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EEREEAUFAEFERESRHREXER

OF OBRRE e BAF”
(1. YEARFRBLEZREAYFLN, FEHELAFRBARABELYTRARLELZIEE,
F% %TF 810001; 2. PEHMFZRARLAR, LK 100049)

# E. UASEHEEFEFERESEEE(ICP — AES) XA R & ik & B 25 ( Gentiana dahurica
Fischer) 1 15 F LR § BT THE, EIBESTMERSSITHN THAETERER 5%
BHEHRER, AFEAMRZAM T EFEREBRES S, GREY, BSEEALGHAR
NEESERFEE, UKETEK, CaH Mg T BRE. ARBEHITESE/KT B HbEH
ERHS; ASAEZRE—ENRRESERER, XHERERESFTHERGRENR;
FEANEREY, HuRHEa A “REE” EHETFR “BEREE” ERETFRE
. BRMFEANEFAIERERER; S249FENXEELAmENE, WEERERERE,

X KZEZBER,; 0E; EAFE; BES; RSO0

fESEE: 0945.12:0657.31 XERFRINEG. A

3k 5 B F ( Gentiana dahurica Fischer) , X4 “/NER”, N IEEL( Gentianaceae) ¥ JHE £
A BAMY), A THEIR 800 ~4 500 m ER, WMAMMEABE T, HUTEHRBRAL, £
TIT IR E 20 AR ), LI I H (gentiopicroside) il tHHR Ao HATRE
BEBERFBOAR TAERNERS Y, MRALEAFTEREMTMRE, TV TERM
%WW%%&%%E%@&%% MEHER. XKEURERSFEMEIREEEENE
AT M PR R AR ZMETEIRS, BRI PEGATITEMNTRES
FEBEBEZRXE . AMRNE T AREHESESAAAIA IS b2 TENETE, &
TRARERSHAEAREEGHFRXR, TAH B ABRZAMHUITE EEREMTREEFRE LTI
RESE,

1 #R57E

1.1 # #

T 2004 529 AN, I8 MARBERHHITRE, BB MRS 20 ~30 ZE, F—
Eﬁﬁwzmw%ﬁﬁgémﬁwmo*%Fﬁﬁ@ﬁ,%%A%$i,m£%¥m%@,a
RRT, ¥, it 100 B, /. FeTA GPSiICRSHANERNZEE(AEL) ., FAEYR
7 i v B R 2B P R R AR YT ST T PRI U RE ik 5 BLR FL ( Gentiana dahurica Fischer) ,
1.2 {UEF5KA

3% A3 IRIS 1000 ER/S #1258 74 % &1 Y63/ ( Therm Jerrell Ash Co. , USA) # 7o EWE, T

W H: 2008 —12 — 15
HLTH: MEHTEHET (2001BA01A47) FHHT H
BEIRFEE . B, E —mail: gechen@ nwipb. ac. cn
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VESEHh.: BHINE 1150 W, 438 47 30.06 psi(1 psi =6.89 x 10° Pa), #BISHEO.5
L-min™', EHFEHEE 100 - min ', HEEFLEE45s, #FE1.85 ml - min ', KB HXH
¥Rt a ( B AR ) s KRR AR Milli — Q BB SEK R 58 (X E Millipore 4 5]) , 15
TCREY RS O BTk Al
1.3 H&RoH

PREX 1. 000 g BEESEREM, A 10 mL HNO,, ¥%#& 1 h 512 mL H,0,, HRER 12h, BT
HLHUR b 150 ~200C %, BA S0 mL &8, MKERZZE, T8, EEENAZE.
1.4 HiEsbiE

B A SPSS 11. 0 Stk R R F AT B A S 3%, FHE T 8 MARIREE A 1S AR
YITCER A S BRI EA AR R SHRE LR

£l ZEEFARBSHARSRRERETF
Table 1 The content of 15 elements in G. dahurica roots and ecological factors BAf; pg - g~ '

