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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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IRAERZAE T, i H sl ez FE SN TR R F 44
P, R e A RS R e R 2 s
IIfi IR % fiff ] % 32 &% ( honey-stir-baked Polygalae
Radix, HSB-PR) I Hiifiliz & (liquorice-stir-boiled
Polygalae Radix, LSB-PR) M, ([EZjL) 2010
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Bruker 600 MHz Avance 11l NMR Spectrometer
(600.13 MHz JJt 7455, 4 [H A & 58 A ) 600 JE#%
5430 ), Waters Acquity UPLC H-Class (DAD 3l 2%,
Waters 7))o

H/K (Norell, LD, JiALHEE (99.8%, Merck,
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TERER T 2010 4F 10 AR A L vuH 28 Je 26 B
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AT AR R, A3 55000 117%. 100.7%.
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Table 1 Sample information
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1 A BRI L TE BT 4% 2010.10
2 Az iz & 2010.10
3 B L1V 4% 2010.11
4 ik g ¢ L 2010.11
5 H LT & L PG i 4% 2010.11
6 H BRI & iz & 2010.11
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2 FE
2.1 ETF 'H-NMR RRSHAF AR
2.1 FEATRE RESRRIURE AL 15325 B K& 200
mg & 10 mL BFEELOE T, 7000 3 mL ZE1K
3mL HEE, INEEderiEs] 1 min, # AR 25 min,
L 3 500 r/min ZE 320 25 min, BECEWEW, BIE
WRAFET o FRIF 400 uL JiAR FEE 55 400 pL 22
BEUK (EMEEUK: KHPOL T DO H, Ll
mol/L S ARE AL BB T pH HE 6.0, % 0.1%
TSP) #%f#, LA 13 000 r/min &0 10 min, F£HL 600
ul B35BT 5 mm B, &
2.1.2 'H-NMR I FELAE 25 “C FF 600 MHz
NMR ¢ EJsE (& 600.13 MHz), FH35XEC
64, Mk oifEh 30 °C, ZEIREEN 5.0 s; fHILN
MR YERT BN 0.3 Hzy MR, LR &g
BAER T30 o iR I € 7 51 24 noesypprld /751,
PR ARG 55 kR A TSP DA B .«
213 ot L EE SR MestReNova
(version 6.2.4, Mestrelab Research, Santiago de
Compostella, PUPEA) HEATAEE, LL§0.04 BBt
KL AT R X TH] 6 0.48~10.0 BEAT /0 Bef 4y, Horp 6
4.70~5.02 (FRAR7KIE) Fl63.30~3.38 (hkap HIEE
gD AHEATRUY

B B AT — 105, R SIMCA-P 11.0
(Umetrics, Higd) #AFREAT T 1 704 (principal
component analysis, PCA) Flfhifs /N —3fiLHH1 73
M1 (partial leas squares discriminant analysis, PLS-
DA), MLk UV. iREEHT R, 2z
SHARET A, LA W T RLEAT ¢ A050, DA
FHEEZE R,
2.2 £F UPLC KBILEZR RS
221 EFMSREEHME A Acquity
UPLC BEH Cjg#t (55 mmX2.1 mm, 1.7 pm), A
T\ B SRR R ) 4JE-0.03% =R LR
I A T AABR BEVERL: IZAT IR A 10 min, ¥
JREREE W 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), 5.0~6.0min (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); Filk
H 40 °C; AR R 0.50 mL/min; KK K 318

nm; FEFFEN 1 pL.

222 FEAEIE EURES 1. 3. S RIRB4 1 g, K
whkE, EAZEWE T, N 50%HEE 10 mL, FRE
i, AP 40 min, FREE, H 50% FEEER
JEICR I R, R, JER. ISR 0.22 um
AL R, RI1S.

