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(IL-12) 4% , 5 #7 CPPS-NE *t3E 45 4 £ 8 Rk B it o B o B AT AR, &R &
R . G B A af B ZA AT CPPS-NE T 2 %48 5 2R BB 454 (P<0.05) , B £ 3R L E ¥ a0 e
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( nanoemulsion, NE ) J& H 71 AH F1 7K A0 78 ZL 1k 77 #1
B ARFUAE FH R T B Ao e IR IR &R A 467K A2
WAL(O/W) ALK (W/0) FIRGE L7 (W/
O/W 1l O/W/0) ") A Sy 24 ) s A A LA 386
S Re e v B AR R B AR TR T
RIGVEPR LG 253848, v B A S 1m0 Jn 5] 4
FH o PRI AR BIF 5% 40038 3 v S &0 A T B A ST
REMHI/NER, LL3E S 2 K% ( Codonopsis pillo-
sula polysaccharide solution, CPPS) 1 & Xf i 24 | &
FEWEIE 5 5 Z2 B840 K 2L ( CPPS-NE ) X AL ) G0 328
PATVE AT, 38 3 53 B Bk J e 5 N ik Al G
THAREAN 7 = MRS F —a ( TNF-a) |
THE-y(IFN-y) | HA AR -2 (IL-2) | 40
MZE-6(IL-6) AN FE-10(IL-10) , A
F-12(1L-12) & i, UG i 5SRO A HO8 C R
“h CPPS-NE 1E A 598 3 5 57 b H] 42 HE R AR 4

1 MRlEFRZE
1.1 iKFIS5UF

WS M AR, KR, R 15.66%) ; &1L
ATEYFA (C10382289) W B L1 4 se KA W BHEC AT
FR 2% 7] ; TNF-a , IFN-y \IL-2  IL-6 . IL-10  IL-12 i&
RGN A B A R A PR Al R AR O
SULEE BRI (HEL-40 ) | P T2 5% R 5 N T (IPM) |
i —80 0 [ BUER SRR A A R A F

TR IL (03040518 R A VL IME AR A RE
A RA ) ;Wi dR &5 (VORTEX -5, [ ] H
MRULIRALES AT FR A F) ) 5 Wil A5 4 ( ELX800, 22 [H 11
WEALER A PRAF) o
1.2 Rz

SPF 2/ (IR 18~22 g/ H) Il [ g 5t i
VLT IXF e 1L sh ) B8, 1F AT IE S . SCXK (75)
2017-0001
1.3 W/0/W & CPPS-NE HJ#l &

KR4 6 1 5% wo By,
%2 Al %5 W/0/W % CPPC-NE, L) IPM A iHi
A, iR -80 M FLALF , HEL-40 Ny B FLALF , #e 1A
L 8:7:3 IRE M5 EHR LA ENT , 218 1)
RA YN CPPS, B2 K 2 Hh ¥ AR O 18 ¥ 15
W1, JE R W/0 B, 53 HL W/ 0 B Al A ,
HEL-40 M 3LAE R, 0 =0 B ZLAE 1, 2808 K
KA AR 1:1:1:4 IR A5, IR ESR % 5 min,
KR EIWE — 3 HARE, B Wo/w B

