.89 = 0.23* 328 +0.12
PHEAABRA  0.94+0.15% 3.49+0.40
BN EALRA 1.01 = 0.14%# 3.63+£0.35

28 3 3 )8 & /mm jﬁl%&gﬁ%
(FARARE)
FHu 0.72 +0.11 106.88 + 15.00
HEA 21 0.59 +0.08%% 7238 = 17.87*%*
Pk ¥ 98 40 0.82 +0.13%# 96.50 + 13.35%
1A T 5 A B M 0.71 +0.11% 91.38 = 13.54%
TREAABA 0.75 + 0.09" 95.00 + 16.02%
BAEFEEEA  099=+0.10M" 101.50 + 16.99"

%, P<0.01, %%, P<0.001, 5725 418 ;#. P<0.05,##. P<
0.01,#H. P<0.001, 5470 40 Ho %

2.3 EAFHEFE/INRIMER M E /I

JE B 1 4 SRBC J , /N RAR N 257 AR IR
Vs 1ML 25 AT AR SR SRBC, LAJ5E S 2 4G 7% i 2 7K
R VARE R EETIRE . AR 2 WAL, 5 HA L
B AR 20 B AR BRI 3 B AR (P<0.001) , 5 A A
A LA, FH AT RE 2 BT AR FRUECUT W 35 n (P<0.01)
A wa AR TRAR e R 2 3 B S RN (P<0.05) .
2.4 EEARMIMNREBHREHABMITET L

sk

M2 3 A 1 B 2 il o0, 558 (4l g, A
TRIZH R EL 20 CD3* . CD4'CD8™ .CD4"CD8* il NK
20 ET 43 HE S AR (P<0.05) , S A2 oA, BH
X B ZH )90 B 40 B CD3* .CD4*CD8~ .CD4 CD8* il
NK 20 B 4 HE ¥ 388 i (P<0.05) , &2 4 26 4B A%
R L AR L 4 i CD3* . CD4*CD8 Il CD4-
CD8*H 43 LL 3 (P<0.05) , v 71 42 28 i = 551 k2

Ik P<0.01,%%%, P<0.001, 575 (41 & ;#. P<0.05,##. P<
0.01,##H. P<0.001, 51 RIZH 4,

25 W3 (P<0.01) , & 77 s 41 NK 408 & 4 L i i
BN (P<0.01)
25 E&mEFEM/NRIME IgA.1gG.IL-2.IL-
12 TNF—o 7k T 89 821

H& 4 AT, 525 F A g B RUZ IS TgA |
IgG IL-2 TNF-a /KPR (P<0.05),1L-12 7K
F 13 AR (P<0.001) , S A R4 H T, FH A o iR
ZH 1M TgA IL-2 IL-12 ' TNF-a /K- ¥ 355 fin (P<
0.05) ,1gG 7K-F-H I B 2 (P<0.01) , & & 4t AL 1# I
FE 20 TgA IgG IL-2 TNF-a 7K F 34111 (P<0.05) ,
04y 45 AR B P R 4H a3 TgA IL-2 IL-12 TNF-
a KB (P<0.05) ,1gG 7K - 34 Jin & & (P<
0.001), % £ 25 £ W Rl 4 1L-2 1L-12 /K F34
A (P<0.01),1gA IgG  TNF-o 7K P-4 fin 2 3%
(P<0.001),

*3 CTXFES/MREKEMHETEET DL (X+s5,n=8)

Table 3 Percentage of splenic lymphocyte subsets of CTX induced mice (x % s,n=8)

8 51 CD3'T CD4*CD§" CD4-CD8* NK
Faa 41.97 +6.51 68.33 = 4.82 24.98 + 4.14 11.18 +3.03
AL 2 32.02 + 4.25%* 64.48 + 3.20% 20.26 + 2.62%* 7.08 = 1.49%

P b 2 R 4 40.64 + 8.30™ 71.65 + 179" 23.67 +2.52* 10.18 + 3.85"
LR R - 42.64 + 5.48" 69.98 + 3.58" 23.20 + 1.90* 8.29 +2.54
LRI 45.67 + 6.41% 71.77 + 3.60% 24.66 + 2.39" 9.52 +3.16
LA FaALBM 49.52 + 422" 72.16 + 262" 24.87 +2.04" 11.08 +2.57%

Tk P<0.05, %%, P<0.01, 5% (AL #. P<0.05 ,##. P<0.01,###. P<0.001, 5HERI4] Hods
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F4 FHMRMF IgA.IgG.IL-2,IL-12 TNF-o 7K F (X = 5,n=8)
Table 4 Levels of serum IgA, IgG, IL-2, IL-12, TNF-a of mile in various groups (x £5,n=8)

28 5 IgA/ng-mL" IgG/ng-mL" IL-2/ng- L IL-12/ng- L TNF-a/ng-L"!
Egu 37.55 £ 7.48 508.01 +77.72 445.99 +75.27 3.06 + 1.14 417.86 = 47.41
KA 20 27.18 £ 8.08%*F 36925+ 71.02%%  290.63 + 124.35%%  1.34 + 0.60%** 348.64 + 66.82*%

