W AU B 2R AR 2017 4E 5 A AR 33 B 3 M

J Nanjing Univ Tradit Chin Med Vol.33 No.3 May 2017

— 258 —

MEERXNASHNEMEEATERNILERAR

PAAEAE B W, AR ERAE VLA B AR

CRg 52 T 15 25 K22 B I v v 8 45 15 g, Y 9 4 7R 2 26 0F 5 g 0 [ o 2 R 2 Bt 210028)

YL Be » L9 B A
HE.BH ZERBRIANARARBEEAFLERAFTHERAY 0, FiE HEEEA>HNBEF EFEREER G T HK
Je ABIT I KAt BB FAER . S m AT AER B R (CTX) R D R B FGAEA A f ik 5
AU & 48 i % 3 (WBC) ; ELISA }z%mdm&m@@ F IL-2.1L-6 . IL-8 #= IFN-y K F ;5% X o fo e T % € 49 i B B

5 B, WL BR AR K AT

O R MR AR K, R RASTHEMAL, R EAGMILH IPMRIE R . WBC.IFN-7.CD4" .CD19™ X+ &
Z AR (P <{0.05~0.01) ; b 91, B Z 4K V]jg‘éﬂéﬁﬁé‘y’%iﬂq‘ B AEZGHNTER EaRe . IL-2.1L-6 KPP B FEKP<

0.05~0.01), &t AREATHEALRBEFLEATER TR, RA T RLBFELANLG K,
X AE AR R LBERAY
i E S :R285.5 XEARER A

DOI:10.14148/5.issn.1672-0482.2017.0258

XEHS 1672 -0482(2017)03 - 0258 - 05

Comparison of Anti-stress and Immunomodulatory Activities Between Ginseng and its Sulfur-Fumigated Sample
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ABSTRACT: OBJECTIVE To study the anti-stress and immunomodulatory activities of ginseng and its sulfur-fumigated sam-
ple. METHODS For anti-stress study, bearing hypoxia at normal pressure and load swimming tests were conducted, while for
immunomodulatory activity study, cyclophosphamide (CTX) induced immunedeficient mouse model was used, and the index of
spleen and thymus, the contents of WBC, CD3", CD4", CD8", CD19" in blood and IL-2,1L-6, IL-8, IFN-Yin serum were
detected. RESULTS The hypoxia tolerance time, the index of spleen and thymus, and the contents of WBC, IFN-y, CD4"
and CD19 " of mice administered with sulfur-fumigated ginseng at low dosage significantly decreased when compared with that
administered with non-fumigated ginseng. In addition, at high dosage, the load swimming time, the index of spleen and thy-
mus, and the contents of WBC, IL-2, 1L-6, IFN-y, CD3", CD4", CD8", CD19" of mice administered with sulfur-fumigated
ginseng were also decreased significantly when compared with that of non-fumigated ginseng. CONCLUSION All these results
suggested that sulfur-fumigation could significantly affect the pharmacological activities of ginseng.

KEY WORDS:sulfur-fumigation; ginseng; anti-stress; immunomodulatory activity

Bt SRR R 2 I T 3R 3P Tk 2 — LA R LB NS B AR GE b 2y BT R G 8 3 1 A

B AOVE B2 0 B T 2005 B — BAF ARSI
UTAE RS R B, i EANE 2 20O % SO 5K L T

By R RN L LS B LA Y L
TR NS A 2 AN T R v R
B2 7 B 4 . SR TSI 9 e B L L B AT 3 B
NS 4B NS B R E R A S BT &
WATAEY, A NS B & & N, KRR
O 2 ) AR W e, T LA P o s & A W 35
A R T I B T B R Y o R A R R A
NS 25807 A W 25 ik — 2D WY

W Fs B HI:2016-12-28; (6 B #E:2017-04-11

FHH B R R TP NS 09 M SR04 R 82 i 443
HET B X NS KN 2 # KR TL-2, WBC 5%
AT BEFRART WA I 58 BLAE S S T BB TR S
Bf i — 20 5 Z AP I T 9k O 240 B I A L B bk 2 448 i
e Z2 i 4 928 40 i PR 199 A8 £ TR) s SR P B g 9 S 5
ZAER AT BT G ASNARES , WK
WPEA 5 2B S 04 B 2 R AR 3
1w
1.1 o

