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Study on attenuating chemical compositions of Euodiae Fructus-Glycyrrhizae
Radix et Rhizoma compatibility based on fingerprints coupled with
chemometrics
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Abstract: Objective To study the changes in chemical composition of reducing toxicity of Wuzhuyu (Euodiae Fructus, EF) through
compatibility with Gancao (Glycyrrhizae Radix et Rhizoma, GRR). Methods HPLC fingerprint combined with chemometric methods
were used to study the effects of GRR compatibility on the chemical components of EF, then the hierarchical progressive method was
used to further study the influence of the three main components of GRR on the chemical composition of EF. Results The
stoichiometric results showed that the single decoction of EF and the decoction of EF-GRR were clustered into one group respectively.
The content of most chemical components in EF was significantly reduced after compatibility (P < 0.05), which realized the difference
analysis before and after the compatibility of EF with GRR and obtained the important chemical components that affect the difference.
The effect of the three main components of GRR on the chemical components of EF showed that they had different degrees of influence,
among which glycyrrhiza polysaccharide and glycyrrhizic acid had obvious effects, while glycyrrhizin had little effect. Conclusion
The established fingerprint combined with chemometric methods can realize the differentiation before and after the compatibility of
EF with GRR, discuss the material basis of the EF-GRR compatibility, and provide reference for studying the rationality of the EF-
GRR compatibility.
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i H a2, AR R SR
B VR TE 7E (5 1 i 2000100, I v 245 5 PRI R
KRN, B Glycyrrhizae Radix et Rhizoma
(GRRO AR A7 A4 S e i R 25 2 — il
W T 45 R s H BN RSB AR )
TERI-4, JHay, L “HR” AUIAS, RAEHHA
H R 24 0] S 2R B R R AR B SCRRAR >, AR TR
258 SUEIE S5 T B AR S A IR 7 k18,
DAS 2R 8 - H B 20 I FUx B, Wt A0 H SR A SR
YT BT IR, TR T H BN RSB R
BRERMY T EAL, R A 2 sk i 5 i e
B A3 BCATON S 2R B A oy ISR, SREC AT
TR HRONT SRR A A B A3 R Y H RS, DA
B H R 25 (R SR T SR 2
1 EEHH
1.1 &5

Agilent 1260 = R0 AH (A REAX, SE[E Agilent 24
7]; Mili-Q Advantage A10 #H4li/K1X, 3£ E Miliqore
AF; DV215CD HHor2—R5F, W
CH DA B 7] ; Multiskan FC Bg#51%, 25 E Thermo
Fisher Scientific A #]; FA2004 #YJj4r2 —RF, L
W5k PRI AR AR ; KDM BY 3 H A
B, LK EERA R A7 XD-3200DTD £
R FEIEVEA, FE R AR AT PR A 7] s H2016D
RS B O, RIS SRR AR A R A .
1.2 @5

TR ZEE 9 fit, QREBPEZRE T2
B B R S N SR R R A R A B
E. rutaecarpa (Juss.) Benth. [\ sl AR 52, 7351
KHEZHG TS WL PN S, PR
AHl. AH2. GX1. GX2. JXI. JX2. SCI. GZI.
GZ2, %5 H S1~89; HHIW H b [R5 2
JE, 2% NERHRBHEYHE R Glyeyrrhiza
uralensis Fisch. [ TR FIAL 25 . X & b 52 2 B
(L5 A1629030, Jfi 543 0 =99% ) S22 83 Ui (4t
5 BO60SAS, Jim/TH>98%). friEiix (s
DI1216AS, JEETE>98%) W H KIEFECEDH:
RAR A WG ER (5 DST190124-
015, i %0=98%) Fa &t )5 iR (fit5 DST190824-
035, JREDE=98%). MIMEER (Hit'5 DST190517-
013, FIETH=98%) M H LA S R LM HE AR A
PR TR SEREE (LS 129Q-9GGW, Jii & 7>
% 96.8%) W H H E | A S AERT A X R

