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Abstract: Objective To investigate the effect of deactivation of enzymes on chemical composition of Forsythiae Fructus using NMR
based metabolomics approach. Methods 'H-NMR-based metabolomics approach combined with multivariate statistical analysis was
used to investigate the differential metabolites between raw Forsythiae Fructus (RF) and Forsythiae Fructus with deactivation of
enzymes (DF). And degradation pathway of significant metabolites was inferred by biosynthetic pathway. Results Twenty-four
metabolites were identified in the "H-NMR spectrum of Forsythiae Fructus, and principal component analysis (PCA) showed clear
separation between RF and DF. The S-plot of orthogonal partial least square discriminate analysis (OPLS-DA) revealed that ten
compounds contributed to the separation of RF and DF, and the levels of forsythiaside A, forsythiaside C, phillyrin, rutin, and surcose
were higher in DF than those in RF, while the levels of rengyol, rengyoside, rengyolone, a-glucose, and B-glucose were higher in RF
than those in DF. Moreover, the degradation of forsythiaside A into rengyol was proposed. Conclusion This study reveals the
chemical effect of deactivation of enzymes on Forsythiae Fructus in a holistic manner, which confirms rationality and necessity of
deactivation of enzymes during the processing of Forsythiae Fructus. This study also serves as a basis for the bioactive compounds and
quality standards research of Forsythiae Fructus.
Key words: Forsythiae Fructus; 'H-NMR; metabolomics; deactivation of enzymes; multivariate statistical analysis; forsythiaside A
HEHIR T CIARATEZE ), FIO T dh, IR B 40 Bl H SR 254 iRl —, B0 i i g2k
E2y ) WA, $eEINEEN “EREH”, & PERGWRGEE. MR A R E R . 1

Kt BHEA: 2015-07-13

E LB FHESRHESC I (2011BAI07B06); th 54 Bl A A K v %I H (20110313001-1); 1744 RS 015 5 i B (2013131015
EZEIN: DT80, o, WLBrcA, B0 o e 4RI 419, Tel: (0351)7019297  E-mail: jiajp@sxu.edu.cn

«BIEEE KR, U5, #9%, LA, BRI KRR Tel: (0351)7018113  E-mail: Iwzhang@sxu.edu.cn




* 1376 -

¢ £ % Chinese Traditional and Herbal Drugs 35 474 35 8 # 20165 4 A

MR, PEREE, AN, O NS, HA TR
T RLSS . BREOABZ Thag . BAR 25 B TR
HHEAYUE. SR JiTe. it WimiESEE
e EM LSRR RIEERR. =0k,
B Co-Cr RIRTEI S AR R Ay, (v
[ 2 L) 2015 SF RO 40 AR BR LR ) 34 el
Forsythia suspensa (Thunb.) Vahl fFg 51, K
RS R 7 R T OB IR SR o (IS
KL, BREZu, KR W) RIE (RSZGE
R, BT, BREAemo Mo )z o TR E
v R b, BRPE. Wb DU, o
i 1 50% LA s 2t ve it L 5457, |
BT 3 L5 50 A T4 M 24 A 1) 2 R

TR 4 T AT Y A R R S e K
R WA i T BB R, X 2
W R FR R “RT 7. “ARTE 7 MBI
Y ZEIAT, AN T R O S,
FOR TR — 52 1Y 7 VE N G AR B35 24 70 1 %
ML, I 00 A 2% s 70 8 T AR e 12 B 7K A
SR R R TP 2 K&
Ao ST IR T I A SCHRAGE 32 EEAE T AE AN R Y
R HAR R L T2 T 2% T
5O T AR 3 () LU B SR TE B 2, AR DR
ALFT I 9T A DI R A i L R T AR B, 3 R
A BEREUCT, R R R
TERRE I E LN, T IE R 2R AL
PR R, ACLERNE T A R bR ok A
TVEOT “RTE 7 0 ERAL 2 1o B, AT 0
SCHEAT BEARAL S AL AT

