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Comparison on celluar anti-inflammatory and immunoregulatory activities of
seven derivative combinations of Yaotongning with alkaloid as main part and
in vivo pharmacodynamic evaluation on optimized candidate combination

ZHANG Li-guo, CHENG Jia-jia, NI Li-jun, XIE Ting
School of Chemistry and Molecular Engineering, East China University of Science and Technology, Shanghai 200237, China

Abstract: Objective To investigate which kind of Chinese medicinal effective fractions will produce good comprehensive cellular
pharmacological activities when they were combined with alkaloids from Strychnos nux-vomica and Ephedra sinica, and to evaluate in
vivo pharmacological activities of the effective fraction combination screened by cellular experiments. Methods The equal proportion
mixture of alkaloids from S. nux-vomica and E. sinica was set as a sample (sample 1, A); Two samples (samples 2 and 3) were designed
by respectively adding the equal ratio mixture of five flavonoids (F) at 50% into alkaloids from S. nux-vomica or E. sinica; Four
samples (samples 4—7) were designed by respectively adding F, equal proportion mixture of four saponins (S), equal ratio mixture of
six volatile oils/aqueous (V), and equal proportion mixture of six polysaccharides (P) at 50% into A. Murine macrophage cells and
chondrocytes were exposed to the new recipes, and then the half inhibitory concentration (ICsq) of recipes for inhibiting (PGE,) in

macrophages and the half effective concentration (ECs) for promotion of the secretion of IL-6, IL-1f, and TNF-o in macrophages were
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detected and compared. The interactions among the active fractions were evaluated by comparing the experimental ECsy/ICs, values to
their corresponding additive EC5(/ICs, values calculated by the least square optimum method. The in vivo pharmacodynamics of the
best combination was evaluated by the ear swelling model and delayed type hypersensitivity (DTH) model in mice. Results Sample 4
has good comprehensive activities of cellular anti-inflammation and immunoregulation. Moreover, strong synergistic effect among the
effective fractions in this sample was observed; Cellular anti-inflammatory activities of samples 5, 6, and 7 were equivalent with
sample 4; Samples 5 and 7 had good comprehensive cellular immunoregulation activity; But the alkaloids mixture (A) and the
combinations of S. nux-vomica or E. sinica alkaloids with F (samples 2 and 3) were significantly weaker than sample 4 in cellular
anti-inflammation, immunoregulation, and chondrocyte-proliferation. Sample 4 also exhibits a certain effect on in vivo
anti-inflammation and immunity in mice when A was decreased at 25% or 5%. Conclusion It is not suitable to design a combination
just by alkaloids from S. nux-vomica and alkaloids of E. sinica; Alkaloids from S. nux-vomica or alkaloids of E. sinica are also not
appropriate to solely combine with the mixture of flavonoids (F). When A is combined with F, S, V, and P, respectively, synergistic or
additive effects among the active fractions are usually observed. These active fractions help to strengthen comprehensive cellular
pharmacological activities of A. Sample 4 not only has good cellular activities of anti-inflammation and immunoregulation but also has

better in vivo effect on anti-inflammation and immunity, suggesting that it is feasible to screen the optimized Chinese medicine formula

based on cellular pharmacological experiments.

Key words: Strychnos nux-vomica L.; Ephedra sinica Stapf; alkaloids; Yaotongning; prostaglandin E,

DA A — s WLBEMETE, B2 1%
W TR T8 . AESMR RN, MRS
2, RULIZAT AR, KB —38, R
ANFERIERCR AR EE I . PGPS IA A &0 5 g T e
il BE. RIE ORGY 0, BAREEZERNZE
PR HPBAT IR WS PUA . Hom s . (et B g s
SR . TR R E KL Z I 28 N Es
A AR FH 7 XA A KO B s 48 97 7 T H A RE A
o S0 KRR R A P 255 07 (A T AR AT RS
WHAACE B T BRI RHHIE ] 25 it b e 24 71
WA JE, P m X E Th 2597 S 7R, X
T T RGBT 24 8 2 A ORI H
G

