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Quality control over different processed products of Polygalae Radix
based on plant metabolomics
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Abstract: Objective Metabolomic analyses of crude, honey-stir-baked (HSB-), and liquorice-stir-boiled (LSB-) Polygalae Radix
(PR) by using plant metabolomic technology based on 'H-NMR and UPLC. Methods First, a series of metabolites were identified
directly from 'H-NMR spectra and UPLC chromatograms of the above three samples, twenty-one primary and eight secondary
metabolites were assigned. Then, the content of tenuifolin in the three samples were determined by UPLC. Results The results
showed that the chemical constituents in crude PR were obviously different from the processed two samples. Compared with
HSB-PR, the chemical constituents in another two samples were similar. The contents of amino acids, organic acid, and carbohydrates
changed greatly among the three samples. Compared with crude PR, the content of total saponins in HSB-PR was almost the same
but increased in LSB-PR. Meanwhile, the content of 3, 6’-disinapoylsucrose ester in crude PR was the highest, LSB-PR was the
second, and the lowest was in HSB-PR. At the same time, the contents of some secondary metabolites were different. Conclusion
From the metabonomic perspective, chemical constituents in crude, HSB-, and LSB-PR are very different, which shows that the
processing may change the medicinal properties so as to lead the various pharmacological activities.
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Table 1 Sample information

G EA kU5 KA 1]
1 ik i 2010.10
2 A BRI thipagE 8 2010.10
3 ik Ll e 4% 2010.11
4 ERUY iz & 2010.11
5 H Rz A RS 2010.11
6 H L HLT & g ¢ L 2010.11
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2.1 ET 'H-NMR RFHBEFREAR DR
2.1 FEALRIE REBRREURE AL 1,305 B3R % 200
mg B 10 mL BFE S0, 730000 3 mL 281K &
3mL HEE, I0@idisiis) 1 min, #8532 25 min,
L 3 500 r/min F 35 250 25 min, FHCEIEWR, W
WA T . BRI 400 pL AL EE S 400 pL 250
FEK (EMWESK: KHPOL T DO 1, L1
mol/L Jif S AL BN Y pH EZE 6.0, % 0.1%
TSP) %, LA 13 000 r/min &5.0» 10 min, FHL 600
ul B3 CT 5 mm B REE T, &
2.1.2 'H-NMR #llsE  FESAAE 25 C T 600 MHz
NMR 1 _EJE % 600.13 MHz), FHXECH
64, Mk wifEA 30 °C, ZEIRWE N 5.0 s; fHELN
FE AR MERT BRBON 0.3 Hzy MR JEglif™y Kg
BAEY R TF-3)) o T R & 7 514 noesypprld J7471,
PRI ARKAE 5 WARA TSPs LA BB .
213 T Z KSR MestReNova
(version 6.2.4, Mestrelab Research, Santiago de
Compostella, VGHEA) BEATALEL. DL 5 0.04 B0 B
S AR RS X TE] 6 0.48~10.0 HEAT 20 BERR 9y, Hob 6
4.70~5.02 (BRAR7KIE) Fl63.30~3.38 (hkap HIEE
) AFEATE Y o

B dEATIH— )5, KH SIMCA-P 11.0
(Umetrics, Hid) HAFIEAT B4 5347 (principal
component analysis, PCA) Flffix /355 43
M1 (partial leas squares discriminant analysis, PLS-
DA), ¥ I7h UV, IR, Hilhz
SEMEARI =), X ICAR X I AT ¢ K05, LA
T E M AR
2.2 £F UPLC RILEFR A D
221 Bk MSRGEHME AIEHEA Acquity
UPLC BEH C g4t (55 mmX2.1 mm, 1.7 pm), LA
T \FE A SR A ] LNE-0.03% =3 L1R
IR TAAIBR FELENE s IEAT IR 10 min, ¥
FREEFE R : 0~1.3 min (11 :89), 1.3~2.3 min
(11 :89~19 : 81), 2.3~3.0 min (19 : 81~27:
73), 3.0~4.0 min (27 : 73), 4.0~5.0 min (27 :
73~34:66), 5.0~6.0 min (34 : 66~40 : 60),
6.0~6.5 min (40 : 60~42 : 58), 6.5~7.5 min (42 :
58), 7.5~8.0 min (42 : 58~43 : 57), 8.0~9.0 min
(43 :57), 9.0~10.0 min (43 : 57~11 : 89); F:ifi
H3 40 C; B E A 0.50 mL/min; A% KA 318

nm; HEFEEA 1 uL.