g £ K 5 %S Sampling number T
Elements 1 2 3 4 5 6 7 8 Mean
Ca 1360.00 1871.00 1687.00 1714.00 1764.00 1954.00 1731.00 1663.00 1718.00
K 707.90  759.50  873.00 1040.00 1129.00  697.60 1051.00  892.60 893.83
Mg 814.40  569.40  723.20  669.00  700.50  561.60  659.30  684.10 672.69
Ba 278.80  327.30 426,40  364.10  36L.70  261.00  330.20  303.70 331.65
Fe 108.00 126,40  127.70  131.80  113.30  161.80  120.80  50.30 1i7.51
Na 84.26  64.84 10250  179.90  100.20 13590  70.59  70.77 10112
Al 40.74 5264 5117 4143 3682 7134 5337 492  44.05
Zn 1550 22,17 29.77  30.28  31.53  24.20  32.65  17.93 25.52
Mn 9.40  13.59 1586  11.81 1822 1132  1L.09  13.09 13.05
Cu 7.35 1261 10.53 9.53  13.81 9.06  11.27 6.86  10.13
v 3.52 2.71 3.26 3.01 3.24 2.93 3.08 287 3.08
Ni 1.91 2.42 2. 44 2.11 1.97 2.17 2.28 164 212
Ti 1. 19 222 1.38 1.49 1.61 3.15 2.01 0.39  1.68
Sn 0.33 0.45 0.45 0.18 0.57 0.27 0. 41 0.36  0.38
Co 0.00 0.07 0.09 0.13 0.03 0.07 0.03 0.07  0.06
fﬁﬁgg‘ 3220 3020 3020 2610 3160 280 2700 3260 3220

l%}xgt{xfiz) 100.242  101.041 101.003  101.950 97.967 102.175 101.683 101.133 100.242

ﬁ%ﬁé) 37.256  37.86  36.874  36.383  36.067  35.657  36.25 35.9  37.256

2 GR5HR

2.1 TRERKF
15 M LS T EER L BRFIRBHEEKTEME 1 FR, 38 MEANFYERKFNE,
i?@%ﬁ%@”&%ﬁf;ﬂﬂmﬁjﬂ: Cay Ka Mg’ Bay Fe, Nav Al’ Zn’ Mn’ Cu’ V, Nl’ Tlv
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Sn, Co, KETLE Ca, K Fl Mg AB M EHHE, METEF XL Ba, Fe fl Na (IS EEH,
HATESBHMEE, AEBREHHFE—TENRRARBERRB T FERANESR, B
Cafl, HEESEN1954.00 pg- g ', BEERN1360.00 ug - ¢ ', WEEH 5% pg-g ',
RUAAL B REIMYITTR B I % B RSE
2.2 TERXSH
%2 PHIXEMATRER, A5 HTEBEME(P=0.05), 45IR Cafl V, KFlZn, Fe
1 Ni, ALFINi, Mn fl Sn; 574 5 MITERBEAE(P=0.01), 45% Ca F1 Mg, Mg 1 V,
Fe 1 Al, Fe fiTi, AlFITi, AJ L FACEZEXRARSEY, REZEEMXNTEZELEHRA
IRHERVER, TIRMMMELRNTEZ AN ES —CBRENREINHER ., EASTEZAE
RUEREA —FEARRYE, ARYRAPIEZIHAT, :
T2 AREXDIESE

Table 2 Correlation coefficient matrix of elements in G. dahurica roots

TR Ca K Mg Ba Fe Na Al Zn Mn Cu \ Ni Ti Sn Co
K 0063
Mg —0939**0.128
Ba 0022 055 019
Fe 0.476—0.181 —0.424 0.044
Na 0.199 0.168 —0.119 0.147 0.512
Al 0.457—0.298 ~0.438 —0.048  0.957** 0.267
0.423 0.754*—0.197 0.653 0.435 0.351 0.351
Mn 0.319 0.18 0010 0.662—0.091 —0.074 —0.169 0.460
Cu 0.499 0.478 —0.332 0.481 0.382 —0.098 0.363 0.676 0.661
V —0.748* 0.071 0.874*¢(0.158 0.012 0.035 0 0.010 —0.02 —0.132
Ni  0.400—0.095—0.095 0.440 0.72* 0.055 0777* 049 0.116 0.563 —0.148
Ti 0.695 —6.268 —0.700 —0.270 0.876** 0.240 0.911** 0.291 —0.131 0.398 —0.283 0.599
Sn  0.078 0.276 0.095 0.368 —0.19 —0.663 —0.091 022 0.733* 0.670 0.128 0.163 —0.086
Co 0419 0076—0402 0435 0200 0626 0.033 0260 0129—0.050 —0.501 0.283 0.023 —0.466 1
* PTEO.05 KF FikFIR ML, #+P7E0.01 /KF LARIREEHE,
* Correlation is significant at the 0. 05 level (2 — tailed), #*# Correlation is significant at the 0. 01 level (2 — tailed),
2.3 TERRESH
1 PRFEHEERARNMER, HETEZNWHEREFRK, Hitex FEEEHT
PRUEALALBE( “Z — scores” Trik), SRIGTEBKIREEES RYUT LA Average linkage IX TR E M. 4
REW(HELD), 15 HTRARRKO6 KL, B 1 REHETEFe, Al, Ti fINi, HEMIEERB/D,
HP XL Fe, ALFTi ZEEEE/NCNFS), BHARIANTESRBERB/D, XERE; #1
K, TRCGEANHEZEFETHETENSBMPAME RN, FMAECHETE Na M Co; 25
VEEFETTE Mn, Sn fl Cu, HP XL Mn #0 Sn WEEBHGE; S8 VEEIETE K, Zn f1Ba, K
M Zn WEERIBOR; B VIREFETE Mg MV, WEZRIWER/NT S, ERBRERH# BB
THEURZHAMMHERR, [FNEEIET BRI NES R,

