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FIHEBE )53V B R A2 10 ~ 100 nm 1) 44 K
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WEP/NR IgGCRgEREAYRHE A RAFD,
HRP #ric E 450/ B 1gGl R P MR 8 A
FRZARD HRP Aric Fdi/h B IgG2a Hiodk gL
WAEMRH AR D L IL-4 ELISA i3] & (3L
FEBR AW R A R F)D . IFN-y ELISA i 7] &
(Ligm RAEVEHARAED .,

25 1 40K L2 R - 3 1 35 7 7 Solutol ®HS-
15 5 25.33%, B & W% 400 52.53%, H il &
10.14% . A & 75 R 5 1N iR 9 2. 53% . Z8 18 K
56 %,
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AN S B T ER R 7 Tid WK e fuff G BT 3 vk 82 4 i)
A 30. 15 A1 30.04 mg » mL ',

AR TR A2 e K e 40 K 7L - A5 AR FL P o A SR
B2 7e T@ WK M, ffHC 2 T & W O O 30. 04
mg + mL™!,

ANZBHPKRI - ZF AN T IMAANS B
LA BT R 30,15 mg » mL ',

NS B — R 7o e WK e 7K V2 L < 28 18 K
TN 2 58 R0 B TR 7 T WK e 1 JHE 2 BT o 4k 5
43524 30. 15 F1 30. 04 mg » mL ',

1.1.2 ME T\ PHS25 BB EH (FIFL
HL R AL ES I A B2 7D, HORIBA SZ-100 44
KBLEE/ Zeta HL A 43 HT AL C 3 H 98 BHE A IR A
A]) . DNM-9606 fi b 53 B A (A6 5038 BB £ R A
FRA D 8 B B (i # R —T ) ZWC-
08 G J1 P #1288 (A In i W RHMXES T D .

1.1.3 X¥sh4 A Balb/c /B M5 &R
22~25 g, W FEE MU E R R2ELE Y .

1.2 F &

1.2.1 AmxAR2F MR R & 2B SCHk
(6 1HE R NS BIFGKILE . e AS R
T 2R T8 P AR Bl 2 TS R R T RE D RS
(450 r » min™', 25 CYIRE ¥4, SR )5 I A3l AH
Ak L PRIR 5 5 I 22 18 T 0 125 A R TR 22 Tié K mk
PR P E B E ABIENE T AS R
ELE S

1.2.2 D R&arwm54% R0 H.00 94,
REgl 10 L MEREAS K . BARSL AN T« OE H ) IR
HETEFE K OVA X R4 (4 F 4 7 £
A A HPORFLA (B T 25 H KL 3R R 22 i
BRIB G K LA (45 T 25 mg » kg b R 22 JiE bk ik
kI AS BT W KAL (AT 25 mg - kg !
ANZBHPIKI NS BT — 2R A0 e ki 7K i
W (AT 50 mg « kg ' NS A7 — $R 2 /0 g bk
WK AN S BATHUORELE P AR 4
U341 100.50.25 mg « kg 'EHAS BT
KFL . Hi NS 81 — 3R A2 TE WK e 7K %5 Wi RN
BT NS B YK FL T NS 81 R R R 7 ke K
it 11,

N BB IE 5 6 B2 A0 B2 R i 3 OVA $iJi
100 pg, S 2 WL R 2 J8 B 2N T E
WCRIE 2 WCHESTAT 3 d B Ee i 5 A TN 259,
BRIW.HEEHSEY 0.4 mL, 6 2 WG
14 d,RAE2 M FMENEA S, T 5 2205 .

1.2.3 fiFspk-FEm e SBIRH &R, R
FHIE#: ELISA 20 & 1gG.1gGl A1 1gG2a I 1E
iR KT,
1.2.4 Re#mpelF IFN-y = IL4 M2 THEE
PR BUDE AL 3RS FH 55 FR MR £ 5 < 10° mL ! g
Y MR . 96 FLAR T ARESL A 100 L 20 B
W, B A OVA Bt b (&K R & ¥k & 4 100
pg e mL ) Bi R 48 h i B ETE L 4R & ]
Kl 1L-4 F1 TFN-y /K F,
1.2.5 Mgsempygise Ame 96 fLakm
A 5X10° mL ™" g4 B i (B FL 100 L), B
A 100 pL B FR W0 A OV A i H 4 5 i vk i
WA P IR AL CRUIN S 32 0 L B
PEXT B ZH Chn 48 f A BE 352 . R OVAD , 1 5%
44 h J A MTS, 4k 2255 5% 4 h J5 5 b A0 &
OD oo {H » 55 1 58 38 46 %4 ST,

