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1.1 #R5EE

RPMI-H640 ¥ 355 T#5, Gibeo 2 A ; 5 % % 5
77 % «Hepes Wy G2 Gt 2 1 1 (PMIS) firg i S 14 DY L M
(INT) , Amresco 72 7 ; ConA . Giemsa 4% ¥}, Sigma 2
;A HI S T (NAD) , Roche 2 #) ; DL, i 28 .
ith $7 3@ (Triton X400), Merck 2 & ; 6 4 I 35
(FBS) , PAA A #] ; MTT, Promega /& Wl ; 4 =F 1. 41
(SRBC) » b3 K2 Be 2 3 2h 4 v s 08 K562 41
Hh I B 2 B2 g i Ak B 2 BE 5T A0 b 0 5 KRR
T~ LA o [ P 2% A B 25 F AR A 9 5

We s~ R Mitutoyo 2y ) 5 UV2102 28 4673 560
JE 3, UNICO 7 7] ; Biorad Model 680 i b5 1%, 25 [H
BioRad 73 7] ; MCO-4S5SAC #4 CO, £5 745, SANYO 2y
G
1.2 ®¥XWi&it

SPF 4% BALB/c /N, 6 3| 8 J& &5, i ¥k, & &
18 =22 go T FRIAET &R 22 £2°C, 12 h 4T [/ 1S
A, B EROK R . ANERBEHL 24, f4] 10 K,
W FE S d . A A HUEE R 12% i iR 3L
0.2 mL/d; FH P xF 2 f5 0% Ik 7 Mk B OBE B,
animalis ssp. lactis BB42 (10°cfu/mL) 0.2 mL/d; %
&AL BE R gy ol B I A TR IR OBE 1 %2 K W B.
adolescentis BB2 Fll B. longum BB3 0.2 mL/d, &7l
4 10°cfu/mL, h #)& h 10° cfu/mL, 557 & X 10"
cfu/mL, DL b % 4k BEEZH 2 5 B BRI N VS i 21 12% Jiid
feslrbe WEH 4w, AR L IRIKE. fEAIERT S d
i VE ST 0.5 mL 2 % (V/V) ()45 2040 il (SRBC)
B
1.3 REBLTARAN (DTH) i2E /N E

AN RS AR M 4 d S, B ARBE R 1
d, F b RO 8 4 Jig A2 Bk )R8 B8, 0 0 o 30 A R T
520 % (V/V) 1) SRBC 4 H 20 wl,24 h J5 K
I e S A S R [ B 22 M I B
DLV S5 11 Ji5 100 AL Bk J5 T 22 (>R 3K 7% DTH. g 2 3
.
1.4 MFEAMEZSENNE

P 5E /N B MLV A I 2R R, 2L B RE S S ik
NS o o N L) < A N W T 1

1800 x g2 /> 10 min, WA M35 o M35 FE 5 0.9 %
A= B AR KB BE 500 £, K L I i A B EE K B B 10
o =M RIS ¥ N 0.5 mL 10 % SRBC
(V/V) 5, LR 1 mL K BRI i, 25 (o6 B8R 26 3 4R K
AN o K LA AR RAE 37TCHEE 30 min, 4
JGAE 4°C LA 2000 x g &0 10 min Y4 3%, 5 [
Al (B IR A DA 123 1 B R & T 40 40
J6RETEAE 540 nm R 2 6B E A, L 0Dy, R RN
BRI 37+ UM 3 1
1. 5 EEMAMBEEEENHNE