JESR T R B 2 V6 T R B s R R k2h, il
IR B IR, HRL RRE. FLA.
Al W, BT, BRI 10 BRTP 2R T
FEUREPH S UG IR . PRI B ko ST 4%
T2 JBAE T 5 5 H 2 O JLHEIRIR R T, T
B PRI e A TR 40%, R BN R AR
THHEY, HEEAYEA YN, ST A
Pidk . BUR. BTSRRI EE YY) R 2y
JRR B o 18] 32 AT A JBR B A AT e A 25 L
IR A R DLt bR A T, A
VL VAT 7 X (14 290 AR 2540 75 IR T
SEorHT, RIARER T SFAT AL &7 RUE IR AL
PIRAR S ALSE 12 AN IR B0 Th s Ak 7 &
ShER T RIURRTE 2 WREGH, X Fr s FRIAERALEE 15
ALY E A T, BT 1B RIS T AR

42 AP ZAN T A R o ASHFFEANIX 290 /S 24 4k
3 v 6 H AR RG24 R AR R R v L
5 BT BRI RN R e 2 T
8 WREGM LR, 2ifb. BAh. G, =, %
AL EFEE. NS, RIUX 8 WM KR T AT
W10 BRZGAM SR, BAE. R S AT
WAL, DA BRSNS B
W18 BRZM I . BT ORI/ KD £
WEEATAH G, Wl T 7 ANERERA A TT, R T
A5 N B T4 7 R SR R R it
P BRI (Ana-1) BUA . RIBERBA L A4
Ir#-1B (IL-1B) W5 T I A i s e i, o0 #ir
FE 3 & RG22 TR) PR AR AR FH OG 2R LA A IEATL 3%
By VPNAS R GRS 2H T 6 AR D 40 % 1 1 52
W, RIS SAERT RS A A i 2R LT
RBEWAL, 20X 40 M S 58 0 18 HA IR 2
TN VN IR, S BT BRI R
NER L K/ R A 3ot e FE T
1 ##
1.1 sh4FnZmAaek

/NE Ana-1 diiHokk, 8 A hERRERE EAEEY)
NPT, ARREE RPN 80 H, ERER-P,
R 18~22 g, I H Bl sSEshA IR A
w), VFA[ES SCXK (') 2012-0002.
1.2 PRI

BT R HEL Zfe. EiEh. R
. RHE. =B AS IR AE. KA.
WAL G AR, ¥l BAE. 2iEdtah 18



23

Chinese Traditional and Herbal Drugs 28 47 3% % 6 3 2016 4E 3 A

* 965

MR 258E, 3 AU 2R AT PR A A 44, Jf:
H1 1% 2 F POl 2501 45 IS 5 IE i, FESEIRAT T
R B TR A2 50 7 T RE2EBE 20 WAk 2 S5
%, DMEM R: 729 (b ntig KR —RHE R A D5
FILAUER-80 (254 HIAL A Bl A FRA FD;
NI (FBS, HUMNPUZEE Y TR BB 2
HD; AN 26 (IL-6)+ F41iE/2-1B (IL-1B)-
iR R SE IR T--00 (TNF-a)+ RiFIIR 2 E, (PGE,)
FFEG S 2 IR 71 f (R&D); CCK-8 k7 fn (ARA-Mk
R PR WD IR 28 (LPS, S2[E Sigma 23] );
WEVGIR (AA, [ Sigma AF); R LR
(PBS, Medicago AB); 0.25%Ji#: M (Biowest 23] );
PIPEE R, HEHR-HER (Biowest AH]); JIHHE
1 A (ConA, [ Sigma A#]); —HIK ([HH%E
AR PR A HDs RALEy C Rifg R RS 401k
THRARD; ISR (DNCB, KETHLEE
TG BRI (B 2R F A R A T,
P 25 A2 R A F]D s B =] UCAR G
HEZAREE R AR, fit's BI16188),
1.3 {¢=5

ML104 5347 K°F (45 [E Metter Toledo A ) )s
QL-901 ix e Vi £ 2% U 11 T LA LR AN A% e A PR
AFD; S10-3 fHiRME i Eds (Rilgm] R R
AFD; XMTE #UR A CGRYGHTBAE A D
DZF-6050 BL25 TA (Ll ERHE RA F)D;
DS-3510DTH #E A C_LibF AR AT A 2 R A
#]); CELL 150CO, £57%4f (Thermo A 7] ); TS100-F
PEIGIR E WABT (Nikon AF]); CLASS 1 4EY)%
45 (Labconco AH]); 680 ZIjRelFbriY (EH
Bio-Rad); DK-S26 HLMAEE /K (LiERs 25K
BRAARATD; TS-1 BERRK TLHE T
FRLIRAX B8 4413 22 7] )3 DW-86L386 kiR R A7 40
(=80 C, Wg/REHATD; L% (7 mm, WLHE
Wik THRARAED.
2 FHiE
2.1 FESRHILER R F