SR ('S ZP0034, R 7 E=98%). K& R
Zegat, (LS WP20382, FifE%E1=98%) IWH K
BAGEEREARAR MRS HEZE (itS
C13A9Y58599, ESHCN 95%). HEEK (S
C10199020, JREHNHCN 93%) M H LW EY)
RIHEARAG SRS ERESE (AT
wkql19041108, FiE 7> 3=98%). HEH (L5
wkq19030708, Jifi 553 50 =98%) W4 [ VU ) 1|44 4 70, 75
ERHAR AR tuiaigi HiEE. i A £ E
Sigma A F]; AL ERIE B REERHE AL 5K
FIEBR A

2 FEEH#R

2.1 HEMRMEXRFEERULERS IR

2.1.1 ik AN Waters X Select® HSS
T3 (250 mmX 4.6 mm, 5um); NN ZHE-0.1%
FHER KV BEFEVENL, EI35W: 0~20 min, 7%~
11% . 20~23 min, 11%~12%Z i 23~35 min,
12%~25% i s 35~40 min, 25% Zff : 40~45 min,
25%~40% N5 DUEY: 0~5min, 20%~30%Z
& 5~8min, 30%~52%ZE; 8~23min, 52%Z.
JiE: 23~30min, 52%~100%.; 4K A6
BAER IR : 327 nm (&) 215 nm GITIEYD 5
FEIR 35 C; AAFRE 1 mL/min; #EFEE 10 pL.
2.1.2 MR AVEIE S R RRECHT SRR R . 4%
JRER. PRZRIRR. WNMERR . &22pkir. RERHRH
Bl AP . AR S ZE S RBNT E E
WEME, BETEMT, FEVEM, RHsmER
FE5r 508 1.58 1.54. 1.59. 0.27. 0.47. 0.81. 2.68.
1.15+ 0.83 mg/mL A% B8 SV TR

2.1.3 AR VR i

(1) R 25 B AR i £ . FRECR 2
2ik%) 2, BHREE Y 1110, HN7KIEE 30 min, 0
IEREREE 1 h, BEE, 4 CUKMMAIEFEE 24 h,
8000 r/min &0 15 min, _EiEHGT 0.22 pm JEME,
AR ey BIEE & BUR 200y, 2
mL OEEH 20 min A%, & 0.22 pm JEE, HUEE
I RTTED &

(2) PCARZ X BER A TR il £ . FRECR 2
AHBEZMEL) 2 g, BRI 110 CGHnH 5
K& 3mL), i 30 min, JIFAENA 1h, JE,
4 CUKFFABEFE E 24h, 8000 r/min &0 15 min,
FIEWGE 0.22 pm JERE, EXEIEAIE N FIERE
s BURZUTEEY, N2 mL ZFEHE S 20 min 3 1#
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it 0.22 um MR, EXERIERIE NUIEDE, &H.
2.1.4 JiREFELR

(1) FEBFERN: MR BEFEA IX1 AE AR
AVAWR, TE “2.1.17 Tl A F R IESLIERE 6 1K,
R OTER, DI, HAS SN 9 4
g CEFEWR T 64 130 140 164 21 5%, JiiE
Yirh 26, 29, 32, 34 S NfebR, THER A
AT AR RSD fRL o &5 5 % Bl 20 W £R 55 I 18] (1)
RSD%<<2.0%, W& RSD%<<4.0%, 2B ASH;
R

(2) EE ML WRARPFEA IXT, $%42.1.3”
TR AR R 1R A% T AT S 6 A, 1%
“2.1.17 TR g KA Tl SR g E . DL B
I, BAS SN ER 9 Mg (EERF 6.
13, 14, 16, 21 S, JUEYH 264 29, 32, 34 5
W) FEbR, THEOREE BT AN TIAR 1) RSD fH. 45
T B3 VA B I 1] () RSD<<1.0%, V& THIFH RSD<<

3.0%, RFZTIEEITERY .

