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Abstract: Objective To provide a basis for the rational use of Sophora japonica resources through comprehensive evaluation of
different tissues and organs. Methods The contents of rutin, narcissin, quercetin, isorhamnetin and heavy metals in the samples were
detected by HPLC and ICP-OES. The Fe*" reducing ability, DPPH free radical (DPPHs), ABTS free radical (ABTS™) scavenging
ability and total antioxidant capacity (FRAP) were detected by colorimetry. Then, cluster analysis (CA) and principal component
analysis (PCA) were conducted by software of SPSS 20.0. Results The total contents of four flavonoids in different tissues and organs
of S. japonica were arranged as follows: flower buds > flowers > flower axis > leaves > branches. The order of antioxidant capacities
was as follows: flower buds > flowers > flower axis > leaves > branches, which were positively correlated with the total contents of four
flavonoids. The contents of five heavy metal elements in flowers and flower buds were within the limitation of the Green standards of
medicinal plants and preparations for foreign trade and economy, while the Cd element in some leaves, flower axis and branches was
beyond the standard. Flowers and flower buds were clustered into one type by CA, while flower axis, leaves and branches were
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clustered into another category. The two principal components (PC1 and PC2) were extracted from the eight variables by PCA, PC1
showed significant differences among different tissues and organs, and PC2 values showed large differences among batches.
Conclusion The flowers and flower buds of S. japonica showed an excellent qualities, including safe doses of heavy metals, rich

flavonoids and outstanding antioxidant activities. In addition, the flower axis and leaves also contained high flavonoids and exhibited

strong antioxidant activities, which had the value of further development and utilization.
Key words: Sophora japonica L.; different tissues and organs; flavonoids; heavy metal elements; antioxidant activities
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Fig. 1 Chromatogram of reference substance (A) and
flower buds of S. japonica (B)
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Table 1 Chemical components contents of flavonoids in different tissues and organs of S. japonica ( X &s, n = 3)

Rk AL T 1% KA 1% it & 1% BREE% ME%
1 1€ 23.25540.378" 0.860+0.007° 0.223+0.011° 0.017£0.001° 24.42440.404°
weE 36.82740.620° 1.140+0.019 0.291+0.021% 0.01940.001° 38.204+0.607°
n 2.471+0.300¢ 0.028+0.007¢ 0.11740.004° 0.013+0.001° 2.633+0.306¢
TE 50 13.2704+0.196° 0.211+0.015° 0.015+0.002¢ — 13.496+0.207°
k%% 0.972+0.184° 0.011+0.001¢ — — 0.984+0.185°
2 i 26.01940.329° 0.693+0.010° 0.324+0.019° 0.01740.001% 27.119+0.348°
weE 37.44140.496° 0.972+0.098° 0.414-+0.023% 0.015+0.000° 38.841+0.564°
n 2.826+0.057¢ 0.012+0.002¢ 0.12540.005° — 2.964+0.056¢
iz 17.014+0.290° 0.199+0.006° 0.011+0.000¢ — 17.224+0.296°
Figk 1.703+0.215¢ 0.01040.000° — — 1.713+0.215¢
3 1 18.38240.042° 0.809-+0.010° 0.53640.007% 0.032+0.001° 19.760+0.054°
i 29.44440.781° 1.104+0.026° 0.544-+0.013% 0.036+0.002° 31.12840.822°
s 2.007+0.078¢ 0.021+0.004¢ 0.14240.006° 0.016+0.000° 2.185+0.085"
TE 50 12.1764+0.277° 0.158+0.005° 0.017+0.001° — 12.35140.282°
T % 0.533+0.087¢ — — — 0.533+0.087°
4 1€ 23.3261+0.419° 0.485+0.011° 0.14140.002° — 23.95240.428°
weE 34.72740.587° 1.193+0.006° 0.389+0.008% 0.019+0.002° 36.263+0.567°
s 2.691+0.138¢ 0.011+0.003¢ 0.171+0.005° 0.014-+0.001° 2.887+0.144¢
TE 50 15.48140.614° 0.156 +0.006° 0.013+0.000¢ — 15.650+0.618°
k%% 0.932+0.346° — — — 0.932+0.346°

“—7 FORERRIREE T ARK . AR TREORE REMEER (P<0.05)

“—" represents that be undetected; different letters indicate significant differences (P < 0.05)
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B R B E N 17.014%, AR 26 A & )
FAXT R, e 20 N 2.826%-. 1.703%. ILAk, 1E.
eE . . JERF IR S A —E ERKALE . W R
KRR, MEZFM NEch M2 HORR
32 EEERTERARE

L ICP-OES W€ E M & & A 5 M & )&
TEGE. ME 2T, 4 HtEMARELS ST S
b Cd LAAM I FAh 4 FhEE & 8 Ju RIS (2 A

W Bt R DGR AT AR ) (BLRRIRR “47k
b TS 1 HRAIEE 2 i, TR DL KGR 2 it
Bogkh Cd &l AT WL ARiE . B AAHHGEEXA
FEERTRNEEREEAREEER, HhESE
1 As. Pb. Cd &3 m T HABAL G, TERAIEL
FA Cd M EEBEERTIEAIEE, &I
s R Cu L2 e T At A 2488 7 . Hg 7fELL L
HHLGEE IR .