T 2 R 35.30 + 5.80" 483.85 + 66.55%  383.25 + 69.28" 2.29 +0.52* 421.38 + 59.47*
1A S5 A Em 34.45 + 4.84* 474.48 + 68.10* 381.58 + 83.19* 1.95 + 0.44 417.13 £ 55.41*
iR - 37.25 +3.98" 560.20 + 98.48" 39788 +92.88" 232 +0.94" 458.76 + 81.88"
HAFAAEM 44,05 +9.04" 63683 + 112.15"  410.15 + 65.53% 2.81 = 1.13% 522.78 + 82.00"

% P<0.05,%%. P<0.01,%** P<0.001,5 % 4L HE#. P<0.05,##. P<0.01,###. P<0.001, 5HIAZ LLEL,

3 FHit5itie

g 2B B — R PE AR LR, e E
B RE A S A 25, AT LUHI TS B0 R 40, ol
5 B PE B N, X A A B K S T R T
B R AE AR a8 A T A LA 15%~20% 1)
BERGR i Ak T KA R AR £ AR R R
JR R TR T AE 2022 AR 35 B S R A0 T 0
BN [ R 2 e AR A < = 7 ) B 2
F AT H e 25 A B 00 3 AL 58 O 0
AT, Ho 22 R A 5 A5 1 o 5 1) B 25 E
A5 N AR (e B R Bl A 1 06 R AR F AR, R,
£ A BB SR BILAAR S ) M S o B HL AR i 1 B 1)
Tk HAEEE L,

AN TR FP 2 1) 25 A= DA TR PR e #EAS T) 1) B 2 9 1
VR, 50928 200 it K S 15 A B 25 9, &2
AWM M WA, B AEREAAN
WD, HILE G w4 WS W EEEHNS
W ENVE AR SS G LA ORI T 5 — TR R 51 4
W — — b Bl LR B 7 £ 0 5 A 25 A B VSL#3!
FLET 8 FIG W R R, Kb 4 BRFLERAT I 3 AR
AT BRFD 1 BREEBR TR, AL T A E & 5 4 8
¥ B FLAUE AT B XLTG11, T+ B FLAF B Zhang
PIZLAT B P8 UL 4:3:3 it b & Gl FF2E 28
d X} CTX BN N /MRS 5 T8 P &
FI A 25 A R (2.5%10°,5%10°, 1107 CFU ) , il
T RGN /N LAY 2 B R R AN S i Th e IR TR
B RETNAE . IR EL 400 0 S0 B 0 L A It 55 G Bk
A KO BE R G g AR TR CTX 3K
B KT /N RS ZE T RE B 5 ), S 45 S e B B

R /NBRGE S 5 CTX [40 mg/(kg-d) ]2 d J& , %
ERGUG , L DIRRIL T  EHE B A T HE G4 E
BB 28 d JE, #5504l /N B R 4 00 5
(P<0.01),DTH & JFZ | IfiL 75 ¥ 1 2 7K 7 ¥ 388 i (P<
0.05) , L v 551 2 i1 ey 1) o 4 n 58 Oy 19 3 (P<
0.01), /N EL 402 CD3* .CD4*CD8 il CD4-
CDS*E 43 HL 38 M (P<0.05) , = 77 5 2 NK 411 g e
i B . 38 i (P<0.01) , IfiL ¥ e 58 BR 8 1 1gA TG |
IL-2 'TNF-a 7K V-4 i85 (P<0.05) , i 1) 5 41 1L T
IL-12 KB B TH5 (P<0.01), SE 25 WoR &
G 4 A2 TR 200 L G g5 R R YR A 5 D R o Th 4R
PHME %52 A o A o LA B sm HLR S e /e .
Ik, SRS R R, BEE S A o A R
K, 45 TR I 46 b 25 M 25 SR RN X2 A B
A= TR BT T R O