(3) FEMEIRLS: BRRKEFEA IX1 AR

MR, IR A, % “2.1.17 DUNAEE K
£, 35T 00 24 4 8. 120 24h #EHE, M IFC
SRETER, LB L. FLAS SR R 9 AN
syl (3BT 6. 130 14, 164 21 5%, JUEY
H1 264 29, 32, 34 5U&) NfEbR, THEOREE IR
WETHIAR ) RSD H . 25 5 I 73V R B B 1] 1)
RSD<1.0%, WA RSD<<2.0%, # B
24 h N E M RIT.
2.1.5  HEEATON RS P S R 9
LS J AR B “2.1.17 TR i %
A ARSI 3759 S DT R B Ay, A9 BRI
FRAERA S HAS S PRI ) 34 AN ailhigdE It a1,
FEX BT RN o SR 2B - H B 24 0 K T T VR
FVE &% IR S VAW HPLC (i & 1 s, 9 it
AN = S 2R B R i ) R s g i 2 BT

12
4
K
327 nm b 3
114
§ [ 20
nof 20 5923
| 1516 ILA'_f 22 a
R \JLM_/ 1819 J\ Aol N
638 12.75 19.13 2551 31.98 3826
t/min
TLGEYD
215 nm

3.33 6.67 10.00

13.33 16.67 20.00

t/min

6-HIERIERE  13-FHFIR  14-FR4HRIR  16-MHERRE  21-& 28k 26-BARAHML 2947 R 32-RAHIL  34-F AP I
6-neochlorogenic acid 13-chlorogenic acid 14-cryptochlorogenic acid 16-caffeic acid 21-hyperoside 26-dehydroevodiamine 29-

limonoid 32-evodiamine 34-rutaecarpine
1 REE-HEHR () KMRANWES (b) # HPLC
Fig. 1 HPLC of EF-GRR sample (a) and mixed reference substances (b)
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12 15 18 21

2 9 HtRE = REEE M HPLC R EIE
Fig. 2 HPLC fingerprints of nine batches of EF samples from different origins

DASLAT U (U [T AR A AR, SR 2R
73 #7 (principal component analysis, PCA) X} 9 #t 5=
IRBE N RO BT - B2 AT 4 S84, VRN BCATL AT
Ja RAEFE R, AR 3 Fs. $2E 6 A
F o AL PCA A, RARTTRAZE R2xeum 9 0.881,
Q%um 9 0.783, UtHABLAY I RE R, REAE SRS
SHFHEVERIE R, HART 2 S FERr R 15
B4 34.1%F1 19.6%. 1 PCA 1350 BRI &1, 558
FURDEAE A BT, 2K RAREE-H RN
a Al AR, N5 —2K: 1 3-b R R RRHK
5 PC1 27K, RARK-HEAXFEMS PCL £
IEAROG, KW 2 HIAFEARRZ U, WG R
YL R B B R T R AR

DIAERTIE TR bR R & &, R REET &G

TE RIS 2RI o ) & AT ¢ R b gy
#r, WHE PAE. Al EEEEEN (P<0.05).

TREWZL (P>0.05) DLREZERK (P<0.05)
(1) i 3 82 55 P 43 () A AN B A ik AT 5
1, R 1. Kl (volecano plot) s&—F7E 4>
T AR T DA AT AR A () S 3 2 e PR A
K, DA BRI A5 4L (fold change) HIXT 4L [ loga(fold
change) | AR, DL ¢ K56 5525 HEAGIE PRI £
ST (lgP) NRAFR. AT BN S Ak
VIS RN, L R S S B K
K, 453 0LE 4. L P=0.05 Al loga(fold change)=
0 Jy7t, BN 3 M, P<<0.05 H. loga(fold
change)<<0 BPZLE) AL, ARFIZILIE 250 FE UK
)& B FH K P<<0.05 H. loga(fold change) >0
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S stands for different batches of raw products of EF, 9 batches in total,
3 samples were prepared in parallel for each batch, and each sample

was repeated for 3 times

3 REEFAAIEHSH PCA2D SHE (a) MEERE
PC1 _EEYETTE (b)

Fig. 3 PCA 2D score graph (a) and Load graph on PC1 (b)
of EF before and after compatibility

