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Correlation Analysis Between Mineral Elements and Active Ingredients in Bupleuri Radix
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( Beijing Key Laboratory of Environmental Toxicology, School of Public Health, Beijing Key Laboratory
of Traditional Chinese Medicine (TCM) Collateral Disease Research, School of TCM ,
Capital Medical University, Beijing 100069, China)

[ Abstract | Objective; By analyzing the relationship between mineral elements and effective components
in Bupleuri Radix to explore the influence of this relationship on quality of Bupleuri Radix. Method: Samples were
digested by microwave digestion method, ICP-AES was employed to determine contents of 16 kinds of mineral
elements in 24 batches of samples, then according to standards in the 2015 edition of Chinese Pharmacopoeia
HPLC was adopted to determine contents of saikosaponin a and d with mobile phase of acetonitrile-water for gradient
elution and detection wavelength of 210 nm. Relationship between mineral elements and effective components in
Bupleuri Radix was analyzed by double variable correlation method with SPSS 17. 0 software. Result; Contents of
different mineral element and active ingredient in Bupleuri Radix had significant differences. Saikosaponin a and d
were significantly positive correlation with Cu element, their correlation coefficients were 0. 349 and 0. 425; and
they had significant negative correlation with Na element, correlation coefficients were —0.517 and - 0. 420.

Conclusion; Mineral elements and contents of effective components in Bupleuri Radix with different growing
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conditions have a certain difference. It is suggested that saikosaponin a and d can be synthesized in roots of

Bupleuri Radix by exogenous application of mineral elements.
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wild species
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Table 1 Determination of mineral elements,saikosaponin a and d in Bupleuri Radix from different sources