222 PRSI BURES 1. 3. SHEREA 1 g K
Wi, BERIEXE D, I 50%TEE 10 mL, FRE
Tihe, A HEEN 40 min, FRAE TR, H 50% TR
SRR R, EE, vE. INERBEMH 0.22 um
ALEE R, RI1S.

223 RS RuEtEREEMRE B 1 (R
LK) BB, 1% “2.2.17 TN (k5
SEERE S IR, DA SAZ AR SR SO
PERR ST, 4% €2.2.17 TR (0 414 IAE 0 3.
6. 9. 12, 24 h A, DAEEHRENE: HEIx
FEA S0, % “2.2.27 TR Hl#& 7 154 R i i
W, 4% “2.2.17 UM AL ES Y. Big
45 M 1 B A B AT o0 A, A R AR W] (A I
AFDRT R B B T R o 0 AR A — 3, VAR R
B I [ AAF G TR ) RSD ¥)/8T- 3.0%, 1t Wiz
BRI R AR E e B R RO SRR
B P FAS I v ) R R A

2.2.4 UPLC VEMGE 43 DR 235 WA A it i
1 uL, 3N SRR A, e 5% 10 min (1) €
K, B,
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FHRG, WA TG RIEfR, s i R
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(Umetrics, Hidt) #KAFIAT PCA 0#T, AL Tr
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I 2 A
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UPLC BEH C ;g #f (55 mmX2.1 mm, 1.7 pm), A
e\ S R M AR, FHIE-0.03% =3 LR
IR (60 1 40) ARaNAHSERELENL, 1847 )4
6 min, FHilih 40 °C, AR EN 0.50 mL/min, 5
WP KR 210 nm, HEFER A 1 uL. FREESHRBIZ A
e 2 IR AR T 3 000

2.3.2 ORI RS SRR I s R
e, N EEEIE 5.0 mg/mL XSS S ik
S G R, N R RERRRE A 060 1,50 2.40. 3.00.
3.60. 4.50 mg/mL ¥ R YN S, 25 .
233 fHRS BRI HIET AR ARL 0.2
g, FEEFE, BEREHEMY, HEmMA 70%F
B 10 mL, FROEFUE, EALE (D)% 400 W, M
K40 kHz) 1h, 04, FMETE, H 70% F EAN
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SRV TR, FRAT, DRI, RS EEELIEYR S mL,
BB, 28T, 5REn 10%E A 10
mL, MBI 2 h, 804, HERRRUETY pH {HK 4~
5, H/KHMOFIR)IE T FEdR e i 3 ¥, 4K 10 mL,
HIFIE TR, ISR AT, R i H R i A
Wi, HBE SsmL T, MHRERZE, 75,

HIESH
234 AMESCREH  OREEDUIERE D BN

0.60. 1.50. 2.40. 3.00. 3.60. 4.50 mg/mL [{] &%
X SRV RS 1 pl, F% “2.3.17 TN (i 44 bR
I3HT, MDE IR DA AR AL M (YD X
BRSSO BEATLRIERA, 2R y=1X10°
X+58206, r=0.999 5, K4 M-8 25 2 AE 0.60~
4.50 mg/mL S RUE 2 R IR R,

235 KEEEE R ERES M KR 5.0
mg/mL (¥4 & 2 AF0 SRR 1 (i
) RS 1 pl, v EA UPLC (X, 1%
“2.3.1700 N SRS 5 IR, BRI E L,
RSD 2 1.72%;: HOZAE S S, 2301 04 2,
4. 6. 8. 10, 12, 24 h X HBAT /007, HHAaw
PE, e I AIE B 2R, RSD A 2.7%,
H s s BR— A& 5 4y, 1% “2.3.3”
TR 2 7 A B s, T2 2317 TRt
TSI IL AV, M v A g & e
] RSD 4 2.35%.

2.3.6 DRSS HOREG 1 (R 9 4y,
Bt 02 g, WEFRE, ¥Worh 3 U, A H RN
TN — 52 56 IR v i (gt ozt i 2 1 43 5l
13.02. 25.00. 39.98 mg), % “2.3.3” i~ Jy ikl
BAERSEI, 4% “2.3.17 T RO R AR E IF
Az B AT R, g5 RSP IR 5 0 N
100.6%-+ 99.2%- 99.7%, RSD 7354 1.7% 1.5%-
1.2%.

