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Selenizing Codonopsis Pilosula Polysaccharide and Garlic Polysaccharide
Synergistically Enhance Immunological Efficacy of Chicken

Lymphocyte and Newcastle Disease Vaccine

LIU Kuan-hui, TTAN Wei-jun, GAO Zhen-zhen, HOU Ran-ran, YUE Chan-juan,
WANG De-yun, LIU Jia-guo, WU Yi, HU Yuan-liang"®
(Institute o f Traditional Chinese Veterinary Medicine, Nanjing Agricultural
University, Nanjing 210095, China)

Abstract:In order to validate the synergistic immune-enhancing action of selenizing Codonopsis
pilosula polysaccharide (sCPP) and garlic polysaccharide (GP) and the efficacy of their com-
pound sCPP-GP and offer theoretical evidence for developing new-type immunopotentiators, the
immune-enhancing activities of these three kinds of polysaccharide were compared. In vitro test,
the effects of three polysaccharides on chicken peripheral lymphocytes proliferation and mRNA
transcription of IL-2 and IFN-y were determined respectively by MTT method and Real-time
quantitative PCR technique. In vivo test, the chickens were injected with three polysaccharides
when vaccination of Newcastle disease vaccine, the dynamic changes of chicken peripheral lym-
phocytes proliferation, serum HI antibody titer, II.-2 contents and IFN-y contents were deter-
mined. The results of in vitro test showed that the three polysaccharides at appropriate concen-

trations could significantly promote lymphocytes proliferation and mRNA transcription of IL-2
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and IFN-v, and the effects of compound were significantly stronger than those of two constitu-

ents; The results of in vivo test showed that at four time points after vaccination three polysac-

charides could promote lymphocytes proliferation and enhance serum HI antibody titer and con-

tents of IL-2 and IFN-y at different degrees, and the efficacy of compound were significantly

stronger than those of constituents. These results indicate that SCPP and GP can synergistically

enhance the immunological efficacy of chicken peripheral lymphocyte and Newecastle disease

vaccine, sCPP-GP compound’s action is stronger than its two constituents, and can be a candi-

date of new-type immunopotentiators.
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T vk 45 sCPP W5 & & 2050k 56. 2 %0, Ak & k-
J 2GR E I AR i 11.86 mg + g '
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) LR EL sCPP Al GPL IR A o

PRSI AR % 22 4 W BE 100 25 0 e o e
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96 FLANAAR - BEFL 100 pL. SRS IMA 5 4~ MR BE (1 45
ZHHEW 100 pL, B EEE A 4 fLs 55 4 fLAN
it XF B 2H (cell control, CC) , N il 21 ffd 5% &£ ¥ 100
uL. 45 96 FLATKLHEFe 4 B T 37,5 °C 5% CO, &
TER R SR 44 ho B ALIMA MTT 30 pL, 4622 55 57
4 b, AL DMSO 100 p L, 355 7500 T
IR & LR 5 min i TUIE ¢ 4206 % K A
JER I Y ( Thermo Fisher 23 5] 77 &) &M 570 nm
A BT WO BE C A7 ) (EL - A D T 90K L2 200 M0 98 50 1) 45
i 36 PEEE 5 W 1 - 30 LM B Caverage
lymphocyte proliferation rate, ALPR) = (A yy —
Assma) /D X 10020 (A g ZWEAL 5 AU BE 5%
MREH 4 AN FLEFEMED .

1.3.2 WREANHE IL-2 f1 IFN-y mRNA #% 5% 1)
E [F] 3k v 5 U T2 40 A2 B R 31 24 L4 i
B b, B AL 1 mL s S8 I ACHT = A ik BE AR I i
20 R CHD L (MDA (LD ¥R BE T 19 4% 22 W 0
I mL BB R 4 fL, [5) B 3 40 B % B AL, 37. 5
C.5% CO, Z&F R 3R 12 h, W 5E 40 i, 2 18
mRNA$E BRG] & U] B IO RNA,

F™RT Master Mix i 71| & B¢ #] cDNA 2 ¥
SEM RV 10 L (5 X PrimeScript RT Master Mix
2 uL, Total RNA 2 yLL fil Rnase Free dH,O 6 L),
HEAT S S OB SRR 37 (C IR 15 min, 85 ‘C K
W5 s,4 °C 30 min,

IL-2 F1 IFN-y 951 ¥ o1 B9 2 A W) R A
B2 FIS G PP LR 1.

