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50 mg/kg TSCP-NE, %L #EH 14 d(1 K/, 241 0. 01 mL/g. FRE QX AN KRS HA/DNRIESAHE 1 RET
T AL W] RS CHYD S ZES2 0 7 d i & o e 0 il /0N B A6 00 0 A7 6 928 00 0 /0 B4 L B 3¢ CIffL T T-2 0 TFN-y & 2
ConA 75 T JLAH 4% AT5 M) PR VR S0 8 Ol Y 9 I 38 7K T ) AR =l R S P S 8 (N 40 L % 405 1 P L A 5 Wt 0 O 7 Wt 3
PO AR FE bR . (455 TSCP-NE g if Bl 2 (0 O/W GUKFL A2y 60. 67 nm, KA 2 43 BE M 0. 347  F006 %
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Effect of total saponins of Codonopsis pilosula
nanoemulsion on immunologic function of mice
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Abstract: [Objective] This paper studied the effects of total saponins of Codonopsis pilosula nanoe-
mulsion (TSCP-NE)on the immunologic function of mice to provide theoretical basis for using TSCP-NE
as an immune enhancer in health products or medicines. [Method] Mice were divided into blank control
group, model control group,blank NE group, TSCP aqueous solution group,as well as high-, medium- and
low-dose TSCP-NE groups. All mice were given with drugs by intragastric administration. The mice in
blank control group and model control group were given with distilled water. The mice in blank NE group
were given with blank NE. The mice in TSCP aqueous solution group were given with TSCP aqueous solu-
tion with the dose of 200 mg/kg. The mice in high-, medium-and low-dose TSCP-NE groups were given
with TSCP-NE with the dose of 200,100,and 50 mg/kg, respectively. Each mouse was administrated with
drug by gavages for 14 consecutive days (1 times/d) and the given dose was 0. 01 mL/g. Except the blank

control group, mice in other groups were subcutaneously injected with HY on the first day of administra-
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tion and treated for seven days to obtain immunosuppressive mice. The related indexes of cell immunity
(contents of serum IL.-2 and IFN-y,and proliferation activity of ConA induced splenocyte) , humoral immu-
nity (serum hemolysin level) and non specific immunity (killing activity of NK cells and phagocytic activity
of mononuclear macrophage) were detected and analyzed. [Result] TSCP-NE was a transparent yellowish
O/W nanoemulsion with an average particle size of 60. 67 nm and a polydispersity of 0. 347. Its refractive
s),and 60.5 °C,respec-
tively. Doses of 50— 200 mg/kg TSCP-NE significantly increased contents of serum IL-2 and IFN-v, prolif-

index, pH value, viscosity,and cloud point were 1. 340 6,6. 79, 4.38X10 ?(Pa

eration stimulation index of spleen T cells,half hemolysis value of serum hemolysin (HC;,) ,killing rate of
NK cells as well as clearance index and phagocytosis index of mononuclear macrophages. The immunoen-
hancement activities of TSCP-NE were dose-dependent,and the immune enhancement was enhanced signifi-
cantly with the increase of dosage. The immunoenhancement activities of TSCP-NE were stronger than that
of TSCP solution at same dose. [Conclusion] TSCP-NE enhanced the immunomodulatory effect of TSCP

on cellular immunity, humoral immunity and non-specific immunity, and it can be used as an immunoen-

hancer for health products or medicines.
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WO BE 43 A 45 TSCP-NE - ¥k 42
60. 67 nm, RifE 2 HE R 0. 347,
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IFN-y & 2 i 25 5 T A B X HR 41 (P <<0. 05), H. b
A 45 25 ) A B B i S8 254G i s TSCP-NE (&5 57 & 41
200 mg/kg 1L-2 Fl IFN-y & & & % & T [ 7 &
TSCP /K% W4 (P<<0.05),
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Table 1

Effect of TSCP-NE on contents of IL-2 and IFN-y in serum of immunosuppressed mice