237 FEMIIE  CRART 1~6 $% “2.3.37 TN ik
A AR VAR, 4 “2.3.17 TR (i bR o2
3 #R
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Fig. 1

HEIANREYE S FEAN T 6 4.50~4.60 F1 6
7.34~8.00 P, [AIFEALT B-HIZHE (6 4.6, J =79
Hz); BEAb, 67.34~8.00 X 475X, HEHIA] fE
RS BN PN uwrsy KT
X2 A FR ) "H-NMR &5k AT 2546 %6 5
ILFRIAH 23 PPk &, o 21 BOARIZARE =4
CEIERIS. LRI, Wk 2) PP, 2
P IRBARE =M. 1%, 4 DT HERATFES O
6.5,6.84,2H, s) Al 4 NRAM T THS (56.49,d,
J=159Hz;06.47,d,J=159 Hz; 0 7.69,d,J =159
Hz; 0 7.77,d,J =159 Hz) iFW] 3, 6'- " JF F B Hp
B AFAEs R AE G rh R B TR R e g
U IR XU 555 0 5.68 (brs) Al ff1 AL
A5 5 5 0.75~1.96 (6 1.96, s, 3H; 6 1.50, s, 3H; 0
1.04, s, 3H; 6 0.97, s, 3H; § 0.83, s, 3H), {HiHT21F
KA REHEFT SRR, SRR E L, ik
AL AR, ok ToER = 4,
3.1.2 UPLC ¥k MK 2 nTFEH, @HEM. %
e H B R B UPLC (3 K () 22 57 2 4R h
WETHIAR b, H N RS RN, BB AN UPLC 5
KG, MAIHEATIN DR 85N ],
R Z ek [5] xR E M UPLC B 3
ke TR, HEFRIAH 8 Mk & (LI 3),
Hrp s 2R A9 onjisaponin A (I 26).
onjisaponin K (% 34) }% polagalasaponin XXXII
(& 30), BEEEASAL A 1. 3, 6/- 37 T B LA (1%
10). tenuifoliside A (U4 13). tenuifoliose T (&
18) J tenuifoliose H (U4 22), FINifi 1k &4
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®2 ERERBANRGEY 'H-NMR V38
Table2 'H-NMR assignments of major metabolites in crude PR

) Oy ) u
AR 0.98 (d, 6.5 Hz), 0.99 (d, 6.5 Hz) & R 6.54 (s)
HEA R 1.00 (d, 7 Hz), 1.06 (d, 7 Hz) SHRIEAHIR  6.94 (d, 8.8 Hz), 7.92 (d, 8.8 Hz)
HRAR 1.33 (d, 6.5 Hz) R 8.48 (s)
WRR 1.48 (d, 7.2 Hz) JIE B 3.24(s)
B 2.15 (m), 2.45 (m) B 3.36 (s)
RAZE  2.81(dd, 16.9, 8.0 Hz), 2.95 (dd, 16.9, 4.0 Hz) | -k 4.16 (d, 8 Hz)
it 1.93 (s) o] 25 B 5.2 (d, 3.7 Hz)
BRI 2.52(s) b 5.4 (3.7 Hz)
y-BETHR 3(1),23(t 7.2 Hz) JHRnEENS 8.22 (s), 8.27 (s)
AR 4.38 (s) Bk 5.68 (brs, H-12), 0.75~1.93 (s, 3H)
P vy 6.29 (s) 3,6-"JFTlE 6.5,6.84(s), 6.49 (d, 15.9 Hz), 6.47 (d, 15.9 Hz),
IR 6.41 (d, 16 Hz), 7.55 (d, 16 Hz) S 7.69 (d, 15.9 Hz), 7.77 (d, 15.9 Hz)

polygalaxanthone IV (I 15),
32 BRGSO

I T X 1 2 AT EDRAMT, WO A L B

L ol B B CH BRI R 1Y) "H-NMR [ 31 UPLC 4 3% A

- il HUH}U“‘U\@(‘U\«,A,”\th ,W,Jr)‘r/"JJ““‘\/\/L ¢ fﬁ%’ CP; DIJ = j%LE/J UPLC é%‘ﬁ@ f%[é]ajﬂj‘ ]Eﬂ
. | | S0 | | oo 3-3375.50 min CHETEERTE | REHIE K SRR R 45 X

¢/ min ﬁ6m~mmmnuﬁﬁnﬁﬁ6%ﬂ$ﬁ,ﬂm

2 mEE (). BEE B BHSHEE © 8 COUETEIREINN, AR, R T

UPLC &i[E E%/T&Fﬁﬁ]‘ﬁ%
Fig.2 UPLC chromatograms of crude PR (A), 32.1 'H-NMR R =08 R “2.1.37 TR
HSB-PR (B), and LSB-PR (C) NI A B A H B TH-NMR S R T 4