B
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CASE 5 10 15 20 25
Label + ; —

i i Il
v T T L

s

o

v

H1 TRREMRE

Fig 1 Dendrogram hierarchy cluster analysis of 15 elements

2.4 WERERSGH

HHE—EBREGBERATEST %3 EHAHBSEERTRE
HRAE, AFRIM S Y T EREHRITT Table 3 Eigenvalues and percentage of variances
FWA . ERS AR AEYL of principle components
TP —-MAERN AT TR, B WA
JE AT AL 2 I B BB A AT B 5 Initial eigenvalues
EREBH KB RERELE, ARTRSD Component BE BRER% BB/ %
BIEFRBBRAKR W&, ﬁ@%$% Total Variance ratio Cumulative
CHIARRER, SGRFHOLEI), B2 1 36. 989 52.461 52. 461
MEBSFEBEYBERITKES 2 28.745 40.767;  93.228
93.228% , Ui Wi AT LA e S 40 B0 3 2.251 3.193 96. 421
ZR 3% LLEMRR, BRit, "R M 4 1. 624 2.303 98. 724
2RI T AT < s 0.576 0.816 99. 541
AT TH 2 M ERSHERE ' )
FHHR, HREHGEATRABRNKL 6 0.317 0.450 9.9
AN, STEH#F T, B1 RS, 7 6.860E—03 9.730E—03  100.000

AT AR EBRKRK LR R Mg 1 Ca,
HiE SABRK SURRTE( - 0.966) ,
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BEBEEBR KA IEMATE(0.953), HHHHXH R4 HBEEEPE2AELSHEFAETR
FHEXIELHEHENRTERBHRHOEEBZE, Table 4 Loading matrix of the first two principal

Mg B ZRITE L , ﬁ‘éﬁn?ﬁ@ﬁﬁ R : ﬁiﬁ] components in rotated component matrix
FAR BERR 7K AL A B B A 1 0 AR 4 8 R R AE F4) Principal component
Ca RXREFMAEER, W E R AR BHT R 1 2
RET A A PR, EEEY &N pH {ERIZh Ca 0.953 0. 301
B, XPRTEMNEBETEATSHIHIR K 0,239 0.970
BHERME, BEXEEREXET, AFE UV - B

_ . Mg —0.966 0. 098
B 3 51 58 B XF [F] )& 75 — A W) R 1L HL ( Gentiana
straminea Maxim. ) FOBF e 2000 | b 48 5t Ba —0.174 0.571
SREERIEIN, R RE A 1E AR AR A Fe 0.520 —0.048
EIRMES. M TREBNEAZSEBAMN Na 0.148 0.219
T, ERENERESEARN B REFRE IR Al 0.536 -0.168
W, H5 BRAE U AR A BE I AL ] O TED R AEAE 3 In 0. 178 0.834
. RERIEEREI AHRK, EIMESTL Mo 0.122 0. 562
BERZY, HEROEE, FHAEREET, & o o331 o 585
SEZAKNRBEASHR, IHELHE ' '
R Mg F Ca T FI THE 3R 13 B 46 JUAR AR v —0.768 —0.107
REEH, BN RREEENESAE, Fit, Ni 0.442 0.038
UKL 1 EHR4EFHRA “REHR" B Ti 0.766 - 0.096
Fo Sn —0.038 0. 286