®1 IXEERMBIBFUERSSETUER

Table 1 Changes of chemical components in EF before and

after compatibility

v i /%

i /N (P<0.05) A% (P>0.05) A&k (P<0.05)
S1 44.12 38.24 17.65
S2 44.12 35.29 20.59
S3 41.18 41.18 17.65
S4 35.29 32.35 32.35
S5 47.06 23.53 29.41
S6 55.88 26.47 17.65
S7 44.12 38.24 17.65
S8 44.12 20.59 35.29
S9 35.29 29.41 35.29

4 REBEUFHRODEBNLE
Fig. 4 Volcanic graph of chemical composition content in
EF

RPZR ) A, ARFRIZ BRI E 20 R B 1) B
EHhn, LREEWEAN (P>0.05) NEGR L, 4
RN T EALHET E R FE M oo & BT
L, RAZE SR AR H & 'S
SRR R EIROAH b R PRI S

A g S SR 2 B Ak 2 R 1)
BAAEDL, DA AR &, K 9 RS E
PRI S R - H RGN 1) 34 AN AR RS 43 Al
HPRIe R, JFeEoRE, wE s . BdE
AN T 9 MRZEFE T 34 NEPARR ERCAR T S AR
AE DL, R EEE T A E AR 1AM 1)
SPRE R, A T 1) B R T U A ] 2 P
AN, HEFT R 4. 6 CHIERRER). 7. 12,

6 > - REHHHH
= - RART-HE N
5 z
41
E -
&
Z 31 .
=
ey -
& 2 i =
! i _ -_ = =
- sl ] =
15 o= == = - = -
- E§ g
-- I-= —i _. - .: !
0 = - - - L - B -
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4
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El5 RAWEMBIFUERT FIIZESTHRE (n=9)
Fig. 5 Scatter diagram of average content distribution of
chemical components in EF before and after compatibility
n=9
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13 (SRR 14 (FRZRJRIRD. 20, 26 (LERK H
VTR 32 CREEWEHR) M 34 (RZERRIED 7ERUE He#
A G R I BOR AR A, i B S AL A o B 3 '
BRSBTS A TR HRRRmE |
J A RIS HrEpA
22 HEFHEZE, HER. HEEMNSENE s
221 HEAHHEZHERNE 319 638 956 1275 1594 19.13

(1) BRER- W 2% HUEE 0.02g, H
ERRE, BT 10mL 2T, IMARIRRE W
. RIS ER- T HR A, im A ATEC ).

(2) HEZ R & B 0.1 mL Al %
W, BETEOEY R, oKL 025 mL it
- IRV, 5], BT W/KIE 15 min, JKKIA
H, FAZEBKES AN, 630nm (K IAHE
e RTINS T IARIROEE (4D, THEH R

(3) HEHAMIEHR RS BHEHR R F3 5
) 2 1.0g, KE%ME, BT 50mL HERHMH T, N
To/K OBE 20 mL, #87/ 30 min, €, FEIEWR,
FETH), [FSCIEE , n7K 50 mL, 8 75 32X 40 min,
AR R, PRI ASUEM, H 1 mL IS TRARORE
2 5mL &, B H R 2 PEA A

(4) 0T HE S IR o 4 BTG 7K A 2 BT R
50 mg, FEEFRE, BT 50 mL =IEH, INZEmEK
B ES, 5, B8 | mg/mL [ &5 2% i
B

(5) MG bR 2R 2 2l kG 2 R
HWESEVEM 0 24 3. 4. 6. 8, 10mL BT 10mL
B, alnAKE R BZIE. %R “22.17
TR H B 2 BE BRI 2 A R A o DL 6] RV VR o
WED NBARRR (X0, AE NP (V) B T2
15, 452 [HET7 A SC R 70 Y=0.783 4
X+0.029 4, r=0.996 2, Z&PEVERIN 0.203~1.016
mg/mL.