/I BRI S Ak B8 5 R v T AR & o 85 UM
A0 AN A WY 21 41 il (CRBCs) F 3% PE
K Giemsa “FAR Yo (o 3 0 5 ™, fij kR A R
0 B R S 0 i 2 v A L 2k B O 20 % (VY
V), CRBC F A #E KL 1 % (V/V) 1) 41 i
H B W40 S CRBC S A BUR & IET 389 57 J5
T 0 E W 2 B3 %0 Byt T AT I k10 3 R 1) A
Bl A 5 AV A A0 B B AT 9 B . K B BT 37°C,
5% CO, B FRF T A 20 min, 15 77 45 o5 8 d H
A TR KR AR N B ) 40 I R R Bl A I ) CRBC
L, 0 F R [ € 1 mine Giemsa JE H PBS 2%
MO R 8 ik, S W om B g v b OB BKR 8
0.5 mL) , 444 15 min. I 2808 /K ppvk -+ 4% 05l
I 0 75 W35 Pk FH 60 5 O B R BB W I
CRBC $ok % n. Bk 3¢ il %k 100 A 5w 4i e,
B N A 100 AN FOIG 41 f v A CRBC () 4 41
F BT o 1 S b
1.6 BARGHEMEFEMEHNE

6 TR B H /N B UE BRSO AR N B R R
P i 4 0, A T I 200 [ 57 R4, 75 B B A% R 40
IR A4 B B A 0 TR N TE TR K R 5 20 s DL
il Fe A A 20 40 B, ST ED NN 2 x hank " s W 64X 1 40
J OB ok 40 ) FH) RPMI 640 1 35 JE vk ik 2 W, &
& F 54 RPMIH640 157736 (45 10 % Jif A 1L
100 IU/mL 75 %% %, 100 mg/mL % %5 ) , i % 41 i
W R 2 x 10" A /mLe AL kil ™ .
1.7 P2k B4 B Ry IETE

R VBK 0 1) 8 SR B OMTT 9 s ™ o i 4%
JIL IR 40 M, ) RPMI 640 17 55 5L 45 41 o vk i &2
2 x 10° /mL, ¥ W 40 Jf in A 96 FLAR, 45 L 100 pL, 4
FLFF N 100 wL &4 80 & F ConA (KUK E 1.5
pg/mL) [¥) RPMIH640 5¢ 485 753k, &7 ConA [f)
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hRBL S AN 1 A ) BRFL AN FE e 5 AL
S A HAL. A AE 37°C,5 % CO, K5 FR4H b 55
272 ho PEBSKE R4S AT 4 h, LWL 7 70 ul b
W AN 20 wL 5 mg/mL () MTT. K35 45 W )5, 5 4L
TN 0 R W 100 WL, 37°C b % . A A% A A
570 nm Tl E & FUWROGAE » A0 B 0 5 0 B
FERam, HAK () .

i % = (%L 0D, — %I FL OD.,,) /5% &
fL OD,, x 100% A (1)
1.8 WEMEFAWHHIIKRRS RZEE DTS MM

1 1% 8 R N HE 75 1) TR 00 45 £ 77 A 6 S5 1 Ak A
F B R B, longum BB3 1 7l 8 FE AR, &
P 107 = 10°cfu/mL [ % 75 &, A H 45 /5 BUAE AR 0. 2
mL, I 55 27 F ¢ A& (10° - 10" efu/mL) AH %
I 5E H8 A5 AH 1] o
1.9 Sitoh

I 2 R A T+ 7 =R ox . B R
SPSS 13. 0 B A AT W3 I8 % J5 22 43 #7 Bl Duncan ¥ %
LR WP LR % e B 1k (P <0.05) .

2 HiR

2.1 PREELTL

164 I W IR R R, A AN BRI AR T R b
ARFEZER (GREARER
2.2 WEHFEBRZINEE
2.2.1 REBTARE (DTH) : A [F 41/~ B 1)
DTH [ WAHWER 1 fros . 5 X BOAH LG, F BB 1
BB2 Fll BB3 M7 1/ i A B T A2 Bk 0
BE,HZSE2(P<0.05) . FE AR SN B.
adolescentis BB2 [/ i, 3L DTH Sz W 1) /2 ik 38 5
(0.052 = 0.005 cm,0.052 = 0.003 cm Fl 0.049 =
0. 006 cm) 34 & 2 & T %4 1 41 (0. 035 £ 0. 002 cm) »
3 A5 & BB3 X/ AL Bk R R AR AR R A 5
(P <0.05) , F %5 & 1 4 I (0. 078 0. 001 c¢m)
e T b F & (0.073 £ 0.003 em) Fl g
(0.069 0. 001 ¢cm) (P <0.05) .