WRTGE ngg™!
No. 7 4
Li Mn Ni Zn Cd Cu Se La Pb Al Sr
1 H 10. 63 32.87 1. 14 21. 67 0.08 6.47 0.78 0. 46 0.76 75. 44 75.18
2 Hw 19. 68 47. 83 4.78 52.18 0.25 12.91 1.31 1.61 2.38  178.39 10.93
3 Hl 24. 66 77.91 6. 45 62. 90 0.43 15.14 1.15 2.39 3.68  191.52 26.95
4 Hw 28. 47 57.79 4. 49 28.74 0.38 9.52 1.10 1.93 1.95  158.22 26. 59
5 Ty 18.70 63. 80 3.86 49.92 0.14 12.76 0. 87 1.21 1.05 101. 04 47.77
6 v 33.04 61.17 4.85 24.78 0.38 9.01 1.57 2.38 2.10  200.24 33.22
7 (5} 24.48 67.56 6.45 38. 82 0.33 13.40 1.25 1.65 0.88  225.27 14.77
8 [T 24.39 59.50 3.69 25.22 0.25 7.98 1.22 1.86 1.36  165.20 31.81
9 Ty 15.23 54.71 2.99 30. 36 0.18 8.79 1.07 0. 90 1.31 97. 66 23.98
10 Iy 18. 51 58. 05 4.27 38.47 0.07 13.15 0.75 1. 11 .14 123.12 23.60
11 Hl 24.95 71.91 6.68 49. 10 0.24 14. 49 1.20 1.39 1.89  129.33 70. 03
12 At 15.43 75. 00 7.99  101.24 0.51 10. 44 0.48 1.20 4.09  130.04 44.77
13 Ty 24.05 69.77 3.50 52. 80 0.24 13.76 0.71 1.17 1.00  131.67 59. 48
14 REED 31.31 84.18 5.16 46. 03 0.51 11.32 1.88 3.45 2.00  419.61 82.98
15 b5t 15.49 32.30 3.26 58.22 0. 44 9.20 0.67 1.21 0.73 97.58 10. 03
16 Jb st 13.33 39. 81 2.49 45.41 0.35 8.94 0.85 1.49 4.01 83.93 10. 08
17 Jext 12.57 40. 05 3.60 34.29 0.39 8. 83 0. 61 1.94 2.97 89. 66 20.73
18 b5 13.15 47.37 4.40 42.96 0.36 10.92 0.78 2.12 2.14  131.87 28.70
19 B[ 12.55 42.78 3.42 56.36 0.41 8. 89 1.84 1.08 7.01 88.22 21.35
20 Jexe 13.22 58.56 5.47 64.92 0.50 16. 08 0.77 2.54 4,12 127.77 28. 69
21 Jext 15. 44 54.73 4.44 35.23 0.59 9.30 1.18 1.24 4.59 199. 50 25.26
22 b5t 13.12 49.77 5.34 53.32 0.23 8.40 1.74 1.36 4.01 126. 51 16. 08
23 B[ 16. 00 76. 14 4. 60 52.45 0. 62 5.96 0. 84 1.99 4.10  192.61 19. 68
24 Juat 13.97 85. 18 4.01 54.11 0.33 8.97 1.52 1.58 3.76  131.11 24.84
W RICE /mg-g ! B %
No. 75 i
Na Mg K Ca Fe LSBT RAT a sed Rt d
1 Hw 0.88 1.93 7.35 4. 69 0. 47 0.14 0.12
2 HM 0. 66 1.97 7.82 6.24 1. 19 0. 14 0.13
3 Hw 0.73 2.87 8.52 8.32 1.35 0.37 0.38
4 Hikr 2.04 3.91 11.17 6.06 1.63 0. 07 0.08
5 v 0.74 3.14 9.16 7.41 1.00 0. 40 0. 44
6 [T 1.07 3.20 11. 60 6.83 1.92 0.06 0.08
7 B 7 0.96 2.69 9. 60 7.05 2.02 0.22 0.45
8 Iy 0.96 2.36 10. 20 5.86 1.43 0.15 0.14
9 1 1.04 2.70 7.41 6.90 0. 84 0.18 0.18
10 ity 0.78 2.75 8.67 6.11 0. 87 0.28 0. 44
11 H 7 0.94 2.66 10. 84 7.23 0.99 0.37 0.36
12 %At 0. 69 2.52 10. 02 9.33 1.12 0.09 0.11
13 [T 0. 94 3. 14 9.57 7.00 1. 11 0.30 0.32
14 e 1.36 4.41 10. 47 10. 39 2.84 0.08 0.12
15 Jext 0.91 3.35 6.03 6.77 1.38 0.16 0.11
16 Jext 0.94 2.59 3.69 7.58 0.91 0.21 0.19
17 b5t 0.99 1.51 5.74 3.86 0.79 0.13 0.12
18 Jext 1.33 2.05 6.77 4.99 0.72 0.26 0.19
19 Jext 0.97 1.74 5.37 7.32 0. 88 0.21 0.19
20 Jent 1.02 2.17 4.87 6.34 0.59 0.19 0.17
21 b5t 1.18 2.00 5.76 4. 60 1.74 0.16 0.15
22 Jext 1.32 2.32 6. 94 5.98 1.16 0.16 0.19
23 Jext 0.94 2.09 5.47 6.15 2.30 0.17 0.18
24 dea 1.13 3.30 7.02 6. 64 1.08 0.18 0.16
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2.3 HRMEHr A SPSS 17.0 B fF 217 XU