222 HESRHER, HERINE

(1) Bt itk A Waters X Select® HSS
T3 (250 mm X 4.6 mm, 5 pm); MENHA ZHE-0.05%
WERR K VBT BOFEVEME: 0~10min, 22%ZE; 10~
13 min, 22%~48%Z.Ji: 13~20 min, 48%~54%
Ol KA E BRI 237 nm; A
IR 35 °C; ARE 1 mL/min; #EAEE 10ppL. i
KK 6.

(2) FHXMIEBIH] % B 3 S0 H 5

t/min
6 HERHEH. HERXERMS HPLC
Fig. 6 HPLC of GRR, and glycyrrhizin and glycyrrhizic

acid reference substance

KL 0.5g, FEEWE, BREHBHET, NE KR
JE SR IO B ) H R R SR, TR 70% LB
PENSEEAE, RN 70% L0 25 mL, %5 3E,
FROERE, AR 30 min, B4, 70%EEAME
ORI R, BB, i, EESRE, HAR.

(3) X HE TR ) % EDUH R R H e
XTHLIE R, FEERE, M 70%EE, R Rk
JE43 5159 0.265 0.255 mg/mL % I8 Sy CH B
PR o B = H R R 5E/1.020 7).

223 HFERIE 2SR “221742227 BT
PE HER R LR, HEHFAHERNS =,
SER 5N (188.884+9.52). (6.081+0.06). (21.23+
0.37) mg/g (n=6).

BETHEG 3 MEERSSENESER, I
JE A SRR 3 Bl S B A M BCAE 7T
23 REBESHEG 3 MEERSRBEAEME
2301 @ik & B A LY ERSR
“2.1.17 K “2.1.47 TN AHIHERE.

232 B R AR IR R ] & S
H“2.1.37 TR AHSGHRAE

(1) FZE0E 5 2 BB AR R ) & . FREL
RKGELMY) 2g, HEZHEL 400mg (KL “2.2.3”
TN HEZ RN E SR NS, BRI 1!
10, 4% “2.1.37 TT il & AR A .

(2) RZvE 5 AL A I 4 R
YHML) 2 g, HEAFL 13mg (LL “2237 Wi F
HEFMMESERANSE), BELA 1010, #%
“2.1.37 TR g A i I

(3) RZvi 5 H AL I 4 FRHCR
WEAMYL) 2 g, HERY) 45mg (DL “2.2.37 TR
HERKNEERAZHE), FHELLN 1010, #%
“2.1.37 TR g A i I
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233 SEGE-HEZRERMT AN 9 it
R BENLIME 2 It (S1. S3) 1EAREARS B S
HHEZPEATEA, GRS TAT 9 . DUIILHIE
[T ARE N o A A8 &, SR PCA PR H #2 BE T
PN SEZE B R AL B o s, 5 RN 7 Fos .
PR 7 D FER ST PCA B, Rieum N 0.933,
Q%aum N 0.689, RACHIHFIE G R V- H HZ PR
WIS R R IX 5, RUTH B 2R R T R
%ﬁi%ﬁ%ﬁi%ﬁﬁﬂ%fﬁﬂﬂ .
\

4
! ‘h ~
g 2W AT TR
. R
§—zl o s A
A | st
- IS
] *
| R
-8 -4 0 4 8

PC1 (34.7%)

B7 REFERRFE-HELHE PCA2D F5E
Fig. 7 PCA 2D score map of EF and EF-glycyrrhiza

polysaccharide

1E 52 i fi¢ /N — i -1 51 53 #r Corthogonal partial
least squares discrimination analysis, OPLS-DA) &
7t PLS-DA Al BRI —F5E, AT ELRE
EHEMBNAFCRBEL . 5 PLS-DA ML,
OPLS-DA FIH IEAAE 57 ki yif J5 B, Ji€ i F AN AH
FAFE,  MIEZE TR AR B e v o TG 1A
&, SIFHX e RO SR E R A, 12
P AR P TN 5 R 0-211,

