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Abstract  Objective: To establish HPLC fingerprint and determine caffeic acid, isoquercitrin, quercitrin,
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rosmarinic acid, lithospermic acid and salvianolic acid B in Tournefortia sibirica Linnaeus,and to provide evidence
for quality control of Tournefortia sibirica Linnaeus. Methods: The chromatographic separation was performed on an
Agilent Eclipse Plus Cjg column (250 mm x4. 6 mm, 5 wm) with gradient elution (0 —60 min, 9%B—38%B) of
0.2% phosphoric acid(A) and acetonitrile( B) . The detection wavelength was 330 nm. The column temperature
was kept at 40 °C and the flow rate was 1.0 mL - min ~'. The HPLC fingerprint of all batches of Tournefortia sibirica
Linnaeus was established using Similarity Evaluation Software for Chromatographic Fingerprint of Traditional Chinese
Medicine (2012 edition) and the common peaks were identified by reference standards. Six constituents in Tourne-
Jortia sibirica Linnaeus were quantified. Results: Eleven common peaks were confirmed, and 6 common peaks were
identified by reference standards including caffeic acid, isoquercetin, quercetin, rosmarinic acid, purple oxalic
acid, and salvianolic acid B. The similarities of 17 batches samples were 0. 931 to 0. 996. By the methodology exam-
ination, RSDs for the precision test were 1.9% , 1.0% , 1.4% , 0.19% , 1. 1% and 0.32% , respectively. RSDs
for the reproducible test were 3.5% , 2.3% , 3.3% , 0. 14% , 1. 1% and 0. 19% , respectively. RSDs for the stabil-
ity test were 0.80% , 1. 1% , 1.7% , 0.52% , 0. 54% and 0. 78% , respectively. Caffeic acid, isoquercitrin, quer-
citrin,, rosmarinic acid, lithospermic acid and salvianolic acid B had good separation and showed good linearity in their
respective linear ranges. The average recoveries ranged from 95% to 105% ,and the contents ( calculated with reference
to the dried drug) were between 0. 004% to 0.013% , 0.030% to 0.259% , 0.032% to 0.256% , 0.256% to 1.246% ,
0.018% to 0.072% and 0.062% 0.499% , respectively. Conclusion: The established HPLC fingerprint and quantifi-
cation method is stable and reliable ,which can provide basis for the quality control of Tournefortia sibirica Linnaeus.

Keywords : Mongolian medicinal material; Tournefortia sibirica Linnaeus; fingerprint; cluster analysis; principal
component analysis; content determination; caffeic acid; isoquercitrin; quercitrin; rosmarinic acid; lithospermic

acid; salvianolic acid B
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Tab.1 The samples information of Tournefortia sibirica