SPF 2 KM /MR 160 H M i &8 (20 +2) g, i

ESTR - FESBAVEEHR (“86371141) (2014 AA022204) ; [/ 5 [ SR B2 5 4> (81503245)

EZ B A A (1992—) . B LI FRIM A B R EE 2 K2k 2014 - RF 5 A4

* W5 VE# : mqshen@163.com; songlinli64@126.com



A L S - 0 I 0 N 2 0 IRORI 6 5 R 1 A B4 e B 5

o5 310 — 259 —

g i 3 e SE e B W A BR A R AR LA R IE S
SCXK (J)2012-0002 ], i 57 T VLR A48 5 245 BF 52 Be
S FY LA RIS SYXK(#)2011-0015],
1.2 FF a8 M)

ANSHEM IR A5 ML AR E NS, &L 95
A4 TS 2 T 5 B 2 A MRBIE 5Y 03 S S SR LN B AR B
Panax ginseng C. A. Mey WIMRAIRZE, HMEAS
FE S A R A SRS (2 0.1 co) , 8 TAT
i B A SRR A OB AR 5 2 6 1 LB 1
2 250), AR O I B 56 B (HA 2 m, & 0.7
m), M7 24 h, BT FEME THAE 50 C T 12
h BI75 (45 . JSPACM-03-99) , #rfif A2 4L 5 U0 A
HZTHAREASEMN S . JSPACM-03-99-2-
4), FEEFRBOABLE 6L E A S AL SIS R, 0 10 %
KA 1.5 h, B 2 KB IF/K RO TR 4 2 — E IR
JELE A CCLRE . PRI e VL5 B% 3l 22 25 45 FR A
AL Hib45 0 15122525) s A K (il g T a0 )
#5:20160106) ;11.-2 . 1L-6 . 1L-8 . IFN-v i #| & (%
IR P A= o 4 A B AL i 5. 20160411
20160310,201600415,20160104) 3 Anti CD3™ | Anti
CD4" ,Anti CD8" | Anti CD19" | Lysing buffer (3£
E BD 72 #l, #it 5. 41936, 2110975, 5334702,
5257639.5356501),
1.3 FEAULS

Wevk 46 (50 cm X 30 cm X 30 cm) , PL6000-S H,
TR (B + METTLER-TOLEDO A ), Multi-
skan-FC fFr{% (2 E Thermo Scientific 24 %)) , Al-
lergra-21R & .0 #l (32 [H Beckman Coulter 23 &]),
Synergy 4li/K4% (& E Millipore 2y &), BD Canto i
A AL (S BD 2R, HH-8 5 IR K 5 #4 ( 1
WA 2 A R A . 3 W i 53 i AL G B HY -
CEL CELLY 2 #]),
2 Ak
2.1 /NEUHE He it i 4 S 5

/NERL 50 H, MRS L H AR BT LR S BEBIL 43 A
25 UM R4 (Control) AR TE A S A S IK L & A7) it 41
(WX-L,WX-H) Fii A SR GG 7] i 4 (LX-
L.LX-H) .35 4,84 10 R B A2, ASHEN
I R AL 245 25 BE 43 5 R 0.55.2.2 g/kg. &5 M
XfHH A TR AWK BRAEZ) 1 IR ESL T d,
KI5 2 45 min J5, 50 0¥ /N RICA B A 5 g A
JREY 250 mL BT FOf R O B Aa L0 Jin 26
L, WEEIF I R/ B W45 1k Bk A BE T ]

2.2 /NERUOR E UK S

I3 2 R oy 24 TR) R T SR AR S . R IR 4R 2 45
min J& » 28 0B /0N BB I VKRR PO UK, KR 20 em,
KR (151,00 °C , B AL ES Ay 5 06 1A o it B 45 2
10 57/ BRUER 989 A8 O 1k 1 4 A U Dk 15F )
2.3 /NE SRR T S