10.00

3 HIE UPLC &iIEE
Fig.3 UPLC chromatogram of crude PR

EAbs, 193] 228 N, FEACA 34l (4IFER  FAURERRA, RUIMIHIX — e E Rl & 1
Bon=9), FFEIHFE 27X228, XHBAT PCA 4 R WALE THENE, B LUEE, ®Eiaks
Mo B 4 haGE . Bl L HERS =% "B W SRawenIt, MoEE, BmLE
NMR () PCA /AU B nTUUEH, Ak S IARIE, RUE S H S e 4l b
LA BT, SRR R e B R E . FIR, SRR A, R



° 1732 -

¢ %% Chinese Traditional and Herbal Drugs

F43% FoH 201249 A

|

=nd
/ . T :]cj

S S
o~
Rt

PC2 (22.4%)
I
e ®
///\\\
L |
.

| |
e
I )

|
/
\

-06 -04 -02 0 0.2 0.4 0.6
PC1 (30.2%)
4 £TE (. ETE (b) REEFZE (o)
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Fig. 4 Scatter plot of PCA analysis on crude PR (a),
HSB-PR (b), and LSB-PR (c)

d A S S A, O S AT L, TR
WHER A E T A&, 2 227 8.
(1) £, Bk 'H-NMR S22 20 i
“3.2.17 TR S, AR S B AR 4L R
[l XFwi AT EE— 2 PCA 20HT, B FE N
18 X228, [ 5 bt i 55 %t & "H-NMR &3 PCA
OIMTI B S AT . W 5-A ATR Y, Ak
LB ARV PC W 4y T, R E =
SN, A 272 1l o 2 S8R o AR 8 1 (] 5-B)
Xof 22 AR A HEATHR I, 5 R A A
HIR NER. NER. AR BER. IR, v-
FIET W WA, DKE. TR, &9%. M

06{ ————— a
0.4 /// T~ P
— 1 - -
S 024 / - . \
a8 o0 e |
£ 02 \ o //
—0.4 \ . /
] e
_067 T T T T T T T T T T T T T T T T T
09 06 03 0 03 0.6 0.9
PC1 (59.3%)
03]
0.2 1
O 0.1 4
&
O 4
11
12
0.1 | 23
5 10118
9.66 7.66 5.66 3.26 1.26
P)

5 HmE (a) 5EIEE (b) 'H-NMR EiE
PCA D HTHIBLEE (A) FAFTTE (B)
Fig. 5 PCA analysis scatter plot (A) and loading plot (B) in
"H-NMR spectra of crude PR (a) and HSB-PR (b)

il R oA AR BRIERS K 3, 60T T
BEECRRNE . 0 LAY ¢ WG, kil A B
PEZE SRR, SRR 3. ATLLEH, S
G EATEE, RS o- AR . TR 1 B BT
TR W AR R 1 = R, #R
A2 (P<0.01),
(2) . H B "H-NMR Q4 2 5 04t
S A SR H BB & TH-NMR ESHT PCA
N, BARFERE R 18X228. B 6 Ml S H
£3 HRFMELE 'H-NMR B o B4
£ SRR ST LR
Table 3 Relative peak areas of significantly different

metabolites in "H-NMR spectra
of crude PR and HSB-PR

X A o} U T AR
R4 — — Akt dA
R 7.4740.47 532+1.75" |
W& R 4.76+0.24 3.28+0.79" |
R 0.0274+0.0034 0.076+0.031" 1
P 13.3040.54 10.91+1.41" |
o-FZ%RE 0.60+£0.256 3.50+1.33" t
TR 18.6740.955 14.774+2.00" |
A A TP<0.01
P <0.01 vs crude PR
0.6: A T =a
041 // \\- C
S 02 .- ‘e,
4 0 : .
O -02; . L
=9 4 = .
—0.4 \
—0.6 —

0.6 -04 -02 0
PCI (52.8%)

PC1

9.66 7.66 5.66 3.26 1.26

0
E6 4iZE (a) SHEHLZE (o) '"H-NMR Eig
PCA 2 HTHIBLSE (A) FIHRETE (B)

Fig. 6 PCA analysis scatter plot (A) and loading plot (B) in
"H-NMR spectra of crude PR (a) and LSB-PR (c)
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I & TH-NMR i PCA 23 HT B8 B A0 28 i ]
K 6-A KW, PCI A i H sl & ) 52y
I, U AR 2 5. IRIE IR 6-B X %
FHARET AT RR N, 13 3L 2 Rt R b e R
BER. NER. BER. R, IR, -2
TR WAKR. DKIR. &SR RbE. a-fi%pE.
R, RIS K 3, 6'- IF T ISR . 6 T AR
BT ¢ A5G, W 2 AR K T L LR 4
ALAE, SEREME, HEdhieEhaamy
WARKEET S, AR, AR, JRHIR.
BRI SRR, HRER. N,
AR SREAREEER (P<0.05), 7%
P2 BRI R A A 22 5 (P<<0.0D).