223 Ry RuE M EEMIRE BN 1Ok
) MARRMER, 1% “2.2.17 TRk s EE
SRR 5 IR, LA ERZTVEIIRG B IO
BER SIS, % “2.2.17 TR i 4 4E 00 BIFE 0. 3.
6. 9. 12, 24 h JEFE, DABSHEAENE: &EH0X
FE& Sy, 1% “2.2.27 TRl 720 As A g
W, 3% “2.2.17 U RAERNILEE ., Bk
45 JUM S B A B A0 AT, A R AR A I
AEOS LR B IF ) FHAE R W TR AR S AR — 3, 25 D AFDOS £
B I} R ARG THI B ) RSD 3978 T 3.0%, 1t Bz
BRI TR AR M B RO IR R
2 SRS T v R R AT

2.2.4 UPLC VEMZE  Z3 70K 2 W A i i
1 pL, NG SR %A, A8 5% 10 min (1) 3%
K, RIf,

225 BN 6 UPLC {63 & rp & (0 1 53147
TR, W &l i (s i R, T i R s
HATH— AL . V9 —1k 5 2 R SIMCA-P11.0
(Umetrics, Fidt) AT PCA 401, FASiLTT
54 UV. M4l PCA TR, 4t e K0k, S48
= AR .

23 MR EEENEENE

2301 ISR EMSRGEEHME  BIEHES Acquity
UPLC BEH Cig £ (55 mmX2.1 mm, 1.7 um), DA
)b A R A S AR, T EE-0.03% — 9 &R
IKEFE (60 1 40) s BELEII, 1847 )
6 min, #iEA 40 °C, AFEN 0.50 mL/min,
M h 210 nm, HEFEERR 1 puL. B EEHRE LN
iz 2 T EAMIC T 3000,

232 NS IIEI R PRI A I s T
MR, A 5.0 mg/mL XSRS
WS &, 0 EERRE K 0.60 1,504 2.40. 3.00
3.60. 4.50 mg/mL [ R FIRF AL 25 .
233 (RS HIES ISR RL 0.2
g, Ki%RRE, BEHIEHIEHT, =M 70%H
BE 10 mL, FRE s, SRR (D)% 400 W, 4
# 40 kHz) 1h, B4, HFOEFE, I 70% R
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SRR IR, FEAT, DR, R EAE 5 mL,
BB, 2, 5N 10%E A B8 10
mL, MM 2 h, 804, HERRR VY pH (E K 4~
5, HZKAEFIRIE T iR REFE N 3 I, 45X 10 mL,
HIFIE T REW, PR, R N R
Wit HBE SmL =, MAERZIE, #45,
HIFEN

234 ZPERRFEL K EIUTEWRE 5500
0.60. 1.50. 2.40. 3.00. 3.60. 4.50 mg/mL [{] &%
X SRS 1 pl, F% “2.3.17 TN (il 4 HERE
Srir, MDEETA . DA AR AR A (YD) X5
B (X BEATLERDS, BRI y=1X10°
X+58206, r=0.999 5, KB4 izt E 2 FFAE 0.60~
4.50 mg/mL S WETARME 2 R IF MR R,

235 FEEE R EMESZ K REEIN 5.0
mg/mL [¥I41 78 7 20 BRI 1 (A
A BERMEIAS 1 opL, WA UPLC iy, 4%
231700 MRS AR SR 5 IR, B RIDEEE,
RSD 4 1.72%; HOZFE S W, 20T 0. 2.
4. 6. 8. 10, 12, 24 h XFILRHAT /b7, FHedlfae
PE, e IR g B S s, RSD A 2.7%,
H e s A —fbAe & 5 4, % “2.3.3”7
TR & ik & AR W, % “2.3.17 TR
WAL A, W R R
1) RSD 4 2.35%.

2.3.6  DIFEEISCRIREE  HORES 1 (B 9 4y,
Ry 0.2 g, KEEFRE, B53K 3 41, A D HIKE %
TN — 52 T FROS U (2t e 3 2 4300 A
13.02. 25.00. 39.98 mg), % “2.3.3” Wi K 5 ikl
BAER S, 4% “2.3.17 TN (O S i IE
Az 2T R meR, g5 8 R s
100.6%-+ 99.2%. 99.7%, RSD 7354 1.7%. 1.5%-
1.2%.