Jb B Treatments

1L-2/(pg * mL™1) IFN-y/(ng « mL.~ 1)

25 H X B84 Blank control

A%} iR 4 Model control

2 YK FL 4 Blank nanoemulsion group

TSCP /K5 41 TSCP solution group

TSCP-NE &5l & 40 High-dose TSCP-NE group
TSCP-NE H 5|4 4 Medium-dose TSCP-NE group
TSCP-NE &5 4¢ 41 Low-dose TSCP-NE group

13.65+1.03 a 98.7942.19 a
5.5640.98 d 69.234+1.99d
5.9241.06 d 70.0543.83d
12.0740.79 b 93.1742.98 b
13.92+1.10 a 99.2443.56 a
10.444+1.21 b 88.76+2.22 b
7.9941.34 ¢ 73.3142.05 ¢

TE : R S BUE 5 AR AN [R/NG B 3278 22 5 3% (P<<0. 05) . FER[ .

Note: Different lowercase letters in each column mean significant difference (P<Z0. 05). The same below.

2.3 TSCP-NE ¥ % % #) i /]s 52 A2 ik B2 2 B 184 38 A9
A
M % 2 nf DL L B  BR AL/ B ST B A%
FaE R4 (P<C0.05), 546 X B8 20 A1 L, =%
kLA STEAS LA B % (P>0. 05) , BB %5 [

0 K L A A KT /0N BRUM 240 i 1 58 JC B @ s e, TSCP-
NE & H I s 41 ST {8 3% i TR iRl (P<
0.05), H Ffi %5 25 24 71| 12 1 3% Jn 1y S 2 34 i s TSCP-
NE /&7 & 41 (200 mg/kg) ST {6 & % & T 7] 7 &
TSCP K ¥4 (P<0.05),

& 2 TSCP-NE X§ % % 1 &l /I 5 B ik B2 40 R 8 58 0 B AE NK 20 B 2% 45 22 B9 %% i
Table 2 Effect of TSCP-NE on proliferation activity of spleen cells and killing activity of NK

cells in spleen of immunosuppressed mice

AbBE Treatments SI EI}E iﬂiﬁgﬁlﬁj}jr;ﬁ
75 %) B4l Blank control 1.794+0.17 a 35.524+2.56 a
1557 %64 B 41 Model control 1.06+0.10 d 19.89+2.13d
25 1Kk F 4 Blank nanoemulsion group 1.0940. 14 d 21.0942.47 d
TSCP /K # W 20 TSCP solution group 1.604+0.19 b 34.104+1.19 b
TSCP-NE # #441 High-dose TSCP-NE group 1.8640.20 a 37.8542.22 a
TSCP-NE #15l#g 4 Medium-dose TSCP-NE group 1.44£0.14 b 31.02%3.10 b
TSCP-NE {5 41 Low-dose TSCP-NE group 1.31£0.13 ¢ 24.3742.05 ¢

2.4 TSCP-NE 3¢ =& %/ BB NK 20 p0 55 1%
) % i

H 2 2 AT LAE B B AL/ BRONK 46 i
AR B FER TS AX YL (P<<0.05), 55 HYK
FLLA NK 4 i 5 05 5 K TR X B H 22 oA i
% (P>>0.05), Ul W] 25 11 94 K ZLA R X NK 4 g 1%
PEICH B . TSCP-NE & fF 5] & 41 NK 40
A0 % 0 2 T A B4 (P<<0. 05), HF & %4
2 50) it A B s 8% s TSCP-NE & 71 & 41 (200
mg/kg) NK 41l il 5% 14 % & 3% w5 F 17 ¥ & TSCP K

