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Study on Transformation Rule of Saikosaponin a and Saikosaponin d
Under Different Extraction Conditions by UPLC-QTof-MS
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Abstract : The transformation rules of saikosaponin a and saikosaponin d under different extraction methods were studied
by ultra-performance liquid chromatography coupled with Quadrupole-time of flight mass spectrometry ( UPLC-QTof-
MS). A new UPLC-QTof-MS method was developed for profiling and quantification of the transformation products of sai-
kosaponin a and saikosaponin d under different extraction methods. Chromatographic separation was performed on an Ac-
quity UPLC BEH Cj4 column (2.1 mm x50 mm, 1.7 wm) with a mobile phase consisting of acetonitrile (A) and
0.01% formic acid in water ( B). The flow rate was kept constant at 0. 45 mL/min with a gradient elution. QTof-MS was
used as the detector. Twelve samples of Radix Bupleuri were individually extracted using 12 different extraction methods
and were then analyzed by UPLC-QTof-MS with negative ion mode. The transformation rule of saikosaponin a and saiko-
saponin d under different extraction methods were derived ;saikosaponin a and saikosaponin d were hydrolyzed into saiko-
saponin b, and saikosaponin b, under acidic condition at at room temperature. The glycosidic bond was hydrolyzed yiel-
ded to sapogenin under acid condition and being heated. Saikosaponin a and saikosaponin d were stable under neutral
and alkaline condition. The experimental results provided a refrence for extraction,separation and analysis of saikosapo-
nin a and saikosaponin d.
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Table 1  Different extraction conditions of saikosaponin a and
saikosaponin d
PEES A Extraction conditions
B2 >
No. ity gl
pH Temperature Solvent
1 5 30 C 7K
2 5 30 C T
3 5 100 C 7K
4 5 100 C ZBE
5 7 30 C 7K
6 7 30 C B
7 7 100 C 7K
8 7 100 C LB
9 10 30 C VS
10 10 30 C s
11 10 100 C 7K
12 10 100 “C i

1.4.2 #l&#A2

R PR E S 2B A (40 H)1.00 g, BT 50
mL BB G H0IA 25 mL S BUR, 5 594 fE SR
2 VO IEAR I, 25 P O D8, i /0 2 A
[l ORI e P I, 5 DB, ol e [T e 22, ke



718

KERT-PIBE S I R

Vol. 26

I T2l B e 709 i, 2 3 T 25 mL 2
L HEA) o AT 0,22 pum REFLUE BT 38, 75 X
PIUE , LD, WRAT P i R, 2 5 1 3 1 I
P ~12,

2 IGHER
2.1 BES SSa,SSd,SSh, \SSh, [Rik ZEME

SSa.,SSd ,SSb, \SSh, J& T [F] 7> A4, 76 4 53 Hr

ZMFF,SSa ,SSd \SSb, \SSb, B {4 B Bt al 43551k
6.56.10.37 8.26 6. 84 min X {8 5 (1) 50 B Vi £0, 1%
KIDLIE 15 ESL B 75 g8 TR, TR A EEA
AHIA] ) —2 BT , KL [ M-H + HCOOH |~ (m/z =
825.4635) ; ik EEAEE A 1A [ M-H |- (m/
2=779.4594) | [ M-H-Glc ]~ (m/z = 617. 4050) , [ M-
H-Gle-Fuc-]-(m/z =471. 3469 ) , SSb, #11 SSb, i~ H
[ M-H-Glc-Fuc-CH,OH ] ~(m/z =423.2360) ,,

65682547 ;ﬁﬁ
95 $Sa 6.62e4|
o (
&
| k e
&
5 : ; ; ; : : - : - : .
200 200 600 8.00 1000 1200 1400
82682545 )
5] SSb1 N 7.09e4|
d |
. mesel
- a2 ssb
5 > > ; T 5 G T ; = 5
2,00 400 600 800 10,00 1200 1400
10.37.625.46
957 Ssd 7.40e4
/ 2%
A
-5 T T T T T T T T
200 abo 500 8.00 1000 1200 1400
68482546
951 §Sb2 N 6.92¢4]
o oE
#] oy -
B R SSb2
5 : ; ; : ; : - : : : Time
200 400 6.00 800 1000 1200 14.00
=] > et it
B 1 XtEMm SSa,SSd.SSh, (SSh, WEAMKMAB FREIEE