ANER 60 S, Ml A% i A S M BE AL 4y
25 [ X} R 2H (Control) (A AIN] & 2 (Model) . A BE A
SRR E R B H(WX-L.WX-H 4) i EAZ
FERE A4 (LX-LLX-H 4,3t 6 41, 84
10 H, BRas FIA R AN R A T g my s 1.
4 R IEEH S RSB E (CTX)100 mg/ kg, 25 Xt IR
2 S5 VR S A B ER K (NS) 5 [R] I 4% 25 25 4H 98 ' AN [l
Ab SR NS4 B L 45 2 v R W] B0 S . R IR
2525 1 h J5  HRHEJS ## Bk AR 1 0.5~1 mL,EDTA-
3K BT BE, FH W Ay B A /N B 40 e R 5k
(WBC) 5 3t 2 48 f ARG /1N B A0 JE ot T 9k £ 48 it S
FE(CD3" .CD4" .CD8™ ) bl . B Wk L 41 fE (CD19 ™)
Feo ), 5 CD4' /CDS8 ' e fH 5 4% I 43 &5 1 3% .
ELISA 3£ & % 9 40 il I + IL-2.1L-6,1L-8 Al
IFEN-y K-, f5Jm Ab 58 sh 9 fige 50 S5O B L RGE A L 2
I 7517 HFT i 7 4 20 )5 R O ko AR 4l 2 =X B8 4 K
e 4 B[ S e A% B R B = S e AR Ui (mg)/
R () ],
2.4 Bilsab

Iy LI BRI DL 2 s R, W SPSS16.0
Gt HEAT B R T 25 40 B LA ) 22 S
3 BR
3.1 XN BRUH R it 5 42 S 50 A B i)

ME 1A iR, 52 AX AN, KEAS
A v 7 /DS B R T ke A7 36 e ) R R DL &5
225 (P >>0.05) , (H A A& 3 1 i 28 AIC L & )
it 2 D) A D A A 0N B R T i R A 3 B TR A
HB AR i A T R, 5 R AR R A 41 A
Lo o B SRR R S 4 R R o e A T N TR] 0 2 R R, L
A Git2g 25 (P<<0.05),
3.2 XN BUSL F I UK B T ) 5 e

ME B iR, S axt BAM L, KEAS
(SN B e R T 1 S N = Wi s 2 T NG e
0.05~0.01) 5 Ifif it 2 A ZAIK e 7710 2 20 00 oK L Wb 3%
FEK /)N BB ER 3 DK B R RO PE L WA SRt 2
H5REAS SR ML, 5LE NS 50 gl 7 &
T Dk e 1] Jg 2 B AR (P <<0.05)



W 52 AR IRALLE, « P<<0.05, * » P<{0.01;
5 WX-L fHE, # P<0.05;5 WX-H 4 H4 . AP <0.05.
Bl MEMASHESEANIN(x£5,n=10)
3.3 XF/IN B I 45 A FH 5 )

3.3.1 Xf/NRAEERAE B WA 2 PR, 55
PR SRR L o 455 78 21 AL K50ORD i B 1 K0t 2 R R (P
<0.01), SEIRIAAH LG, KBNS & g
68 BORN i R 48 B0 2 T (P <<0.05~0.01) ; M % 1
NS e 700 £ 4 T4 50 i g 4 Bk D B 2 BT,
WA R, 5REANSMR &AM, 6 E
NSRRI o 20 T 48 5500 e i 48 £ e 25 T B (P <
0.05~0.01), SREASFEAELAML.MEANS
e ) 5 2 AL H50R Mt J Fe H 2E R RE (P <<0.0D)

@
@

@
IS

N

Spleen index(mg/g)
FN
Thymus index(mg/g)

o 2 N

°

>
&

>
’
&

&S &

W52 X BA L, ++P<<0.01; SR L, *» P<<0.05,
* % P<C0.01;45 WX-L 411L#%, # P<<0.05, # # P<C0.01;
5 WX-H 4 I, AAP<0.01.
B2 FEASHGEANS G E MG /N A E A AR 15 5
BB (2 +5,n=10)

3.3.2 X/NR A4S g K 3 . 5
25 R BELLAR L B R 4] WBC K i 3 F R (P <<
0.0, SEAIHMIL, REASMAEH KEAN
Zm Al E NS = A ne W E s WBC
JKA-(P<C0.05~0.01) ; 1M &t 28 A 2 5 5] £ 20 ) oK 2
Fitm WBC KV A G H= 225 (P>>0.05), [[
FI B 4H A F L B FE 20 WBC /K OF 3 T B (P <<0.05
~0.01),

3.3.3  XF/NEANE M 1L-2,1L-6 . 1L-8  INF-y ik
KR FEm AN 4 B, 5 2SO0 BRALAH H B
4 IL-2.1L-6,1L-8, INF-v /KF ¥ F (P <
0.0, SHAIZAAA L, KT A S i 41 i 3 2
& IL-2 INF-y /KF (P <<0.05~0.01); RE A S5
FIHE e B E B IL-2.1L-6 . IL-8 . INF-y /K F (P