2.3.7 FEWIE KRS 1~6 $% “2.3.37 TR 5k
AR SRR, $22.3.17 TN O3 S EERED E
3 %

3.1 RiEIA

3.1.1 'H-NMR Zif%e  siEuk. ®iwdk A
BRI G K TH-NMR B3 T BT, R B
g2z (B Do g LW, H5AmEML,
#35 THANMR B3 2 A s 5 s b e
§3.21~4.59, 7RI 5| AMEE) 3 2R
&1, Hhs4.6(d,J=79Hz) K Bz, HIE

1 EZFE (A). BETE (B) RHERIZE (C) M
"H-NMR [
"H-NMR spectra of crude PR (A), HSB-PR (B),
and LSB-PR (C)

Fig. 1

HIANREWE S EENT 5 450~4.60 Al 6
7.34~8.00 N, [FIFEELE B-Hi%kE (5 4.6, J = 7.9
Hz); BEAb, 67.34~8.00 X 475X, HEHIW]AE
g H A (R B SR B A3 5 NG A L

o AR TE S HE ) "H-NMR &35 3617 45 5 % 5
ILFRIAH 23 M &4, Hor 21 FiOARIZARE 4
CRIEI . YRR, Lk 2 PP, 2
PO IRGACH =1 58, 4 N FEERRFES O
6.5,6.84,2H, s) fl 4 MRAMTFS (56.49,d,
J=159Hz;,0647,d,J=159Hz;67.69,d,J=159
Hz; 6 7.77, d, J = 15.9 Hz) iFW] 3, 6'- - FF - BE S hi
W AEAE) FIIE B b R BT = S A g
TP T15 5 6 5.68 (brs) Fl—41ff 2L
A% 5 5 0.75~1.96 (8 1.96, s, 3H; 6 1.50, s, 3H; 6
1.04,s, 3H; 0 0.97, s, 3H; 0 0.83, s, 3H), {H T 121
REFPEREEIT SRR, SRR NEL, ik
BN E LAY, I FER s e Y,
3.1.2 UPLC #5ih M 2 il EH, mEEMm. %
K T B SR U UPLC (a3 [ 22 5 2 7
WA B, H N RO RN, AN UPLC 5
KE, MHIFHFEATIN ORRARY” 8 AR,
Kb 2 Gk [S5] XA &1 UPLC B R4y
ke IEATRR A, JLERIAH 8 Bk &9 (LIE 3D,
HpP AL 45 22K A onjisaponin A (U4 26).
onjisaponin K (% 34) }% polagalasaponin XXXII
(& 30), HEEGRALAH: 3, 6/- - FF 1 B HL R g (U
10). tenuifoliside A (U& 13). tenuifoliose I (&
18) % tenuifoliose H (& 22), FIRGIEH 240 547
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£2 HEEEPHSRIGETY 'H-NMR AR
Table 2 'H-NMR assignments of major metabolites in crude PR
i) o i) o
SRR 0.98 (d, 6.5 Hz), 0.99 (d, 6.5 Hz) [T 6.54 (s)
AR IR 1.00 (d, 7 Hz), 1.06 (d, 7 Hz) SHERFERTER  6.94 (d, 8.8 Hz), 7.92 (d, 8.8 Hz)
AR 1.33 (d, 6.5 Hz) EENI7 8.48 (s)
WaR 1.48 (d, 7.2 Hz) JE A 3.24 (s)
HBRAM 2.15 (m), 2.45 (m) e 3.36 (s)
KRAZEM  2.81(dd, 16.9, 8.0 Hz), 2.95 (dd, 16.9, 4.0 Hz) | Hhk 4.16 (d, 8 Hz)
[ 1.93 (s) o1 A B 5.2(d, 3.7 Hz)
BRER 2.52 (s) TEEHE 5.4 (3.7 Hz)
2T 3,23, 7.2Hz) JURAEENS 8.22 (s), 8.27 (s)
AR 438 (s) Bk 5.68 (brs, H-12), 0.75~1.93 (s, 3H)
P L 6.29 (s) 3,6-FF Tt 6.5,6.84(s), 6.49 (d, 15.9 Hz), 6.47 (d, 15.9 Hz),
TR 6.41 (d, 16 Hz), 7.55 (d, 16 Hz) FEH T 7.69 (d, 15.9 Hz), 7.77 (d, 15.9 Hz)
polygalaxanthone IV (I 15),
32 ZRFEItSR
| T T R 1 2 HATELAMT, W R d
] o . B A BCH B & 1Y) "H-NMR &3 1 UPLC 53 A7
e bb“‘pﬂ;m‘h; }\’/1J\,A,v“\jvf o FEZE S, WEAE = UPLC ik, fp lﬁﬂ
0 | 00 | | oo 3-337=5.50 min CHYIEERTE | RERHNE K SEREE R & X
¢/ min ﬁ6WNMMMnQ:[DDﬁE%ﬂKH,.%
2 EEE ). BEE B BESHES © 8 CIEETEICAIN, AR, W T
UPLC &itE 7 e AR )
Fig. 2 UPLC chromatograms of crude PR (A), 3.2.1 'H-NMR R AR “2.1.37 BUR