Table 1 Primer sequences of chicken IL-2, IFN-y and GAPDH for PCR
P E 2l 7 BE /bp
Gene Sequences Size of amplified products
F 5 -ATGGAAAACTCTTCAAACA-3'
I1L-2 138
R 5'-ACTTCTCCCAGGTAACAC-3'
F 5'-GCTGACGGTGGACCTATT-3'
IFN-vy 171
R 5'-TCCTCTGAGACTGGCTCCTT-3'
F 5'-TGGAGAAACCAGCCAAGTAT-3'
GAPDH 146
R 5-CGCATCAAAGGTGGAAGAAT-3'

YL GAPDH JyW#Fr#E: , H SYBR® Premix Ex
Tag™ (Tli RNaseH Plus) i %] & B # Real-time
PCR Jz W #{ 20 pL:SYBR Premix Ex Tag (Tl

RnaseH Plus, 10uL), PCR Forward Primer (10
pmol « L™", 0.4 yL),PCR Reverse Primer (10
pmol « L', 0.4 uL) ,ROX Reference Dye 11(0. 4
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pL) \DNA it (2 wL) F1 dH, O (6.8 pL); B4
% PCR bR ERE P EAT SO - 25— 20, 94 °C 30 s T2
P88 4,95 °C 5 5,60 C 34 5,40 NMEHR, P 1 H
MR O e EAT A R it R A0 A . 2 22 Ar BTk e 3t
IL-2 F1 IFN-y mRNA BRI e it o B i xf 18
g 27> 0 1, ANC 5 A 08 = (Crpgnm —
Ctonrprnm ) zman — (Ctywem — Cloapprem ) apxt ma

L4 R

L4, 1 S250 8 ¥y oy ¢ 4k PR 1 H % E f g fg
P SENANE, MIET 100 em X 60 cm X 40 cm”
Rk 228N L R AR SRR, BRI ROK . #)
B1 SR AE 37 CL 2k 24 h GG R )5 B
HHEEEEEREE 12 h, WMIEE 14 H e,
1T IR B IR TRy 2.8 log 2., BB FF 150 I
PLE o 5 A, B4 30 B, BRAS 4 B4 (blank
control, BC) #h ¥ FI A8 7 il IV & % ¥ e, 28 H
W AR TR UK A A (RIS R 43 Sl L PR T A A
ZWEE W 0. 5 mL, e X B 4] (vaccination control,
VO FI BC 4T 4 AR PRER K R 1 IR EZE 3 d.
Lo4.2 e 40 i o 58 i Il s a3 90 T )
7(D;)  14(Dyy) . 21(Dyy ) 128 (Dyg ) K, B BEHLEL 4
R Ry 7 1 1 I 7 R NG 1 ) U S R

Az o B FFT1I 45 BF 18] 257 119 6K £ 200 Jf 384 2R (0) =
[C(Agy — Ape) /Ape X100% (A Ky 4 DNLFEIED &
14,3 IM9E B s HT HTARR00 il @ 53T
DA B[] g, B 2 B AL A0 I 6 P 3 i R i S 25
MLV » P B 12 00 2 7 D% 1 8 400 ) CHD R
Lodo4 Vs S B Byl e 43 5 F Lh s A]
SRR B AL 6 B, B KR i, 43 B a0 .
ELISA 127 &l /& M iF 1L-2 A1 IFN-v i) & & .
1.5 #HiEaE

BE L e =5, "R, A SPSS 20. 0 3 fF 1T
HESMEEILE, P<0.05 hERBE.

2 F R

2.1 MRS

2,101 45 4 IH B 400 3 A ) AR £k H 2% 2 AT,
sCPP-GP 5 ™ B 41 ) bk EL A B Asro o (L35 18 35 55
F CC 4 (P<<0. 05) ;sCPP f£ 2~0. 25 pg » mL ',
GP 7E 18~4.5 pg « mL "By E A Asro o (I 12
FEET CC 4 (P<C0.05) 5 - 27 ik U 40 i 185 5 % .
sCPP-GP 5 A~k i 41 119 7 34 9 [ 400 B 3 78 6 i &
(29.83%), B E & F sCPP 41 (16. 51 %) fil GP 41
(14.17%)(P<<0.05),

x2 ESMRBARRER sCPP.GP K H 40 & X¥ 38 51 J2) I itk B2 48 B 38 58 Y 22

Table 2 Effects of sSCPP, GP and their compound at different concentrations on chicken peripheral lymphocyte proliferation in vitro test

