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N N £
xAL, & OA, XRE

(F E R ER B R SR o, LRt BE 25 B IA B RSO AR AT A T SR %, BT 100700)

W OE: BBy W RSERT B (Lactobacillus rhamnosus) R9639 X /N Sh B REER .. ik 20l
HEBAT/IR 2.5, 50, 15.0 mg/kg B RZEMEFLFIT B R9639 30 d J&, M5/ /MNEATER/AARTE L, Hrid saniass
8 0 A 5 7 L 23R 00 5 S 6 TEAY T /N BUPAR YR G028 T R O S I BV T8 4 P A S 560 A58 A TR 25 R S 36
LT /I BT G2 T BB AR /0N BRURHG IR 975 S 30 /0N U T I W 200 6 5% W XSS 21 40 i 92 6 A7 o /N B A%
-E WA I RE SR [ SR A (natural killer, NK)ZHE V5 I E 5206 AN HF /N, NK 20154 4 52

SR LTI R9639 Xif /N FUM M /AR T LU A8 L AL/ T LA 35 T B 35 R (P>0.05) S5 X0 BEATAALE, 5.0,
15.0 mg/kg B9 BRZEME LT B R9639 4H K50+ if 2 {1 (half value of hemolysin, HCso) 3 & F 5 (P<0.05) . iR & HIAs
2507 ik 25 HE T8 (P<0.05) . /IN BRI B J3E 175 8 ) . 35 42 151 (P<0.05); 15.0 mg/kg Y BRASBEFLAF I R9639 41/ B NK
MG R (P<0.05). SR WASHHZLAT R RO639 nJ 3 ik M s VR S sie . AN GE . P-4 L)
A S NK A 6 PR 1 5 /N BRI S 5 DR

ST RUARETLIF R R9639; /MR HiEThAE;

Effects of Lactobacillus rhamnosus R9639 on immune function in mice
and its mechanism

NIE Ying-Lan, JIAO Yue, WU Xiao-Xia"

(Beijing Key Laboratory of Traditional Chinese Medicine Basic Research on Prevention and Treatment of Major Diseases,
Experimental Research Center, China Academy of Chinese Medical Sciences, Beijing 100700, China)

ABSTRACT: Objective To study the regulatory effects of Lactobacillus rhamnosus R9639 on immune function in
mice. Methods The mice were treated with Lactobacillus rhamnosus R9639 at doses of 2.5, 5.0 and 15.0 mg/kg,
respectively, by gavage for 30 days, and then the organ/body weight ratio was measured; the antibody-producing cell
assay and serum hemolysin assay were conducted to evaluate their effects on the humoral immune function of mice;
spleen lymphocyte transformation test and delayed allergic reaction test were used to evaluate their effects on cellular
immune function of mice; the carbon clearance test of mice and the phagocytosis of chicken red blood cells by

peritoneal macrophages of mice were used to evaluate the effects on the function of mononuclear-macrophage cells in
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mice; and natural killer (NK) cell activity assay was used to evaluate its effect on NK cell activity in mice. Results

Lactobacillus rhamnosus R9639 had no significant effect on the thymus/body weight ratio and spleen/body weight

ratio of mice (P>0.05). Compared with the control group, the half value of hemolysin (HCso) was significantly

increased (P<0.05) and the delayed-type allergic reaction was significantly enhanced (P<0.05) in the 5.0 and

15.0 mg/kg Lactobacillus rhamnosus R9639 groups, as well as the carbon clearance of mice (P<0.05); and the NK

cell activity of mice in the Lactobacillus rhamnosus R9639 group at 15.0 mg/kg was significantly increased (P<0.05).

Conclusion Lactobacillus rhamnosus R9639 can enhance the immune function of mice by enhancing humoral

immunity, cellular immunity, monocyte-macrophage function and NK cell activity.

KEY WORDS: Lactobacillus rhamnosus R9639; mouse; immunomodulatory effect; dose

0 51 &

LI BE T8 4% 1 I 22 G 2 WL A 91 [ SRR e T Ve e A 14
BN, RIEAE . RIS, IS T RURSE
RGN R BB Ay o BERSE RN BBR . RS
BREELA . A ) B R (natural killer, NK)ZH
M-SR R e B VI, T NS 4N e E 5%, 1 B

2 AT S A DGR B S B A DB K A S Y T

NATIX B R SR RE D BB Y DGR RR SR B 22, AH G 1Y) 24 0 kR
B EOR 2 L.