VWA (P<<0.05),
2.5 TSCP-NE % 2% #) il /s & iR Bz 22 4% B 6 40 Al
& I Ih B8 19 =2 i
B 3 AT LA BRI B 4] K (A o (2 3%
KT 25 A R 4H (P<C0. 05), TSCP-NE & H ik 71
A K o B0 25 T BB B4 (P<<0. 05),
HLBEE 25 25500 1t i 385 I i 38 fin s TSCP-NE &5 77 4t 41
(200 mg/kg) K {H I o {H & 2 /& T [7] il it TSCP 7K
VWA (P<<0.05),
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Table 3 Effect of TSCP-NE on phagocytic activity of mononuclear macrophage and content of
serum hemolysin of immunosuppressed mice

b PR Treatment K(X107%) a HCso
2% 4 %} B 40 Blank control 3.9940.50 a 5.9240.89 a 101.32+6.89 a
95 %) B8 21 Model control 2.107+0.42 d 3.8840.67 d 58.5543.64 d
25 A9k FL 4 Blank nanoemulsion group 2.534+0.39d 4,27+0.55d 63.21+5.27d
TSCP /K ¥ #i 40 TSCP solution group 3.4640.47 b 5.4640.34 b 91.17£4.98 b
TSCP-NE 7 #4240 High-dose TSCP-NE group 4,034+0.53 a 6.05+0.68 a 109.6246.05 a
TSCP-NE 154 41 Medium-dose TSCP-NE group 3.124+0.31 b 5.074+0.71 b 80.3445.50 b
TSCP-NE {74 41 Low-dose TSCP-NE group 2.8540.49 ¢ 4.61+0.73 ¢ 71.58+4.26 ¢

2.6 TSCP-NEGEEME/INROLEEILZEEEN
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3 3 A LA H BT BR AL HC, 35 1%
F 25 A IR 4H (P<<0. 05), TSCP-NE & Ik 7] &
H HC, f 5 i TR IR 40 (P<<0. 05) , HBE &
FH 25 35 1 19 15 in 1 3% Jin s TSCP-NE 5 7 4 41 (200
mg/kg) HC;, {H i 2 & F [W 7 it TSCP /K i 4
(P<<0.05),
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IL-2 F1 TFEN-y 2l T 200> 48 K F Al DL s e
T 4T g, NK 40 ] DL e AL A 3 4 5 0 g
ARWFFEH% 2L T TSCP-NE X 4 52 0 1/ B 3 11-2
A TFEN-y & i  NK 2 5 17 1 P 0 5% 0, 25 1 3R 0]
Gz 40 /N RO TSCP-NE Ji5 . i i 1L-2 A
TEN-y 7KF-  NK 20 i A% 05 16 1 3 = B 70 X 1]
4, HE TRFI & TSCP K%k, 2B TSCP-NE
REASHL HY %F T 20 A NK 20 i A4 40 0 45 F . A7 B
T 5 A 2 A /DN B S e i RE L O HLOLAE T B3
58T TSCP /K

ConA 55 1L bk B 48 g 33 5 1050 o] ASEH T 48
M S A0 S e T RE . AR 45 R R R
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5 TR B4 L O B T A i TSCP K% W

KGR FLA B T TSCP YA G e 4 il /b Ui T
20 I S BRI

B R 55 X 06 AT AP AL A 10 A 2 S B 2 2
AEY o LT A I 3R 50 AT DUSE AN BT AR A S 1 TR
FIETIRES . AWFSE A B, TSCP-NE fE 3% 2 =
GBI ] /1 B A 5k 40 0 A5 g B 7 R I 35 45 L 2R
K- AR LA B T TSCP 3 38 5 5 30 il /)N ()
PR I A A A W T R O A A (8 )
IEH AR

AP FEAT R A, TSCP-NE iy & TSCP H g
S iR AL 94 A 0 G B A T G B A AR R SR S L X
YET BT A R B, gk FLAERE SR TSCP iy
AR X AT RE A2 i T (D 9K FUAE Ry 25 9 1 i
7P AEPR N DR 37 25 W) G T I A RE 2 12 R 25 900
2 LR PR R EE 20 5 ()RR /NG 5 W 25 ) Ak Y
M R 3 Ais s TSCP-NE i /N » *F- $ K42 9 60. 67
nm. AT A0 X 25 9 0 BT () gk L o
G R R B AT AR AR B 454 . A F T 980K FLI
{1 R 200 £ il 04 5 2 0 A 24 ) R 44 i ]
TEF=Y .

