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[ Abstract | Objective; To systemically evaluate the quality of Chinese compound Shuanghuanglian

preparations ( SHL, including capsules, granules, and oral liquid) based on the new concept of Q-Marker.
Method ; A qualitative analytical method of ultra performance liquid chromatography coupled with quadrupole time-
of-flight tandem mass spectrometry ( UPLC-Q-TOF-MS ) was developed for quick identification of multi-
constituentsin SHL. The source, specificity and related pharmacological effectsof chemical constituents were
confirmed by analyzing biosynthetic pathway and component specificity. The qualitative assay was performed on a
Waters CORTECS C ¢ column (2.1 mm X 100 mm, 1.6 pwm) with the mobile phase consisting of acetonitrile ( A)
and 0. 1% formic acid solution (B) as gradient elution at a flow rate of 0. 25 mL + min~'. The column temperature
was 45 °C and Q-TOF-MS was used in negative ion mode. Secondly, an HPLC-DAD analytical method was
developed for simultaneously determining 22 major compound ( including neochlorogenic acid, chlorogenic acid,
caffeic acid, cryptochlorogenin acid, loganin, sweroside, secoxyloganin, rutin, scutellarin, luteoloside,
forsythoside A, pinoresinol 4-0-B-D-glucopyranoside, isochlorogenic acid B, isochlorogenic acid A, isochlorogenic
acid C, baicalin, forsythin, oroxylin A-7-O-glucuronid, wogonoside, baicalein, wogonin and oroxylin A) in
Shuanghuanglian preparations. The quantitative assay was performed on Angilent Eclipse XDB-C,; with the mobile
phase consisting of acetonitrile (A) and 3% methol and 0. 1% formic acid solution ( B) as gradient elution at a
flow rate of 1.0 mL + min~'. The column temperature was at 30 °C and the optimum detection wavelength of DAD
was set at 240, 276 and 326 nm. Result: Based on the retention time and MS spectra, 22 compounds (including
iridoid glycosides, organic acids, lignans, and flavonoids) in Shuanghuanglian preparations were unambiguously
identified by comparing with reference substances. In quantitative assay, the linear range of 22 detected compounds
was fine (r>0.999 0), and the overall recoveries ranged from 95% to 106% , with the RSD ranging from 2. 0%
to 4. 6% . Chemical principal component analysis and modern pharmacological research of Marker were used to
select the Q-Marker of Shuanghuanglian preparation. Conclusion: The UPLC-Q-TOF-MS approach was used to
provide a rapid and effective qualitative method for identifying the chemical components of Shuanghuanglian
preparations ; the established HPLC-DAD was reliable and accurate to quantitatively analyze 22 active compounds in
Shuanghuanlian preparations, further screen Q-Marker of Shuanghuanglian preparations, and provide reference for
their comprehensive quality evaluation.