®4 EREMHESZE H-NMR Bighips 2 &%
Z SRR E X IEE R EL R
Table 4 Relative peak areas of significantly different
metabolites in '"H-NMR spectra
of crude PR and LSB-PR

ERS L ETRA

R4 — — A
A3 HE &
SERIR 2.06+0.88 3.33+0.91° t
TR 7.47+£0.47 5.60+1.10" |
S 4.76+0.24 3.89+0.75" |
BRI 1.87+0.25 0.74+0.25" |
WA 12 1.16£0.31 2.08+0.78" t
=R 0.62+0.18 0.40+0.19° |
TR 18.6740.955 15.03+£2.30™ |

S EM L TP<0.05 TP<0.01
'P<0.01 "P<0.01vs crude PR

(3) %l HEHIE "TH-NMR A4 2 555
e A 4 #5350, PCA 204 ik p R i i 55 4
W A2 50 FF AR P R ) 2 1) W8 58 42 00 I
DR b st 28 32 7 AT H B A0 A5 1 TH-NMIR [ 32 A 7 gk
—3¥ PLS-DA 7r#fr, H¥aHikEh 18X228. # 7 4
Wt HH AT E "H-NMR K% PLS-DA 4 #7111
BB AEATE . WK 7-A WA H, HaE S HE
HilizE &9 PCL s a2 JF, I PIE AR 41 A7 7E
ZESt, WA HPIARR. 454 PLS-DA 43T %
Wi (7-B), RHWF SRR SRR
WRIR. HEAR. NER. L. AR, KR,
WM RBE . o- R AR R o 6 2 ek g e
TR IEAT ¢« 1050, Z2HRNE 5. TUEH, 5

061 A

0.41 / ] . . \

s
5 0.2 / - \
= / .
= 0* A b /
S -0 27 A - /
= 041 N e

*0.6: \¥,//

T T T T T T T T
-0.4 -0.2 0 0.2 0.4

PC1 (35.9%)

PC1

9.66 7.66 5.66 3.26 1.26
0
7 EiEE (b)) SHEHIEE (o) '"H-NMR Eif
PLS-DA S RIEAE (A) FHFTE (B)
Fig.7 PCA-DA analysis scatter plot (A) and loading plot (B)
in "H-NMR spectra of HSB-PR (b) and LSB-PR (c¢)

x5 EEEMHEFZE 'H-NMR B hE85 Rt
ZSFRG P R X IE TR AR
Table 5 Relative peak areas of significantly different
metabolites in "H-NMR spectra
of HSB-PR and LSB-PR

X A g T A
R — — AL A
Eixk H i &
F R 0.076+0.031  0.034+0.012" |
o-HZAHE  3.33+0.67 1.66+0.67" |

HEmEmLt: " P<0.01
“P<0.01 vs HSB-PR

SEE AT L, H R e 2 R R o 2 B 11 R
WG, HEAWEFEZER (P<0.01).
3.2.2 UPLC R8T 4R “2.2.57 TR Xt
AR B CH R UPLC Bl B 2R, 13
34 MR, FEALCR 3 41 CRE4IREN B n=6), 135
PiHiBE 18 X34, XILFAT PCA 8. Kl 8 NAic
AL B SR & UPLC @i K1) PCA 8T
B, aTLUEH, B, B E S H R &
SHHEST, SR A —E R, U
B A 8 7 5 M S 2 A 2 LR AP A — e 22 5, A
FF AN i) (R Ly 90 A 3 e 2 2 I X AR AR T
(1) A=, EuedE UPLC ARz Sorbr 04
&S &N UPLC (i EI3HT PCA 43#T, %L
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PEARE 12X 34, [ 9 /IS Eim ik UPLC (4
W PCA 73 I HOU I A3 . 181 9-A &1, A=
25 HO SN PCL AW B2 JT, —F AR 41W] 2
AW, AsER ZE R . R 9-B dEAT AT, #3
A S S IS AR O 3, 6- T T
Bl tenuifoliside A+ tenuifoliose I+ tenuifoliose H+
polygalaxanthone IV . polagalasaponin XXXII .

onjisaponin A I onjisaponin K. X LU AT ¢ 46
5, R BEVEEA Y (R 6. FTUEN, 5
At BEAH L, B B tenuifoliose 15 onjisaponin A

1 T
0.61 B —
0.41 - R N

-

021 / s, \\
O’ .