AR 2 27 A — e LA s 0 A 0 AN EHfs A B R T
B, SRS T 2 et e B EOR, @ T
T RAL G 2 A AR RS TR
FPREE CH-NMR) (RS2 M R B 4%
FETT R TEBLEGS . Zp AN T L Wl BASRAR L
TAi e A A B A, H T
TASPO Pl AR G P 2 w2 1
W2E bt IR, AREFFR LT 'H-NMR 48
WA AR R N EEARAL 2 ) SO S BT “ R/
XA 27 T SR, R R 24 7 M) n T
CORTT” RN TR 2R TR A SR
1

S T AR IS T 2014 4 8 H 27 FERAH
T VO SR P9 R A bl 6 BRIERE, RS Z L VE K

PR ST AT B AR BR R & Forsythia
suspense (Thunb) Vahl f R 5E 4 AR S (5D,
KAEERES T 2 0y, — I EARPI T & (R,
RE); %A g A7 T2, ok
FONEFEERN 6 £, Wh/KA 8 min, “FHEIF, BT
JE& M CREdh, DF); ARARAEAE LG K5 1
BE2 A SU T . NMR K /] DO W T Norell
(Landisville, Z[¥); Methanol-d4 (99.8%) T
Merck (Darmstadt, %% [E ); NaOD 4 J- Armar
(Dottingen, Fidl); 3-(= L) NIR-d4 W13k
(TSP) T Cambridge Isotope Laboratories Inc.
(Andover, MA), AN 5Hral,

Bruker AVANCE III 600 MHz NMR
spectrometer (600.13 MHz proton frequency, £ 57
58/ H) 600 MHz f{3); SC-3610 K% 2.0 (%
BUP R P ER AR R AR TGL-16 ik & 20
AURES O GRS DR A PR A D5 5
POEVERS (KQS5200E, E ik /(X35 B A 7))
WEE 75 KA (RE-52A, BRI 2 B0 ER S .

2 HE
2.1 HmblE

SR BRI AL ik K 300 mg, EF 10 mL H %8
BOET, IMAWEEHUKS 3 mL, SERERS 1
min, A 25 min J5, = FEL (3500
r/min) 30 min, U EIHH A 25 mL R,
WA ZE T, BETRAEh T0E wi F A
400 pL HHEKZEMK (KHPOL T DO 1, DL
mol/L NaOD ¥+ pH fH S 6.0, 7 0.05% TSP)
400 pL %R, ARJEHBE R 1.5 mL SO0, KR
250 (13 000 r/min) 10 min, H{_ 3 600 pL T 5
mm BZHEE T, .

22 'H-NMR JUzE

FEdh T 600 MHz NMR (25 C) {3 B35,
K H] noesygpprld kP2, FIIRECH 64, i
% 12 345.7 Hz, BKpP M1 90° , RAEHTA) 2.654 2 s,
IEIRTTE] 1.0's, SRAEEE AL 65 536, KAEIIfE 40.5
us, WARA TSP,

2.3 HuEoh

¥ bt P 3% K - MestReNova (version 8.0.1,
Mestrelab Research, Santiago de Compostella, Fi¥E
F) AT, GRS A L E RS . Ta AL, JE
e, BL0.04 BUFBOAL A 6 0.5~10.0
AT/ BBy, o 6 4.76~4.94 (BRAKIE) F 6



¢ £ % Chinese Traditional and Herbal Drugs 35 474 35 8 # 20165 4 A

* 1377 »

3.30~3.38 (B HIEIE) AEAT R0 o KB 4K
it AN SIMCA-P 13.0 (Umetrics, Sweden) #Kff
W 34T 3 R4 43 M (principal component analysis,
PCA), FH s/ — 3Rk A 543 #r (partial least
squares discriminant analysis, PLS-DA) F A ffi
% /v 3 v A Al 43 At Corthogonal PLS-DA ,
OPLS-DA) #k th 7 AR #, 1) SPSS16.0 £
XA PR ISR AR A ¢ K238 1B AT 23 #T o
3 #R
3.1 'H-NMR R it#15iA