Fig. 1

2.2 KEMAERBAENRBER a # d #y UPLC-
QTof-MS #F 3%

AR B IOT 2 S8 AR 1 ~ 12 ) UPLC-QTof-
MS a5 5] LA 2

B2 e 1 ~4 SRRk 451 T PR HL ) S A A
mn Y UPLC-MS 3% (8] py & R] 01, DOt 24 R A
I SR 2 a (PR B IFIR] S 6. 56 min) (d () B I
[ 4 10.37 min) , 7EH WFRPE &M N EEIUGFE S 1
A2 PRGN S S A b, (PR B E] 2 8. 26 min)
ST by (PREF Al 6. 84 min) o LLIZK A ¥
IR A ] S A B BB A 3, SRl R
a.d. by b, BAKGIH FE RS T S B R AR TR
IK A 5 LA SRRV , hm 8 o 04 [ 3 i BP9 A oy 4
Hhv RGN 30 5 2 9 43 1A 0 T TN B R I (/2
517.3536) ,

B2 i 5 ~ 8 gk 451 T SR HUAY SE B A
wn Y UPLC-MS a3 K], | AT 0, DO 3

Chemical structures and total ion chromatograms of SSa,SSd,SSbh, ,SSh, standards

SR a d A o AR R I AR ORI A
FEMCAREND 5,68 Al B SE W] R AT a d O KA Al
or, AR TCEEW AT by Kt A /DR SEHRAT b, K
o mRRAR 6 FF/NEESEHI T by BAS HiHE 5]
A2y A D RS AT byo AKINERAR B FE
a7 FPSETIERA SEHI AT a d KA, A B
RSB RH by Kt 0 AL BGRAY pH (B 1
B ek (pH =4) , il TR A 15 73 S ] s 4
d IR AT IR LS b,

B2 iR O ~ 12 DB 25 1F T BRI SR
A ) UPLC-MS a3 [, ey [T a] A0, DU i b S
A ad PO RE T, ORI REF by A PO
FEAR A /NS by Ko A B AT LA il
SRR ad BIKIEITIR,

X1~ 12 S A i G BT #E AT Y, LA SSa SSd,
SSb, S8, AT K W (100% ) 73533 TS AHXT
i, B3 0 1~ 12 SRRRLSEIEH a b, XS



Vol. 26 B B4 UPLC-QTof-MS I A [FHR U AF T 56 A a MSENRAT d iRl 719

1
- B Lo
5 82546 . 2.07e4
- T T T T T T A T A T T T T T T
200 4,00 6.00 8.00 10.00 12.00 14.00
2
824
6.80
9% 8547\, ﬁ 825.46 1.31e5
5
"200 0 400 @ 600 800 1000 1200 = 14.00
3
953 \
<Y 1.26e3
- T A_l T IA A > T 2 T T T T T T
200 400 6.00 8.00 10.00 12.00 14.00
4
952
» " 429
- T T “l“ % T = ko, T IA T T T dus U T T
200 4.00 6.00 8.00 10.00 12.00 14.00
5
653
953 10.34
825467 82546 ;
[ I ol b o X 1 W
200 4,00 6.00 8.00 10.00 12.00 14.00
6
05 6.50 10.35
3 825446“ 826.46 825.46'[\ 1.06e5
- T T T T L T T T T T U Ll T
200 400 6.00 8.00 10.00 12.00 14.00
7
653 823
953 6.79 10.34
& 8\25-457Urm_46 32546 825.46 7.96e4
-
200 400 | 600 800 | 1000 | 1200 1400
8
05 653 1035 ]
5 &5.46'[\ 825.46 azs.as'h 1.21e5)
- T T T T T T T T T T T T T
200 4.00 6.00 8.00 10.00 12.00 14.00
9
] Bgﬁs'n 82547 353475‘[\ 9.5504
-5 7 7 T T 7 T 7 T 7 T T T 7
2,00 4.00 6.00 8.00 10.00 12.00 14.00
10
933 ag'ss is 825.46 812%34% 10'6}5 1.04e5
- E— |V ) b R
200 4,00 6.00 8.00 10.00 12,00 14.00
1
656 _ 684
953 10.37
825477\ 825.47
f§ 'n 8 825.45, 1.01e5]
: ; ; : ; : : : : : r : 7
2,00 4.00 6.00 8.00 10.00 12.00 14.00
12
2 655 684 10.38
4 825467\ 825.46 825477\ 1.09e5
-9 T T T T T T T T T T T T U Time
200 4.00 6.00 8.00 10.00 12.00 14.00