02 \ T ) /

~0.41 \ g

—0.61 T

PC2 (15.4%)

-12  -08 04 0 04 08 12
PC1 (57.9%)

8 HEILE (a). BZE (b) REHEFEE ()
UPLC &iZEH PCA Hi# = E
Fig. 8 PCA analysis scatter plot in UPLC of crude
PR (a), HSB-PR (b), and LSB-PR (c)

03 A | T}
0.2 ~ .
0.1 / “ " .

o .

\\\
o -

PC2 (11.0%)

09 06 -03 0 03 06 09
PCI (80.1%)

PC1

t/ min

1=2.76,3.39, 3.65, 3.70, 3.81, 3.88, 3.92, 4.00, 4.06, 4.11, 4.25, 4.40,
4.51, 4.66, 4.84, 491, 5.00, 5.09, 5.20, 5.47, 5.63, 5.69, 6.30, 6.82,
7.03,7.09,7.14,7.20, 7.31, 7.39, 7.45, 7.52, 7.65, 7.81 min

9 HEE (a) SEZE (b) UPLC EiE PCA
PTHIELSRE (A) FIETETE (B)
Fig. 9 PCA analysis scatter plot (A) and loading plot (B)
in UPLC of crude PR (a) and HSB-PR (b)

*6 HIREMEITE UPLC BiEEFHSBEM
E SRR XTI E R LA
Table 6 Relative peak areas of significantly different
metabolites in UPLC of crude PR and HSB-PR

R - Wﬂ%ﬁ% — AR AR
A3 7 ok

3,6- I TEEEE 340.01+£6.91 27511+ 2227 |

BT
tenuifoliside A~ 32.22+4.31 2537+ 0.52° |
polygalaxanthone 82.43+231 57.06% 2.45" |

1\
tenuifoliose I 34324330 46.11+10.16" t
tenuifoliose H 7.10£0.50  3.57+ 0.56" |
onjisaponin A 2524038 337+ 0157 t

A pi A : TP<<0.05 TP<0.01
"P<0.05 "P<0.01vs crude PR

ke ETF, 3, 6"-—JF FIAERRNE . tenuifoliside A
polygalaxanthone IV % tenuifoliose H [ &  [# .
H tenuifoliside A R EE 2R (P<0.05), 3,6'-
IV FIESERERS L polygalaxanthone IV« tenuifoliose 1.
tenuifoliose H Fll onjisaponin A F A i 3 1 72 5
(P<<0.01),

()4 H il & UPLC ARt 2= o br - X
i A R S UPLC (% KET PCA 4347,
BARABE R 12X34, B 10 A& H s flz &
UPLC {435 & PCA Z3H7 (1 50 B A48 181 18] 10-A
SR, ARSI S PCL Al 42T, M
BAC AP 2 e, A A AN 455 10-B,
AN ZE S AR 4 A polygalaxanthone TV 3, 6'-
TIFFIEFEENEDS . tenuifoliside A. polagalasaponin
XXXII. tenuifoliose I. tenuifoliose H. onjisaponin A
Al onjisaponin Ko XfHWEHIGEAT ¢ 1056, 45K W
* 7. GRERW], HAEME, HRflie
tenuifoliose 1. polagalasaponin XXXII 1 onjisaponin
K & _ETFt, polygalaxanthone IV, 3, 6'- - FF F i &
Bl E A tenuifoliose H [ F U N % . H. tenuifoliose I
A1 onjisaponin K HA7 W& V% 7 (P<<0.05), 3,6
I EESEBENE . tenuifoliose H. polagalasaponin
XXXII FI polygalaxanthone IV HA M 35 M 7 5+
(P<<0.01)-

(3) &l HEHTE UPLC AU A 2 o0 i
MIE 8 W i, PCA 73 m] A 806 5 H il &
eI, PO # S H R & UPLC B
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0.8
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0.4 - \

0.2 . LA \
Ji
/

024 \
04l ¢ /

PC2 (16.4%)
(=]
pu

0.61 — _
0.8 i
. T T T T T

15 -10 -05 0 0.5 1.0 1.5
PCI (66.1%)

0.5
0.4 B
0.3
0.2
— 0.1
g o
-0.1
-0.2
—0.31
0410

t/ min

1=2.76,3.39, 3.65, 3.70, 3.81, 3.88, 3.92, 4.00, 4.06, 4.11, 4.25, 4.40,
4.51, 4.66, 4.84, 491, 5.00, 5.09, 5.20, 5.47, 5.63, 5.69, 6.30, 6.82,
7.03,7.09,7.14,7.20, 7.31,7.39, 7.45, 7.52, 7.65, 7.81 min