R L AT TH-NMR B R 1
N, JEIE 5 XA . BMRB (www.bmrb.wisc.edu.
com) ¥ A Hh (%) o v ) 5 R SR A 3 K a1
X, SRR 24 MR (R Do 'H-NMR
B o7 LUK A 3 AN A PR Az LR X
(6 3.10~0.00) T ZOFHHEIE. WAL KA
M. SERIR . BRI, WAMZIX AT K LWt
K Co-Cy RARBER AR =Wy () AT 5,
W ESTF A (6 1.22, ) EMERTF C(01.25, d).
HERLIR LR (61,73, O &M CRET (62.02, .
FUT(O 114, Ay BORT (62.12,0) & KEX (O
5.50~3.10) 552 1Y o B4 o781 4 B+ -] 26
BEWE . ABERBFIRESE . H&FIX (69.50~5.50)
TR R OBEF I, Ce-Co RARFE . KEFE. 1
B 25 S S R 2 R RS 5, FEE
FREEMEE T A (7.63,d; 7.16,d; 7.06, dd; 6.90, d;

6.81,d; 6.68,dd), ERMEETH C (7.62,d; 6.41,d),
P (5769, d), ERMF (57.18,d), BT (5
7.11,d; 66.24,dd), XM AEER] (56.05,d),
HETR (67.00,s) URAKNAR (67.40, m;
731, d) %%,

HWAHTER “ORTT7 WIEM AL 13 1)
SN T BLERINAE Y A X K SR RIS, B %
T AT B R AHIR SRE ROIU R N T A
fiffs TR it rh REREAS 5 W RS, AR S
WIS . DL SR 2 egiit ik — b i i
SRS ZE S
32 BRFEITHH

PCA 43 Mt dpe 5 Hodge ) V2 N FH TR g 4 2% 4
W2 LG b ik, R R IR R 1)
2N AL B — 4B (W 1E A AR R () — AR
BRI v . I JE AR e, BRIR T
V] ) S A BB B ) R AR RS, T SREEL
P AL R R0, HE PCA REEZIE 5HT9¢ H
TG I N 2= R LR 22, DAL 23 2800 e
59 1 A I B r e 2R I U7 vk (PLS-DA FlI
OPLS-DA) Bl Sy T m] « %357 &ML
SR ARk, E AR SRR T HEAT PCAL
PLS-DA }7 OPLS-DA /3#ft.