SI= fin HL & 55 32 4 ODuoo /A ML R K 52 9
OD,y
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2.1 EAFANSEFHFHKRAINNMNRMF 126G K
7K B 5

M2 1 0L 28 (TR FLAL 1gG FLikok V5
OVAXMIRHAZ R AR FE(P>0.05., T AS
A YA L e 7 e 2 A S R T R R e o e 4
KFAP<0. 0D, BEHFEIHTAS B K
FURF R (P<<0.05) , 5 AS Bk A &
HANSRENKIABRELAMAS BH —HRA
JHE WK M 7K V5 Y 4 2% 5 R B 3 (P=>0. 05)
2.2 EANSEFHARII MR IgG1 F1 1gG2a
1 7% #7144 7k T B9 2 0l

1 Al 25 gk 2L 4 1gGl Al 1gG2a
PLikAKF-5 OVA X IR 22 5 A B 3 (P>>0.05)
B NS BRI R A 1gGL iRk F
3 T ER R A e R R 40 K L4 (P<<0. 01) . i
FRmTEAIASEBHNRIAMAEHL (P
0.05), 5 NS 81 — $h R 20 e Wk e /K i i 41 W A\
Z B AT YUK LA J5 NS B 9ok 2L ) e
ZRAREEP>0.05 ., EIr NS BT KA
A IgG2a Prik K FE B EFEm TR I AS BH
YR FLE AL L N S BT — ER R 70 e DK kK
WAHAME T NS RFNKRIAMANEL (P<
0.05) M b 35 i T 3h R Zc e K mk g K LA FI N =
AR FL A (P<<0.01)

10 pg - mlL,
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2.3 EFANBEFHEHRII OVA 5 F/\ R R
E5 400 B 144 5 A 2 M

R 2 AL = 9K FLA STE S OVA X
MHZERAREP>0.05), BEHFASBHY K
FLh A SIE R EF KT AS B — Ak

NS I N S s N W= B
(P<<0.05) B ERFASBTPKRILA ET7
NS 87 G K LA T 2 4 T 2 T R e 4 0K 3L
4 (P<C0.01),

# 1 OVAEZH/NRMF 1gG.1gG1 . 1gG2a H kK F

Table 1 Level of serum antibodies IgG., IgG1l, IgG2a in OVA-inoculated mice

! #l i/ (mg « kg™ 1) ODiso

Group Dosage IgG IgGl 1gG2a
IEWXHIE4H Normal control group — 0.085+0.016 AB 0.06240.010 AB 0.044+0.008 AB
OVA X182  OVA control group — 0.5814+0.080 B 0.487+0.061 B 0.3024+0.037 B
Y AKFL4  Blank NE group — 0.590+0.071 B 0.501-+0.054 B 0.315+0.040 B
ERR Ak g K FL4L  LH-NE group 25 0.65340.087 B 0.52640.058 B 0.63240.071 AB
ANSREFWAKIAN GS-NE group 25 0.7860.090 A 0.70440.074 A 0.6240.068 AB

F e — NS AR DR Y58 7k 4]

NS AT — ik B 7 VKM K 7 2 50 0.815+0.088 A 0.72040.077 A 0.754-0.072 Ab
GS-LLH aqueous solution group
= e ] 23]
HEh NS REYRA I =EA ) y
GSLH-NE high dosage group 100 0.8014-0.084 A 0.71540.079 A 0.74840.076 Ab
V=4 - é% =K Q & b ? J_LQ
gﬁj\?éﬁﬂ*ﬁ*}'“i'ﬂ 50 0.85640.098 A 0.76640.095 A 0.839+0.072 A
GS-LH-NE medium dosage group
V=i S gl kT 2| 2 4]
5T NS T DKL A 25 0.70540.087 ab 0.603+0.080 ab 0.687+0.087 Ab

GS-LH-NE low dosage group

W5 OVA SR HE, a f A 4351 R R 225 B3 (P<<0. 05) Fif B 3% (P<<0.01) ., 5EHF ASBIHFHKIL PR EA HE . b A B 45
FR 25 B (P<0. 05) MM B3 (P<<0.01), B E¥EtAiMELE"FxR., TR,

Note: Compared with OVA control group, the shoulder characters a and A mean significant difference (P<C0. 05) and extremely signifi-

cant difference (P<C0.01), respectively. Compared with GS-LH-NE medium dosage group, the shoulder characters b and B mean signifi-

cant difference (P<C0. 05) and extremely significant difference (P<C0. 01), respectively. Date are “average = standard deviation”. The

same below.