HSB-PR (B), and LSB-PR (C)

10

RPZE G BB H O TH-NMR BT

10.00

3 4EiE UPLC &L
Fig. 3 UPLC chromatogram of crude PR

Paabs, 133 228 NMARHE, HEahh 3 4l (AR
Bon=9), FEHEMFE 27X228, XJHHEIT PCA 4>
Wro & 4 @G dh . &l M H sk 5 =% 'H-
NMR K1) PCA 70 #rit sl vLAE H, A&
LSRR ) S o, U AR AR R S R4k

FHRZE R, RWEHIX B R AT &

PRUP= R A T BB, B LR, Eiadhy
HE R S BAT e IF, B EE, A UE

M H AR, RS S A A
WAL AT AN, B Sl AREL, T



<1732 ¢ ¢ %% Chinese Traditional and Herbal Drugs 3£ 43 % 259 #i 20129 A
0.6 — b Bl FOBE. o-TIATHE . REHE. RN S 3, 6'-JFF
eb A} (=) (= 0 VAN (/= I AN Py
0.4 / \ ac

S«
)

PC2 (22.4%)
S o
RN,
\\
N\
>
>
. »’,’
.

|
|

-06 -04 0.2 0 0.2 0.4 0.6
PC1 (30.2%)
4 EZE (1), BZE b) REEHIZE (0
'H-NMR i E ) PCA S HTHUEE
Fig. 4 Scatter plot of PCA analysis on crude PR (a),
HSB-PR (b), and LSB-PR (¢)

a5 PSS TR, U S A L, R
wERW A B AL, R =57 /N
(1) 4. & 'H-NMR RS2 72 %001
“3.2.17 IRl A, AR E A A A
[, XPIH AT PCA 4307, BUHE AR N
18X 228, [&] 5 y/Eit 35 5 %3 & "H-NMR i PCA
IIHT R R A I ML 5-A TR, ARk
b5 %3 9 PCL R4y I, RAPIH =1
B AN, A 27 iy 2 S48 o A 8T I (L 5-B)
Xof 2 AR S HEATHR I, 9302 S ik i 4y g
B AR NER. DRR. BER. JEHR. y-
AT WA DKR. TR, =5%. 1

0.6 A T

— =a
041 // \\ e b
S0l . N
a o / \
3] 0.2 \ B . /
a ] o . S
—0.4 \ . //
-0 6: \\——/
-0.9 -0.6 -0.3 0 0.3 0.6 0.9

PCI (59.3%)

PC1

9.66 7.66 5.66 3.26 1.26

5 EEFE (a) 5ETFH (b) 'H-NMR Eif
PCA D HTHIBLEE (A) FAETTE (B)
Fig. 5 PCA analysis scatter plot (A) and loading plot (B) in
'"H-NMR spectra of crude PR (a) and HSB-PR (b)

BRI 0 ILIEAEEAT « Wde, Skl AR
PEZS AR Y, 4R ILER 3. aTLUEH, H&
TEAN LG, BT o ATE . TR MR BT,
AR NEIR . AUHEANEERE 1 R WIS, #
AWEFEIEZES (P<0.01).