AU B2 R4 2017 4F 5 A 4R 33 B4 3 M)

<<0.05~0.01) ; Mi G 2 AN SIK i 0 it 4 ok 0 3%
Py IL-2. IL-6  INF-y K. KA Gt ¥ 2%, 5§
KENSF A, B A S &4 INF-y
K53 (P <<0.05), 5K AS & &AM
L iR A S R 4] TL-2 1L-6 INF-vy /K °F 5 3
FRE(P<<0.05~0.01),

6

WBC(10°/L)

52 AR IR g, + -+ P<<0.01; SR Ho#g,
* P<C0.05, * * P<<0.01;5 WX-L 4 L%, # P<<0.05;
5 WX-H4 b, AAP<0.01.
B3 REASHREASHREMF/NREABREE

BRI (x +s,n=10)

2500 1504

1L-2 (pg'mL)
g g

H

IL-8 (pg-mL")

55 AR AL L, ++ P<<0.01; 5 EIRIA L, « P<<0.05,
® % P<20.01;5 WX-L 418, # P<C0.05;5 WX-H 4 [LEx,
AP<0.05. AAP<0.01
4 KREASHHMEASH EEME/NEIMNE @D IL-2.11-6,
IL-8. INF-y RiEKERIEM (x £5,n=10)

3.3.4 XP/NERARM R T bk & 40 M S B LB Ak B 40 i
RS2 aniEl 5 fER 1 Fros, 525 16 BT A
o, #8240 CD3", CD4", CD8", CD19" [ i,
CD4" /CD8" A % T B (P <<0.01), HAAIH
FHLE, R EASA AR Bi& & CD3" .CD4™
CD19" 1 CD4 " /CD8 ™ HefE (P <C0.05~0.01) ;
KXEANSFEAEHAREHEES CD3 . CD4"
CD8" .CD19 " He il il CD4 " /CD8 " HfH (P <<0.05~
0.01) ;M B BB A 2 1% . e 7t 20 ) oK D0 Wb 35 4
CD3" .CD4" .CD8" .CD19" Fefifi1 CD4 " /CDS "
B WE&EIT¥ER ., SAEASKA EHMLL .6
EASMAEY CDLT L CDI9" i 1 CD4™/
CDS8 " WAl % F M (P<<0.05~0.01), SAREANZ
Al EAME. REASHEREA CD3' . CD4"



WA L A5 - R0 AN B AE X\ 2 0 I ORI S B A TS A Y LRI T 4 3 )

— 261 —

CD19" il 1 CD4 ™ /CD8 " B i35 F [ (P <<0.05
~0.01),

cpat

5 REASHMMEASH REME/NRIMNEM CDS" |
CD4" (CD8 " 48 i bt f51 9 3 hf)

X1 REASMHEASHEEMEH/NENEL T HEHBETE . BHREMMLEGIRZNE G s, n=10)

20 3 CD3" /% CD4™ /% CD8" /% CD4" /CD8' CD19" /%

Control 68.214+6.34 50.7944.66 19.46+1.77 2.6140.03 12.6841.77
Model 46.83+9.75"" 33.854£7.34"" 14.81+£2.88"" 2.2840.14"" 6.57£1.58""
WX-L 58.4546.44"  42.9444.96°  17.264+1.67  2.4940.11° 11.81+£1.86" *
WX-H 55.3246.61° © 40.314£5.17" ° 16.73+1.71"  2.41+0.11" ° 9.69+£1.26"
LX-L 50.874+5.68  36.4444.017  15.9541.91  2.2940.137  7.841.27°%
LX-H 49.21+7.08¢  35.38+5.28°  15.31+2.14 2.3140.164  7.11£0.9744

WG A AR+ +P<<0.01; SEMA L, x P<<0.05, * * P<{0.01;'5 WX-L 4 k%, £ P<<0.05,
##P<<0.01;5 WX-H 4 HE.AP<0.05. AAP<0.01.

4 itig

IO I B N A AL AR A2 380 2% R A BT R Y &5
B I 2 B 5 B SRR 9 57 SR H DL A U . AR S
WEERE R, SRMBEASHML, HEASH /MR
B R Gl SRR 2 T 8 A T35 BsF i) R /N B 7 B i Dk s i)
I, B S5 NS 1B AR H R .