4 758

AWFSE % B TSCP-NE X HILAA 19 40 i 4 55 | 74
WO B LA AR Fe St B B 5 AE SR T I
TSCP, #H] TSCP-NE fggss TSCP 1) F 5 ¥/ 15 1
-2l TSCP-NE % 5 5 5 75 ] T £ £ & 25 25 it 32
BT — 5 A A

[ %0k ]

(1] BEE.BEAN. 2FK M am Ay RER4A [J]. 5=
B2 Bt 2 4 C AR BH# RO . 2015,10(2) 1 47-54.
Xi C C, Yang B X, Yun X L. Study on the dual-purpose re-
sources for drug and food in Guizhou []J]. Journal of Guiyang
College (Natural Sciences) ,2015,10(2) :47-54.

[2] Liu C,Chen J,Li E T,et al. The comparison of antioxidative



130

PE JEAMB R 722 4R CB AR B 4 O

AT

(3]

[4]

[5]

(6]

(7]

(8]

9]

(10]

(11]

[12]

[13]

[14]

and hepatoprotective activities of Codonopsis pilosula polysac-
charide (CP) and sulfated [J]. International Immunopharma-
cology.2015,24(2) :299-305.
G Y R 0 L R T . S I 24 B T 3 K LT A e i
TR B AL [T, W1 R 2 K% %, 2015,35(12) + 5~
10.
Yang P F,Chu S F, Chen N H. Advances in pharmacological
researches of dangshen and the protective mechanisms of dang-
shen on brain ischemia-reperfusion injury [ J]. Journal of Hu-
nan Univ of CM,2015,35(12) :5-10.
Jiang Y P,Liu Y F,Guo Q L, et al. Sesquiterpene glycosides
from the roots of Codonopsis pilosula [J]. Acta Pharmaceutica
Sinica B,2016,6(1) :46-54.
Yang C X,Gou Y Q.Chen J Y,et al. Structural characterization
and antitumor activity of a pectic polysaccharide from Codo-
nopsis pilosula [J]. Carbohydrate Polymers,2013,98(1) ;886-
895.
Ng T B,Liu F,Wang H X. The antioxidant effects of aqueous
and organic extracts of Panax quinque folium , Panax notogin-
seng , Codonopsis pilosula , Pseudostellaria heterophylla and
Glehnia littoralis [J]. Journal of Ethnopharmacology,2004,93
(2/3):285-288.
INEAELHR W3R B 58 S A A A B 2 AR DT O o e
(I A BL2% ,2015,43(33) : 174-176.
Sun Z H,Shao J.Guo M. Research progress of Codonopsis pi-
losula chemical component and pharmacological effects [J].
Journal of Anhui Agri Sci,2015,43(33):174-176.
A OMLE WL IKRINT. AS BT EAS 2/ W IR R P B
Feik e (1] it 57 % . 2015,36(15) : 159-163.
Li Y, Wang X, Zhang J N. The research progress of ginsen-
osides in homology of medicine and food of ginseng applications
[1]. Food Research and Development»2015.36(15) ;159-163.
Donsi F,Ferrari G. Essential oil nanoemulsions as antimicrobial
agents in food [J]. Journal of Biotechnology. 2016, 233; 106-
120.
Goindi S,Kaur A,Kaur R,et al. Nanoemulsions: an emerging
technology in the food industry [J]. Emulsions,2016,3:651-
688.
Singh Y, Meher J G,Raval K, et al. Nanoemulsion: concepts,
development and applications in drug delivery [J]. Journal of
Controlled Release,2017,252:28-49.
Li]J L,Hwang I C,Chen X G,et al. Effects of chitosan coating
on curcumin loaded nano-emulsion: study on stability and in
vitro digestibility [ J]. Food Hydrocolloids,2016,60:138-147.
Moghimi R, Aliahmadi A, Mcclements D J, et al. Investiga-
tions of the effectiveness of nanoemulsions from sage oil as
antibacterial agents on some food borne pathogens [J]. LWT-
Food Science and Technology,2016,71:69-76.
ISR UL E AR AR A, AR SRR S e R /N BRI S g
PATAER LI, 2l B2, 2017(3) 1 467-471.
Huang S R, Hong D Z,Li X T,et al. The immunoregulation