B2 RS ~12 UKL 825.46 +0. 1Da RN E FiR it E
Fig. 2 Extracted ion chromatograms (825.46 +0. 1Da) of samplel-12

K4 o 1-12 SRERLSEHIE T d b, MR &4,

12
1.0

0.8 /\/.

0. - SSa
0.4 d -= SSh,

Btk

3 Hm 12 SEHER b, BXESE

Fig. 3 Relative contents of saikosaponin a,b, of sample 1-12

34
o

B4 #ml-~12SEHEH D, BNESE

Fig. 4 Relative contents of saikosaponin d,b, of sample 1-12

3 it

SR SR AN MSCAR 58 B TG SR AR AL, 15 GRS S
LI RE S S AMEI 4% , A HT 210 nm AR A
W ARAEAE MR 5 A T IR 2 e L, A
WFFEEedE CATI ] B (Q-Tof) VR AG I At , Mtk 1
DAL TR, [N a) L25 A 7R B ) 204, A7 1
TR W F A Y BRERFOAR AT o A0 S 36 3 2ok
FURRIE S 1 00 s 1 PR, e B o T i
WA AR I T 1E B 1A X, R A e R R A
3o TR R ROBOAH 2R SR LU AR G 00 e S8R R S RE
BE BAR LTI ], s R

ABFFERWITERR R S5 A F R U, S8 1 a FISEW]
R d el FRI SR a Fe o S
by SEWIRT d Fe ALy by s It 5B A a Al



720 KERT-PIBE S I R

Vol. 26

SRR d KRR EERROK A o R PR RR AR
WS, S a d FERRARE , (E UK A 45 790 T 44
I, SR d Fetb o Sew] A by o 7RSSR AR F
SN a FISENIRA d LS E  (H YR
AT B/ N RO SERT SR AT b, R (EORAT SE R
by, UiHSEI R b, nl fEJE S0 rh ARAFAE I

AT T KVER RN BUSE HII, SE 1 B a d AR
JE , I ELREA BT[] O RE R, SE R a d 2Z
IKAEIFIRE S EAY by by o S5 2RIk
AR FLIR, PR 1k , St i 70 o 4 ol ) i o 5 L 5
WA a d VAR ARES 2B . SENTRIR Y i
HEERE 5 ESEEAY a d b, b, BRI

S 30k

1 Chinese Pharmacopoeia Commission ( [E Z¢ 2 #iL 25 b1 £%).
Pharmacopoeia of the People’ s Republic of China ( H14E A
& 3L F0 [® 24 i) . Beijing: China Medical Science Press,
2010. Vol 1,263-264.

2 Bao Y,Li C,Shen H,et al. Determination of saikosaponin de-

rivatives in Radix bupleuri and in pharmaceuticals of the chi-
nese multiherb remedy xiaochaihu-tang using liquid chroma-
tographic tandem mass spectrometry. Anal Chem,2004,76 .
4208-4216.

Liu MX(XJ#H7) , Wu ZP(RIFF) , Yang CD(B AR ) et
al. Study on saikosaponin A and D in a Chinese traditional
medicine by LC/MS. J Chin Mass Spectro Soc ( Jiii&2#4%) ,
2000,21.:77-78.

Shimizu K, Amagaya S, Ogihara Y. Structural transformation
of saikosaponins by gastric juice and intestinal flora. J Phar-
macobiodyn ;1985 ,8 .718-725.