2 AR R 25 T8 BRI RUZE I TR . 28l 5L
5 R RS2 3R U IE 5 25 2F 1R 38 F TIRYT 2 s, it
JRESE . BHERIAE . AR . OISR . RIS, HEH
R B IR M e Rl A e R S K B TR
P ARSI AR . DA MRE A Ay . A IR B
AR 8 T AR S LA g 107

LR T 2 g AR i P N T ez W — R, T A O
RN ThAE . FEILAMASE R S SE R s e, ©
BONATAE R BE 2 | 2o . ARSI i s L R
AR BR (Lactobacillus rhamnosus) i) & M g iE
R kR, BRI KA, B T I RE .
BT AN AR LAT BB RR AE R i 52 1 T
A, FHRIBM A ERZ, Y eI AT
fiE, 4E9 I8 AR S A AR SR A Y BT
R9639, N FRA ERAFHFLIT I Probio-M9, & M it £ 7L
YA BN A — R BE L S 10 2 A P LR A R R X g
RGMVE R B BRI . BUEEREFLAT I R9639 X 6y 1))
FE RS20 3 R LAROE, AR B 6 S S R R LA I
R9639 Xf/INE Sy DI REAIRE A M AEFABLEI, i —2TF
B PR HE ST B0 AR

1 MR5ERZE

1.1 #RI5EF

C57BL/6T /N (HEYE, 18~22 g, b mt 4 F A SC 56 5h

5

PIHEARF B HD).

Hank's #& . RPMI1640 53555 . 54 103 (35 E Gibeo
AT, ZAHHETR PR (2,4-dinitro fluoro benzene, DNFB)(Zfi &
99%).JIEE [ A (ConA, 4l 99%) (3= H Sigma 22 H]); #B
FCAatim) . WA 40 B0 . 0.4% B I 2 iR (L TR K R
HBRAT; 3-(4,5-FF FLmEms-2)-2,5- — I U 2 me i £h
(thiazolyl blue tetrazolium bromide, MTT)X G . FLER i & B
(lactate dehydrogenase, LDH)#: il 325 & (¥ & abcam 23 7]);
NP40( 4l KT 98%). 0.2 mol/L ) Tris-HCI 2% mii
(pH=8.2)(& = K E W R B A B4 w)); B BE 88 7 (4l BE
98%). YAC-1 4iJifd . 20%3S£T 41w b 1R M- A= MRl A PR
2D, RZEHERLAT I R9639 THERGE %L 2000 12/g)(4: %€
BRI A R A BRA F .

PRI R TR AR AE 00 R ZLAT 18 R9639 T A, FHL
FROKRIG 5 o
12 UFE5EE

MS3 FEARIE R IR G4 (TEE IKA 24H]); 30L/H X5
TR e e (36 [ %5 HE Millipore 23 7)); Multiskan MK3 %
BEEARAN (52 I FE B R RBHE A H)); 721 BUA00EE T (1
R R A IR A A, BAKE ST CX33 R (HA
B ik )

L3 ZWTA
1.3.1 SWshdh R

AR PR SR 5T B R BT ) (2003 4FRR)
T XT38 5 G0 R 1 PEAN RO AT BN A, R OE RSB LT
R9639 X /NS hBE Rt e/ NEUBEHL A 8 4N
FEAL, B PEAIERRENL A 4 B4, B 10 HUN,
A3 AE FER K ZH . RS ZLAT TR TE TR TR B R9639 1K, .
AR5, 5.0, 15.0 mg/kg). #EH AR N 0.1 mL/10 g,
25 PN BRZL 25 T VAR B WK . B RTER 1K, %Lk
30d. Z5E5HE, BT AN R LR
132 SR iEB 454069 m 2

S M4 KR 45 oS SUME G AR BE, TG B /N B
FORLE . MR, 2 BESCIROy A5 G e 21 550
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1.3.3  dAk A A g e )

Wi £E 45 2141 i (sheep red blood cell, SRBC), 4= 3E
ERKBCAL 2% (V)R AR, 45 X BB E S 0.2 mL iF
%%, M Jerne BICIR B VAR HUAAAE BN, 25 BEAL
/10° LA At F /R PUIAR AR LA A B
134 fiFiEdEmz

A 1.3.3 ik fese /N 4 d )5, FBRIRER i T 25048,
WIS . 2 BRSOk e i3 B0 1 & {E (half value of
hemolysin, HCso)!'%),

1.3.5 ConA #5/ KL € 40 ot 10 2 36

B RIR, ¥/ NRBL AR S, Jom e, TRz
Tk 3% 10 A2 0 TR B vk B 24 FLAR, SEERFLAFFLAN 75 uL
ConA(ZMRE: 7.5 pug/mL)+1.0 mL ISR, X REFLEEFL
75 uL JGE/K+1.0 mL gHEGR, 3~5 NREFL, dhEiEgR
72 h, PESEEG LRI BRFLYE 570 nm A% (optical
density, OD){& !,