CPPS-NE,
1.4 R HHASHEH
¥ 320 /NS4 AT, B0 80 H
PR 45 0 NS MM SR 3 dL K AN ST Y 80
HUNEBERL > A 2S FAXTIRZH (KD 2H) |, MR X6 IR 21
(MD 4 ), CPPS-NE & ( CPPS-NE-1 4 ).
(CPPS-NE-2 4 ) . {f ( CPPS-NE-3 41 ) #| & 41,
CPPS = (CPPS-1 41) "1 (CPPS-2 #) ik ( CPPS-3
M) e, R 10 B (MRS S 1/2), KD Al
MD 2 X 0.2 mL = B £h K # H ; CPPS-NE-1,
CPPS-NE-2 ,CPPS-NE-3 Z143%/1 0.3.0.2.0.1 mL
CPPS-NE # 9, # & 40 %l & 900, 600,
300 mg/kg BW ; CPPS-1, CPPS-2 . CPPS-3 41 43 %l
21 0.3.0.2.0.1 mL CPPS # &, 7 & 7 %1~ 900,
600,300 mg/kg BW, EZHEH 14 d,1 K/d, 5
1 BT I e Bl kL R VA 96 45 o 2 BTl /)N Ui i
FIRGLREFE 0 5 3 HA o0 I 2 I ¥ 5 0l 38 7 o5 56 4
PATT N A2 I3 40 M Y
1.5 &EMHE/NREBETL
FRzs X RRAL b HOR ARG 255 1 R %L
RR BT G & AL Tl B 25 me/kg, i £
9574,
1.6 /INRERRIERE RSN MO AR IS 51 AR AR IR S E
KLy 0.5 h I, AR E B kS 10 g/
0.05 mLA BRER K 4 F5H B 00 B B 227, 40 il 76 1
SHE R 2 A1 10 min HRAER I 20 WL, iTA 0.1% Bk
BRI 2 mL Ab B, 43 GG BRI E A MH,
T BTG HERC(K ) AR5 (o (i) ),
KRG ] 2 h )5, FRAOREE , R i - B 351 &k A8 /)N
BRL, A Fo) J 4 O e 0 G AU O S RDRR o, 4% 8 it
A i SR IS
W R +E %0 (mg/g) = AR T i (mg) /AR BT i (g) ;
T EFE £ (mg/g) = MR T it (mg) /KT (g) o
1.7 MEFRAMNZSENE
LR 11 R N /NRRUE ST 0.2 mL 4 SF 41
Yl (SRBC) 2 (R 800 20%) , 55 14 K4
25 0.5 h JEHRERCR L, i &5 0% . R 3 6ot Bk
I BE 5 OD.,, fE A1l SRBC Ui IfiL it OD.,, {H
I3 7 1 2R B o AP 0 L (HC ) 2R,
FF dih OD;,, < 1 w
HCs0 = SRBC M AT oD, P AL
1.8 MFMEEFESENE
514 K512 h )5 IRERR 0, B T
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WRPLEEE OB, EIRFFE 1 h 5,3 000 r/min
0 10 min, B E T R0 O 0 L SR R &l
S8 /N BRI 48 g B 7 TNF-o IFN-y . IL-2 . IL-6 IL-
10 IL-12 75 i, 3% B S Ul B B b T4
1.9 HiELE

K FH SPSS 23.0 34 X3 56 B0 88 28 47 48 3 o
BT, B8 LT 34 1 £ 05 o 22 3R 21 ) LU 30k 2R
K2 %43 M1 (one-way ANOVA) , B ¥ L 8%
LSD-¢ £ 55 J% Dunnett-t £ %, P<0.05 & 2% 57 &
F,P<0.01 FREFWEE,

2 H#ER55W
2.1 CPPS-NE X3/ R K AR 15 #1 . PR 35 #0 & I i
BNESEMFIT

1 ATLLAEH, 5 KD 441 1, MD 44 /) B
1AL U4 5010 6 % 48 B4 W 8 3 B IR ( P<0.01) , 13t

W1 AT A S BUN R I IRT B &
4 WA Y], 5 MD 4 b %, CPPS-NE-1, CPPS-
NE-2, CPPS-NE-3 4 4 % 410 il /I BN Ji 5 %5 A g
JUEH5 B A S BN ( P<0.01) | HLBEE 45 257 &
(3 T TRl s T [R5 CPPS 21, o Xif
T M % 35 %4, CPPS-NE-1 , CPPS-NE-2 4 5 [a] 7] &
MR B #2257 (P<0.05) , CPPS-NE-3 4 5[]
FIE A L3 2 5 AN 2 (P>0.05) 4 T ETE 3%
CPPS-NE-1,CPPS-NE-2 41 5[5 E 4 lb i 22 7 A
.2 (P>0.05) , CPPS-NE-3 41 5 [A] 7 1 4H 1 45 ik
## 5 (P<0.05), 5 KD 41 k%, MD 41 HC,, )
BETFE(P<0.01) ;5 MD 404 Ht , CPPS-NE-1 ,
CPPS-NE-2  CPPS-NE-3 %1 HC, W% i & & (P<
0.01) , H.& T & CPPS 41, H. 3 4%ty 5 M
e 3 22 5 (P<0.01) .