[ Key words | Shuanghuanglian preparations; UPLC-Q-TOF-MS; HPLC-DAD; quality control; Q-Marker
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Shuanghuanglian preparations in negative ion mode
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Table 1 Qualitative analysis of chemical constituents in Shuanghuanglian preparations
W 5 tg/min [iaeg7] 7T M 5EAE m/z 5 TR m/z R IR
10171 3.47 W E R C6H,50g 353.087 1 -0.57 191, 173, 135 FL
2017] 4.44 7 5 R C6H,50, 353.087 6 0.85 191, 173, 135 FL
3017 4.62 o 253 Jo 2 C6H,50, 353.087 6 0.85 191, 173, 135 FL
40171 4.76 i i i CyHg 0, 179.034 0 -1.12 135 FL
5017] 5.39 oD C,;Hy 0,0 435.150 8 1.15 345, 227, 209 FL
6L17] 5. 44 gD C16Hy, 0y 403.124 3 0. 74 195, 179 FL
7017 5.92 W7 AL B R C,H,, 0, 403. 124 9 2.23 371,241,223 FL
g7 6.46 T Cyy; Hyp 046 609. 145 1 -0.82 301 FL, FF
gl1s] 6.70 I g A Cy Hy 0, 461.071 3 -1.52 285 RS
10t 6.79 AR B C, Hig0,, 447.093 6 1.79 285 FL
1101 6. 82 JERPEH A CyoHy 05 623.198 0 0. 64 461, 179, 161 FF
12017 7.20 S E R B CysH,, 0,5 515.119 7 1.36 353, 191, 179 FL
130171 7.40 SRR A CysH,y, 04, 515.119 9 1.75 353, 191, 179 FL
14019 7.59 Fi i 2R -B-D -tk W 7 2 M CyHy, 0y 519.187 3 1.35 357 FF
15117 7.92 S8R C CpsHyy 0y 515.119 5 0.97 353, 191, 179 FL
16120] 8. 99 AT C, Hi50, 445.077 8 1.57 269, 175 RS
17010] 9.74 D Cy H3, 0y, 579.206 7 -1.55 533, 371 FF
18120 10. 25 KT 2 A7 A R T CpH,0,, 459.093 3 1.09 283, 175 RS
191201 10. 74 WA CpHy 0y 459.093 6 1.74 283, 268 RS
20020 12.16 WAER CsH,005 269.045 4 1.49 251, 241, 223,197 RS
1120 13. 46 W R % C6Hy, 05 283. 060 8 0.35 268 RS
29119 13. 68 TR A C6Hy, 05 283. 060 9 0.71 268, 239, 166 RS

WV RN FE T [M + HCOOH - H] ™ U4 FL /R & 44K, FF #8358, RS RN %,
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DRCHEAT o3 B, LU O X3 3% Q-Marker 19356 5 42 {1
Wt o o AR SR R A ML R 3k 8 A,
R IR , 4% LR, K 2k DR IR, TR , 3% M 1 A,
FERIRIR B, SR aRE R A S ax R C, H A By Ll
ML S 42 T PR 45 M B oC O T, B2 B S R I X
KRS BA PR PR Bk Bomae T %
YRR, 5 003 3 50 ) D280 — B, R 5 26 1 o ot
M I Q-Marker ; B il 3¢ B 73 33 9 4>, T
PP o2 ORR R CEST DUE ST B R
AR RBIRR AT-HERBERHE M TZAR ALK
HBE A BB 2R B AN B R DU S R S
TREAE A B AR o 5K B s fE
FAUO T B B R A B R St 3
A WAL DR SR ECF SR, AT A
Pl 1k, Wt R L BUE L PUR L PR AL A 2 Bl I
e 2 X i R o ROR — B, TAE  E A A
SCHK, R BT 0 X3 22 1 70 HP A J o il 09 o 4
M RAMIE . ARBERRIE 2 4 MR-
B-D-t W 45 4 %, [ R B PR N R AR AR
JH TR R AT L AE R i ) Rk A, Y
I, WUHE 3% e 1 A~ B 29 A 25 30T 1 Q-Marker
R, o 1 —20 T 200 5 AR O, TR T
KU i 22 45 b5 i A A 7 1 o

3 MNEERETN T ENEL

3.1 XU# % HPLC-DAD Jit i bp il ¥ % i 5 7 ik
3 57

3.1.1 RGUE N KL w0 R R
TR X TR U T K VR WA 10 L, AE 2. 1.3 T
ORGSR A, A5 R LI 20 B 4R IR , % BT
Bk S TR , WO ME R, R CF SEH, S ERH, W ST T R
LT AR AR, RSB R MR R
B-D-E I # & FH, 57 20 IR B, S 4k R A, S 4%
JEIR C, B3, M, RBIBEER A7 W RER
DESH AR WE AR TZ40% A 3L 22 7
I3 M A AR L I E A T 5 THAR A8 €0 13 0 114 73 7

¥ > 1.5 {776 0.95 ~ 1. 10, B 35 A B L) 4%
@RGIETTEITE 1 J7T LA b BIPEXS IR BRO™ T a4l
AL R AL AT B3 A, At B A6 AR A B R WL
g, LI AR A 23 A T 40 JE o