1.3.6 DNFB #% AR LA B &R (FAARE)

HU 1% DNFB VI SIRAEDLE S5 17N UK 38 B ik
1.5dJ5, ¥ 1% DNFB R SIRTES A/ N A H Lo
24 hJRALSE/NER, SRAFTILAR IO R R N 2246 B 7 ik 4 7
PR, ZE/ERM I, DAGH R WERZERRE LR
25 2 i (delayed type hypersensitivity, DTH)FEE !,

1.3.7 b BB B R

RS R ENE ST, 0.1 mL/10 g LR H kAN U
o 3BT 555 2., 10 min ARERIUM 20 pL, 5 2 mL 0.1%
Na,CO; IR, 721 430966 600 nm 4bf¥ OD A,
NayCOs WA Ry a5 FAXTBE L Fe HESCHR O i3 F R 5 ol
1.3.8 /) REIE B o 40 R A X 41 4 oL 5 B (AR A i)

il 2% 20%XS LT AR, LB A/NRIAR, 1 mL/
Ho 30 min JFA0FE/NE, BEF B . 8RR A RIEK 2
mL/H, WHERE, W3, HEEEIR4E9E 30 min.
ZEEOK VRS TNI-F BRI, VB . 4%
Giemsa- FRZE Ml Y £ . 28K Ve R B U0 haE R
WAL, AW H %

1.3.9 NK aje& P m e
TCEBURL, AR ZE T 2x 107 /> 40 i) B 200 Jf R

FAAEAS0R 0 M AR R R A KA YAC-1 i, il 22
Tt 4x<10° DA AR, FVEREANNE . S IESTEk )y
PAHE NK A5 (%)
13.10 %it$Fa®

B LA B i 25 3R %, SR SPSS 10.0 Seitik
54T, Z2 4] LR F B R 26 5 25 43 #T (one way analysis
of variance, ANOVA)F: 55, RXT 2 ELECR A ¢ Kk,
P<0.05 hERBEAGITEE L.

2 HREHR

2.1 PMRIERR/IFELCENESE R

SCHHATR], 25 A/NRUETRRGL AT . S d/INRISA 2y
FIART AL R AT R LB EEZRE 1), i
2.5, 5.0, 15.0 mg/kg M9 BRAEBEALITIA R9639 Xi/NRIITE
FERE(P>0.05) BRASHEZLA I R9639 AN A5 E A/ e
PEME RS BRI 45 R IR 1S40 T 2.5.5.0.15.0 mg/kg
) R HEFLAT T R9639 30 dJi, 5428 X IR EE, 54/
L 11 GO /4 (L 5 W e R B B 22 S 38 e e v o
(P>0.05), X F W HIL 3 A BE 10 BRI FLAT B X /N LA
Wk AR /AR FLE TG 2, wIA R T e ek
22 IPREEREINGNEMER
22,1 *Fs RAAR A R A Bk

2.5, 5.0, 15.0 mg/kg MBI A R9639 4 545
[ RE L B 25 BEEL(/10° IR A ) 200k 26+8 . 31+5, 3044,
32+4; HHIHHSE AN EAM L ZE R LG 2B X
(P>0.05, % 2). XK, BARHZLF B R9639 X /N4
A AT Y B T SRR
222 st RFHEMFAG R

HCso {E 5 FETEH SRBC 4 e Az 5 1S ™ A I
210, 2.5, 5.0, 15.0 mg/kg (4 EABEFLAT B R9639
2H 575 X BRZH A HCso 50 61.24+12.25, 74.61£16.27 .
89.47x17.25, 54.14£10.41; Hrh, H2s xR, 5.0,
15.0 mg/kg M RZHEALFT I R9639 4119 HCsy & T+
(P<0.05, 3 2). XFRH, FEFlaE N ERBWIFE R9639
YIAT I SR SRBC 21 & A5 A i s Ry 7™ A 5 I 3% 1) B

F1 BRZHETLATE R9639 3/ R AEES AR ELLERIZIMA( X 5, n=10)

Table 1 Effects of Lactobacillus rhamnosus R9639 on mice organ to body weight ratios ( X % s, n=10)