SLPZ;:I.D r}i%fg/ T A L Aszo o sCPP Joi it ik i / WA Asro um GP Btk iz / WE A Asrom
CPP.GP Aszo om Of , (pg » mL™") As7o amof (pg* mL™") As70 om

) lymphocyte sCPP concentration lymphocyte GP concentration of lymphocyte

concentration

20 0.334=£0. 008" 2 0.301+£0.008" 18 0.308+0.003"

10 0.354=+0.014" 1 0.29740. 007" 9 0.29640.015%

5 0.328£0.008" 0.5 0.2924-0. 008" 4.5 0.297£0.007"

2.5 0.29740.012" 0.25 0.27540. 012 2.25 0.27540. 003"

1.25 0.27740.015" 0.125 0.262+0.007" 1. 125 0.266=+0.004°

cC 0.245+0.009° CC 0.245+0.009° CcC 0.252+0.016°
ALPR/% 29.83% ALPR/ % 16.51° ALPR/ % 14,178

ALPR. - 24k UL 40 0 19 58 4 5 <. T 81 00408 SR A AS [ 5 B 3R 7R 28 53t 35 (P<T0. 05) 3P (A 47 B4R JR B A [A) 7 B R 28 59 i 3%

(P<C0.05)

eeeee

ALPR. Average lymphocyte proliferation rate;
0.05) ;"

2.1.2 &4 IL-2 mRNA % 5ty 75 1k mE 1A
Al A1, sCPP-GP i JE 4 i TL-2 mRNA ¥ e i .
HIK N sCPP-GP Sk EH . MAH B FHF S THAK

. Column date without the same superscripts differ significantly (P <C

Row date without the same superscripts differ significantly (P<C0. 05)

ZL(P < 0.05);sCPP R EAAY IL-2 mRNA #%
EREET CCH(P<0.05),
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Fig. 1
chicken peripheral lymphocyte (in vitro test)
2.1.3 £ 4 IFN-y mRNA #5725 b i A

1B #] %1, sCPP-GP Hyk 41 1) IFN-y mRNA % 5%
ey s ok oy sCPP-GP ik BE2H . AR Y W %/ T
HARK L (P<<0. 05) ; sSCPP-GP R ¥k i . sCPP & ik
JER GP [ P AL TFN-y mRNA # 5%  2%
BT CC41(P<<0.05),

2.2 AWK

2,201 A UL EL A0 0 A 1 A 4k H15E 3 T4,
sCPP-GP 41 7E 4 /> [A] 55 0 bk L 4 M Asro o (1 R
e B EE T VC R BC 4 (P < 0.05) . 7F Dy It
E T sCPP 4l 78 Dy, % & T GP 41(P<C0.05) 5

2% Groups

. Bars without the same superscripts differ significantly (P<C0.05)
A SMRIE A BR B Y sCPP.GP K H 4B & X138 50 B I ik B4R i IL-2  IFN-y mRNA ¥ 5510
Effects of sCPP, GP and their compound at different concentrations on IL-2, IFN-y mRNA transcription of

sCPP il GP 4178 4 A~ B 6] 25 9 40 M Ao o (B 2 55
F VC #1 BC 41, sCPP 4078 D,, \GP 417E Doy B 55
T VC H1 BC 41 (P<0.05),

I O 24 3 % < f 1] 2 WT N sCPP-GP 4175 4
A B R] A B4 I O 200 L 7 R 1 Sy e B R T
VC 4 (P<C0. 05), fE Dy, fl Dy i 2 5 T sCPP 41
(P<<0.05),7E D, 1 Dy, % & F GP 41 (P <
0.05) ;sCPP 1l GP 4L 7E 4 A I [] 45 14 9k © 41 i 3
WA E T VC 4, sCPP 4178 Dy, .GP 4 7E Dy, #l
Dy i 2% & F VC 41(P<C0.05).