A 240 nm 16 18
l 19 22
1 2 3? 56 7 319\011 13 . 7 fao?!
[ S| S Luu\ﬂ
0 20 40 60 80 100
276 nm 16 18
" ‘ 92:1 22
4
) 2 R I
0 20 40 60 ) 100
326 nm e
1 23 10 2“;2
Y P 5 I

0 20 40 60 80 100
B 240 nm 1‘ . 20
1 2 6 7 61011 13, 15 1l7 }
J!Jua_ _x Lo 8% \,A_%&LJEJ“J/LJ‘ JL L “2122
T
0 20 40 60 80 100
18 18,0
276 nm
10 9|21 22
1
o b e T
0 20 40 60 80 100
16 20
326 nm | e

10
122

2 1 15
N il P § kel

0 20 40 60 80 100
t/min

Lo B SRR 2. SRIER 3. MNHERR 4. KR ek R 5. Sk ;6. A
HAF 7. WAL TR T8, T 9. WA 10. KRR AR 11
RBHRH A512. WAR R -B-D-Mt I 4 2 08 1 5 13, S 4% JRURR B 14. S
JEER As15. SRERJRER C516. BEARHF 17, JERAY ;18 AWK ER A-7-
AR 519, DUBA ;200 B4 35210 WU 5 5522, TIR4K
%A

B2 RBAMRMA(A),ST WHEHH(B)#K HPLC-DAD &if
Fig.2 HPLC-DAD chromatograms of reference substances( A) and

Shuanghuanglian preparations(B)

3.1.2 &MV EE 2.2.2 BT 7kl 4
A5 0T HR At A5 W, T 50% YIS R, G I AR 400 B
YR B TR A5 X IR VR W RS IR 10 L, AR
NVRAHE AL, 7E 2. 10 3 J50 6 % S5 47 R 00 e 06 i L
DA AR (Y) of X A i 3 (X0) AR P T 0, 22 7l
il £, 45 3 18] 09 05 AR FIAH OC R B, AR LR 2.
3.1.3 REEREE R IR — 0 B TR
W10 WL, 7E 2. L3 B GE A F T 1 d NIELEERE
6 W, ELEME 3 d, 70 B 3 22 Ff o3 1 i 1w FH
T AR Y RSD, 4528 22 Ff a7 H P RE %E RSD
0.2% ~3.5% , H ] K% B RSD 0.6% ~3.4% , 3
TS 45 6 o T R A
3.1.4 FREMEs  BOREhE 2.2.1 U 5kl 4
Pl 3w, 7050 F 0,2,6,10,12,24 h i A HPLC 4
- 41 -
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Table 2 Calibration curves,linear ranges of 22 detected compounds
LA Jual 93 7 PN/ mg- L r

g R Y =27.72X +64.74 0.501 ~150.3 0.999 4
A Y =27.98X +37.32 0.411 ~123.1 0.999 2
Fe 2t 5 R Y =25.86X +20.94 0.512 ~153.2 0.999 4
W R Y =74.08X -2.160 0.090 ~27.01 0.999 3
DT Y =12.40X +6.167 1.501 ~450.3 0.999 2
K P SRAT Y =7.299X +3.769 1.501 ~450.3 0.999 4
Wt AL BT Y =15.89X +4.161 0.266 ~79.80 0.999 0
P Y =16.62X —4.350 0.401 ~120.3 0.999 4
RS A Y =18.84X +7.973 1.011 ~303.2 0.999 3
[ =s Y=17.15X -3.223 0.521 ~156.2 0.999 0
N Y =26.99X +4.943 0.401 ~120.4 0.999 1
s G 22 -B-D -t T 75 75 o 1 Y =2.764X +14.63 1.012 ~303. 1 0.999 0
R4 ERR B Y =41.84X -5.060 0.991 ~297.1 0.999 5
SR A Y =40.30X - 13.00 1.250 ~375.0 0.999 5
SEER C Y =36.98X -22.91 1.120 ~336.0 0.999 4
WA Y =32.94X +988. 1 3.980 ~ 1194 0.999 0
AT Y=9.973X - 11.02 1.980 ~594. 1 0.999 4
R B 22 AT R A TR A Y =39.09X - 12.91 1.021 ~306.2 0.999 4
BB AT Y =53.61X +41.83 0.450 ~135.0 0.999 4
WHE Y=72.07X -27.71 0.521 ~156.3 0.999 4
WA R Y =61.83X -8.991 0.178 ~53.40 0.999 4
TR4E A Y =5.514X - 4.258 1.981 ~594.1 0.999 4