R W H P Elin=2

(sample No. ) (collection date) (origin) (lot No. )
S1 2018 —06 =20  PNSERIEL TR G 48 ( Hailutu Town, Horgin Left Back Banner, Tongliao, Inner Mongolia) 2018620
2 2018 —-06 -26 NS AIEL TR G ( Horgin Left Back Banner,Tongliao, Inner Mongolia) 2018626
S3 2018 —07 —15  PNZFAEC T 7 By ( Wanli City, Tongliao , Inner Mongolia) 2018715
4 2019 -08 —08  PNSZAT PP DL /R T B LR 8 200 ( New Barag Left Banner,Hulun Buir,Inner Mongolia) 2019808
S5 2019 -08 - 11 S AL T2 bl ( Liaohe Park , Tongliao, Inner Mongolia) 2019811
S6 2019 -08 —15 NSy BpRaRih i 75 e A A 12 B2 Vi /R4 ( Bayannur Town ,Sonid Left Banner, Xilingol League,Inner Mongolia) 2019815
S7 2019 -08 =24  NEEEIELTIARMRIL X (Horgin District, Tongliao , Inner Mongolia ) 2019824
S8 2019 -08 -25 NS i -2 = H4H ( Fengtian Town ,Kailu County, Tongliao , Inner Mongolia) 2019825
S9 2019 -08 -26  NZZ il iRl £ i (Horgin Left Middle Banner, Tongliao, Inner Mongolia) 2019826
S10 2019 -08 —=27  NSEE 242 ARG Hifi (Horgin Right Middle Banner ,Hinggan League ,Inner Mongolia) 2019827
SI1 2019 -09 -01  NZFEEL TR /G ( Horgin Left Back Banner, Tongliao, Inner Mongolia) 2019901
S12 2019 -09 -02 NI TS ( Hure Banner, Tongliao, Inner Mongolia) 2019902
S13 2019 -09 10 PNSER RS DL /R T B LR e 457 ( New Barag Right Banner,Hulun Buir, Inner Mongolia) 2019910
S14 2019 -09 - 11 NZEHIEE IR LR /R IX (Jalainur District,Hulun Buir, Inner Mongolia ) 2019911
SE 2019-00—13  PYSEHIFAE IR TR /R HE /21 (New Barag Left Banner, Hulun Buir, Tnner Mongolia) 2019913
S16 2019 -09 - 14 2 IS DL R AT EE PG H13% ( Manzhouli Xijiao Airport,Hulun Buir,Inner Mongolia) 2019914
S17 2019 -09 - 15 NZFH IS DR TTE E R FEATHERT/8 5] (Hulun Lake ,New Barag Right Banner, Hulun Buir,Inner Mongolia) 2019915
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K Agilent Eclipse Plus C,4 (250 mm x4.6 mm,
S wm) @IEAE, FBIAR N 0. 2% BERRIF L (A) — LI
(B) , BEEEUEME (0 ~60 min,9%B—38%B) il i 330
nm, 7 1.0 mL - min ™' FEIR 40 °C | 3FRER 10 pl,
2.2 I
2.2.1 BuKiER BRI (1 3 S £90.2 g,
REPRE , ERIEHEEM RS AR B2 25 mL, %,
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Tab. 2 The identification results of target compounds from Tournefortia sibirica
m/z oA =3
g g MERE T I AR il Pt iy S/ VS il
(No) mi (adduct SkPRIE. e = (chemical ( molecular molecular ( compound) (MS/MS
mm ion) (actual  (theoretical shift) formula) P data)
value) value) mass )
1 1946 [M-H]~ 7151307 715.1299 1.1 CiHyg O 716. 14 schizotenuin A 715.129 2 473.084 1.,429.09 5,
403. 118 0 307. 058 7
2 2121 [M-H]~ 463.0882 463.0877 1.1 Cy HyOpy 464. 10 M (isoquercitrin) 463.087 3,300.028 0,271.025 5,
255.030 0
3 2370 [M-H]~ 549.0806 549.088 1 -2.7  CyuHy,O0 550.10 A FE3 -0 -TN 3G  549.087 3,505.100 4,300.027 5,
ZPBHE (quercetin3 - 0 — 271.025 7
malonylglucoside )
4 2873 [M-H]~ 359.0775 359.076 7 2.2 CigH60g 360. 08 WHIEFFAR (rosmarinic acid) 375.077 1, 179.0344 | 161.0245 |
133.029 8
5 3012 [M-H]~ 537.1037 537.103 3 0.7 CyHy Oy 538. 11 LR (lithospermic acid ) 537.101 9,295.061 9,185.024 7,
109.029 3
6 3245 [M-H]- 537.1068 537.1033 6.5 CyyHy Oy 538.11 FHER H(salvianolic acid H) 537.103 1,295.061 6,197.044 4
179.035 1.161. 024 6
7 3334 [M-H]~ 717.1459 717.1456 0.4 Csy6H30046 718.15 FHER B(salvianolic acid B) 717. 145 0,519.094 8,339.052 4,
321.042 8 295.062 4
8 3453 [M-H]- 1073.201 2 1073.2052 -3.7 Cy7Hy0n9 1074. 21 1 (unknown ) 1073.196 5 985.223 9 787. 164 1 |
580.113 4
9 3691 [M-H]~ 373.0932 373.0924 2.1 CioH 5O 374.10 PRIETETR G A4 (methyl 373.092 1,179.034 3,160.016 0,
rosmarinate isomer ) 135.045 8
2.3.5  IROUEITEE S SAHPUE S BC1T #HE(ST ~ HL A O BRIG SR , 2 R IEAS B RD T | BERE