(2) A, HHHHREE "H-NMR {42 2o
S A BZE R TH-NMR BT PCA
ST, BRERE D 18228, B 6 MAm A G H A

£3 EEFFEITE 'H-NMR ELEHEH EE

Z SRR EXT IEE R EL R
Table 3 Relative peak areas of significantly different

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

XU T

R — — RN EEs]
PN 7.4740.47 5.324+1.75" |
N 476+0.24 3.2840.79" !
iR 0.027+0.0034 0.076+0.031" t
P 13.30+0.54 10.91+1.41" !
o-HZBE  0.601+0.256 3.50+1.33" t
TR 18.67+0.955 14.774+2.00" !
ke T P<<0.01
P <0.01 vs crude PR
0.6 N T wa
04 / \C
S 02 / . .. \
S-021 \ o L /
& ] N .
0.4 \\\\ /////
w6 ot

06 -04 02 0 02 04 06
PC1 (52.8%)

PC1

9.66 7.66 5.66 3.26 1.26

6 HimE (1) SHEHZE (c) '"H-NMR Elig
PCA SHTHIB=E (A) FIHTETE (B)
Fig. 6 PCA analysis scatter plot (A) and loading plot (B) in
'"H-NMR spectra of crude PR (a) and LSB-PR (¢)
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il & "H-NMR 3% PCA 23 M7 16 5 AN 2 i 1
Kl 6-A KW, PC1 kA1 i 5 H i 25 91 2 )
TF, IR A A 2 . IRIEE] 6-B XS 2%
SR AT RN, 19 0 O s 2 R
NEM. WA RAR. B BRI, y-2E
TR WA BKRIR. &SR RWE. o- % b
FERE . IRERS K 3, 6'- I T IR EEWE R . X S0 AR
AT e K050, W PR 2= AR T i s LE LR 4.
LA, SEmEMEL, HEHEE P RE RS
VAN RN ST m, 7R, NER. IR .
B YRAERE RS N, BRER. NAR.
WARME SRAA BEEZER (P<0.05), 7%
IR BRI AR RS AR (P<0.01).

£4 ERFMHEHIZTE 'H-NMR EiEhio 2 E 4
E SR P R X IE E R AL
Table 4 Relative peak areas of significantly different
metabolites in '"H-NMR spectra
of crude PR and LSB-PR

R — USRI — b
A3 HrE &
AR 2.061+0.88 3334091 t
TER 7.47£0.47 5.60+1.10" |
N R 47610.24 3.89+0.75 |
PRI 1.8740.25 0.74+0.25" |
WA 1.16+0.31 2.08+0.78" t
Tl 0.62+0.18 0.40+0.19" |
HEH 18.6740.955 15.03£2.30" |

HremAs: "P<0.05 TP<0.01
'P<0.01 “P<0.01 vs crude PR

(3) %l HEHITE 'H-NMR AR 2 2 753
T A 4 1350, PCA 2 #7 vlKes W R 5 A
B2 50 JF AR RO i) 2 1) & 58 42 90 T
DR LHb 6 28 326 7 A H A5 80328 35 4 TH-NMIR [ 30t 473k
—3¥ PLS-DA 7i#fr, EdAEFER 18X228. K 74
e 5 H RIS "H-NMR [E3% PLS-DA 4471
B EAEAT . K 7-A TTEH, EiadEH
HlE U PCL 3o 0 TF, UL AR 4171
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Fig.7 PCA-DA analysis scatter plot (A) and loading plot (B)
in '"H-NMR spectra of HSB-PR (b) and LSB-PR (c¢)

£S5 EEEMHESLTE 'H-NMR BLg 5 R Z
ZHRUF YR HE T IEE R B
Table 5 Relative peak areas of significantly different
metabolites in "H-NMR spectra
of HSB-PR and LSB-PR

XU T

R — ——— AFAY AT
ik Bl &
HR 0.076+0.031  0.034+0.012" !
o-THZHE 3.3340.67 1.66+0.67" )

GGt TP<0.01

"P<0.01 vs HSB-PR
A, H B A b F RN o~ 25 B (1Y) 5 B
WAL, HEAWEENEER (P<0.01),
3.2.2 UPLC R0t #R4l “2.2.57 T F X
A BT ACH R UPLC (il b3, 15
34 AR, PR 341 (AR B n=6), 184
AR 18 X34, X HBEAT PCA 70#r. Kl 8 Kk
B EERH SR & UPLC (A% 1 PCA 73 Hr
HUS . rTUUEH, g, HiaESH R
=HWUESIT, =HNWHZ A 25, Ul
A T 35 5 ) 2 TR 2 A A — o 22 5, )
AN [ P4 1) g vt A 3t A 25 AR ) SO AN T