&1 CPPS-NEXGEMFH/NRMEFANZSERRRERERBHZM

Table 1 Effects of CPPS-NE on serum hemolysin content and immune organ
indexes in immunosuppressed mice

21 5] PR 1M e A 2L I JFE i
Groups HC,, Thymus index/( mg/g) Spleen index/(mg/g)
KD 176.43+6.49™ 0.86x0.07" 2.89+0.14"
MD 105.66+3.74* 0.57+0.11* 1.73+0.21™
CPPS-NE-1 288.33+4.69™ " ** 1.21+0.08*"™* 3.19+0.17"
CPPS-NE-2 261.22+5.14* 1.07+0.08%"* 2.85+0.34"
CPPS-NE-3 234.09+5.57%" ** 0.97+0.06" 2.75+0.32" "
CPPS-1 250.58+7.59™"™ 1.02+0.11" 2.90+0.14"™
CPPS-2 220.71£7.54*" 0.81+0.11" 2.51+0.13"
CPPS-3 182.76+4.52™ 0.78+0.09 2.23+0.34""

KD A% X R4 ; MD 455 54 X6} BE 4] ; CPPS-NE-1, CPPS-NE-2, CPPS-NE-3 43 %I & CPPS-NE & . H  fik 5] i 41 ; CPPS-
1 .CPPS-2 CPPS-3 434y CPPS P MR &4, 5 KD 4l IL%5E, aa F/m 22 F R B3 (P<0.01) ,a F/R 257 W& (P<
0.05) ;5 MD ZH He 48, bb 7R 22 5l i #5 ( P<0.01) ,b IR 257 3 (P<0.05) ; 5 [F B CPPS 4 HAL, #x KR 22 51 ik
F(P<0.01), * FRZEFEHE(P<0.05) ; BV RN LB E R BETE(P>0.05) . n=10, F&[,

KD was the blank control group, MD was the model control group, CPPS-NE-1, CPPS-NE-2 and CPPS-NE-3 were high,
medium and low dose CPPS-NE groups, respectively, CPPS-1, CPPS-2 and CPPS-3 were high, medium and low dose CPPS
groups, respectively. Compared with KD group, aa mean extremely significant difference ( P<0.01), a mean significant difference
(P<0.05) ; compared with MD group, bb mean extremely significant difference (P<0.01), b mean significant difference (P<0.05) ;
compared with CPPS group of the same concentration, #*#* mean extremely significant difference (P<0.01), * mean significant

difference (P<0.05) ; no letter mean that any comparison was insignificant ( P>0.05). n=10. The same as below.

2.2 CPPS-NE 3t/ R i B3 7 5 S 9 32 i JEiE RE 1 T B, B ) 5 MD 4 L #K2, CPPS-

7 2 ATLLF ), MD S B 484 N1 . CPPS-N2  CPPS-N3 4 (1) J3 15 48 %5 i 7 s 45 %k

W E KT KD 41 (P<0.01) , %8 MD /NEBRAE.  #i #FHm (P<0.01) |, [R A B & & T [R50 & CPPS
L, HESIFARZE(P>0.05),
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Table 2 Effects of CPPS-NE on clearance of charcoal particles in immunocompromised mice

2f5 Groups ERiE TR %X Clearance index HIEFE KL Phagocytic index

KD 3.25+0.38" 4.31+0.29"
MD 2.16+0.36" 3.40£0.24™
CPPS-NE-1 3.27+0.48" 4.47+0.35"
CPPS-NE-2 3.16+0.42" 4.22+0.34"
CPPS-NE-3 3.05+0.35™ 4.08+0.24"
CPPS-1 3.24+0.28" 4.13£0.39"
CPPS-2 3.11+0.33" 4.17£0.12"
CPPS-3 2.85+0.30 3.83+0.45

2.3 CPPS-NE i % %& #I %l /)y BR 11 5 28 Bl & F
SENE

2 3 TLLE B, MD 417 TNF-a  IFN-y
IL-2 IL-6,IL-12 & & & & F LT KD 41 (P<
0.01), Ut B 1 5F & AL T A9 4 J5 /0N B 55 B 2y,
CPPS-NE-1, CPPS-NE-2, CPPS-NE-3 41 Ifi %
TNF-o \IFN-y IL-2 IL-6 IL-10 IL-12 & & ¥ B &
BT MD 4 (P<0.05), CPPS-NE-1,CPPS-NE-2 .
CPPS-NE-3 # Ifil #§ TNF-a, IFN-y IL-2 IL-6IL-
10 IL-12 &g Tl CPPS 4, o X Fif
7 TNF-a 5 &, CPPS-NE-1 ,CPPS-NE-2 H % [A] 7
HH 2R B F (P<0.05), CPPS-NE-3 £ %5 [A] 7| &
HEFAEE(P>0.05); % T L7 IFN-y & &,