JRVE H TR A 2 AR A e AR A3 P 4 i fe g 2
F) () DGR I A 4 U3, (H AT 20 A2 T 3k B 48 i A 5 119
GRS T AR o FEABE R, R U (48
2140 ) X /N BRI JE AL Bk R k% A2 A (R B R
WG H I i NG JE R AR A S AR R B AR 25 Y TR 5

B2, RILHLAR B T 40 i S 7 B %o 5 TRUAR A AH —
0, 1 B. adolescentis BB2 Fl B. longum BB3 J5,
/I Bl DA B J5E 2 AR A DAy A R R A8 e Y AR A e N B i
T 7873 UE W1 4 N BUBCRT T BE 98 e Bk AL A4 40 I G
N o HABIF 5 AT AH IR 43, ok BN AR R
MV AT B %5 A2 B R Bifidobacterium lactis Bi-07 fg
P IR R A S RN

# 1. F B. adolescentis BB22.B. longum BB-3
AR BRAEZLIR 5\ R B4 B R R 4R 4R
Table 1. Cellular immune response parameters of mice
fed with B. adolescentis BB2 and B. longum BB3

and the control diet (skim milk)

Treatments Toe thickness difference /cm
BB2 (10 cfu/mL) 0.052 = 0.005"
BB2 (10 ¢fu/mL) 0.052 = 0.003"
BB2 (10" cfu/mL) 0.049 + 0.006"
BB3 (10°cfu/mlL) 0.078 = 0.001"
BB3 (10% cfu/mL) 0.073 + 0.003°
BB-3 (10" cfu/mL) 0.069 + 0.001°
Skim milk 0.035 = 0.002°

The values are presented as means + SD. Columns that do not share the
same superscript letter are significantly different from each other at P <

0.05 (n =10 mice per group) .
2.2.2 MFEAMBESEMNE: H 4 F 49 M50k
NER AT RAT A /N BRI IR R S P B 4 S 4 40 B
BRI 7= A AP R Ok W I 355 REAE 5 S04 S 40 4
N Eiaees N W 1= AT 7 2 311 Nl e R
540 nm R A6 2 EEME (0D,,,) FoRx. &4 /NI
HREMOEEEMEDE L Pron. 5 A M
(0. 136 +0.005) ,B. adolescentis BB2 fl B. longum
BB-3 [¥] 3 AN 71 5 41 1) /s I 7 1 9 I 5% A S 5 T
(P <0.05) « T B. adolescentis BB2 (& 1-A),
Hh 751 8 2 R v ) AL I WO AR 0Dy, (0. 457
0.031 F10.434 + 0.044) 5 FE 7 & 41 (0.238 +
0.025) (P <0.05) . %IF B. longum BB3 (& 1-B),
3 g AL ) R R 2 R i (0,315 = 0.020,
0.296 + 0.025 F10.279 = 0.055) (P>0.05) .
FH 4822040 g (SRBC) Sk F 8 HLAA 2 3 20 35
= AR 4T SRBC 4 S PE P 3X L6 4 44 2 % SRBC
BV A f o ASHIE ST, s B R X0 TR B AR
BB-2 Al BB3 J5, i o HL &%) SRBC [ ¥ 1L Sz
P T 6 B 4. SRBC B T M 46 g 8 G s
J T AT F o I ¥ A2 R T ) R0
FF 147 B Bk BB-2 Il BB-3 38 58 17 1 % i I A4 ot 284 4 i
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Figure 1. Effects on the amount of antibody lysozyme in serum of mice
after 4 weeks of administration with Bifidobacterium adolescentis BB-2
(A) and Bifidobacterium longum BB3 (B) of different dose: 2 x
10" (high dose) , 2 x 10° (medium dose) , or 2 x 107 (low dose)
CFU/kg body weight and the control diet (skim milk) . The values are
presented as means * SD. Columns that do not share the same
superscript letter are significantly different from each other at P < 0. 05

(n =10 mice per group) .