B2 EWaH, BIRET KM Zn 5FE® Co 0.383 0. 202

Ky, HADVEARGR, HANEEES
BRIV RPVEEBN—B 452 TROWELKRN, TR KM Zn HAFREEER, K
ZIFR . K YR EE Y RERBE B RE S B A . Zn LR IF M LEHBRTE,
AR KBS E B, EBOUMREE R T2 mE DNA 71 RNA REMESHEOBIKNE
H KM Zn EREMAENBEWIEREE, MTRR. BERSOERMEHNRE, Fmxt
WARBE—ER M. HI, T2 ERaEFR “BEE# B,

g ERG T, B RGBT ETIE 15 FT R BEARFER 2 M EBRE
T, PEEMBEINEIRNBES G 3%, BN T Frish st RZBIHHEEXR,
B BERFERMN BRERIES, BLERT A Ca fl Mg, KM Zn BB ELRE, H
FHEZEL M IRETT BT, — AT ASREHEREX, B 5TRMEEEEX, BL
ERTHEG KA SRR Y. W25 KRB, S%mBIHRAeRE=YE
R TR MEE, ATSHMBMEBRER, SERRRY, HYPTITROTRER
EHEANENREMMEEREZ " 2AXEYNEBHEREIR, HBH, 1k
B RBRAAIE I R 2T 4 MBI R X RMBIARE, BREBXEYTF, K n,
Cu M9ER (55N 26.22 pg - g7, 10.36 pg - ¢ ) SALBMELRIEM(FHIHR25.52 pug - 87"
10.13 g+ g '), BEBIABRTIH Zn M Cu BIMEA—FAME NIRRT R . M FHETEFMES
L BRI Z AR R Tt — SR,
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2.5 TEREHRFEEXHN

IR 2 N ERSEFSESHPRHATHERMT(AEKS) . HREH, F1ERHABE2 £
AR GEBREMESRZ RPN EERR, 2 M ERTEFSHRZEAYBEMRKR, £H
REEwESOEm, H NEBESE" AR CEERERE” EROBZEE. 29858 1 RS2
EHRAHAMRKR, M52 EROMBRIEMXRER, RAZKGENTEN AR
BEAMEEHE, » “BEEd” ERREEEN, RESENAR, Z5EHRT “RiEER"
B, M “EHEEH" R,

®S5 NEERSBFESESHEREXSH

Table 5 Correlation coefficient matrix of component factors and ecological environments

1 ERS %2 5
Component 1 Component 2
R Altitude 0.220 0. 192
#FF Longitude —0.331 0.251
£ Latitude -0.184 0.329
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Elemental Characterization of an Important Chinese Traditional and
Tibetan Medicine Gentiana dahurica and Its Relationship with the
Ecological Environments from Qinghai - Tibet Plateau

SUN Jing', CHEN Guichen', XU Wenhua', HAN Youji'**
(1. Qinghai Key Laboratory of Qinghai — Tibet Plateau Biological Resources, Northwest
Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810001, China;
2. Graduate School of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to further understand the pharmacological efficacy and mechanism of an important
Chinese and Tibetan medicine Gentiana dahurica, studies on the chemical elements distribution pattern
and its relationship with ecological environments were discussed. The content of 15 major chemical
elements in the officinal parts was determined by ICP — AES and analyzed by principle component
analysis and cluster analysis. The results indicated that there were abundant concentration levels of
analyzed elements in the roots of G. dahurica, and K, Ca and mgshowed higher concentration levels.
The distribution of elements exhibited geographical differentiation characteristic ambng different
population. The analyzed elements had simulative and/or impeditive effects on each other, which could
be also demonstrated by the cluster analysis. Two principal component factors were extracted by the
principle component analysis, which presented 93% information of all the analyzed variables and could
represent the characteristics of the original data. The first component and the second component could be
~ expressed as “enhancing metabolism” factor and “accelerating enzymatic activity” factor, respectively.
Altitude had the positive effect on the two factors, while longitude and latitude had negative and positive
effects on the first component and the second component, respectively. The elemental characteristics may
have the corporate effects on the secondary metabolism and the corresponding metabolism production, and
exhibited certain relationship with the medicinal efficacy of this species.

Key words: Gentiana dahurica Fischer; elements; ecological environments; cluster analysis; principal

component analysis

A EREEAR AT fik A B
U RBETTRAE) SEMMERIAE S, SRR,

(METR - MBH5E) 10.00 7T (Cais e E SPRGHT) 100. 00 5T
(MBETERHBESN) 16. 00 5 (RRHMB TR E S LB 15.00 JC
(METREFHE) 21.00 T (TR 20.00 7T
(METRSERSHKGT) - 21.005T (HEITTR IR 260 &) 10. 00 7T
(LRATRES) 92.00 7T (RIFILETEMAEE) 9.00 JG
(RRBBITEBII) 96. 00 T (kB TTHR o Bt PR L P 2 5 ) 8.00 JT
(BB L) 88. 00 JG ChRMBITR T SRR LW 88.00 J©
(B TR BRIEE) 15.00 75 (PEFEANMMHTHETE) 18.00 J©

(HMETER®) 16.90 7¢ (HMEBELCESLRIMEER) 25.00 I
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