18 URJFURL G U T I AR 0k 2, 2

T R/ KEEY R, FAR S SEAGTAL 12
7 5 e o b 22 SOk iR o % 2R
T e BT G LU 2L 7 ANRE G T A BB e AT
FE& B T T 2R G B 25 0 2455 | S0 1)
WAV RATC IO, WA 1o ARG AR
Wb ST 1~7 SRS A B A i

#1 #mEHAS
Table 1 Formulas of blending active fractions
RS ARG A
1 50% SR TEAIA-50% R S AP
2 50% 158k T AERA-50% 5 51
3 50% IR 2 EA A-50%6.2 2
4 25% R T E IR A-25 Yo bR s E IR A-50% 5 S
5
6

25% T LEMIINA25% R AE IR+ 50% 5 2
25% R T LEMITRA-25% KB A IR A 50% A &
oK)
7 25% Eh % WS- 256 R LA+ 50%.5 2
8 [ 47+ 25 | B 2 hl
B = 20% H B 3 R - 20% 3% 2 2 B 4 20% 3% A5 A B 4
20%Z1ACTE I+ 20% B BRI SR =25% H BT +25%
=BT +25% A S BT 4+25% )RR AT, Mg R/ K=
16.67% R FE K i +16.6 7% MG 1 K i +16.67% (FLE #Z)
R FH16.67%EARIE LM +16.67% (408, EE) KiEW+
16.67%8 BUKEY: MEBE=16.67%ERZHE+16.67%)14- %
B 416.67% H 52 B 4 16.67%M 1 2 Bl 4 16.67%3% (-7 Lk +
16.67%3% 75 HE 2

total falvonoids = falvonoids of Glycyrrhiza uralensis, Epimedium

sagittatum, Taxillus chinensis, Carthamus tinctorius and Davallia
mariesii mixed in equal ratio of 20%; total saponins = saponins of G.
uralensis, Panax notoginsen, Panax ginseng and Cyathula officinalis
mixed in equal ratio of 25%; volatile oils/aqueous extracts =
volatileoils/aqueous extracts of Cinnamomum cassia, Angelica
pubescens, Boswellia sacra/Commiphora myrrha, Atractylodes
lancea, and Eupolyphaga sinensis mixed in equal ratio of 16.67%;
total polysaccharides = polysaccharides of Atractylodes lancea,
Cyathula officinalis, G uralensis, E. sinica, E. sagittatum and T.
chinensis mixed in equal ratio of 16.67%
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F2 EHRINE Anal-1 535 PGE, BIER (X £s,n=3)
Table 2 Inhibitory effects of various samples on secretion of PGE, in Anal-1 cells (X s, n=3)
\ ICso/(mg' LY , ICso/(mg' L™
Fh — — K — —

SERH E=)ICIE SERE 2 e
1 220.11+17.45™ 163.84 5 67.46+ 19.66 105.06
2 105.27+51.95" 116.51 6 2052+ 8.32 114.69
3 75.89+45.62" 104.44 7 243.42+113.44" 120.53
4 7.01%+ 2.04 89.91 8 68.68+ 50.11 113.87

54 SRR TP<0.05 TP<0.01, 3
"P<0.05 “P<0.01 vs sample 4, Table 3 is same

(K] ICsp (32.34 mg/L) i F G+ HARLL & ke Y
ARSI 55 TR 25% Dy 8% T A=W+ 25% R 55 A4
B 5 MM BB AFE T 1ICs HA 7.01
mg/Lo KW 25% 5% 7AW+ 25% K 55 A W05
Z R BB A S AR SRR T I S
— M A .
33 ZiXHEMX Ana-1 HBES I IL-6. IL-1B.
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ST ECso, 38 B ES R T BURR B AR B0 5 5 2T
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Table 3 Effects of various samples on secretion of IL-1f, IL-6, and TNF-a in Anal-1 cells (X s, n=3)

IL-6 ECso/(ngmL ")

IL-1B8 ECso/(ugmL ™)

TNF-0. ECso/(ugmL ™)

S

e S T S T S T
1 55.10463.50 6.10 — — 107.38+32.77" 53.22
2 _ _ — — _ —
3 _ _ _ — _ —
4 5954+ 222 37.46 — — 42.11£11.65 —
5 9.83+ 8.68 56.09 92.404+72.23 92.96 95.23419.68" —
6 50.92+40.30 4727 40.02+ 4.36 43.45 — —
7 49.11+ 0.89 — 3974+ 2.72 89.32 122.784+10.31" 113.38
8 21.39428.32 59.91 3556+ 1.93 — 13.13£ 3.60 20.78
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ULIRIZ L B VR S5 25% S8 T AW+
25% BT IR A SR 1 TL-18 WA IS TEAS K %
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JE R T REAE TNF-a 20 45
34 RikBAF M ZBEB/NREMAKEI 0