10 %=E (a) SHERIEZEE (¢) UPLC Elif PCA
DHTHELSRE (A) FIETETE (B)
Fig. 10 PCA analysis scatter plot (A) and loading plot (B)
in UPLC of crude PR (a) and LSB-PR (¢)

*7 ERFMEEFTE UPLC BIEEHEHBSBEH
ZSFRG P R X IE T R AR
Table 7 Relative peak areas of significantly different
metabolites in UPLC of crude PR and LSB-PR

S UEE T AR
i L Ao
fid MR

3, 6" FIEIL 340.01+6.91 255.11+£27.227 )
W g

polygalaxanthone 324.3+12.3 210.6+24.5" '
v

tenuifoliose I 4324085 6.21%0.16" t

tenuifoliose H 8.30£0.20 47.17£0.56" |

polagalasaponin ~ 1.14%£0.76  7.45+0.71" t
XXXII

onjisaponin K 2424006 3.17+0.59" t

HagsEmtt: 'P<0.05 TP<0.01
*P<0.05 "P<0.01 vs crude PR

HEAT 2 7081 3 M, <3 $R PR s ot 1) £ 2% 1 o 22
S, BRSO 18 X228, & 11 b & & H ik
7% UPLC B PCA 43HT B HL S BRI 3T I
11-A BoR, #a&5 gz PCL Ml o
TF, LA AR AL AN, A2 ZE R ARK,

A 11-B - Hras A, 19 22 R - f
polygalaxanthone IV, polagalasaponin XXXII. 3, 6'-
TIOFTERIEMERE . tenuifoliside A, tenuifoliose 1.
tenuifoliose H. onjisaponin A F1 onjisaponin K. X} Z=
AR ) 0 (0 B I TR A EAT ¢ KA, SRR
8. iKW, HEwEHEML, HEHZE T
tenuifoliose I. 3, 6'- % T L IE M NG 09 & T & »
tenuifoliose H ({5 MR 3, 6'- 1 WL LM g 77 =
NHAHREEER (P<0.05), 1 tenuifoliose I
A tenuifoliose H M HATHY 2 2 1 2257+ (P<<0.001)-

0.8 —— .
0.6 ~ c
041 ™~
0.2

L/
-0.21 \ o .
041 o

-0.6 ~—

—0.8- — ——
-12 08 -04 0 04 08 12
PC1 (63.02%)

PC2 (19.32%)

PC1

t/ min

1=2.76,3.39, 3.65, 3.70, 3.81, 3.88, 3.92, 4.00, 4.06, 4.11, 4.25, 4.40,
4.51, 4.66, 4.84, 491, 5.00, 5.09, 5.20, 5.47, 5.63, 5.69, 6.30, 6.82,
7.03,7.09,7.14, 7.20, 7.31, 7.39, 7.45, 7.52, 7.65, 7.81 min

11 EiEE (b) SHESERE () UPLC B PCA
SHTHELSE (A) FIETETE (B)

PCA analysis scatter plot (A) and loading plot (B)
in UPLC HSB-PR (b) and LSB-PR (c)

Fig. 11

*8 EREMHERIZE UPLC BifEHII REH
SR P BB X IE E AR EL R
Table 8 Relative peak areas of significantly different
metabolites in UPLC of HSD-PR and LSB-PR

e AHX W THT AR AL,
ik Hefhgs  a
3, 6- " TR 2752142722 325.114+2.22" t
LU
tenuifoliose I 071+ 0.01 491+0.16™" t

4724+ 056 0.374+0.06™" |

HamEml: "P<0.05 P<0.001

"P<<0.05 "P<0.001 vs HSB-PR

tenuifoliose H
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33 AMEEEFHNE

WA i A H R “2.3.77 TR
JiiE, UPLC (B 12, JH%RIAE Y=
1X10° X+58 206 (+r=0.999 5) HATIFEL, RN,
® 9. gL, SAmEMt, kS H R
2 7 gl I 7R R B BT AR, I,
B0 A5 A I A R R S AR A A R A
B, R i H R g e
RSB S T, HREAHEEEZER (P<
0.01). i BH % X2t & R B i r HUE A K,
T H UL e o B 3 B

* A
I
I\
A S\
B
,MJ‘L, A * -

[ T I I T 1
0 1.00 2.00 3.00 4.00 5.00
t/ min
st ig e
*tenuifolin

12 AMEEEEXNRMA (A) FEZE B) B
UPLC &iZ[E

UPLC chromatograms of tenuifolin reference
substance (A) and crude PR (B)