A, 1 57 22 Fh R 43 W T AR, £ 11 AE 22 b a4y T
FHURSD 78X % 11 IR R0 375 A7 751) AR B B 322 i
PWFI B K 0.4% ~3.2%,0.2% ~ 3.5% Fi
0.5% ~3.4% , 25 F RV IERE 724 hINERUE .
3.1.5  EE M R AR IBCE — HER0E R
(S1,84,S7) , BRI BUAE Fh 4% 6 0, # 2.2.1 Tl |
75 ¥ ) A8 At A T R, A R T e T R, H AR 22
BT, 25 22 R sr % i RSD 7R AU i
FI R W A 3% J00RE R | R B 3% 5 4 5 b a3 il oy
1.7% ~3.6% ,1.6% ~4.0% 1 1.3% ~4.4% , i}
W17 B R M R A,

31,6 MCRIKE R LS W2 ME
A R R R T R T 2 1.25 g IR $EZY 0.2 g,
K 2 it BOBUEE % ) 500 1 R 24 2.5 mL, 550 B A
mh A 6 10, R B IO AL AR B Y 22 R IR %
2.2, 1 TR J7 il 2 Bl v i, ORI E B L 4
WYX % IR W e [l Rl 95.15%  ~
105.42% ,RSD 5[ 2. 0% ~ 3. 0% ; XL ¥ % 1z )
S [T %k 95. 98% ~105.97% ,RSD i [l 2. 0% ~
4.2% 5 X H B B P W E Bk Rl 95.09% ~
103.76% ,RSD Ji [ 2. 2% ~4.7% . W& 7% i F) i
A 10k %k 95. 09% ~103.70% ,RSD i [l 2. 1% ~

.42 .

4.6% 10,3 3,

3017 FESERIE S AR e R
[ 4 VR A R 3 A A, #E 2. 2. 1 TR O vk o A i
SRR, FERE 10 WL, 4% 2. 1.3 T 035 45 40 R I 2
T AR, ARl v il 2 SR B i S5 SR WLk 4

3.2 ME % HPLC-DAD 2 Jit & A5 i 9 i 73 o 1 Ak
it ——E At R A DPS 16. 0 H3 458
TR 22 B oy 09 & = AT L o0 B, R 6 it
WU JIURL R 3 ik LB 1AV o R R R A G
B AT R, W 3, sy v =0.226 4 x, +
0.231 2x, +0.216 7x, +0.228 1x, +0.219 lx, +
0.227 7x, +0.209 3x, + 0.198 2x, +0.200 9x, +
0.229 9x,, +0. 153 8x,, +0.214 7x,, +0. 189 Ox,, +
0.224 4x,, +0.206 Ox,; +0.230 1x,, +0.216 1x,, +
0.230 4x,, +0. 178 1x,, +0.215 Tx,y +0.225 5x,, +
0. 200 2x,, , %5081 AT A1, 22 ik G 4 68 XL %
STk, Horb A HLER 28 1Y BTk Dy gk R R > ok
B2 > ek iR > F et iR A > BRar iR > =4t ) i
C> BB A > Fa IR B o8 il 28 i o & & sk
R ORMIER AT AR Y > RS R >
WXER > TRAE A>T > DUE B 1 I 0 ik
TAIE 3 R ST > ek > Wi E b BT
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F3 WEESFG22 MESHMERKE(n=6)