HH 4 A5, S5 5 1545 2 4 H K 2 YA [
TR N T AL (P<<0.05. 0.01), LR ULAk4]
FAEL, PRiEdlr 1A 2 AE KT B 2

AU IR R 1 A T S R AL L, Kk
HUBESR T 2L 00 KA R 17.8%"™, A sz fftik

R4 BHMMZRERBUNREMAKEIRNE (X X5 n=10)
Table 4 Effects of various samples on xylol-induced auricle

swelling in mice ( X £s, n=10)

==

A5 mﬁi% K g ngM
PRI — 150+0.3 —
i ] DT AR 0.5 8.8+0.2% 41.5
ik gi 1 0.5 12.4+0.3" 17.3
ik gy 2 0.5 12.0+0.4" 20.0

XA *P<0.05 ¥P<0.01, %5
*P<0.05 "P<0.01 vs control group, Table 5 is same

Y175 2 IR I 20%, HIAS KBl ] P AR 2
(41.5%). KWIASLI P OEA )T 1 A 2 5B T
207 TR AE A
3.5 fRik¢EFA X DNCB BUVER DTH B8

5w, Blw]ULARAE . fiikdd)y 1. 2 4
[ EE P AR BE AR Tt B A, Hptikdiyy 1. 2 45
WA L 2= % (P<<0.01); a4l )y 1. 2
AT FE B K TR RG] (P<<0.05); BT ] L
WA DLy 1A, ARk di )y 2 A0 iR £k
T (P<<0.05). AU FT I IR 7 405
BT R L, RIS T4 7 21 0 R 1) B
Fe00 5k 4.00 mg/g 55 4.41 mg/g. FRRIEES
N 4.28 mg/g 5 4.17 mg/g!"™, R 4y xRS
R R B SGEAR A BR, T ARSI AL T 1,
2 S0 MG % I R AR R S S A T IR T A T
B ] DT AR Bl Bl ] DU ARAH Y o BRI T 1. 2
SO S M G g 3 P IR TR R e KA A e ) 41
HIEH .
4 g

NG PRI . e Y R 3k 4n
Mufe S EHBENE, BT R ARDIRA B
i FH B3 B 5 & 2 s R S AT SR T
KBS RO LU R S 5 H B SRR SR
ZIAb AN 5 B2 B A LGRS YIRS ATLIN

*5 B3t DNCB M85/ NREMAK. RATESRMIRIEHMENE (X £s,n=10)

Table 5 Effects of various samples on ear swelling, spleen index, and thymus index in mice (X £s, n =10)

iR Y255 (mgkg ) LK i /mg T He 40/ (mg-g ™) i 4 %0 (mg-g )
Xof — 24,0440 4.45+0.45 3.8940.72
i ] DT A 0.5 17.0£3.0 3.93+0.80 2.25+1.23"
k4 s 1 0.5 12.0+2.0% 3.414+0.35" 227+027"
ik s 2 0.5 10.0+1.0" 3.214+0.69" 1.95+0.83"
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WFE L A G 2 [ ELR 40 i PGE, BT

IL-6 S B = A AR B RV E L, Adi451%

FEadl G (4 5) BA RGAMPTRE . Sl i

PEo MZHIRZYEZ IR T AR JRREE R I I

EREE R T7 s IF 5 DR A 3 A A4

DL ZI M AR B BEVE o 25% 5% 1+ 25% KB 2B

W5 2R L S BB LA RS (7 SRS

5 BA RIFMZEE R W iigtE, RS~/

FRESAEIR S AE S S M 2R B IR S

Hafm, RET S22 (BE ) ek i

WG E. D EARNARCEVIN R Y] 25% ST+

25% R s AL B B I AL S R 25% 8T+

25%JBREL AR 7 B 25% K 5%IE, 2 MRS

BT AR N LR B B e
KA TG T ISR P Ab Ty FR 2564

BT REAT BRI SR R, A 2 B 2 A T 4

A7 R 25 50T I R A AT ICATL () 2 B A AR

N RO B T BRE AR 24 B D R T

FERIEFC R, A I R i R 25 A

FAL A T PR SR
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