effect of ramulus mori polysaccharide on immunosuppressed

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

mice [J]. Science of Sericulture,2017(3):467-471.

A IR A L AL PRI I R b ZE 0K A X /N R 1B
B NE S AR A PR [T [ S g 2 2 . 2013(1) : 39-47.
Li X L, Bai S S,Zhou L,et al. Comparison of the immunosup-
pressive functions induced by cyclophosphamide and dexam-
ethasone in intestinal mucosa in mice [ J]. Chinese Journal of
Immunology,2013(1) :39-47.

Boisseaux P, Noury P, Thomas H. Immune responses in the a-
quatic gastropod Lymnaea stagnalis under short-term expo-
sure to pharmaceuticals of concern for immune systems: di-
clofenac, cyclophosphamide and cyclosporine A [ J]. Ecotoxi-
cology and Environmental Safety.2017,139:358-366.

Wang Y J,Qi Q C,Li A,et al. Immuno-enhancement effects of
Yifei Tongluo Granules on cyclophosphamide-induced immu-
nosuppression in Balb/c mice [J]. Journal of Ethnopharmacol-
02y+2016,194:72-82.

Chalamaiah M, Yu W, Wu J. Immunomodulatory and antican-
cer protein hydrolysates (peptides) from food proteins:a re-
view [J]. Food Chemistry,2018,245:205-222.

Ghaebi M, Nouri M,Ghasemzadeh A. Immune regulatory net-
work in successful pregnancy and reproductive failures [J].
Biomedicine & Pharmacotherapy,2017,88:61.

Dangroo N A,Singh J,Dar A A,et al. Synthesis of a-santonin
derived acetyl santonous acid triazole derivatives and their bio-
evaluation for T and B-cell proliferation [ J]. European Journal
of Medicinal Chemistry,2016,120:160-169.

George A, Chinnappan S, Choudhary Y,et al. Immunomodula-
tory activity of an aqueous extract of Polygonum minus Huds
on Swiss albino mice using carbon clearance assay [ J]. Asian
Pacific Journal of Tropical Disease,2014,4(5) :398-400.
Pellegrino M, Rodriguez N, Vivas A, et al. Staphylococcus au-
reus avirulent mutant vaccine induces humoral and cellular im-
mune responses on pregnant heifers [ J]. Vaccine, 2016, 34
(29):3356-3362.

Fan Y P.Ma L,Zhang W M, et al. Microemulsion can improve
the immune-enhancing activity of propolis {lavonoid on immu-
nosuppression and immune response [ J]. International Journal
of Biological Macromolecules,2014,63.:126-132.

Sun Y.Xia Z Y,Zheng ] K, et al. Nanoemulsion-based delivery
systems for nutraceuticals:influence of carrier oil type on bio-
availability of pterostilbene [J]. Journal of Functional Foods,
2015,13:61-70.

Miastkowska M, Sikora E, Ogonowski J,et al. The kinetic study
of isotretinoin release from nanoemulsion [ J]. Colloids and
Surfaces A: Physicochemical and Engineering Aspects, 2016,
510:63-68.

Yerramilli M, Longmore N, Ghosh S. Improved stabilization of
nanoemulsions by partial replacement of sodium caseinate
with pea protein isolate [ J]. Food Hydrocolloids,2017,64:99-
111.