CTX J& et S50 A 58 8 FH 1 A8 T HL 2, A5t
55 R FAME s VR 5 CTX i - 4% T 5 352 1) i 48 br 341 4 T
R 2R AR Ty L M R R S L A Y A
FEMEE S LA BOR N MR 8 BOTE — s B R AT DR AL
RE) K. REAS A CTX #8151/
WL ) E iR S e R T N+ RS R (3
o CTX Ay LIXS /N B - 6 2 At i 8 4 403, ol 75 41
JE I WBC 7K SF 2081 R B AR 52 56 25 3 v, oK i R
AZ A CTX &85 /N WBC K- B 1
BASRXFER, IL-2 IS T 40077 4, 2
JiA T 403 i A K P T A2 0E B A0 i 5 L
PR GRPE N B EE N 5 IL-6 &4 T 40/ .B 40
JiL L BAAZE AN 7 A ) — b 22 T RE 4N PR T, LA A
B 4 i 53 £k R B 4 A 53 06 G g5 Bk AR AR S TL
-8 J&F1 Th1 il A 4 1 9 40 i R, 3 224 3 40 g 7
A1 Jr 35 9 A 6 1Y) B 8 I 25 S Bh AR A L 2 5 4
b G i B R e TR BT AR RE Y & A= 5 TFN-y T 4k
T 4 A NK 4 8™ A B Bom 8 e 081 &t
PR R . ARSI 25 R L CTX X /N BRAM A I of
IL-2,IL-6 . IL-8  IFN-vy #ll i /B i , 8 R i A\

ZI6I7 G - 1L-2.1L-6 \IL-8 . IFN-y /K ¥4/ &% T,
A% SN S (0 85RO 3, CD4™ EZ R K T4l
B T 4, CD8 " EZRL TANMENE T 4, — &
SR R O o S I N N Tl E 7 N
CD4" /CD8™ LU AE 14 B 1% £ 7R ML A4 &b 1 4 5 00 7 R
A;CD19" 434 T B ik 40 i 2% 1 . B ik 40 il = 22
PATHUR AR e . AR5 R BoR, R E A
Z ] 2 {5 BR W R R BT B CD3T L CD4T L CD8
CD19" He il F1 CD4 " /CD8 ™ H Al F B, 1 i A 2
MIRCR AR 8 3% . ARSI 24 2 IR EE G 73 BT L 3K
B 2 5 K i 2N S /N BRGss 0R T AR L 45 SR e A
B B 5 NS %/ B o e R VR T B . DR A i
ORI 5T K B A T g T /)N B B 92 I 4% 4 AL TL-2
P IEN-y i R (e s B AL AT SR
I7 J5 X LEFR AR 0 #0423 FR 2% 5 5 R ke
1 45 245 390 1 B 2y 25 W [R) A OG, [Rl BFdE RS T A2 1
“I& I J5 Cadaptogen) "HE/E Y,

SCUG S5 R L B TE N S ATl Bl W B g R A
REVIAER N X AT RE S A S AT & & T REA G,
AL okt NS BEAT T A B RS A U E T
KBNS ENS KRBT 8 M EEASBH
L, E BRSO ERB X, AEBEEXE,
ANZ KB 32 N2 217 Re.Rgl . Rbl,Rc.Rb,
Rg2.Rg3.Rhl 1% ¥ i 2 BT 23 5 R I868.0 %6
30.7%.92.2%.88.9%.82.1%.95.1%.,96.8% . 83.
8% . FEFHE N ZE NS E LR P XE NS



— 262 —

TR AR SN B A iU A NI N 2 B AT

AP, SCERRIE NS AT Rb1 A 8 S AL

BE HIAE T, NS B Re Rgl XFHLAK G 5 Dy fig

AHETHERT . B, 45 Rbl.Re.Rgl 7E N

FEAS AR & i W T RE 2 5B A S U

WA AN S e W AR T B R, Ak, FR

1 B B2 5 N2 fo 5 8 5 AV JH R B BE AN n N 2

BHTRERE . H, NS5 NS 88 A8

7 AR N 2 B8 5 BT A ) R A A O B HG S 40 2 T

P LA K2 15 39 0 2 @ AE S5 EAS FRA TR AR .