WFoE 2, FLOUE AP 3 XLTG11 F B§ FLAT
Zhang . HYFLFFE P8 HAG 1 sl ALK S 1 i 1
Mo FLOUEEATF B XLTG11 435 [ 2 )L 18 A
A R g5 A REE T RARS N B 4 Mg E
s HUAR IR FE S e e DI e, B s MLV U I R
B, AR RRE N, T b 20 A 5 A
b, $a /N EUBUNE T %40 Md CD3* .CD19* .CD4*
CD8 I CD4-CD8* [ 43 tb , i7F 1fij A& 44 34 5 AL AR fe 928
FITIR 3 5 A SO S 25 R — 8, M FLFE
P P8 LA A AR T AE ER PR 0 R A I R
Bk LA, ol A TR AN T iR
THAk 24 b WSRO AN 2 & AL R H TR S
L FHR Ry S — ok 25 2B TS, AR B R FL
FEUE P8 1T LUAE 1 I 38 PN A7 3 | 6 1 1 TR HEARE 7
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ZERAR BN A FH ARG RO e B> Hgs
PR IEA 5 B P A, DA i T8 TR A B T A
F IR LA AE Y FLAT B P8 AT LU Y AL A {4
TG RE AN G 5 R g A R S Tk B AL 2 A e
Toll ¥ 3Z {& (Toll-like receptors, TLR) & — 2K
BEREATS T, S5 SR, TLRs ST
T 5 S 5 NF-xB,NF—kB Y12 1 3 ik AL
A N O R A o 1B - W e i 4 1
KB Al SO TR FLAT I Zhang J& —#R 4
B ARG L R S BV RE AR S FLAT T . 5T
FW | T REFLAT I Zhang 1] B9 58 Toll £ 32 k% 5%
5 NF-kB {55 38 B0 38 5 78 T 240 M 50 05
rRE N T 4 M CD4TE Ak, NS Jin Th1 (CD4*% B
4 A B — BRI A ) FRE T T 4 A (Regulatory
cells, Treg) Lbfl, fig i 40 e [N TNF-a IFN—y Fl1
TNF-B Rk, 76 B 40l 5 92 S g A2 4 4 S0 1)
B 41 M #EAT PRI 4, DT IR R R TG
IgA B Igk R & HE S pie I8 50 /R FHUO2, A SE 06 i 5%
gERp B AR T T 41 CD4*CD8 A 4
Fo, FhE 4N 1 TNF-a P9 BREE 1 IgA TG
K, R T EEFLAT B Zhang & 4% T 355 50 7% 4
AR WAk, 45 55 AR TRAE T 40 M i 38 58 434k 1
A0 PR T AOTR T rp BL EROR T T A0 A
B A A DR 1 R AR OG . TL-12 XF T 4 g 4%
i H A AR g AR T IL-2 Al TNF-a 7K -5 CD4*
CD8 1 CD4-CD8*T 41 it #& % 5L 1E A 56 ¢ &R 21,
I, A WERIN T 410 CD4*CD8 il CD4-
CD8* 2 1k Y [F] i T+ 85 7 40 M X 7 1L-2 . 1L—-12 Al
TNF-a 7K, 38 13 40 fE 5 S LR G 8 B R, A
117 2% ¥ 3G AR AL S B VE H

R LR RS A R A o A I 7
AN SR/ A U R, HEA R
fiif 52 M 5 e e At AR M OB AT B R T 4H Mk
FE AL BE 1, TE S IME 1gA 1eG IL-2 IL-12,
TNF— 7K, AT 95 40 i S 32 AVAR I a8, & 4%
Bt /N AL G DU RE VR . A 5% Sk FLBLIE;
i XLTG11 T B FLAT I8 Zhang A5 FLAF 1A P8
2 B2 A o R B 5 e g D TR AR AL T R
WILRE, o HHE— 25 0 TF & RUR) F B AL 24 3 2
St
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Protective Effect of Compound Probiotics on Immunocompromised Mice

Li Wenwen, Ma Weiwei, Ma Qing, Zhang Zhenhua, Zhang Lixin, Huang Lili"
(School of Pharmacy, Heilongjiang University of Chinese Medicine, Harbin 150040)

Abstract In order to investigate the effect of complex probiotics on immune function of cyclophosphamide—induced im-
munosuppression model mice, BALB/c mice were randomly divided into blank group and model group (perfused with nor-
mal saline), positive control group [perfused with levamisole hydrochloride (LEV, 10 mg/kg)], and low—dose, medium-
dose, high—dose experimental group (perfused with 2.5x10°, 5x10°, 1x107 CFU/0.4 mL composite probiotics) for 28 days.
The viscera index, cellular immune function, humoral immune function, percentage of splenic lymphocyte subsets, serum
immunoglobulin and cytokine levels were determined. The results showed that, compared with model group, the thymus
index of mice in each dose group was significantly increased (P<0.01), and that in the low, medium and high dose
groups was increased by 58.92%, 67.86% and 80.36%. The degree of delayed type allergic reaction increased (P<0.01)
20.34% , 27.12% and 67.80% in low, medium and high dose groups. Serum hemolysin levels were increased in both
groups (P<0.05), and and were significantly increased in medium dose and high dose groups (P<0.01), by 31.25%
and 40.23%, respectively. The percentages of CD3*, CD4*CD8™ and CD4°CD8* in splenic lymphocytes increased in low,
medium and high dose groups (P<0.05), and CD3* was the most significant (P<0.01), while those in low, medium and
high dose groups increased by 33.17%, 42.63% and 54.65%, respectively. The proportion of natural killer (NK) cells in
high—dose group was significantly increased by 56.50% (P<0.01), and serum levels of immunoglobulin IgA, IgG, IL-2
and TNF-o were increased (P<0.05). In conclusion, compound probiotics could significantly improve the immunity of
CTX mice, providing an important reference for the development of health food to enhance the immunity.

Keywords probiotics; cyclophosphamide; immune function; lymphocyte subset; cytokine