Table 3 Recoveries of 22 detected compounds in Shuanghuanglian preparations (n =6)

XUHE % JURL (S3) XU e I 4 (S4) X% H IR (S7)
5y PAR  WiE EMCGR RSD O fIAR WASE BRE  RSD AR WASE EKE  RSD
/mg /mg /% /% /mg /mg /% /% /mg /mg /% /%
E Y 0. 501 1.073 102.80 3.1 0. 501 1.023 103.50 3.1 1.002 1.989 99.08 2.1
R 2.055 4.291 103.50 2.0 2.055 3.949 99.78 2.5 2.055 4. 046 97. 61 2.9
e &t i iR 1.024 2.049 104.50 2.1 0.768 1.518 99.59 3.9 1.024 1.943 97.41 2.2
Wi R 0. 060 0.124 101.00 4.1 0. 090 0. 189 100.10 2.3 0. 090 0.210 98.31 2.7
oY 0.500 0.543 98.91 3.2 0. 094 0.193 101. 90 2.1 0. 094 0. 169 101. 80 3.1
T AR 0. 300 0.520 96.96 2.2 0.751 1. 427 95.97 3.1 0.250 0. 461 97.20 2.3
Wi A fb S B 0.532 1.161 95.98 2.2 0.399 0.789 102.60 2.3 1.330 2.482 95.24 3.0
T 0. 401 0.795 101.60 2.3 0.267 0. 548 101.80 4.1 0. 100 0.175 96.18 2.4
ENE A 1.517 3.212 101.00 4.2 0. 809 1.579 95.78 4.6 2.022 4.035 97.65 2.2
Y 8 R 0.261 0.526 105.40 3.1 0.417 0.779 100.00 3.2 0.208 0.410 95.87 2.5
AR EAF 0.080 0. 158 101.10 3.6 0. 020 0.043 99.55 3.2 0. 100 0. 197 97.00 3.0
WANE E -B-D-ML A A R 1.822 3.733 104.20 3.4 0.810 1.711 103.70 2.5 1.265 2.537 100.90 2.2
SRR B 0.124 0.251 104.80 2.1 0.991 1. 067 97.73 2.1 0.991 1.726 99.39 3.1
SAR R A 0. 156 0. 308 105.20 2.5 0. 156 0.330 101.80 2.7 0.313 0. 691 102.10 2.9
e JER C 0.373 0. 765 103.46 4.0 0.224 0. 463 99.71 3.2 1.344 2.704 95.57 3.0
AT 31.840  62.180 103.50 2.3 31.840  60.090 95.09 4.1 31.840 61.550 102.80 2.5
JU IR 3.960 7. 844 105.97 3.0 0.990 2.048 102.50 3.0 0.990 1.990 100.30 2.0
A 2 AT A 2 B R 1.532 3.337 104.10 2.2 2.042 3.978 96.77 2.2 2.042 4.001 95.88 2.4
I &1 0. 150 0.302 105.50 3.3 0.225 0. 492 99.54 3.4 0.113 0.238 97.44 2.5
AR 0.208 0. 407 96.06 2.7 0.521 1. 142 95.88 2.4 0.521 0.959 95.15 3.0
AR 0.089 0. 200 105.60 2.2 0.178 0.372 95.71 2.9 0.178 0. 348 96.54 2.6
TFIZHKE A 0. 495 0. 945 105.90 2.4 0.991 1.925 102.30 2.5 0. 660 1.376 105.42 2.2
x4 WEEHHNF22MEIHRESE(n=3)
Table 4 Determination of 22 detected compounds in Shuanghuanglian preparations(n =3)
No.  MigglEm  SEmR  REER  orHER TR WP gig M HEMIRTH A NEESH OKRRBRE
S1 0.446 1 1.731 0 0.782 8 0.051 1 0.038 8 0.182 8 0.5200 0.3103 1.344 0 0.201 0 0.061 5
S2 0.424 4 1.548 0 0.754 2 0.070 2 0.083 4 - 0.449 1 0.901 5 3.3050 0.177 9 0.140 9
S3 0.269 7 1.8550 0.457 5 0.079 4 - 0.271 9 0.171 9 0.258 0 1. 866 0 0.424 6 0.124 4
S4 2.5190 9.494 0 3.766 0 0.495 1 0.484 5 3.534 0 1.897 0 1.380 0 4.022 0 1.810 0 0.1139
S5 2.3470 10.900 0 4.314 0 0.713 3 0.317 7 4.2210 3.584 0 0.996 9 4.486 0 2.2670 0.2326
S6 1.469 0 8.101 0 1.357 0 0.560 3 0.3120 2.147 0 3.542 0 0.745 6 2.516 0 1.463 0 0.403 3
S7 0.398 5 0.816 2 0.378 2 0.048 5 0.029 5 0.087 2 0.486 3 0.031 6 0.824 3 0.084 0 0.040 0
S8 0.489 7 0.3927 0.547 0 0.051 3 0.056 3 0.3352 0.7950 0.0459 1.618 0 0.109 8 0.041 2
S9 0.200 2 0.755 4 0.367 5 0.0351 - - 0.387 9 0.059 1 1.527 0 0.073 5 0.070 4
S1 1.467 0 0.096 7 0.1150 0.3030 23.3800 2.920 0 1.394 0 0.114 7 0.1657 0.084 4 0.336 4
S2 2.343 0 0.151 3 0.172 3 0.469 1 28.2800 3.3990 1.683 0 0.256 2 0.402 4 0.1317 0.536 5
S3 1.489 0 0.2200 0.091 6 0.2462 25.1900 0.965 6 1.406 0 0.100 6 0.128 6 0.110 6 0.500 4
S4 4.356 0 0.490 6 0.854 7 1.199 0 149.100 0 5.1650 10.0100 1.3380 3.2120 1.007 0 4.558 0
S5 5.2470 0.734 1 1.2820 2.266 0 153.2000 6.497 0 12.700 0 4.005 0 1.938 0 0.979 9 1.974 0
S6 2.3170 0.2121 0.569 1 0.7952 137.3000 4.966 0 10.170 0 6.1550 2.5180 1.057 0 2.5120
S7 0.503 9 0.296 5 0.148 8 0.5680 11.5200 0.398 8 0.817 4 0.051 2 0.1854 0.070 3 0.272 1
S8 0.459 7 0.2101 0.121 6 0.404 8 13.4100 1.070 0 0.962 9 0.1959 0.107 5 0.058 6 0.1515
S9 1.173 0 0.082 2 0.090 1 0.2424 14.5500 1.700 0 0.840 8 0.120 0 0.048 7 0.067 5 0.272 8