Huang S(¥#i1) ,Ma M( 525 ) , Huang QQ (B 1) ,et al.
— WU VP () A0 2 S 245 6F v 3 b AT (Y 3% 4k Lish-
izhen Med Mater Med Res (% [ % [# 24 ) ,2010,4 . 838-
840.

Fu Y(f58i) ,Zhu ZJ (R 5%) ,Huang S(#51) et al. De-
termination of five saikosaponins in Bupleurum yinchowense
by HPLC. Nat Prod Res Dev( KIRF=#i5¢ 597 % ) ,2011,
3.494-497.

(L% 649 )

3 Liu XL(XJ/’MK) , Cheng CR (222 ) ,Cao W ( E 1) , et
al. Advances in studies on pharmacological effecta of Huper-
zia serrata and clinical application. Her Med ( 5% S 4jt) ,
2006,2(25) :90-95.

4 Zeng FX (R ) Jiang HL(HAE R ) , Yang YS (4 %
#1) ,et al. Progress in synthesis and structural modification
of Huperzine A. Proc Chem (fL23ERE) ,2000,12:63-76.

5 Chen WP( & ), Yang FQ (4% #7 k). Asymmetric total
synthesis of optically active Huperzine A. China J Med Chem
(2P fA ek ) ,1995,5:10-17.

6 Yu HY(ARZL3E) ,Sun YM(FMEH]) , Yang YI(HER#E ).
Advances in studies on Huperzia Serrata. Chin Tradit Herb
Drugs( 1 %24)2001,32.279-281.

7 Ma XQ, Gang DR. In vitro production of Huperzine A, a
promising drug candidate for Alzheimers’ s disease. Phyto-
chemistry ,2008 ,69 :2022-2028.

8 Tu YS(I#Z:7 ). Rapid Mass Propagation Techniques of E-
conomic Plants ( £85I 4) RANAE PR Z 5 4% K ) . Beijing:
Chemical Industry Press,2009.281-282.

9 Tu YS(IEZ7) ,Jiang HR(VLELAN) , Wang BQ( F283E).
Cultures of callus and cell suspension of Sarcandra Glabra

for the production of medicinal component. Nat Prod Res Dev

(K= TE 5T 4) ,1995,7:3541.

10

12

14

15

Wang J( FI8) ,Wu W( Z4F) ,Pan SLOHEEAF]) . Determi-
nation of huperzine A in six plants of Huperziaceae. Chin Tra-
dit Herb Drugs( " ¥24) ,2003,34 :607-608.

Zhou HH (JEIN4E) ,Jia XS(B{ZEH:) ,Gao YM(EZHH) et
al. Determination of Huperzine A in Huperzia crispate Ching
by TLC scanning. J Chin Med Mat( #2444 ) ,2008,31(2) .
235-237.

Wang S ( £ t), Wang M ( E 7£ ). Determination of Hu-
perzine A in three species of Huperzia Berm. by HPLC. J
Shangluo Univ( T %24 Be2FH) ,2012,26(2) :3841.

Shen XX (W) , Yu XP( AT/ ) , Sheng SJ( B HE)

Research on tissue culture technology for Huperzia Serrata.

China J Chin Mater Med ( 7 [E A 24§ 2% i) , 2002 ,27 . 458-
459.

Zhou Y(J&3#i) ,Liu X(X &) ,Li KG(Z=FEHI) , et al. Tis-
sue culture of Huperzia Serrata. J Jishou Univ,Nat Sci( 751
oA FIRHID) 1200930 (2) 90- 93,

Yang XF(#T €) , Luo JP (% ZF) , Wang Y ( EHE).

Studies on culture and sterilization method of Huperzia Serra-
ta. J Anhui Agri Sci (‘%R Bl 2%2) , 2008, 36 . 4947-
4948.

Sun YQ(FhE5E) , Tong JX(FEHHT ) , Ruan SLPLiask) ,
et al. Research on explants of Huperzia Serrata in culture. J
Hangzhou Agri Sci Tech (0 M 4. Bl £ ) , 2008 (4) : 10-
12.