S17) AN F= w5 | B, $42. 2. 17 00 7 gl £ Ak
AR, 12, 17 I A5 P FERE R IC SR B35 K , 5
17 kb5 55 HPLC @i (K 3) o FHSAERKZY
B 51 22 P 2 I 1 SRS AL P R SR
(2012. 130723 Jiit) , LAREAL (S1) B35 2 BER SUALE,

st A 30 g X B AT 3% A T AR ARLE 23 A, JE45 2]
11 A6 5 @RI A B rIEIE , g UK,
WL 6 SN2 I, ZR R 17 RS T 254 5
Xt e S0 3 22 8] A9 AR DL AE 0. 931 ~ 0. 996, i
17 RIS [ RE25 0 B AR B R , 250 BRARE o
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Fig.1 UPLC - HRMS base peak chromatograms of Tournefortia sibirica
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Fig. 2 Chromatograms of Tournefortia sibirica mixed reference substance solution( A) and test solution(B)
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{/ min

B3 #b5|= HPLC 454U EE (S1 ~ S17) R EX RIS E L (R)

30 40 50

Fig. 3 HPLC fingerprints (S1 ~ S17) and control fingerprints (R) of Tournefortia sibirica

2.3.6  RAEHER LT HEPSIFAEMAY 11 4
Ay I BN AL, g SPSS 27. 0 2 F, iz 4l
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S3.S12 815555 IV S17., sy 20 B, A b vl
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516 17
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51415
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51213
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S17 18

1

4 17 #trbSI EHE MR CA
Fig.4 CA of 17 batches of Tournefortia sibirica samples
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ANHAF T RS A SPSS 27. 0 B, HEAT B4 40 M
(PCA) HRLIRHE(E > 1 D0 vk 2604, 2 3B 4 4
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1.276 1. 038, J5 2= 5t Wk 2 43 9 oy 47.265 ,18.801
11.603 9. 432, Zit mpk Rk F] 87. 1% , FH X 4 2K
TS T AR E R R TS A B EEAE R, ik
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Fig. 5 PCA scree plot
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R2X1]=0.389 R2X[2]=0.222 Ellipse: Hotelling’s T2(95%)

6 17 #twh5| & PCA BHE
Fig. 6 PCA score chart of 17 batches of Tournefortia sibirica

2.3.8 EAMmE/N I TE - A TR R
SIMCA 14. 1 84X 17 HEAE & 2547 1E 28 0 e /N —
Fe ik — F050 53 Hr (OPLS — DA ), 15373 FE B (& WLIEL 7
A R°X (cum) =0.315,R°Y (cum) =0.203,
0 = -0. 616, ZMBAHEL/NT 0.5, BLHIBIRLAR
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7 17 #t&5|E OPLS - DA 55
Fig.7 OPLS - DA score chart of 17 batches of Tournefortia sibirica
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Fig.8 OPLS - DA VIP value of 17 batches of Tournefortia

sibirica
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Tab.3 Linear regression results of 6 components in Tournefortia sibirica

% LR . LR PR

( component ) (linear equation) (linear range)/ug
WMk ( caffeic acid) Y=5.4x10°X -501. 933 1. 000 0.003 3 ~0.029 5
St B (isoquercitrin) Y=2.0x10°X —787. 587 1. 000 0.011 9 ~0.107 3
Hik e 1 ( quercitrin ) Y=2.0x10°X —666. 982 1. 000 0.014 8 ~0.132 8
7K 1% R ( rosmarinic acid ) Y=3.0x10%X -6 818. 789 1. 000 0.092 8 ~0. 8352
4 2R (lithospermic acid ) Y=1.5x10°X —241.434 1. 000 0.068 9 ~0. 105 8
FHEER B (salvianolic acid B) Y=1.0x10°X -1 141. 888 1. 000 0.068 8 ~0.619 9
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2.4.2 AEEIEEE KRR ST S Y
IR 10 L, 43 ) 3% 2210 AN BOAH 4 6 ¥k, T e
VTR, IR Gt o b 25 AR MERR | S5 R A
T GRIEFER LR AR B WA RSD KK
F1.9% 1.0% 1.4% 0.19% 1.1% F10.32% , 3
WA A HE 2 B R AT o

2.4.3 HmEMRE SIS, 1K72.2. 1730
T AT HI A 6 sl A i, 4% 2. 17 T Bk 4%
PE3EFT HPLC 23, HEREIRR 10 pL, 3155 i, D AS
WINMERR | SA T W Rk R SRR RN P
12 B B3 8843 3R 0. 012% 0. 045% 0. 033%

2.4.4 fRoEtEREe  BCSL SRR, $772.2. 173
D7V A R S VA, $ 2. 1 TR {4 2, 43 )
£0.2.4.8.10 12 h #E4F 10 L 7 , 25 SR miHERz |
SEME R T A R IR SRR AP R B i
TR RSD 43514 0.80% 1. 1% . 1.7% .0.52% .
0.54% F10.78% , FWIHLA S ERAE 12 h NEE