2 ERARELAHESRELZIE (X£s,n=3)
Table 2 Heavy metal elements contents in different tissues and organs of S. japonica ( X &s, n = 3)

Pb/(mg-kg )

Cd/(mg-kg )

Cu/(mg-kg )

0.850+0.132

0.133+0.029°
0.100+0.000°
0.417+0.029°
0.31740.076°
0.267+0.029°

12.817+0.548°

9.13340.464"
6.23340.378%
6.750+1.702°
4.733+0.153¢

EEAZN B Asl(mg-kg ™) Hg/(mg-kg ™)
1 i 0.083+0.029% —
I 0.03340.029° —
s 0.967+0.029° —
AeHh 0.38340.029° —
¥ %% 0.117+0.029° —
2 1t 0.1504-0.050° —
1 0.100+0.000° —
Ly 0.9334-0.029° —
AEHh 0.133+0.029° —
K 0.46740.029° —
3 ¥ 0.150+0.000° —
i 0.150+0.000° —
s 0.933+0.029° —
piiil 0.10040.000% —
¥ %% 0.083+0.058¢ —
4 1e 0.26740.029° —
1 0.15040.050% —
Ly 1.0834-0.153? —
AeHh 0.267+0.029° —
Fi % 0.100+0.000° —
T bR UE — <2.0 <0.2

— 0.267+0.029° 9.700+1.026°
— 0.250+0.000° 8.783+0.846°
1.067+0.225% 0.33340.029° 3.950+0.132°
0.33340.176° 0.3504-0.000% 4.2504+0.397°
0.2504-0.200% 0.33340.029° 3.28340.318°
— 0.050+0.000° 7.50040.436%
— 0.050+0.000° 7.1334+0.679°
0.533+0.301° 0.167+0.058®  3.917+0.208°
0.01740.029° 0.11740.029° 5.51740.247°
— 0.21740.029° 3.950+0.409°
— 0.1334-0.058" 7.01740.530°
— 0.100-+0.000° 6.733+0.586°
0.700+0.180 0.20040.000% 3.20040.132%

0.13340.029% 3.717+0.407°
— 0.16740.029%® 2.66740.076°
<50 <03 <20

“—7 FOREREIREE T ARI . AR TREORE REEER (P<0.05)

“—" represents that be undetected, different letters indicate significant differences (P < 0.05)
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TIRUCARTE >0 > Tk > > 8%, ZiiEHhs
FESh AR EZR R 2 B B R IR K.
34 WEHEFSH
341 EEHNMH 8 SPSS 20.0 BAE, LLFIT
RRECHE B VE N B BAm v, LAA T KA i
. BREFE. FILEAE ). DPPHIE R AE
ABTS"J5 R At /11 FARP 4t 8 MBI AR, X
20 fLAE ST R KM, AT 2 K3 (3

N, R 3. B KRB K4 R AE
M, B8 T AEA MREG AL B N ORI
7, BT EARHEA. KA | KRB
AN 2 /N, WL RARTONEE 1/, REER
NEE 2 NS, RFTES | KK, ekt An
Bk, EAFE—EZER.

342 FERGHT UL KA. MR R
A%, Fe R J5ifE /). DPPHeERRAE 1. ABTS iR
AEJIF1 FARP TE RS &, REAE(E A R A DTk 2R AE
RHEMRIE, B SPSS 20.0 B E MEAS [ 41
B EFERIAT ER 0 (GR 3. RG4S
B, kit 2 S FERS PCL. PC2, HRAEAE 5 51
N 6.960. 0.867. & k7 77 % o1 Mk 1H 7 ) R
87.001%. 10.833%, ZHFTTRA{E A1k 97.834%,
FABERMRERNE, fe9% F R VRN B AA [F 4148
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Fig. 2 Antioxidant activity of methanol extracts from different tissues and organs of S. japonica ( X s, n = 3)
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Fig. 3 Dendrogram of 20 batches of samples

aE R, E RO 3, MRAES T
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PC2 JifE43 % PC1=0.364 BX;+0.371 BX;+
0.329 BX;+0.276 BX,+0.362 BX;+0.367 BXs+
0.374 BX;+0.373 BXg; PC2=—0.279 BX;+0.023

®3 BRSO ETFHETERE

Table 3 Factor load matrices of various constituents

- EN P
1 2
P 0.961 -0.260
KAl 0.980 0.021
Hit 2 0.867 0.465
FRER 0.729 0.672
Fe** ik JR Bk /7 0.956 -0.232
DPPH & FRAE 71 0.967 -0.223
ABTS™ ke 0.987 -0.086
FARP 0.985 -0.144

BX,10.499 BX;+0.722 BX,—0.249 BX;—0.239 BXs—
0.092 BX;—0.155 BXg. .71 BX;. BXpw BXza BXun
BXs+ BXg+ BX7+ BXg 285l F7 T ZKAIE L Mt 3%
SRAE, FEEJERS S DPPHeIERAE ). ABTS™
THEFRAE IR FARP HIARHEILAE . 43 3ILL PCL. PC2
VE R PAFRIE B, 2R WK 4. H
P 4 AT, AkHE PCL FIARAL T E MRS R4 228 B
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