CPPS-NE-1, CPPS-NE-2 , CPPS-NE-3 # # [d] 7] &
HEFH R EE(P<0.01) ;% T I IL-2 &
i, CPPS-NE-1,CPPS-NE-2  CPPS-NE-3 #{ %5 [fi] 1]
HHESY AR R E(P>0.05) ;% T I IL-6 &
i, CPPS-NE-1,CPPS-NE-2  CPPS-NE-3 #{ %5 [fi] 5]
A 22 S O B (P<0.01) 5 % T I IL-10
&k, CPPS-NE-1 4% [l fl f 4 22 = W & (P<
0.05) ,CPPS-NE-2 CPPS-NE-3 £H % [ 7| & £ 2% 7
ANEZE(P>0.05) ;%7 FIfiL i IL-12 ¥ &, CPPS-NE-
1 .CPPS-NE-2  CPPS-NE-3 ZH #5 [ 7| & 4 22 7 ¥l
W@ E(P<0.01), FiR45HEFI CPPS-NE Xf
e /N B f s T AR H B CPPS R B R
TR,

% 3 CPPS-NE W &EMH/NRIMFHEETSER RN

Table 3 Effects of CPPS-NE on serum cytokine contents in immunocompromised mice

2H 5] R F-a  THHE-—y HAEAFE-2 HAMNFE-6 HAWEANFE-10 HAWEHFE-12
Groups TNF-a/(ng/mL) IFN-y/(pg/mL) IL-2/(ng/mL) IL-6/(pg/mL) IL-10/(ng/mL) IL-12/(pg/mL)
KD 2.57+0.31" 370.83+8.67" 14.89+1.33" 59.32+2.96" 12.26+1.06 471.95+3.73"
MD 1.17+0.18" 314.27+7.72* 10.39+0.93*  41.27+2.06" 9.98+1.71 374.32+4.70™
CPPS-NE-1 3.89+0.35"" " 604.17+6.01*"™ **24.75+1.13""™ 100.03+3.26"™ ** 16.23+2.02**  778.20£5.01*" **
CPPS-NE-2 2.79+0.48™ % 492.80%5.43"" **23.50+1.46™"  75.83+2.65"" ** 13.34+1.13" 620.49+2.21%"- **
CPPS-NE-3 1.96+0.23° 451.35%3.86™"™ **21.93+1.65™"  62.02+3.40° **  11.50+0.84" 523.06£3.87*"
CPPS-1 3.22+0.47" 541.43+4.84*"™  23.30+0.89°"™ 88.02+3.14*"™  13.58+0.92 581.52+5.33*"
CPPS-2 2.01+0.29"™ 464.72+4.54™" 22 77+1.58™"  48.64%4.35 11.88+1.68" 488.62+6.41°"
CPPS-3 1.62+0.21" 429.14+4.08*"™  20.41+1.24*"™  42.46+5.93* 11.33+0.70 467.06+4.15™
/NERASERY B Y i T AR 04T T 0020 AR, 4
3 it it SR RE B A CPPS-NE 1] A5 203 5 e e 4