R 2 OVA # 7/ B AR B 28 B 18 78 ) B i &8

Table 2 Proliferation stimulating index of splenic lymphocytes in OVA-inoculated mice

4y#H Group FH/ (mg e+ kg ') Dosage SI
IEH X4l Normal control group — 1.09+0.06 aB
OVA X884, OVA control group — 1.24+0.09 B
SEHYPKFH  Blank NE group — 1.26+0.11 B
MR A E Mg kP4 LH-NE group 25 1.5140.20 aB
AZBEHKRIE GSNE group 25 1.5540. 24 aB
ANZRAF — R A ek ek %4 GS-LH aqueous solution group 50 1.82+0.15 Ab
EHANSREWNAF EFELH GSLH-NE high dosage group 100 1.7940.22 Ab
HIHNZBIRKITHEY  GS-LH-NE medium dosage group 50 2.1040.26 A
EHANSBEQAILHAEL  GSLH-NE low dosage group 25 1.5940. 30 aB

24 EAANSEENXRIAXN/NMREAENREF
IL-4 1 IFN-v 7k 3 89 % i

B2 3 AI . &S K FLA TL-4 A IFN-y 7K
5 OVA XA 25 A 2% (P>0.05), EJ
ASBHPKRF TR B LA KFRESTE
T NS G4 oK FUAGR i 4 (P<<0. 05) . 1) i %
1o TR R 20 e WK e g K FL2H (P<<0. 0, 5 & U5
AZBHPKRARAZEL  AS BHIKRILA K
NS RAF — MR A e K B 22 R A B #
(P>0.05), Bl NS RBHYKF 5 &4 IFN-
y KOV 2 NS AT — Fh R A7 e K K 4 W
H. BT ANSBENKRILGARHAME T ANS R

YK FLAR A 4L (P<0. 05) . ik B % 75 F A&
O gk FL 4L R ER R 4 BE bk e 48 Ok B 4
(P<<0.01),
3 3t i

928 1 A0 WL 205 7 1T % T AR LA
st g2 T LI P K i A 5 I A . E T S 1 A0
28 BTV 55 . 75 A 300 G 88 4R K B3 9 T 1
S 08 I 48 300 S5 0 38 B 3 ) T LA e S 1 B
B L 4 A 25 . Zhai S BF5T & B A
A ND W RS AT. CURA B 5 g - ke ' A B2
I 5 0 W 4 7 NID % 8 1 G 08 A3 10 1L 35
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Table 3 Level of splenocyte cytokines IL-4 and IFN-y in OV A-inoculated mice

i M/ (mg -« kg™ ) Y, —1 N/ -1
Group Dosage 1L-4/ (pg* mL™1) IFN-y/ (pg * mL™1)
IEH X2 Normal control group — 88. 56429, 64 aB 61.83+10.76 aB
OVA XfBZH  OVA control group — 132.734+38.05 B 89.68+15.49 B
SHMKIH Blank NE group — 139.174+38.21 B 94.39+18.16 B
TRER A TE KM K FL 4] LH-NE group 25 161.52434.46 B 213.90+29.01 AB
ANSBHFHKIA GSNE group 25 246.81+40.69 A 201.54+26.47 AB
Z BLAF — R A7 TiiE B W 4]
A B — i W A e DR K AL 50 253.66+31.32 A 269.41+22.76 Ab
GS-LH aqueous solution group
=3 N b =N 1=}
HEH NSRBI e ) -
GSLHNE high dosage group 100 251.434+27.75 A 260. 07430. 20 Ab
NS BTG I A 4 - . _
BITNZ ¥ o i
GSLH-NE medium dosage group 50 270.74445.07 A 301.48428.55 A
Ky N2 AT AR LI k24 25 192. 084 48. 53 ab 232.35+34,09 Ab