Fig. 12

RI EZE. EXEREBEFITEPHAMHITEEER
RENHRETRES =3)
Table 9 Content and changes of tenuifolin in crude PR,
HSB-PR, and LSB-PR (n=3)

Gy o s / RSD/ Ak
% % AR
1 AEmdE g 2.63 1.00
2 miE (% ED 2.61 1.03
30 EimE GEgo 2.58 1.20 |
4 EE (HHD 2.56 1.15 |
5 HEEREZEE OFrg 3.67" 0.95 t
6  HERZmE (FE 3.63" 0.96 t

LHaEgmEML: TP<0.01
P <0.01 vs crude PR

gr bpmik, HAEwmEMt, Hinh R et
JUPANAR , 2 BRI 0I5 2 TR M DA R 1) 6 I
AR IR BN BHRAS) o~ 24 X 5 T
i SR SRR R BEERSRA S 3, 6'-
TIEFEMETE . tenuifoliose A FI1 tenuifoliose H H & T

W%, tenuifoliose 1 HIHATPT LTI MOWEEIZRAL 54
polygalaxanthone IV [F)& ~FE, HEfili & s g
TRV BT, 2RI R 2 A 2 R I
S, SRR EA TS AR AR
g ETE BRI S W GIRE N RSSO &
FRAR ;s WERE R &8 3, 6'- - JF 7 Ik 55 b g A
tenuifoliose H )& F %, tenuifoliose I [ _FFt; b
Il i 25 46 54 polygalaxanthone IV & A T Tt
A A S SR H R A A A A —
JEFETE, WHBUTAARKANE, Ui W20 2544
(R R=35'% Wit ey ES - A1

TAh, HEEEML, HERT SRRk
(e VR, 3, 6/- T T IEALRE TR L tenuifoliose
RIS, B a-fZ0E. tenuifoliose H [
T GO 17 R 8 S & B B R AR 29 sy €2
2T, PEoRANRMI T 0o0] AR b A 4 1) 2
A PN 6
4 HER5WE

ZE M7 VR AR T A AT, AR R
ALl HRRIIN B2 BRI
NN S A B o A AR R PR AL, R
“EFHMIM 7 2 3, IR B R AR 1
Ko (B AME YRR £, AHEGE 167,
NI HF RS PR TR . R, AEmEIRA R
2) WAWEH 24 U4 N Bl A A
i CE IR AR AL A Py s, B ST S 72 8 IR
I3 TE I SR Ak 27 SR

R, 2 AT U8 2 O R AR
Yo BRI A I F B ), AR
RS B S AR A 2 B Ve 3 R
AT, [ R RAR R MR A 3, 6 F Tk
BV 20 AP TIIAR ) L B Y, R
Wn] e 5 A BT R R A 2 VIO, 17 e
P EVE EE PSR RS LY, H
£ % polygalaxanthone IV P3G EIFFTE > o AT
2 B B R Tz A b R 2R R R A B AN
K, BEBEZE 3, 6'- = FF 1 Ik 55 W I8 1 0G 1 i 24
polygalaxanthone 1V JTE 700 FrBEA%; i H 5
DU 2 25 2 R i 2 143 polygalaxanthone
IV 50 R, BEERE 3, 6'- T T I pH R T
HEOHOUA PN R, AP A ZAE )
W HA @ B, 952U AN A 2 TR AE A I L
YN AIER, AT NI ST . ek
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KRB AR J GE 5 R Re 5%, R 2

LMY L —, Bet h ARt g & 7 4k

FRARIR, X =0 T A ROR U 2 4R MY

i, HArAm G RS B m . b, ik

bR SR I IR PR AE NAR B Btz

MR B T RE SR . H R iz A i

i) s L] LR b B i AT . T2 &

PR I Be 8 2 AR KB o i, A B AR B

A HE P A A R I AR D7, LA T S R

il s v BT 2 HRCER R 1
gr bk, Aimk. Eue M H Rl & A

B AR, L2 BEE M AT BE AN S AH [ .

Horp, A& 3, 6/- T MR LB IR T 0 B

fr, AR R ST R B s, XSS

HAANFRP 253G, [F 2 R 215 3, 6'-

OB R R o B S A AR, #A T T

B, HnTRe A A T b Gy, Pk =&

IS FH I T AR AR FH AN R 38 e 1, B i R AE

T LIETIRERY], P EREZAE, AFEK

53 B SR AT BT AN [F) R 2 BRGE A, [R) ) AL 27

£ UE B AR ) AT REAR AR 2 1 S 2. AN AET )

1 FEXT R0 A i S S REAT VR, AR S it o

FRAE TR
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