Y5 PCA JRBLE R, AL S 55K R K BT
A4y 2 2K, #37 OPLS-DA #i%, #£ OPLS-DA fi
R, 1 AN 2 AR 2 AN TEAE 32 R RS R i
BAETIREN 69.2%, Riveum N 0.987, Q%um N
0.979, VLHARTEIARIMERE R LT, K 8-a N 1 &
By (1D 581 IERZREMS (to[1]D) FIZE 2 IEX
F ST (o[ 2D I = 4EA5- 5, 43 il iR AE 2 1) 31%.
27.2%H1 10.9%. 36 NREEIHEAR /A 2K, 5
PCA g IR —8, BIMTEE, AT FKL R+
W EALSARC, ST 34 ANAE T b 328 &
VIP |l Loadings K. & 8-b iLHX VIP fH KT 1
BEAENBIENF ALY, AR 1~3. 5,
4. 26 (FERZEFR 10, 8. 28, 24, 18, 32 (£

a to[2] =8 | S i

M ErTaG T

123542610828241832341319 931112221 6301427293323 7162015251712
355

X 6
Y o l4e
18

®19 24

L

| o13

0.1 9 .. .

| SM2.DA(1) 021 SM2.DA(2)

e @ 11 ® @25 Py
5@ 8

°
. 160
1
0.1 3@elo 0 920
| 22 2 176 %% 15 2.8 026
7 ®32
o] 33 @

[ )
03! 31 %29. 27 34

p[2]

02 01 0 01 02
p[1]
8 RAUBRBERFE-HESREE ARG
OPLS-DA 3D 543[& (a). VIP [& (b) 1 Loadings [& (c)
Fig. 8 OPLS-DA 3D score chart (a), VIP diagram (b), and
Loadings diagram (c) of single decoction of EF and mixed

extract of EF-glycyrrhiza polysaccharide

KB 34 CRIRBERIR). 13, BHIIXLAZEAE
RRBE HE A PR, X R
HREFEEH. B 8-c hEAN XK 1 MR,
HEMAZ & Y AR L], B SM2.DA() NRE
PLETRRE AL, SM2.DAQ2) N SR 2R B H H L B
and, SEUTRE AR R Y I HEE B e ] ARz 1
AR, X RIERE R BRI RO, AR
PR IERBR . AR 5. 8. 3. 2. 10, 4 FEil
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SM2.DA(1) Hze & J5 £, 15 B IX L AR fE 7E S22 B i
RIS R ;. e 1. 26 (KER
ZEBEHEO 28+ 24, 32 (RABH. 34 (RHEHEIK
O FEir SM2.DAQ2) HIm B iz £, Ui BHIX LeAr 5 7E
R -H PR AP A EE W, 25 E, 1
Fic (i R Hp R B R R AR R 1. 26
(EERZEVRD. 28 24, 32 (RZEVHD. 34 (2
RYTIRBH) o

234 REVE-HERREAGT LA g R0
FRE R AR &, SR PCA X 2 bR 4588 5 Rl K
RO B - H BRI P AL LA AT AT, YRR H
TR BCATON S 2R B A 2 oy IR, S5 R 9
Fise 320 5 DNERITES PCA B, R2xeum=
0.887, QPam=0.710, RAHHAFIHE RACH-HHL
PR B AP B AT 75 2 W B X 4y, R I H BRI A
RTINS R T P B B B R

A

6

4 ‘ A
—~ 2 R
X A
N
D oY an
~ o 7 A
Q2 RIRH H’EH&‘ Al
_4 —J.
b v T e
-8 —4 0 4 8

PC1 (35.6%)

9 RFWRILLE-HEE PCA2D BHE
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