SRR B B B Z — TR E
T PUBRE B T R B RS T Rk R
SR VE RO A BEGEXT CPPS-NE 7E #5831

/NECEY S rE T RE, HLAE AR B T R R
CPPS, iX >y CPPS-NE 22 4 5 77 f%) i FH #2813t 1 2
e i
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B2 2 BERT LA () G 5 4 B | G 928 4 T R A
PESr I BAT — @ (R R . e B R R 2 L
WEE R RS, 7 T ik E 4 2 5 4h
JHL G RE T B bk T 40 2 5 R e g, bk EL A4 i 3
B R P L 2 T U 4 B I, M R e R R
FEBORTAE— 8 R B 1 AT 280 WAL A fo 958 D) e 1Y 5
55, AN X AT S T oK 45 0.2 ¢/L
5 2 WE AT RN I, R 0 A AT R B R
B R R 2R A S R B, dE S T
A i A T A /DS BRR BR RR s kL I A 4k
AR IS5 R W it FH S e i 700 /0 BN B 4
BRI JE 8 5 3 R AIC, B A R M 2 0 2 4 R
25, % F§ CPPS-NE F1 CPPS Ji 4 5 311 1l /)N B iy
HRFR BOR I E 8 A S R B B ROk
R,X5 LR 45 R A 3, &%) Lk, CPPS-
NE 9 1E H B & 58 F [ 5% &t CPPS, 0.1 mL CPPS-
NE F1 0.3 mL CPPS 1] {f 42 32 1 il /> g it 5 %%
FNG R B B AR K 2 TE 8 sl Y TE H K OF R
B2 22 Wl T A R 240 LRI AL A 240 B 38 5 i
f K FL 390 ] A sk s A T AR

TR B ¥ 48 BOFN 7 W5 18 50 nT = W JHF Ok | g ok
e s PN BRLAZE I 40 D 1) A I T B, AT 4 B L
IRARRE S 1 e % T RE K P o ALK TE St B0 5L SRBC
J& , M5 Th B PR 5 SRBC 7E#ME I VE T & 24
Vs IS, A FH 9 066 BE 0 72 OD G, fEL W] 4R H1
(YA NA U N 7R % ) N O /1 7 v/ N = R
TRV G D RESR 59 LA G . SRR 45 SRR
FETE LT IE T 36 2 0L 22 0 b i S8 4L e, It 2t
— WS T 56 S 22 W5 /N B G 9% A0 B T 1 Y
i), BIFFE 45 5 W, 3 oM 220 Tl A {2 E /N L B
I O 40 10 3 7 2 v I N R A A E DD BB, T
UG 9 5 A0 M ) . AN U A5 R R B X/
SR FH S B R 300 5 MID 2L er B 375 i 250 o
FEBOH G R, 5 KD kiR e %, & b,
{575 CPPS-NE H1 CPPS £H ¥4 ¢ 3t B 8 7 & %0
JEEA ] /)N BB A JB6 Vi i BSORT A W AR X
55 e S0 B 9Y 45 S — B, XF H CPPS-NE
F1 CPPS W/E FH AR %W, [A] 57 & CPPS-NE 1k
5T CPPS,{H2E I A 3% ,0.3 mL CPPS-NE 1]
SRR 56 35 5 BORN A 0 5 BOmE = T IR R K OF,
0.1 mL CPPS R i fisc o J55 ¥ 8 ZOFN v W5k 48 £ 42 i
TIEHE K, Ui B 58 2 28 0] 4 2F ALK IR R S5
GRETIRE , A0 K L 390 0T A 50 AR AR . i

T I A2 R R & L R R CPPS-
NE F1 CPPS W] 4 2 4 15 S22 410 il /) B ) A4 ik o 738
LI, HLFE ) 0 v M P 5 28 R AR TR )
i CPPS-NE 35 fE H5% T CPPS, HER B &

i 7 4R 3 B S B P B,
G N TS i 7 - Al = (211 B R e e
TNF-a Fl1 IL-6 H1 3% A4 (1) I 40 B i, 7 992 1o
& T B AR v & B B R T L2,
IFN-y . IL-10 Hi 5L Th 4043, IL-2 1 TFN-y
J&F Thl AL, o] DL 5 56 K o e 7 40 Fak A
B PE R G A AU B DU PR T4 i, 2
I35 I 2H 20 H R BT 75 2 R 41 BT JER e A R A 4
IL-10J&% T Th2 A&, AT 4P| B Thl 20 fE A 5 10 46
0 G 28, 4t R YRR E NP R A Y S IL-12 R
P I A0 B 43, T35 S F SRR 05 4B ( NK) B4 i
IFN-y iY77, S EOK i W5 40 A B 5t ol Kk
PR, Ak BEPY ISR, S 28l L
i i ] RAW264.7 20 H 38 55 106 A% B F -« B
(NF-«B) {55 5 i [ {1 (34 i 1L-6 1 TNF-a 1943
W, FHETET P DL A S 2 A AT RS S A8 I
W IL-2 IL-4 IL-6 Fl IEN-y S &I 5., Ak
SERE TR A0 R T 0 A 2 R A —
B, AR o e TN BRS 25 )5 | i3 2 Fh Al
Mo 7 & &, 0.1 mL CPPS-NE A {if ifil i
IFN-y . IL-2 IL-6 FI IL-12 & & & & 1E % /K F,
0.2 mL CPPS-NE AJ i Ifil j# IFN-a \IL-10 75 &Pk &
1E % 7K, H. CPPS-NE 4t 22 14 5 A FH 2% S8 5 T[]
i CPPS,