&3 fEHIRE sCPP.GP K H 4H & Xt 38 51 JE) I itk B2 48 A 38 58 A 22 1
Table 3 Effects of sCPP, GP and their compound on chicken peripheral lymphocyte proliferation in vivo test

20 %] Groups D; Dy, Dy, D.s

sCPP-GP 0.220+0. 008" 0.290=40. 006° 0.25240.016° 0.287=+0.013"
sCPP 0.216=40.004" 0. 240240, 009° 0.220£0.015" 0.24140.013%
GP 0.21440.190* 0.223+0. 004" 0.218+0. 015" 0.254+0.008"
vC 0.20040. 004" 0.20940.010° 0.20040. 010" 0.20840.015¢
BC 0. 180+0. 008° 0.174+0. 0061 0.16240.001¢ 0.17040.014¢

L RSN EHE R AR IO AR R R 28 5 B 3 (P<C0. 05)

©d " Column date without the same superscripts differ significantly (P<Z0. 05)

2.2.2 AU HE HI ST i 28 16 H
Bl 3 A, sCPP-GP 417E 4 A~BF ] i i HIT 104280
Bk s P E T VC R BC 41(P<<0. 05) 7 Dy
M Dy BE T sCPP fil GP 41 (P<<0. 05) ; sCPP FI
GP 417E 4 AN [E] 5 ) HI HLiss i 5 8 F VC F1 BC
4,78 Dy i 2 25 F VC 1 BC 41 (P<<0.05),

2.2.3 FHAlmiE IL-2 F Rk 1 & 4A 1]
M, sCPP-GP 4178 4 A0 [] g 1 ML 3% TL-2 & 34k
e - B W T HAK 4L (P<<0. 05) ;sCPP fil GP
YLAE 4 IR I TL-2 & 53 VC i BC
41,sCPP 401E D, 1 D, \GP 417E D,, #1 Dys i 3 155
F VC #1 BC 41 (P<0.05),
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Fig. 2 Effects of sCPP, GP and their compound on chicken

peripheral lymphocyte proliferation rates (in vivo test)
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A B AR P A AR 7 2 5 8 (P20, 05)
“°, Bars at same time point without the same superscripts
differ significantly (P<C0.05)
3 i3 sCPP.GP XK H A &Xf 35 M iF HI f;t k5 0
B % )
Fig.3 Effects of sCPP, GP and their compound on chicken
serum HI antibody titers (in vivo test)

AR R — I ) R AR R A M R R A 25 5 B (P<C0. 05)

a-d

. Bars at same time point without the same superscripts differ significantly (P<Z0. 05)

B4 EHikiE sCPP.GP R H A G MiF IL-2 IFN-y 2%
Fig. 4 Effects of sCPP, GP and their compound on chicken serum IL-2, IFN-y contents (in vivo test)

2.2.4 KL IFN-y & & 75 4k Hi & 4B
AT 51 SCPP-GP 4142 4 AN ] S0 3% TEN-y 47 4k
e - EEET VC A BC 41(P<C0.05) .7 D,
Dy B m T sCPP M GP 4 1 Dy & T GP
4L (P<20.05) s sCPP il GP 4176 4 A1 [7 45 ) 1 35
IEN-y &85 F VC Ml BC 41, sCPP 41 4£ D; #il
Dy .GP 4 7E Dy, S 25 T VC Ml BC 40 (P<<0.05),

3 3

AR . EHE S MTT ke 7
sCPP-GP & J5 B H Wi A~ 4 43 25 XF K 3% 19 %8 A1 J& 1
I L 200 38 B ) S e . R A Ao 15 UK L 4
P8 BT 2 TR O s Az o (LA U S8 B0 0 02 25, 3K
45 R WoR . sCPP-GP 1E i A7 ¥k B . sCPP #E 4 Mk
JE . GP 78 3 DU BEH R AT Asro o (H Y B35 R

T4 g Xt BB 20 (P<<0. 05) , 28 W] B A1 7E 3% 26 3k J¥F g
25 G O A G A . ST RO 40 8 R 1
BEE R B R, sCPP-GP 5 A~k B (14 8 24 94k B 400 it 384
BRI B EE T sCPP #1 GP 4, % 8] sCPP-GP
ST ) AR B 58 B 8 1 M B L S OR T A4 )
24 sCPP fl GP,

H T B AERAMRGG S5 R f 3 Rl 220 I SR B
JETE T P A XY L I A A0 R oM T 9k B 40 i 4
B LR BT RE HT TR 00 F 40 i R 19 3l A A
fbo T kELAnA 3= A S a0 i ozt IR g5 R
7R . sCPP-GP A 7E 4 A~ B a] a5 bk B 40 L Ao o
H¥ N RE,. W EES T VC M BC 4. 75— % i} 7]
MR FE T sCPP Ml GP 41;sCPP Al GP AUAE 1 4~
B[] ) 90 2 B A (B0 25 8 T VC T BC 4
FW] 3 A2 0 34 B 1Y o 40 Jf %2 9% s sSCPP-GP 41 7E 4
ANE (]SRRI T R A R R E S T
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VC 4,5 BIAE 2 A B[] A5 2% & T sCPP fil GP
4, KW sCPP-GP & J5 ¥ 5 240 M 5 % 1) 1 FH fe ok
35T WS4 43 245 sCPP FI GP,