20531 WA /g LRk /g Ik A B HE A /(mg/g) it i /A BB/ (mg/ g)
735 N B2 19.78+1.14 29.69+1.18 2.63+0.76 2.35+0.92
AR5 41(2.5 mg/kg) 20.56+1.07 30.18+1.29 2.67+1.25 2.53+1.12
R 4H(5.0 mg/kg) 19.97+1.46 29.87+1.35 2.75£1.01 2.60+0.98
A4 (15.0 mg/kg) 20.74+1.20 30.45+1.37 3.05+0.84 2.47£0.75
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2 RZHEILATE R9639 /)R IEAM R SHU RS B4R AAY
E2( X £ 5, n=10)
Table 2 Effects of Lactobacillus rhamnosus R9639 on hemolytic

activities and number of antibody producing cells (X s, n=10)

AL
a5 (/10° 2 L) HCo
25 IR IR 2 3244 54.14+10.41
5 2H(2.5 mg/kg) 26+8 61.24+12.25
Fh 7 2H (5.0 mg/kg) 3145 74.61+16.27
Fa7fH2H(15.0 mg/kg) 30+4 89.47+17.25"
T Has [ R g, TP<0.05, FIE.

23 /MR REINGERNFE G R
23.1 #F ConA #3569 RMEH & Jodt 1L eg %

R FLAT A R9639 /N [R) 77 52 2 2 % HRZH % ConA {2
HE G IR AR B A A RS R AR 3. S A IR IRALAE e,
2.5.5.0. 15.0 mg/kg 1 RAHEFLAT A R9639 4 6% ¥ 220
£ R TG E L (P>0.05) . X R, B2
R9639 X ConA 155 1) LM I 241 A1 58 TC 5% 1)
232 /% DTH 9%

2.5, 5.0, 15.0 mg/kg M BAHEFLAT I R9639 41575
X BEZE A BB IR 230 12.4241.17, 14.87+1.24
16.05+1.75.11.14=1.04 mg; Horp, 525 (I IRZHAHLL, 5.0,
15.0 mg/kg 1Y BLAMEFLAT T R9639 20 i HE B i Ak i 24945 e
v HL22 5 .35 (P<0.05). DNFB 55/l DTH % FRIT
Wrearxt /N s shREp et X —25 R, &
R U FLAT B R9639 A T & 1498 FE VI 5 SRBC
RIS ShPn B A, 48R AR FLAT 7 R9639 RESRE L
PRXF AR IR 5 R B aE

£3 REFEIATE R9639 Xt ConA SR/ R itk E M PRIETEE
N REFMAKERZIEE R (X £, n=10)
Table 3 Effects of Lactobacillus rhamnosus R9639 on
ConA-induced lymphocyte proliferation and auricle swelling in

mice ( X 5, n=1 0)

N 2 g 4
5 JIL bk B 41 38 5 BE 77 (ODs70 am) G e
ConA(-)  ConA(+) OD 2{H /mg
SEAXMEA 0.51+0.12  0.98+0.10 0.47+0.11 11.14+1.04
A4
L 24 0.52+0.10  0.96+0.08 0.44+0.09 12.42+1.17
(2.5 mg/kg)
K4 N
oA 0.51£0.09 0.98+0.12 0.47+0.06 14.87+1.24
(5.0 mg/kg)
B .
AL 0.53£0.08  1.03+0.11 0.50£0.10 16.05+1.75

(15.0 mg/kg)

24 SERZ-BIEMMINEEZIMLER
24.1 3T RAERE S AR
7N BEUTBIR JER 3 S I i P He IS e BAAZ; - . gk 200 i ) o Wk

FUT AL I R9639 Xof /)N BB JEE T Tk A4 5 0 4
WL 4, 2.5, 5.0, 15.0 mg/kg (B ZHEFLAFI# R9639 20
525 [t A A ETE B o 2518 6.35£0.91, 7.87£0.57.,
8.92+0.74, 5.15+0.78; H:H, 5.0, 15.0 mg/kg ¥ R AMEFLAT
W R9639 H/NEHM T o BE & TS AXHA
(P<0.05), X—&5H %M, 5.0, 15.0 mg/kg HI BRI E
R9639 R i 1458/ INRUR ER T iR )
242 o RERE B oK dn o A 2 41 dm oL 04 B ol

4F 2.5, 5.0, 15.0 mg/kg 1 R2HFLATE R9639 30 d
J&, 3 AN BRI R9639 LAY A IR (%) 525 [ 4}
PRZHAH L 22 R TG4 5 L (P>0.05, & 4). xR, R
ZEREFLAT I R9639 X7/ U S I W5 240 R W XES 2T 240 i 1 7
Wi R ) TCRE )