R AMT P <0.05 %75 — 2 4 5 kLA B 32
B WA 2, SR B B AF a ¢ d, S A
a,d 5 Cu LRERFFMHX, 5 Na TR EREN
XK W FCRZIE, 5 Cu LR 2 B & EM KK
A Mn,Ni,Zn,Ca JLZ ;Na JLE 5 Fe,Mg,Se JLE &
3 IEA G
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Table 2 Correlative analysis matrix between contents of mineral elements and saikosaponins in Bupleuri Radix
AT IR SRWIRT ABIRT Li Mn Ni Zn Cd Cu Se
a+d a d
s BAF a4+ d 1. 000
el Rt a 0.954% 1. 000
Lot At d 0.971>  0.855% 1. 000
Li 0.148 0.017 0.248 1. 000
Mn 0.255 0.171 0.298 0.492" 1. 000
Ni 0.182 0.090 0.242 0.347 0.616% 1. 000
Zn 0.119 0.156 0.074  -0.203 0.328 0.582% 1. 000
cd -0.401 -0.364 -0.402  -0.180 0.254 0.381 0.386 1. 000
Cu 0.407"  0.349”  0.425"  0.312 0.415"  0.721Y  0.670”  0.053 1. 000
Se -0.149  -0.185  -0.111 0.240 0.237 0.111 -0.189 0.053  -0.263 1. 000
La -0.197 -0.218 -0.176 0.325 0.440"  0.389 0.027 0.533>  0.128 0.310
Pb -0.259 -0.189 -0.303 -0.501" 0.014 0.227 0.407" 0.598% -0.037 0.311
Al -0.155  -0.273 -0.049 0.550  0.577%  0.404  -0.047 0.421"  0.099 0.497"
Sr 0.089 0.109 0.071 0.424"  0.343 0.033  -0.035 -0.181 0.201 0.044
Na -0.487" -0.517 -0.420"  0.264 0.086 -0.017 -0.364 0.199  -0.316 0.411"
Mg 0.004  -0.064 0.061 0.616%)  0.488"  0.137 -0.009 0.013 0.134 0.243
K 0.094  -0.022 0.185 0.9112  0.499Y  0.417" -0.127  -0.252 0.331 0.203
Ca 0.141 0.080 0.177 0.460"  0.574%  0.458"  0.541%  0.197 0.500" 0.274
Fe -0.220 -0.349  -0.098 0.491"  0.507”  0.324  -0.084 0.522%  -0.130 0.434"
)% La Pb Al Sr Na Mg K Ca Fe
St EAT a+d
St R a
et R d
Li
Mn
Ni
Zn
Cd
Cu
La 1. 000
Pb 0.156 1. 000
Al 0.734% -0.019 1. 000
Sr 0.089 -0.330 0.311 1. 000
Na 0.361 -0.015 0.353 -0.011 1. 000
Mg 0.363 -0.405" 0.502" 0.329 0.444" 1. 000
K 0.190 -0.502" 0.419" 0.504" 0.326 0.573% 1. 000
Ca 0.321 0.039 0.474" 0.326 -0.065 0.609% 0.369 1.000
Fe 0.5682% -0.002 0.866% 0.093 0.412Y 0.511" 0.370 0.398 1. 000

TV 7E 0,05 KT (U b B AHSE P TE 0,01 KT (ORI b AT,

3 itig
AR SR FE 45 50 32 W R[] 72 L A 72 T =0 e
B8 TR S R a,d 9 S A BE W,
JFIEZ Cu,Na 554 B8R4 525 A7 a, d A6 PE 4
Ko EFHEHESE K BN 5 M # X 4% B R G
£ B 7 S R R, P T 7R R R P 2
- 48 -

ik R TR ML IE R Y SR 0 A S R R B
Zn,Cu,Mn, Mg 254" [t L3R 5 25 U2 38 i 1k 5 o AH G
BRI RS S LA [F) 7 Ak 46 ) 24 b o 5 )
R R EREREOR. U LB R s
2 0 AR G o AR SO R R s S
W BICR MG BT a,d 19 & | WA, B



A

5523 45 8 M FESXLEAFFIERE Vol.23,No. 8
2017 4£ 4 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2017

SRS M R R R R — . B s
R B JF G 200 5 e TR A B AR S
BRSPS AT a, d 125 SR ARG SN, B
b 2 A [ AR AR 7 X S P B O 2 % 46
WA a, d B SR, AT RE S e R R ER A
JRIRE I K 0 SR i 4 B 468 R 28 A 6, B85 A R i 2 1T 2
PRI Shy BB 2 BP0 05 A K 2 FO) A0 SR 000 AR ) e B 2 2
W24 v A R IR B R R, T T A X
B HCHSR AR B, A BT 58 32 W A MLV Ak B 2
AELL 1A S Th S AT a, d S i 2 R 4R S
A5,

T8 TR A 407 F T A TR 7 Mo S 0 4 5 o0 % 4 1
A BFSE H, Cu T I R B e K, Cu TEZ REB
i) A A B % S e S B R R T R ST B0 Hh 4
BAF R T RE S Cu Jo K 3L E R AR A, 48 5 AR
g ST R ENRTT R RO . Cu R ALY IE 2
TRV U T8 R PIvE S U A R N
PO I R A AL T 20 € 2% SR AL I 2 Y LR 2y, 2
5 R TR P 0 R A R AR AR T T R AR
Ffk s 2 f, 2 56 A BT T
WA A KRB R R Ak R A Na i
55 64 195 1 A R 00 4 4 A 0 B AL T, 3 AL W Tl
SEACHE IR T P R LA IS R KRR,
T 512 L 26 P A% R A T L T g
Cu,Na JEEZ 5FSEH 2 a,d ME P, Cu L E
E PSR a KSR d SR E, Na
TER M [ R,