(1) 4. %z UPLC AR Z= Forbr w4k
AL KN UPLC (% EI3HT PCA 43#T, %X
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PEAFE N 12X 34, [ 9 4/t 5 %t 5 UPLC (8
Wi PCA MO IR emr . 1] 9-A 9, A=
18G5 U PCL AW R0 T, AR 4]
ANEl, Y ZE RO . KB 9-B AT 40T, 49
A i S R A e 3, 67- T T
BENE . tenuifoliside A tenuifoliose I. tenuifoliose H.
polygalaxanthone IV . polagalasaponin XXXII .

onjisaponin A I onjisaponin K. X JLUETHFIIELT ¢ 46
Ky, ki B EESRAUTY R 6). WTLLEH, 5
A B AR B, I tenuifoliose 15 onjisaponin A

1 I =d
0'6, ///‘//_’ \\\\ eb
= 0.41 - LAt T AcC
5 02 / ‘ .. \
el
20
g 02 \ n T )
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UPLC &i%E /I PCA S A= E
Fig. 8 PCA analysis scatter plot in UPLC of crude
PR (a), HSB-PR (b), and LSB-PR (c)
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PC1 (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

B9 X (a) 5EZE (b) UPLC Ei& PCA
DIHIELEE (A) FAHEE (B)
Fig. 9 PCA analysis scatter plot (A) and loading plot (B)
in UPLC of crude PR (a) and HSB-PR (b)

%6 HIREMERE UPLC BiEEPHSBEMN
SR P B XIS TR EL AR
Table 6 Relative peak areas of significantly different
metabolites in UPLC of crude PR and HSB-PR

it L L N
A HILE
3, 6- "I FlESL 340.01+6.91 275.11+ 2227 |
B i
tenuifoliside A~ 32.22+431 2537+ 052" |
polygalaxanthone 82.43+231 57.06+ 245" |
v

34324330 46.11+10.16™ t
7.10£0.50  3.574+ 056" |
2524038 3374 0157 t

tenuifoliose I
tenuifoliose H

onjisaponin A

HrmEMt: "P<0.05 TP<0.01
'P<0.05 “P<0.01vs crude PR

fFE ETF, 3, 6'-JF FIEERENE . tenuifoliside A
polygalaxanthone IV % tenuifoliose H [ & | [% .
H. tenuifoliside A HAT W ¥ E%R (P<<0.05), 3,6
TP PR | polygalaxanthone IV . tenuifoliose 1.
tenuifoliose H Al onjisaponin A HA MW & # M 2= H
(P<<0.01),

)4 HEHIZ & UPLC AR 4l 2= 00 )
B G S H I R UPLC (3% BT PCA 4047,
HARFRE R 12X34, B 10 A4 &S H sl &
UPLC 4% & PCA 73 Hr ¥ s B R 28 B« B 10-A
BoR, A& S R EW PCL e 2 I, W
B A A 2 e AN ] £55 1 10-B,
AT SN ZE AR 4 A polygalaxanthone IV 3, 6'-
IR IESENERS . tenuifoliside A. polagalasaponin
XXXII. tenuifoliose I. tenuifoliose H. onjisaponin A
A1 onjisaponin Ko NIRRT ¢ 1056, 45K W
® 7. &REW, HAmEML, TR
tenuifoliose I. polagalasaponin XXXII A onjisaponin
K i) L Ft, polygalaxanthone IV, 3, 6'- —FFFEi &
BEE & tenuifoliose H 1) & U F % . H. tenuifoliose 1
A1 onjisaponin K HA & Z M7 7 (P<<0.05), 3, 6'-
TIPS PENE . tenuifoliose H. polagalasaponin
XXXII A1 polygalaxanthone 1V HA K oM 2= H
(P<<0.01),

(3) &l HEHlmE& UPLC ARG 2 o0 i
MIEL8 W i, PCA Z3 1 m] A B i 5 H E il 35
SEASNIE, T O B 5 A H REZ & UPLC %
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Fig. 10 PCA analysis scatter plot (A) and loading plot (B)
in UPLC of crude PR (a) and LSB-PR (¢)
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Table 7 Relative peak areas of significantly different

metabolites in UPLC of crude PR and LSB-PR
A X W T AR
i 7 RSN H P
3,6- "I T 340.01+6.91 255.11+27.227 |
B i