R4 BEVEFATE R9639 Xt/ R B ik 2 B 75 ik T B2 B9 52 1)
(X £s, n=10)
Table 4 Effects of Lactobacillus rhamnosus R9639 on the
function of monocyte macrophage of the mice (X £s, n=10)

5 /J\W&Jﬁ?ﬁi ﬁft*Z-I;‘ﬂ%éﬂwaIﬁ
WAFWETEE (a) R IER /%
25 R R 5.15+0.78 19.72+3.58
R4 (2.5 mg/kg) 6.35£0.91 20.20+4.04
PRI (5.0 mg/kg) 7.87+0.57" 23.54+3.57
F 72 (15.0 mg/kg) 8.92+0.74" 20.47+4.47

2.5 IV NK 4HR65E 4RI

NK 4R UL A S bk B A, ELA AR S v
. PURTEEAUY. 2.5, 5.0, 15.0 mg/kg 19 R A HEFLAF A
R9639 £H 525 [ X B4 1 NK 40 Ji 36 1 (%) 20 il
28.87+14.16 . 32.47+10.14, 36.1449.47 . 30.47+10.22; J
1, 15.0 mg/kg 1 R FLAT 1 R9639 411 NK 41 i 16 11 (%)
BER T AL (P<0.05), AWFFEEEREH 15.0 mgke #Y
SRS BEFLAT 1A R9639 fil & 540 NK 2 4 75 7k

Fz 5 BEWEIATE RI639 3 NK HAE AR 0L R
(X s, n=10)
Table 5 Effects of Lactobacillus rhamnosus R9639 on NK cell
activity (X s, n=10)

203 NK #i f TEPE/%
25 N IR 30.47+10.22
5B 41(2.5 mg/kg) 28.87+14.16
R4 (5.0 mg/kg) 32.47£10.14
R £ (15.0 mg/kg) 36.14+9.47"

3 HFi5ifie
BB LT IR BAT 235 BB BOW I L O T
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AT e T RE RO RE 1202 g R, RRUSHERLAT B
T2 A A A R P MR B T R T A U A
PR, [, AL B AT AR LM 4G i %
KR, GM/NILEFRAR, HEd HE Toll #32{k
(toll-like receptors, TLRs){Iil 55 LI{R I i7iE %32 TLRs 4
S S EEAG)  ANTR A0 RE SRSROE L
HNEREE R FIE RIE RGN E VR . NK 4055 5%
RO, 7 A G SR PO e AN [ 2 A T R 40 e
ZER AN, St g Sh e = AL AN RS2 20 ABIF ST 2
GEMFSE T BB FLAT I R9639 X/N A I RER 2 MM, LA
PR PEFCRE A 0T & N o

B30 1% i P R MR A B S ) E AR, R
J e B ORI B 20 SN S 2 B R B S B A
FI T RRR DL, A gr 4 AR, 45500 it A W L AT B
R9639 £/ FE SR I iR Fe 8 T 25 57, WAL R T
Yk, EILSEREE . BAEREE . WIS PR 5 o T
— R NS TR RHIE

FE T S 2 AL Ibk 2 At A AR G T ST | /)N BB R R S
55 /U I B R AN I A WS LT A0 S0 5 . DNFB %S /0
Fl DTH 525 . HrikA: A scss . Mg = IE . NK
AL TE M SE I A5 R 25 ) BRAEHE LT I R9639 X/ R A
SETIREMIREI . Z5 53R, REEWEZLIT A R9639 REMSs& Ik
TRAORPE | AN A A% - B W A M D e A2 NK A1 4 ok
/N R s TG .

DNFB #53/Nil DTH & FISRPEAN 25 90%5 /) B4t ik S
FEYRERZ IR ARG TF IR E X DTH M C A
— S, L. casei 1 DA A2 I AT 38 5 FRIA B R AR S 1
DTH &P, Amfge sl R, RARFLFF# R9639 fit i
EHER TR ST SRBC WA i B ik, $20R B H
FLFF B R9639 HE4E i HILIAKT S SR B [ Ao R 51 B 375 Bk e
NK 4025 L) S bk B An i, FoA AR ST Mos bt
R BEAE FH o 2 A DA 4 L R SR 199 = T A A 2 M BE T AR,
A E AR AR 1 AR 6, T4
PR TR y, R NK A0H A AR U200 A ot 45 R
W R RN LA R9639 BB E M NK 4015 1,
Ham OIPLA 75 Tk — 2o

AR R, HAHEFLITE R9639 W] B 5 /ML Y
S NRE, 3R Gy R R B R AR FRER A T HL
P Hf

SE MR
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