2.2.3 [EREERMEMRAEMEEMN AR DR
JIE2 s e 4 % 3 21 40 i (CRBCs) [ 75 Wit 3% 2k 4
2 i, Hi 2-A 7] L5 3, | B. adolescentis
BB-2 MEFE I 3 AN AL /N B I 0 A A A
2w TR (P <0.05) , 3o ) 42 20 F0 i
F A LB K A W K (71.0% = 4.2% Fi
71.0% = 3.4%) % T K5 & 41 1 & 6K P
(56.6% = 4.0%) (P <0.05). %} T B. longum

BB3 (|8 2-B), & K 3 AN & 4110 & bk %
(43.5% + 6.3%,42.0% =+ 5.7% F11 39.8% =+
3.6% ) # 4 3 T AL (P <0.05) , (H | & 412
) P P EE A 2 e AN B o

WEHR B. adolescentis BB2 Fll B. longum BB-3 [f]

AN R LI i R A ) AR RS A T W R .
Wk 4 T P W T ) B8 T 1 3 IR A AR SR A AR A
P, AR R OCBEE . — SRR
W7 D LR T O R S R R i 0 R 3 L A i
1S 0 WA 0 %) e W 3 A R S i TR T 1) 20 5 A R AR
b W TR A0 B o W R AR N . I AT WE TR IE, N I A
WS TR FL AT B (Lal) X AT 1 (Bb12) J& » ki 41 g 1)
I B R .
2.2.4 BARNGHEBTEMY: B0 40 M PE b
A 1R B0 LR M S I s YL 7 ) 1 06 8 FE AR OD g
ARk FKm. W3k 2 fian, B. adolescentis BB2 1
Polh= o U LS R N S P PR 1 Y DR 2
(54.55% + 5.15% #158.08% =+ 2.18%) T
S H (48.91% + 2.45% ) (P <0.05) ,H &7
AL B 2 ) 2 AN B . AR AL A 0
FEAH L, B AR A1 4 e vs vE AR A W2 . X T BB-
3,3 ANFE A/ B LDH RS TR0 AR ) T %) 4
AT ZREEE (P <0.05), Hddi &4
(76.31% =+ 9.70%) Fl i 7 & 4 (75.70% =
4.26%) W) A 05 % TR & 41 (60.31% =
2.45%) (P <0.05) .

EARBF ST, A M B, adolescentis BB2 F1 B.
longum BB-3 /N i UE B 4R A% 107 40 J 16 3% 400 305
WE . 5 2 AW HRIE 4598 — 20 Matsuzaki
S FCUE B 8 28 /N BRI RGAE /N B T I L AT
L. casei Shirota &, 2L 040 M 1K) B 4R 5% 05 7% 1 2
s o e ABER I T & B T B 2R LA
Lactobacillus rhamnosus strain HNOO1, T & FL4T &
L casei strain Shirota, BY, X{ B T ¥ Bifidobacterium
lactis strain HNO19 3 J& J » b J&] Il B 48 5% 17 40 i 1)
O E R R D =T E B 1 1 U
Ty R ) DR UK K T 40 L B ATT P I A A S R A
5 Z G0 10N 41 M Sk E SRR A B . el T AR R 4
0 £ 1 AR ) Jih 98 4 B R OE H AR N e AT AR L AR
JH IR B0 B A A R rh PR AL B — T B £ O R R
JEINAAE R o A8 — KO T AF B9 HE I ) 52
g v, TG R 5 P R A ks A R I IR B A R A 3 P R
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Figure 2. Effects on the phagocytic activity of macrophages of mice
after 4 weeks of administration with Bifidobacterium adolescentis
BB2 (A) and Bifidobacterium longum BB-3 (B) of different dose
as follows: 2 x 10" (high dose) , 2 x 10’ (medium dose) , or
2 x 107 (low dose) CFU/kg body weight and the control diet
(skim milk) . The values are presented as means = SD (n =10

mice per group) .