T - FRME TR, S ~S6 M) mg-g™"',S7 ~S9 Hfiidy g L',
.43 .
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ARIFR I 2 A > W IR 5 -B-D-ik e 4 %
BEFE o SR BRIR RS A S RO R AL
T B R R KA Y

4
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Fig. 3 Principal component analysis of Shuanghuanglian

preparations

4 HERMITIE
4.1 UPLC-Q-TOF-MS EEIr#r  HH T IE 7E
TR, e B 9 g AR T W R B O T OE B
B, I EL IR N 22 SCik il 1 6 TR U AR
FE B A S 24 4 Jo i gk A, 5 o B 114 3
Mk ECOT B S s S A AR N 0. 1% WA R - i
TRk, I HLAT A T 2 26 B 73 U o S8 7 A i) B
GFEG[M + HCOOH — H ]~ 43 B 7 U s 45 A MUY
[ 73 S A A HEAN o 1 X — il HLA 3 SR o
T 24 7 20, IR R TSR IR KRBk SRR, TR I
TR S E BT HE I A4 o3, PRAS 2L A Bk — 25 K
R FR 0T B R DX BN, e A IR S 22 R,
HA PRI 3L 8 A B 2 IR, R IR, B 4
JER , RS , R AL, ek AR B, AR R A
FISRER AR Cs BEEA 2R B 73 363t 9 A, 9 T B e %
HORBFH HEH NESH HER NHER,
ARBBEER AT W PR M T2 AR3R A 3065 Bk
HARIL 3 A WAL SR BB R S KR
RS 2 A MY A K B-D-I I A R T
MAREE 853 7 R4 R T, AN [R]BUHE 3% 51 84 (8] B 73
B — 2, 1 I O 1 A 590 R 2 R SO A — B
PP AT 5 BR
4.2 @SSP IESE T AR R B S AR IR 26
WO A, e A S S, W T
Waters X-select G4, Ultimate XB-C,; ,Phenomenexluna
C 1 5 G T AT X 00 7 22 Bl I P 18000 19 20 B OR
B RGP UTEA Agilent-XDB C, (35 H: . 2 AR
GER L HE, e T A B S AR AR R 2
.44 .