SCHR R 24 BF B AR RO R Ak 2 Ay e Ak

TR, R B N S 2 A O Y R

JEFIAL 2 1003 e A AR B 22 [) 3 IS A ] DG 36, (.75 2

—BIWAM I, S A BN S S

TR 22 (0] Y G R 2 e OC T R [R) R, A 4 1

R NS -/ 8 G FR L A RE R S T A 2R

ANZ T LM A R,

S XK

[1] JIANG X, HUANG LF, ZHENG SH, et al. Sulfur fumigation,
a better or worse choice in preservation of Traditional Chinese
Medicine? [J]. Phytomedicine, 2013, 20(2):97-105.

[2] WANG XH, XIE PS, LAM CWK, et al. Study of the destruc-
tive effect to inherent quality of Angelicaedahuricae, radix
(Baizhi) by sulfur-fumigated process using chromatographic fin-
gerprinting analysis [J]. ] Pharm Biomed Anal, 2009, 49(5):
1221-1225.

[3] LI SL, SHEN H, ZHU LY. et al. Ultra-high-performance liquid
chromatography - quadrupole/time of flight mass spectrometry
based chemical profiling approach to rapidly reveal chemical
transformation ofsulfur-fumigated medicinal herbs, a case study
on white ginseng [J]. ] Chromatogr A, 2012, 1231:31-45.

[4] ZHU H, SHEN H, XU ], et al. Comparative study on intestinal
metabolism and absorption in vivo, of ginsenosides in sulphur-fu-
migated and non-fumigated ginseng by ultra performance liquid
chromatography quadruple time - of - flight mass spectrometry
based chemical profiling approach [J]. Drug Test Anal, 2015, 7
(4):320-330.

[5] MA B, KAN WLT, ZHU H, et al. Sulfur fumigation reducing

B EZRFFR 2017 4E 5 H 5 33 55 3 )

systemic exposure of ginsenosides and weakening immunomodu-
latory activity of ginseng[J]. ] Ethnopharmacology, 2017, 195
(1):222-230.

[6] CHEN X, NIE W, FAN S, et al. A polysaccharide from Sargas-
sumfusiforme, protects against immunosuppression in cyclo-
phosphamide-treated mice [J]. Carbohydr Polym, 2012, 90(2) .
1114-1119.

[7] WANG J, TONG X, LI P, et al. Immuno-enhancement effects

of ShenqiFuzheng Injection on cyclophosphamide-induced immu-

nosuppression in Balb/c mice [J]. J Ethnopharmacol, 2012, 139

(3):788-795.

[8] NOCERINO E, AMATO M, LZZO AA. The aphrodisiac and

[}

adaptogenic properties of ginseng. [J]. Fitoterapia, 2000, 71
(4):S1-S5.

[9] ZHOU SS, XU JD, ZHU H, et al. Simultaneous determination
of original, degraded ginsenosides and aglycones by ultra high
performance liquid chromatography coupled with quadrupole time
-of-flight mass spectrometry for quantitative evaluation of Du-
Shen-Tang. the decoction of ginseng. [J]. Molecules, 2014, 19
(4):4083-4104.

[10] T3, ##, TAR, % ASBH Rel LA HEAWH =Y
Rh1 X/ B9 52 40 I D RE 9 32w [J ). 25 22 2 4, 2002, 37
(12):927-929.

WANG Y, JIANG Y, WANG BX, et al. Effects of Ginsenoside
Rgl and its metabolite Rhl on the function of immunocyte in
mice[ J]. Acta Pharm Sin, 2002, 37(12):927-929.

[11] KIM DH. Metabolism of Ginsenosides to Bioactive Compounds
by Intestinal Microflora and Its Industrial Application[]J]. J
Ginseng Res, 2009, 33(3):165-176.

[12] LEE SH, HUR J, LEE EH. et al. Ginsenoside rbl modulates
level of monoamine neurotransmitters in mice frontal cortex and
cerebellum in response to immobilization stress. [ J]. Biomol T-
her, 2012, 20(5):482-486.

[13] MING K, LIU HH, XU J, et al. Quantitative evaluation of Ra-
dix Paeoniae Alba sulfur-fumigated with different durations and
purchased from herbal markets: Simultaneous determination of
twelve components belonging to three chemical types by im-
proved high performance liquid chromatography [J]. J Pharm
Biomed Anal, 2014, 98(10):424-433.

(3. EF)