Majeed H, Antoniou J, Hategekimana J, et al. Influence of car-

rier oil type, particle size on invitro lipid digestion and eugenol



%5

R R A0S R AR FLA /N B B D RE I S 131

[28]

[29]

release in emulsion and nanoemulsions [ J]. Food Hydrocol-
loids,2016,52:415-422.

Gao Y N,Qi X J,Zheng Y P,et al. Nanoemulsion enhances a-
tocopherol succinate bioavailability in rats [ J]. International
Journal of Pharmaceutics,2016.515(1/2) :506-514.
Kwasigroch B, Escribano E, Moran M D. Oil-in-water nanoe-

mulsions are suitable for carrying hydrophobic compounds:in-

[30]

domethacin as a model of anti-inflammatory drug [J]. Interna-
tional Journal of Pharmaceutics,2016,515(1/2) :749-756.

Akhter S, Anwar M, Siddiqui M A. Improving the topical ocu-
lar pharmacokinetics of an immunosuppressant agent with
mucoadhesive nanoemulsions: formulation development, in-
vitro and in-vivo studies [ J]. Colloids & Surfaces B Biointer-

faces,2016,148.:19-29.

(E#F 117 70

[29]

[30]

[31]

[32]

Zhao X, Shi Y, Liu Y, et al. Osmotic adjustment of soil bio-
crust mosses in response to desiccation stress [ J]. Pedo-
sphere,2015,25(3) :459-467.

BRSCHE. Bk Al MO SFL T R0 5 KR A e i X 4
/NPIEER A B AR AL [T, AR A5 2 4 2013, 24 (1)
57-62.

Chen W J, Zhang N, Hang L L, et al. Influence of shading
during the processes of drought stress and re-watering on the
physiological and biochemical characteristics of Haplocladi-
wm microphyllum []]. Chinese Journal of Applied Ecology.
2013,24(1):57-62.

Oliver M J. Influence of protoplasmic water-loss on the con-
trol of protein-synthesis in the desiccation-tolerant moss Tor-
tula ruralis: ramifications for a repair-based mechanism of
desiccation tolerance [ J]. Plant Physiology, 1991, 97 1501-
1511.

[ gL 25 R WR AR . AF. UV-B R 5T 0 50 X 1 A X 14 8
(Didymodon vinealis) %5 % A= BLAC S B 6 R e AH KT A K3k
B (], A28 2753, 2013, 32(3) : 583-590.

Hui R,Li X R,Chen C Y,et al. Effects of enhanced UV-B ra-

diation on physiological metabolism and photosystem-related

[33]

[34]

[35]

[36]

[37]

[38]

protein expression of Didymodon vinealis (Brid. ) Zand crust
[J]. Chinese Journal of Ecology,2013,32(3):583-590.
Bewley J D,Black M. The control of dormancy [ M]//Bewley
J D,Black M. Physiology and biochemistry of seeds in relation
to germination. Berlin: Springer-Verlag,1978:199-269.
Chadoeuf-Hannel R, Taylorson R B. Changes in lipid fatty acids
associated with dormancy breaking in Amaranthus albus seeds
[J]. Journal of Seed Technology,1987,11:15-22.

Hendricks S B, Taylorson R B. Reversal by pressure of seed
germination promoted by anesthetics [J]. Planta, 1980, 149
108-111.

Kendrick R E,Spruit C J P, Frankland B. Phytochrome in seeds
of Amaranthus caudatus []J]. Planta,1969,88.:293-302.
Pressel S,Ligrone R,Duckett J G. Effects of de- and rehydra-
tion on food-conducting cells in the moss Polytrichum formo-
sum :a cytological study [J]. Annals of Botany,2006,98(1):
67-76.

Mansour K S, Hallet J N. Effect of desiccation on DNA syn-
thesis and the cell cycle of the moss Polytrichum formosum

[J]. New Phytologist,1981.87:315-324.