V125 W5 W SE WA 25 0 vh i BOE 2 S i S A 3K
SRS S RAF a,d ZEFEM KRR, fRILE 2TT
JE A T I 25 I TR MG 1 R 2 R 0, 300 B 3 — 45 B0
B 5 I0 2 X0 A5 R e R A A, d A S B B
PR ) I R 1 — A5 B AR ) 45 153 B 2 o o 5
I B RE A A B0 BB 20 BT 45 SR B v R . DA T
S 20 b B AR A T R AR S R Y 4 R
BRI E SRS R T AT BB ANR B R O %
o 3 B4 o N T 3 S8 24 b 5 1 F AR o

(&%)

(1] ERGMER L. i AR AEZ M 3 [M].

At . v [ 2R Y A, 2015 :280.

(2] #%s, Bar B, X0 & 2= 589860 2030 % /N B A 58 D) RE 1Y

M [ J]. ok BH 25 R R 2% 2= it ,2006,23(3) :169-171.
[ 3] ZEFHME, XN, X0 5. b 48 8 4h 2% B o B0 1 36 47

WEgE HE R [J]. h4E h BE 25 2% Fi], 2014, 32 (11)

2674-26717.

[4] ZRE DPEHAOPAMBICENRTIL. METK: D

[6]

[7]

[11]

[12]

[14]

[15]

PR W B RE (], )7 AR R T R B,
2011,18(1) :1-10.
ZRE HEE PEP AR TR 1. B
TCE — U PRI A [T]. T AR M TR B,
2010,17(11) :1-12.
=5 T S I N T S I s 7 N R R A AR
BOLRM A BN E ], o 54 % ,2013,30(5)
2275-2278.
FAe BT A E RN A P e TR
M 73 A [T]. )7 R Bkt 8 R Bk 27,2009, 16 (5) -
52-55.
XURH ATy, EF R, 45 AN [F] 7 = F S8 9] 6 B TR
o TR F i [T, A R R %, 2016 (3) :
670-672.
TR, JCYEHE . T R TICP-AES 5 i el b i
BiIGE [J]. RE BE 25 K444 4 ,2008,23(2) :47-49
XA, T, o iUE G A H R RTR S A
ROy AR HEBE ST [T]. o [ b 25 4¢3k, 2014, 39
(17) :3335-3338.
AR BN ) I, A5 O [R) SRR AR DU Ab e
BARN BTGB i B R R T R B W LA S [T ]
St ik 24 5564 4 H7 ,2010,30(4) :1105-1108.
EE, LA IF, b B, %5 HPLC i 4 1| 7= 4 1)
EEWBT SR a,c,d WERLT]. HELE
Ji | 2E 4R ,2014, 20(13) . 73-76.
XUH HRE e, S A R A [ e AT O 35 6 S
SeW R ad Ea s L] op [ S2 e Oy 0 o A
#%,2010,16(1) .18-21.
ETF R &P L, SE R 7 B S b B LT R
TR H SRR RN TR LR [T] EE¥
#2,2014,34(16) .4734-4745.
FENE B B BROCEE , A5 R IR PR 3 2 H 25 B H
BIHITCR MR S HIT[T]. P25 ,2011,34
(4) :512-516.
SRR A1 AR FAS 7 L S o B AR
[J]. e = 252271 ,2014,32 (1) ;200-203.
PRAW, #1647, ¥ 45 e R a d ETHBEIES
PR Be W b SR W LT [T]. T EBE ¥ AR,
2010,32(5) :433-435.
AR, . 0 BOCR G ANERLT]. MBI RS
fe FEF 5T ,2010,27(6) :58-62.
W E BT AW A B M]3 R bt AR
H th it , 2012 :30.
LI C J,ZHANG F S,Dobermann A, et al. Plant nutrition
for food security, human gealth and environmental
protection [ M ]. Beijing: Tsinghua University Press,
2005 :44-45.

[REHE XEX]

. 49 .