GS-LH-NE low dosage group

HI Bt A B ikt 40 i 38 5 S o2 Fn Ig A+ B 41 il
ik, Yu SN R AR HERD ND S 1 R & U Rz
BHT S H R S 25 0 38 17 G 1 52 20 Tl Tk i e 28 411
XS ConA FI LPS 175 3 i) I 41 Jf 3 78 g 77 . 34 fn
W b He P9 bk B4 R Tg A+ B 40 B9 B0 L AR it
FeSetEpUR = A . E— S e il g L H /N
K B FARAE SRR, OV A V5 B 4 5L, ok
WFFE MR B G e D g o A 58 /N BRUFE R ik
Ky, B RS OVA FiL L B 2 - A S i if
KFL PR A IRE T AN S B H 9 KILX OVA
BRI R . IFN-v.1gG2a Al 1L-4 . 1gG1 43
S e Thl #it Th2 By AT AE, Thl fuis £ 2
Thl 40 M4 S (9 40 Hd e %, Th2 fuis £ 2 Th2
20 A 5 A PV A 8 WGE L I s TEN-y 1gG2a
IL-4 F1 IgG1 3X 4 A48 45 0] LA i ML A& 1) 40 ik 4
PERMR S pE g . R A OME F A
Z B K FL P R R 114 . 1gG 1 1gG1 K- &
O WS TR O NS R K FL AR A R
R 75 e DK e 4 oKk FL 4H . IFN-v, IgG2a Fl OVA
5 119 200 L 335 B ) A e 0 2 B B 3 TS
BAFGORZLA NS B AT — BR R 70 T K e K I T
Y1 ERTR A TR e g oK LA K B O NS BT AR
A r R AAEA R . TIRE T AS BRIk
FLABHG R OV A 755 /IN BRI 20 i G 338 00 4 YA i 93¢
ige .7 Thl/Th2 18 & 5 G 8 K, FH s
(50 mg » kg DIEHKMm. EHASBHHK
FL R 58 S e BOR T NS AT — $h R 22 iE vk
WA 7KV YA 5 3K TT BB R R T« R TR 22 e DK e A7 AE T K
AE TN S 0 B 2 T M R AP T L e B
AL 2 T IE M Solutol®HS-15 EH . 2 5% i
YR K ZLIRTHE S T R L S 0 4 oK Ak R 2 W i A R
ML B ANS BN KILTH R RN

23.08 nm, fi f2 /N, F A K, H H zeta HL ]
(—31.6 mV)O/NTF 0, A7 F T W 20 M AH B A
L ECE Y R i . DIRE A S B
K X /)N BRAR R 5 P S0 5 D B 1Y 52 A 1 IS
LT

45

ARE T ASBIAILEEE S OVA fjk

/N A Thl/ Th2 3R & B ROV . RIS

I ER R 7 e K nak B P [ 38 i /) B ) 400 L 9 95 A

W e LTI RE LA R NP R I NS B9k

L A 92 1 5 0] £ AR 4

S Z 3 HK Reference:

[1] PATEL S,RAUF A. Adaptogenic herb ginseng(Panax) as
medical food:status quo and future prospects[J]. Biomedi-
cine & Pharmacotherapy ,2017,85:120-127.

[2] MANCUSO C,SANTANGELO R. Panax ginseng and Pa-
nax quinque folius ; from pharmacology to toxicology[ J].
Food and Chemical Toxicology2017,107A:362-372.

[3] SHIN B K,KWON S W,PARK J H. Chemical diversity of
ginseng saponins from Panax ginseng[]]. Journal of Gin-
seng Research ,2015,39(4) :287-298.

[4] NIJX,BISH CH,XU W,et al. Improved immune response
to an attenuated pseudorabies virus vaccine by ginseng
stem-leaf saponins (GSLS) in combination with thimerosal
(TS) [J]. Antiviral Research ,2016,132.:92-98.

[5] SINGH Y,MEHER ] G,RAVAL K,et al. Nanoemulsion;
concepts,development and applications in drug delivery[ J].
Journal of Controlled Release ,2017,252:28-49.

[6] WEZR ZHAS ek ml & KO e s sm 4k i

WL [D]. Bertits vz . PR ME L K 2%, 2012,
CAO F H. Study on the preparation of compound ginsen-
oside and levamisole hydrochloride nanoemulsion and its im-
munologic enhancement effect [ D]. Yangling Shaanxi:
Northwest A&F University,2012.

[7] POOLPERM P, VARINRAK T,KATAOKA Y,et al. De-
velopment and standardization of an in-house indirect
ELISA for detection of duck antibody to fowl cholera[ ] ].
Journal of Microbiological Methods .2017,142:10-14.

[8] ZHAILJ,LIY T,WANG W Y,etal. Effect of oral admin-

istration of ginseng stem-and-leaf saponins (GSLS) on the



12 4

W RE I NS B YIRILIT OVA HRh /N B 5 22 D B 1 52 1

+ 1735 -

immune responses to Newcastle disease vaccine in chickens
[J]. Vaccine ,2011,29(31) :5007-5014.