A HR ﬁiﬁkﬁm?}ti@ﬁ’ﬁiﬁé‘ﬁf’ﬁﬁﬂ"]%ﬁ?ﬁﬁﬁﬂ
ARG G W RERZ WA & kB,
adolescentis BB2 I B. longum BB3 1R 1] ﬁbl_Li*
5 TSR A7 A0 I 1 1% 0 9 T SR S L A 1) B e T
At -

2.2.5 BBtk 20 R 5E - ] OSSR TR /) BRI Ik
L 4 i B 5 ) e ma 45 SR WL 2. 7E ConA BT, XX
B AT B B. adolescentis BB2 Fl B. longum BB-3 I
FR /0N BRI S g6 4N M B B S MR B A R (P <
0.05) o TP AG )& BB3 (¥ /)5 Bl » FE WK 40 e 11
B3 (41. 6% +9.7% ) T2 v T op 77 8 0 A7)
ALY (P <0.05) . #Itb 22 F, % F BB2 4t #

1, e R R g ) A 0 3 5 R R (38.6% +8.5%
M 41.4% +8.7%) ZE = T K = 41 (26.0% =
7.0%) , % st B2 (P <0.05) .

I EEL T P 8 B T R e R IR O DA A 1
R 1R S B | R R D B T
AU AT Sz o, B, adolescentis BB2 il B.
longum BB3 HEMEAF A5 22 4y 54 Ji ol 38 J0 3k 2 41 g
PERE LR T, X X T e A AR B il
AT DLHE W 5 3 28 X0 AT BB AR T RE L A N A4 A
P G35 0 A g o B SR AT LLOE Tk ik — 2P 18 I R T Y
SHe PR 3K L6 TR R R N SR AR R (14 5 1

% 2. FH B. adolescentis BB2.B. longum
BB3 LRI RF/NRMABREREIER
Table 2. Cellular immune response parameters of
mice fed with B. adolescentis BB2 and B. longum
BB-3 and the control diet (skim milk)

Natural killer The lymphocyte

Treatments
cell activity /% proliferation rate /%

BB-2 (10°¢fu/mL) 46.62 = 3.42° 26.0 = 7.0"
BB=2 (10%cfu/mL) 54.55 + 5.15" 38.6 = 8.5°
BB=2 (10" c¢fu/mL) 58.08 + 2.18" 41.4 + 8.7¢
BB3 (10°cfu/mL) 60.31 = 2.45" 41.6 = 9.7¢
BB3 (10%¢fu/mL) 76.31 £ 9.70° 31.2 = 8.8°
BB3 (10" c¢fu/mL) 75.70 + 4.26° 30.8 + 9.3°
Skim milk 48.91 + 2.45* 5.7 & 2.3*

The values are presented as means = SD. Columns that do not share the
same superscript letter are significantly different from each other at P <

0.05 (n =10 mice per group) .

2.3 WEHFERBETHIARRS %% BT
2.3.1 REBLTHARN(DTH) 41 3 s, KX
B AT B BB3 MR AR 7 Bt 10 cfu/mL JF 4, % 71 & Ab
PR /) BRIk R ZE B TR A, HLE R
# (P <0.05) o i 45 77) &t (6 T v i i 740 2 32 A A
T G 10° efu /mL (1 551 A b i RE i B B v A
G W% T U%E’Jﬂmﬁ*ﬁ%fﬁ?ﬁ%/xﬁ*ﬁfﬂm,
EAT TR 2 (P <0.05) o 45 5 AF B, % 71 5 11
B. longum BB-3 fef% £ i bk T 40 i 1) 189 5, 51 kIR
RSB RN -
2.3.2 MFERE—FAMEBEN: WK 4 Fﬁ%,
K WUEAT 1 BB-3 M A 1 B 10% efu/mL 2 , 4% 5
kiﬁéﬁd\EB&EI"JJI[L‘{HYIQJI[L%%J‘ETﬁﬁlﬁl%'J‘Xﬂhﬁ'ﬁéﬁyH
?%‘?ﬁ'f’z%(P<O 05) o K& 7 & 1) T & 9 I &%
T 5 95 10° cfu/mL (1 71 B A L3 P i
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Figure 3. DTH of mice fed with B. longum BB-3 with different
doses and skim milk. Doses 1 -5 were 10>, 10*, 10°, 10*,
10" cfu/mL The values are presented as means =+ SD.
Columns that do not share the same superscript letter are
significantly different from each other at P < 0.05 (n = 10

mice per group) .