2.4.5 JmFERDCRIE: B A &1 ST SRS
290.1 g, 29 fy KEEEFRE, 703 4,4%0.5.1.1.5
P B A8 3 S A0 UK %8 T A BT PR | S A R A B
T AL ER RS R B X B, A ik
VRV, R IR 10 L RN 2, TS MR R | S A

0.77% .0.079% F1 0.46% , RSD 43 %] N 3.5% .
2.3% 3.3% 0. 14% 1. 1% #1 0. 19% ,

B MR Tk kR

RUGRILE 4,

x4 MEFERKRER

Tab.4 The results of recovery rate

SRR AR B i [m] i

NS

o R R rp JAHE EES HEVES P15 Il R RSD/
( component ) (sample quantity) /g (content)/mg (added) /mg (measured) /mg  (recovery)/% (average recovery)/% %
WHE R 0.102 4 0.012 3 0.006 7 0.018 9 98.7
(caffeic acid) 0.103 6 0.012 4 0.006 7 0.018 9 9.5 97.6 1.3
0.102 8 0.012 3 0.006 7 0.018 8 9.5
0.110 4 0.013 2 0.013 4 0.026 4 98. 1
0.107 4 0.0129 0.013 4 0.025 4 93.4 95.7 2.5
0.108 1 0.013 0 0.013 4 0.025 8 95.7
0.102 1 0.012 3 0.020 1 0.030 9 92.8
0.110 9 0.013 3 0.020 1 0.032 4 95.0 93.9 1.3
0.101 1 0.012 1 0.020 1 0.032 6 94.9
SR A 0.102 4 0.046 1 0.023 5 0.068 8 98.0
(isoquercitrin ) 0.103 6 0. 046 6 0.023 5 0. 069 2 97.1 97.2 0.81
0.102 8 0.046 3 0.023 5 0.071 0 9.5
0.110 4 0.049 7 0.047 0 0.096 8 98.0
0.107 4 0.048 3 0.047 0 0.097 5 102.2 99.3 2.6
0.108 1 0.048 6 0.047 0 0.095 7 97.6
0.102 1 0.045 9 0.070 5 0.1152 95.2
0.110 9 0.049 9 0.070 5 0.1202 97.5 95.9 1.5
0.101 1 0.045 5 0.070 5 0.114 6 94.9
i3 #5 ( quercitrin ) 0.102 4 0.033 8 0.017 5 0. 050 6 97.8
0.103 6 0.034 2 0.017 5 0.0529 103. 6 99.7 3.4
0.102 8 0.033 9 0.017 5 0.050 7 97.8
0.110 4 0.036 4 0.035 0 0. 069 0 94.5
0.107 4 0.035 4 0.0350 0.070 5 100.2 99.4 4.5
0.108 1 0.0357 0.0350 0.0727 103. 4
0.102 1 0.033 7 0.0525 0.084 9 9%. 1
0.110 9 0.036 6 0.0525 0.088 6 98.6 96. 8 1.6
0.101 1 0.033 4 0.0525 0.084 5 95.8

RO R
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s TR Tt it v B TA S ALV -4 [m] AR RSD/
( component ) (sample quantity)/g  (content)/mg (added)/mg (measured)/mg  (recovery)/% (average recovery)/% %
RIEFTR 0.102 4 0.790 5 0.377 0 1.178 0 102. 8
(rosmarinic acid) 0.103 6 0.799 8 0.377 0 1.1829 101.6 102. 3 0. 60
0.102 8 0.793 6 0.377 0 1.180 3 102. 6
0.110 4 0.8523 0.754 0 1.6222 102. 1
0.107 4 0.829 1 0.754 0 1.590 8 101.0 101.2 0. 80
0.108 1 0.8345 0.754 0 1.5920 100. 5
0.102 1 0.788 2 1.131 0 1.934 0 101. 3
0.1109 0.856 1 1.131 0 1.971 9 98.7 99.0 2.1
0.101 1 0.780 5 1.131 0 1.878 3 97.1
E 0.102 4 0.080 9 0.041 4 0.1214 97.8
(lithospermic acid) 0.103 6 0.081 8 0.041 4 0.121 4 95.5 97.0 1.4
0.102 8 0.081 2 0.041 4 0.1217 97.8
0.110 4 0.087 2 0.082 8 0.168 3 97.9
0.107 4 0.084 8 0.082 8 0.163 8 95.4 95.4 2.6
0.108 1 0.085 4 0.082 8 0.162 3 92.9
0.102 1 0.080 7 0.124 2 0.198 1 94.6
0.1109 0.087 6 0.124 2 0.206 7 95.9 95.0 0.90
0.101 1 0.079 9 0.124 2 0.197 1 94. 4
FHE R B 0.102 4 0.468 0 0.236 0 0.696 3 96. 8
(salvianolic acid B) 0.103 6 0.473 5 0.236 0 0. 696 2 94. 4 95.0 1.7
0.102 8 0.469 8 0.236 0 0.691 2 93.8
0.110 4 0.504 5 0.472 0 0.972 1 99. 1
0.107 4 0.490 8 0.472 0 0.976 9 103.0 99.2 3.7
0.108 1 0.494 0 0.472 0 0.945 4 95.6
0.102 1 0. 466 6 0.708 0 1.154 1 97. 1
0.1109 0.506 8 0.708 0 1.2190 100. 6 99. 1 1.8
0.101 1 0.462 0 0.708 0 1.167 0 99.6