Th2 and Thl responses:clear and hidden sides of immuni-

ty against intestinal helminths[ J]. Trends in Parasitolo-

[9] YU J,SHI F S.HU S. Improved immune responses to a bi- 2v,2017,33(9) :678-693.
valent vaccine of Newcastle disease and avian influenza in [13] HJERTNER B,BENGTSSON T,MOREIN B,et al. A no-
chickens by ginseng stem-leaf saponins[]J]. Veterinary Im- vel adjuvant G3 induces both Thl and Th2 related immune
munology and Immunopathology ., 2015, 167 (3/4) . 147- responses in mice after immunization with a trivalent inac-
155. tivated split-virion influenza vaccine[ J]. Vaccine , 2018, 36
[10] &M, RET. AR BT P Ay LT . o (23):3340-3344.
[ A b 259 2 i, 2001,22(4) :210-212. [14] SHU G F,KHALID N,CHEN ZH et al. Formulation and
GUAN X J,WU Y ZH. Problems in the study of adjuvants characterization of astaxanthin-enriched nanoemulsions
for human vaccines[ J]. Chinese Journal of Biochemical stabilized using ginseng saponins as natural emulsifiers
Pharmaceutics ,2001,22(4) :210-212. [J]. Food Chemistry,2018,255:67-74.
[11] JUNG S Y,KANG K W, LEE E Y, et al. Heterologous [15] GRAFE C,WEIDNER A,LUHE M V D. Intentional for-

prime— boost vaccination with adenoviral vector and pro-
tein nanoparticles induces both Thl and Th2 responses
against Middle East respiratory syndrome coronavirus[ J].
Vaccine ,2018,36(24) :3468-3476.

mation of a protein corona on nanoparticles: serum concen-
tration affects protein corona mass, surface charge, and
nanoparticle-cell interaction[ ] ]. The International Journal
of Biochemistry & Cell Biology,2016,75:196-202.

[12] CORTES A,MUNOZ-ANTOLI C,ESTEBAN J G,et al.

Effect of Compound Ginsenoside and Levamisole Hydrochloride

Nanoemulsion on Immune Function of Mice Inoculated with OVA

CAO Fahao', ZHANG Baisheng”?, WANG Yanping' and OUYANG Wuging’
044000, China;

2. School of Chemical Engineering &. Food Science, Zhengzhou Institute of Technology.Zhengzhou 450044, China;
712100, China)

(1. Department of Life Sciences, Yuncheng University, Yuncheng Shanxi

3. College of Veterinary Medicine, Northwest A&F University, Yangling Shaanxi

Abstract

sion (GS-LH-NE) on the immune effect of antigen, mice were divided into normal control group,

To investigate the effect of compound ginsenoside and levamisole hydrochloride nanoemul-

OVA control group, blank nanoemulsion group, levamisole hydrochloride nanoemulsion (LLH-NE)
group, ginsenoside nanoemulsion (GS-NE) group, ginsenoside-levamisole hydrochloride (GS-LH)
aqueous solution group, GS-LH-NE group (high dosage, medium dosage and low dosage). Mice were
subcutaneously injected with antigen OV A twice and intragastrically administrated with drug for three
days before the first and second injection. The levels of serum antibodies (I1gG, 1gGl, IgG2a), the
levels of splenocyte cytokines (IFN-y, IL-4) and proliferation stimulating index of splenic lympho-
cytes were measured at the 14th day after the second injection. The results showed that the levels of
IgG, IgGl and IL-4 in GS-LH-NE medium dosage (50 mg * kg ') group were significantly and ex-
tremely significantly higher than those in GS-LH-NE low dosage group and LH-NE group. The levels
of IgG2a, IFN-vy and proliferation stimulating index of splenic lymphocytes induced by OVA in GS-
LH-NE medium dosage (50 mg « kg™') group were significantly and extremely significantly higher
than those in GS-NE group, GS-LH aqueous solution group, LH-NE group, GS-LH-NE high dosage
group and low dosage group. Oral administration of GS-LH-NE could induce mixed Thl/Th2 immune
response in OV A-inoculated mice, indicating that ginsenoside and levamisole hydrochloride could syn-
ergistically enhance the cellular and humoral immune functions in mice.

Key words Ginsenosides; Nanoemulsion; Mice; Cytokine; Antibody
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