045r
0401
035¢
0.30r
0.25¢
020F
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E 4. FRFIEWNEFE B. longum BB-3 3 /\[ M 75
BRI E B S 0E (n =10)
Figure 4. Amount of serum lysozyme in of mice fed with B. longum
BB-3 with different doses and skim milk. Doses 1 —5 were 102,
10*, 10°, 10%, 10" cfu/mL The values are presented as means =
SD. Columns that do not share the same superscript letter are
significantly different from each other at P < 0.05 (n =10 mice

per group) .

2.3.3 BEEEEMARMICIMBAEEE 7 WK
5 s, xR L, BRIk E 1) B. longum BB3
b FE AR (10°cfu/mL) () B WE 40 M 75 W R A T 4% 5

(P <0.05) , H B A B B 700 5t 10 T 75 W 26 58 T
Thwn B F 8 T A 10%cfu/mL I, 5 W5 55 4k 48
Th e, 38 B T 06 ; 4k 48 42 5 7 B & 10" efu/mL i, 45
W A e T AL (R T B R

60

so b b b b

Phagocytic activity of macrophages/%
L
o

Skim milk Dosel Dose2 Dose3 Dosed DoseS Positive control
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Figure 5. Phagocytic activity of macrophages of mice fed with B.
longum BB-3 with different doses and skim milk. Doses 1 -5

were 102, 10*, 10°, 10%, 10" cfu/mL. The values are

presented as means = SD (n =10 mice per group) .
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group) .
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Effect of Bifidobacterium on the immunity in BALB/c
mice

Jinbo Fan" , Yu Hou, Suzhen Zhou, Xitong Cai

Research Institute of Food Science, Bohai University, Food Safety Key Lab of Liaoning Province, National & Local Joint
Engineering Research Center of Storage, Processing and Safety Control Technology for Fresh Agricultural and Aquatic

Products, Jinzhou 121013, Liaoning Province, China

Abstract: [Objective] We studied the system immunofuctions of two Bifidobacterium strains isolated from food.
[Methods] There were 10 SPF BALB/c mice in each group. The control group was given only sterile skim milk. The
positive control group was given sterile skim milk containing commercial strain BB-42. The treatment group was given
sterile skim milk containing different dosages of B. adolescentis BB2 or B. longum BB-3. The immune parameters
including cellular immunity (delayed-type hypersensitivity [DTH ], splenic lymphocyte proliferation and natural killer
[NK] cell activity) ; humoral immunity (serum hemolytic activity in immunized animals) , and nonspecific immunity
(peritoneal macrophages phagocytsis) were measured. [Results] Ingestion of B. adolescentis BB2 or B. longum BB-3
could increase the DTH response. Macrophage phagocytsis was also enhanced, while activities of the NK cells and levels
of the serum hemolysin were also significantly higher than that in the control group. There was a significant increase in
splenic lymphocyte proliferation in bifidobacteria treated mice compared to the control. [Conclusion] Ingestion of B.
adolescentis BB2 or B. longum BB-3 could enhance both innate and acquired immunity in healthy BALB/c¢ mice.

Keywords: Bifidobacterium adolescentis, Bifidobacterium longum, Cellular immunity, Humoral immunity, Immune

enhancement

(ARt - 5K I

" Corresponding author. Fax: +864163719190;E-mail: jinbo_fan@ hotmail. com
Received: 5 June 2014 /Revised: 8 October 2014