CHE LT W EEAR R 38 5 oK A A LER, R
0. 1% 1 H R 7K 35 SR e A, A2 LK 2 R 9 e o 3¢
T B BOR AT, o8 B 348 2 5, i P R A &R
3 B8 B e LG X B R T RN AR S ST R RO B AR, A
PEAE LRl A KA R3S 1% ,3% ,5% #Y B ik
A7 A, 25 08 ke LB A VR I L 480 1) T R, AR T AR
5 AT 1 43 5 0 B, F R B L 5 (5% )
B, FE SRR AR B ST Y R R Ay 4y B R B,
PRI e A SR B B R G2 - (0. 1% W R +3%
) KR 2, B BE R o G0 38 K 1 i %% 28 DAD
SR TS SR W R SR R
7 F A Ng 2 -B-D-Mik e 5 25 5 T S5 R TR ik K A
240 ~245 nm  FFERIF IR SRR , BR Lk R R , o E AR
FOT L EPES A, OR BT SR AT A, 5 R R
B, R e Ji iR A, F 45 R C Fe KR 7E 326 nm
KA EEH NS H , BE5R,NESR, TEHK
FOA, ORI R AT A R R KW KA
276 nm ZEAT LR 45T 0 ) 1Y) 5% A e B, B ¢
PEFELL 240,276,326 nm 1 22 Fh 43 2 B E 7Y
o 3 K o

4.3 R4 Q-Marker (14438 2 BUHE I Jo 45 19 48 A
K mr o b 38k WO b 2E Y A A R AR R
S LA AT AR 2 R 2 BRAE A3 T R D
RO AT 22 0 2 )2 WAHSE &, 2B 3 A B
T 1500 32 M o R A HLRR 2 R A S PR Tk
AR FE A3, I B R 2 p oy 35 HL A R
I RYT REORE S 16 1 2 B IE ME 5 X 9 HEREE 1 5
TR, G R, AR A R
LW OB A A 23.38 ~ 28.28 mg - g
(233.8 ~282. 8 mg/ WK H R & ) , WU % I 4 5 A
137.3 ~153.2 mg-g ' (219. 68 ~245. 12 mg/ ¥ 1}
), TR % R 11,52 ~ 14.55 g+ L7
(230.4 ~291 mg/ YR AR ) , 3 Ff il 751 25 2 [ 1)
25 5 Ha L 245 500 AN [ T 3, o SR e BT IR R
SR TE S B AR BT, AR S Aoy o AT 4 SR AT
FIUA W1 3 A -7 -4 268 T TR 7 19 D0 R e vy, R bt A A
B 2 153 1) Q-Marker 3 5 85 55 1 R I = A-
TR . HOK SRR, AR AL MR &R -
B-D- N R 7 4 B 52 S8 RN A b I 3 AT -7 A I TR
T B R, e IR T IR R S B A A kR 3 Fb
FIEL 5 E L 10 mg DL b, HoAh 5% 43 WAL F 10 mg,
b 32 A3 40 B R D R T R e K, SRR R 1 R A
SER IR A TE AR STk iR, JF HAA SCER A
UL AR o kIR T AR A R
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