4 &

AR 45 5 7k, CPPS-NE 1 CPPS ¥ fig ik 3t
AT A A S M R e T e, ARl &S
ROR R AR 2, {H CPPS-NE B4 F SR 1 2 4L
FH & CPPS, 0.1 mL /i) CPPS-NE 1] {ii £t 2 11
il /N B HC50 | g [ 5 %50 9L 48 B AS R &2 3
1 8548 3 1F % 7KSF ;0.3 mL B9 CPPS-NE A] {ii 4,
£ /1N BB B 7 B 3 5 0ROk B 1
B A IE H 7K OF 0.1 mL B9 CPPS-NE & A ff ifi
T 40 A TEN-y \IL-2 \IL-6 \IL-12 &K & 5] 1F
#KF;0.2 mL B CPPS-NE #] i [fi %5 48 Jfd [H 1
TNF-a | IL-10 &2k & 3 1E 5 /K-,

SE W
(1] RRE, A B 55 58S PR A 5T
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Immunomodulatory Effects of W/O/W Codonopsis pillosula Polysaccharide
Nanoemulsion on Immunosuppressed Mice

SHI Feifei WANG Dada CAO Jinhua YU Shenglan”
(College of Veterinary Medicine , Jiangsu Agri-Animal Husbandry Vocational College , Taizhou 225300, China)

Abstract; This experiment was conducted to investigate the immunoregulation effects of W/O/W Codonopsis
pillosula polysaccharide nanoemulsion ( CPPS-NE) on immunosuppressed mice. A total of 320 healthy mice
were dividied into 4 units, and each unit had 80 mice. The 80 mice in each unit were randomly divided into a
blank control group, a model control group, high-, medium- and low-dose CPPS-NE groups, high-, medium-
and low-dose Codonopsis pillosula polysaccharide solution( CPPS) groups, and each group had 10 mice ( half
male and half femal) . The blank control group and the model control group were given 0.2 mL normal saline
by intragastric administration. The high-, medium- and low-dose CPPS-NE groups were gavaged 0.3, 0.2 and
0.1 mL of 900, 600 and 300 mg/kg BW CPPS-NE, respectively, while the high-, medium- and low-dose
CPPS groups were gavaged 0.3, 0.2 and 0.1 mL of 900, 600 and 300 mg/kg BW CPPS, respectively. All
mice were given with normal saline, CPPS-NE or CPPS by intragastric administration for 14 days, once a day.
In addition to the blank control group, other mice were subcutaneously injected with hydrocortisone to obtain
immunosuppressive model. The unit 1 detected carbon clearance index, the unit 2 deteced thymus and spleen
indexes, the unit 3 detected serum hemolysin content, and the unit 4 detected serum cytokines contents, inclu-
ding tumor necrosis factor-a ( TNF-a) , interferon—y (IFN-v) , interleukin-2 (IL-2), interleukin-6 (IL-6),
interleukin-10 (IL-10) and interleukin-12 (IL-12) in mice. The results showed that, compared with the model
control group, CPPS-NE could significantly improve the immune organ index ( P<0.05) , phagocytic ability of
monocyte macrophages ( P<0.05) , effectively promote hemolysin synthesis ( P<0.05), and significantly in-
crease the contents of TNF-a, IFN-vy, IL-2, IL-6, IL-10 and IL-12 in serum ( P<0.05) , which was dose-de-
pendent. Moreover, the effect of CPPS-NE was significantly stronger than that of CPPS in the same dose
group. The results show that Codonopsis pillosula polysaccharide has immunomodulatory effects on nonspecific
immunity , humoral immunity and cellular immunity of immunosuppressed mice, and CPPS-NE can significant-
ly enhance the effect. [ Chinese Journal of Animal Nutrition, 2020, 32(12) :5925-5931 |
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