2.4.6 BEERUE UDTIHREAR ALY 0.2 ¢ R
2 2. 1350 77 ) A6 Mo 0 R DR 10
LGP AT I, BUSE IR o, 455 17
HEVRY | O SR M EE T R R 5
SRR B it (LT ) 0 0.004%~
0.013% 0. 030% ~ 0. 259% 0. 032% ~ 0. 256% 0. 256% ~
1. 246% 0. 018%~0. 072% #10. 062%~0.499% , WH# 5,
3 it

ARBIFERIE T SEL5H 3| BRI PEDR S5 (2
S IRITEZ GRS ) R0 OK AP R R AT BT
FERSY) B (R HE JKIRHE) IS0 R it
WRE
3.1 B

A 25 B RE T , 26— SO, TS A

HWEHR L

Tt H AL, 1K 10 ~30 em; KM 28 00 B AR
s ER S, AR B B KRB R R, Bl
W AT 2 € R B . 2 VR O R, R OF R
A BB ERRREE, K1 ~5 cm, 5
6 ~ 10 mm, Jo¥im iR s Bl , B AR L ol 18, % AR A
REHKEE, TWEGL W, EFTA . R,
WRIR o
3.2 %5H0(1)

ZINFTIR i N R | YV S L P S ROy
1 000 pm, BEJE a0 BEATPEIR T o i B Sk FR [
W SEEIE  WH 1 ~5 41, REIRES R ARy
10, AP SO THED T 27 4Rt 27 4k . FEA)
FRAE , HARZY 30 pm, S48 T N IRECR A BIR AL
T, B 10 ~30 pm, ALZ N AER
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Tab.5 Results of content determination of 17 batches Tournefortia sibirica

Erim (VAT 5T [ content( caleulated by drying product) ]/%

=
(QNO. ) IR S B itz EIEAER SR FHEEE B
(caffeic acid) (isoquercitrin) (quercitrin) (rosmarinic acid)  (lithospermic acid) (salvianolic acid B)
S1 0.013 0.05 0. 037 0. 843 0. 086 0. 499
S2 0.013 0.072 0.032 0. 605 0.020 0.153
S3 0.012 0. 106 0. 049 0.833 0.031 0.231
sS4 0. 007 0. 101 0.075 0. 704 0.072 0.322
S5 0. 007 0.039 0.034 0. 507 0.028 0. 189
S6 0. 008 0. 066 0.034 0.418 0. 047 0. 062
S7 0. 007 0.071 0.048 0.673 0.025 0.254
S8 0. 006 0.097 0.075 0.515 0.039 0.242
S9 0. 008 0.114 0. 041 0. 662 0.023 0. 158
S10 0. 007 0. 056 0.043 0.442 0.018 0.391
S11 0. 006 0.135 0.256 0.707 0. 049 0.384
S12 0. 007 0. 096 0. 041 0.952 0. 041 0.396
S13 0. 005 0. 068 0. 104 0.674 0.018 0. 157
S14 0. 004 0.03 0. 042 0.256 0.029 0. 144
S15 0. 009 0.125 0.132 0. 86 0.018 0.123
S16 0. 004 0. 105 0.034 0.533 0.019 0. 139
S17 0. 006 0.259 0. 063 1.246 0.025 0.307