PRV e I B bk B 48 A 52 109 B R 4R
S RO, Bk EL A0 i 2 ) B R S 1 5E 53 Ak R
R IS5 20 B 3R A BRI 3 0 R S A R A I
WG SR R S PR & A ORI R
PEGTARIM 1 15 A1 12 S B AL AR 1) 4 R G 78 g 22 1R
A, AL R . sCPP-GP 2078 4 AN ] &5 Y
LS BT HT ST ¥ o iem . B B # m F VC
1 BC 4. 78 2 A~ [H] 5 8 35 = T sCPP Al GP 41+
sCPP Al GP 4ANAE 1 A1 8] &5 i LR R AN 8 3% &
T VC F1 BC 4, KW 3 A 224 34 BE 1Y o AR U g2
sCPP-GP & J7 1 Fl ik b 98 T W N4 3 24
sCPP fl GP,

T3 R B E ML 2 5 4 R 1A 6. BF
FERW] 2T LLSE 3 35 AE 2 i 4l i DR 5 T 4 4
SRAREVE R . IL-2 A1 IFN-y s BitE T 40
G3 WA T A L TR AT RT S R AR E T 40 1Y
WEBE A AR R I W TL-2 F TFN-y & & 0] 4
RHUAE G s T 68 B AR bR MR N IR I 45 R R,
sCPP-GP 41 7E 4 I [a] s 89 I 3E 11-2 A1 IFN-y &
R ELIL-2 SR B E S THREH IFN-y %
HRFEET VC M BC 4, 75— Se it i) 45 &8 2% & T
sCPP #1 GP 41 ; sCPP 1 GP ZH i L7 11.-2 Fil IFN-
Y B RALTE 1~2 A8 R) a5 5 3 s T VC R BC 45
] B s AR AR B 25 SR AR E B sCPP-GP o | Ry Wk 4
IL-2 il IFN-y /) mRNA % 5% ¥ 0 2% & T H 3 45
2 ,sCPP i #e BE 4 IL-2 Fl IFN-v B mRNA % 5%,
GP w5 h BEA Y TEN-y mRNA 8 5% 2 2% 5 T 40 i
X RRZH ., X EEZE LT, 3 A 20 X RE (2 S 7 A 240
119 73 Wb Je He mRNA (19 %% 5% . sSCPP-GP & J5 i 1
P 258 TP~ 4143 2 sCPP Fl GP,

sCPP-GP &1 sCPP #1 GP A E T . %S
NAEFERME Y 9% 5 Codonopsis pilosula (Franch, )
Nannf. S50 T AR, &5 A A2y, A+ 25
SRR IR 56 S 2 W A S 32 M AR
g3 A 1G5 G RE P A AL DR T B R A AR
PER 0 R B A6 1 G 1 R e g T M Y
SRV KR E A RHMEY KSR Allium sativium L. [
figh =5, WE 2 B g3 SUP] A R 25, R BRSO 8 L
B RRERESY . Kar 2 RIS 22—
HLAT 3 5 F 5 L B R AF A W 2 s R B e i

sCPP il GP 41 B i & 5 ik 7% AR 558 4 184 588 B0 128 T3

DL 45 ]R8, sCPP-GP & J7 Bk i 35 1 5 41 i
G g5 o SCRE K0 35 4 R A VR G e AT S 3 48 R A T IR
FEREW M e R . WA, sCPP-GP & J7 fiE & % 2
HEXG A1 JE Ok O 40 i TL-2 i TFN-y /9 4 i S
mRNA [ 335 . 7] B2 A 7 3 5 2 I HL I 2 —
Z T HAB AT BRI HLH A Fr it — BT

4 &

sCPP FI GP BE bip [ 384 55 XS 4 J& 1fin 3bk £ 200 Jta A0
S 92 T 4 8 )78 sSCPP-GP & 7 UAE ] i 5 T
P23 2 . AT LAAEE S 7 2 G 93 346 5 ) R A 18 7
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