Bl 2-A HAESRIRTT I PCA R, M
A 1 (t[1]: 45.3%) FIERSr 2 (t[2]: 14.9%) A
ARBR R I e A B B, 2R SRR T T B R

8.5 8.0 75 7.0 6.5 6.0 5.5 5.0

1~24 %5 WA 1
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Fig. 1 '"H-NMR spectra of RF (A) and DF (B)
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Table 1 Assignments of "H-NMR spectral peaks obtained from RF and DF
' WAL (On) i VIP {8
1 763(,J = 162Hz),7.16 (d,J=2.0 Hz), 7.06 (dd, J= 1.8, 8.4 Hz), 6.90 (d, J = IR A® 3.91
8.4 Hz), 6.81 (d, J = 8.4 Hz), 6.68 (dd, J = 1.8, 7.8 Hz), 6.37 (d, J = 16.2 Hz),
4.66 (d, J=1.2 Hz), 4.46 (d, J=7.8 Hz), 2.84 (m), 1.22 (d, J = 6.0 Hz)
2 7.62(d,J=15.6Hz), 7.16 (d, J = 1.8 Hz), 6.80 (d, J = 8.4 Hz), 6.68 (dd, J = 1.8, e C 2.05
7.8 Hz), 6.41(d, J = 16.2 Hz), 4.53 (d, J = 8.4 Hz), 1.25 (d, J = 6.6 Hz)
3 7.69(d,J =18 Hz), 6.31 (d, J = 2.0 Hz), 6.53 (d, J = 2.0 Hz), 5.01 (d, J = 7.7 e 1.62
Hz), 4.52 (d,J=2.0 Hz), 1.12 (d, J= 6.1 Hz)
4 7.53 (brs), 5.16 (d, J = 6.0 Hz), 4.01 (d, J = 9.6 Hz), 4.01 (d, J= 9.6 Hz), 3.91 (d, FARAEHTR © 0.34
J=10.2 Hz), 3.67 (dd, J= 6.6, 9.6 Hz)
5 7.18(d,J=84Hz),7.08(d,J=1.8Hz),5 7.0 (m),4.57 (d,J=6.6 Hz),4.16 (d,/=9.6 Hz) AT e 1.47
6 7.11(d,J=102Hz), 624 (dd,J=1.8,10.2 Hz), 4.33 (d,J="7.8 Hz), 2.13 (t, /= 6.6 Hz) WA © 1.99
7 3.75(t,J=7.2Hz), 1.73 (t,J=7.8 Hz), 1.60 (m), 1.46 (m) MR Ol © 3.41
8 436(d,J=72Hz),3.92(t,J=7.2Hz),3.20 (t,/=8.0, 9.0 Hz), 2.02 (t, /= 7.2 Hz) A C T © 1.77
9  6.05(d, J=10.2 Hz), 4.24 (ddd, J = 1.8, 4.8, 6.0 Hz), 4.12 (dt, J = 7.2 Hz), 2.83 TSR LR © 1.00
(dd, J=5.4,16.8 Hz), 2.65 (dd, J= 5.4, 16.8 Hz)
10 7.00 (s) BT 0.03
11 2.56 (m), 1.25 (d, J = 6.6 Hz) 3REETRC 0.68
12 2.46(s) BEIAR > 0.33
13 4.30(dd, J=9.6, 3.6 Hz), 2.71 (dd, J = 15.6, 3.6 Hz), 2.30 (dd, J = 15.0, 9.6 Hz) SR e 0.29
14 6.55(s) B 0.21
15 8.48(s) Hg © 0.23
16  4.55(d,J=9 Hz) B-ACHE > 0.23
17 4.60 (d,J="7.8 Hz) B-HI A e 2.17
18 5.20(d,J=3.8 Hz) o- A 1.73
19 4.97(d,J=3.6Hz),5.43 (d,J=4.2 Hz) R FrHE o c 0.68
20 5.42(d,J=3.6Hz),4.19 (d, /= 8.4 Hz), JHERE O 1.76
21 2.27 (m), 1.06 (d, J=7.2 Hz), 1.02 (d, /= 7.2 Hz) SR > 0.26
22 1.33(d,J=6.6 Hz) AR > 0.91
23 1.50(d,J=7.2 Hz) W > 0.98
24 7.40 (m), 7.31 (d, J= 6.6 Hz) KNAR 0.28

a-Ji o 5 TR o6 R AR ) b-lid 5 BMRB (Biological Magnetic Resonance Data Bank) %4 72 HHobr it ) Jont Bt Fe MRl ek 53¢
HRFRE 540 5 R AR

a-metabolites identified by comparison with authentic standards

c-metabolites identified by comparison with the literature

X7,
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LG RF I — o SRR A R R
Iy Wi OPLS-DA i A2 bt AR T i R A

MH “RE7 JaREMAEA T, B4l

Brfisg, A dh

b-metabolites identified by comparison with the biological magnetic resonance data bank

CV-ANOVA BiFff P=7.92X 107, @ tAHRN
S-plot & (& 2-D) 5 VIP { (VIP>1.0) &%)

HOERINE Y AL EREEE C. %
RF T ORI R, IR R A O

(2= AR . 1455 PLS-DA 43 K7 (I HEF 5256
o BRI AT AT R PR B AE , T DL R AR A R ) TR B
DR FATA — Uk BEALAE 1A% 5 () 1) 70 8 7 (I
2-B), WPREASG T HE, wlgk—Pi@ ik OPLS-DA
Ot ERAUCY. B 2-C SRR
OPLS-DA 134358 (R*=0.787, 0*=0.975,

BE S JEAT S IR ORI L o~ AT L - 2 B
(1) A

Ubah, LU TSP kR, X Fik 22 ARt i ik
FUFIAREAT e 80, JFH SPSS 16.0 H ik
TPMOSTREAR ¢ K056 (n=6), S R5Z 08—
H (E 3D,
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