(MViE7 R A

polygalaxanthone 324.3+12.3 210.6+24.5" |
v

tenuifoliose I 4324085 6.21+0.16" t

tenuifoliose H 8304020 47.17%0.56" |

polagalasaponin 1.14+0.76  7.45+0.717 t
XXXII

onjisaponin K 2424006 3.17£0.59" t
LM TP<0.05 TP<0.01

"P<0.05 “P<0.01 vs crude PR

AT Z 8 hT s %%ﬁéﬂﬁw@ﬁ%mrﬂ 2 1 5y 7%
S, BB N 18 X228, B 11 Jy % i ik 5 H 5
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IR BEES . tenuifoliside A tenuifoliose 1.
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ﬁﬁlﬁfﬁ% o I AT ¢ KOG, S5 R ILR
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tenuifoliose 1. 3, 6'- — 7+ 1 It J& 4 B8 16 = J =1,
tenuifoliose H )& &M%, 3, 6/- I T BE R P S i =
AR REEZER (P<0.05), T tenuifoliose 1
Al tenuifoliose H W HA M W& M%7+ (P<0.001).
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4.51, 4.66, 4.84, 4.91, 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
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PCA analysis scatter plot (A) and loading plot (B)
in UPLC HSB-PR (b) and LSB-PR (c¢)

Fig. 11

*8 EREMHEHZE UPLC BiEEHHRITEN
ESRF PRI IEE R ELR
Table 8 Relative peak areas of significantly different
metabolites in UPLC of HSD-PR and LSB-PR

e _ RS _ LAk
gk HeEfhzg  E
3,6- " JFFIEHE 27521+27.22 325.11+2.22° t
i
tenuifoliose I 071+ 0.01 4.91+0.16™ t
tenuifoliose H 472+ 056 0.37+0.06"" |

gk "P<0.05 "P<<0.001
'P<0.05 "

P<<0.001 vs HSB-PR
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33 HAMEEEFHNE

Wi E A B H R e “2.3.77 TR
g, UPLC (i LI 12, FH4xRIEHE Y=
1X10° X458 206 (r=0.999 5) HEATH4E, 45H M,
* 9. BREW, HAwEM, %igkSH s
T8 g e B R HOS A AR, o,
B0 7 P A R R T S AR A LU RS
R, TCWEEEZE s T H B A Al i s
RSB BT, HEAREEEER (P<
0.01). W% i & BB R A B0 A K,
I H L BB 2 B
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I
I\
B
! Lﬁu‘\ __,* S
T T T T T 1
0 1.00 2.00 3.00 4.00 5.00
t/ min
S
*tenuifolin

B 12 AMHEEEEXNRME (A) FAETE (B) &
UPLC &ifE

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

Fig. 12

R9 HIE. BERERFEFZERAMHITESEHR
FRESURETLEE =3)
Table 9 Content and changes of tenuifolin in crude PR,
HSB-PR, and LSB-PR (n=3)

. . JRE %/ RSD/ 4Bk
G FE b

% % R
1 AmsE g 2.63 1.00
2 RmEE (#ED 2,61 1.03
30 EEE gD 2.58 1.20 |
4 ERE (FE 2.56 1.15 |
5 HERIEE Gigo 3.67° 0.95 t
6  HEdglizd (%) 3.63" 0.96 t

HrEgw Mt “P<0.01
“P <0.01 vs crude PR
gr bk, HAEwEAEN, ek n g
JUTAAR, 2 LR ) I I 28 R AT TR 28 R 1) 11 %
AR HIRN & N s BHIS L) o- M0 ¥ = 7
s SOBE AREREIG LR B BEERISIL G 3, 6- 5%
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TR LT, 2 BRI IR 2 R A 2 IR (1)
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TE—E 250, PR7RAN AL 7o) A AT 4 1) 24
A AN .
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T8 MU ARy AR I 8, AR
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an LB IR AT FH AR AL A Py s, AT & A8 4 ol R
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U, F R IAR R ) 3, 6- 7 T
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HR O E B PP UE . RS B, |
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& W IR T 28 7 R T 2R A TR A R A
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