3.3 EH(2)

WAL 2 g, I =& H BE 30 mL, 75 (2% 250
W, Bl % 40 kHz) 4b 330 min, o 3§, U8 W Wk 45 =
1 mL, 7 i i, DR A o 3 B — 47 i i
X HR A, A P e 1 mLE 0.5 mg YR,
YRR RT B Sh VA VR . R 2 3% vk (Gl 0] 0502) (55,
M B3R 2 RS 10 L, 209 s T Al —REIE G
JEMR L, DA - YR (7: 1) IR T B,
T, M D 10% B2 CBEVE IR, A 2R 30 0 3. F T A o
i gt 76 5 X0 RS S AR 2 L, AR
B E A 5 B EEAPEKT (365 nm) T A4 I AH [F] 251 €4
M ECHE R o
3.4 %50(3)

B (2) WU (R 08, i Y 30 mL S (2
250 W, 4% 40 kHz) &b ¥ 30 min, 3 3§, DE TR Y 45
£ 1 mL /E Rt 1ﬂ:ﬂﬂ{/r§{’f§lo 5 BURR A R XS B iy,
R A 1 mL 55 0.5 mg A9V IR, VE S ox B i 7
W o HRUE)ZE (i Ga ) 0502 ) 056, e ik 2 F
VWA 3 L, o33l IRl —ERE G #Z2 4 b, A
bt - LR TR - W (8:10: 1) Jy T, & IT, B
BT ZESAMEST (365 nm) NATHL, Abilin (1%

PRTE 5008 BE S €53 A Y 0 A7 b, SR [ R 1Y 5
B
3.5 RAEMREY

212020 AF R P N R A 2 1) O X
17 HERE S A TR A R LB ) 10025 500 5, 45 K 53
TET.3%~10. 8% ; WK/ AE 6. 1% ~9. 9% 3 BR A1
M3 TE 0.65% ~ 1.9% ; BEE VIR 1 W 1E 9. 8% ~
14.7% 5 KGR HPITE 24.2%~34.9%

3.6 @iﬂ‘aﬁ%{ﬁl:lﬂ’]ﬂﬁﬁ_'ﬁj’%

XA S TR T T 200 ~ 400 nm (A4, 45
RE/RPEKAE 330 nm Eﬁﬁhjﬁ“ﬁ%@ﬂﬁ%gﬂ?,
A A T 30 < 36 6 330 nm 435 B 5% T H
ﬂ?:—ﬂ( O - K EE - 0.2% B2 KW . &

—0. 2% WEER 7K VS WM i 3l AR B9 AS [ BL 2380 B2
Hfﬁvn%//mjﬁﬁjﬁlﬂi — 0. 2% T R 7K 15 R Uk 2 AH
73 B8 BE AT SR T O - 0. 2% W FR/K I R
{)luﬁjﬂ‘ﬁ'ﬂl_mﬁ’]{nﬂﬁ]*ﬁl//{(l 0£0.2)mL « min~' ¥
ANF R AT T 5T, 25 R MR | SR A
UTEREIN Ll%%‘@a\ SELRAPHER IR B {0 135 06 1) O7 7
] B R B = AR U BT RTRS , AN 43 5 B 5
T A, BAS 1 5 B 5T R I 3 A T A
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1.0 mL « min ™" 5 X EGEARREE P4 ], LL(30 £10)°C
AN [RIELE AT 1 250, 4 R HERR | S A B
MR RIE AR 5 SRR AN R B i 1 £ B
P15, B SR o A RS, ELAN RO 2 e 1T AR
{8, ARSI BT TR T T HER D 40 C.
3.7 PRBCRFR R

BT 5 T AR 50 (H R 70% R 50%
) ANFSEHOT i CREA SR EC A5 50 AR 42
R[] (30 45 .60 min ) , 45 R A [ 755 AR BT IE K
SEHUR ] ) HPLC (g age R 7y B 88 LA B FE e Fg e i
FRZERIAK, %5 I8 3 H B S IR 2% o/ P e BT
fif1,30 min (15 RE , MOASIF TS 32 BT 3 D BOAS dl by R
(14 3 50ii) 29 0. 2 g, W#ARE , B AIEFILHT K
WM B 25 mL, 2, FR A, AT (250 W, 40
kHz) 4L BE 0.5 h, W%, FERR A, F A b A2 Ol 2% 1)
LRSI, RIS

B 3k
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