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Abstract : A standardized HPLC-PDA-ESL/MS profiling method was used to identify the phenolic components of Erigeron
breviscapus and breviscapine. A general phenolic quantification method was used to quantify the components. As a re-
sult,33 hydroxycinnamates and 16 flavonoids were detected in E. breviscapus,a plant used in traditional Chinese medi-
cine for treating cardiocerebral diseases. Eighteen flavonoids were detected in breviscapine, an E. breviscapus derived
drug. The hydroxycinnamates were quantified using HPLC-PDA at the detection wavelength of 326 nm and the mole rel-
ative response factors (MRRF). Dried chlorogenic acid was used as calibration standard. Similarly,8 apigenins,4 lute-
olins,3 flavonol 3-0-glycosides, and the 7-O-glucuronides of quercetin and isorhamnetin were quantified using apigenin
(at 336 nm) and rutin (at 354 nm) as calibration standards and MRRF value for each compound. This was the first de-
tection of over 10 flavonoids in breviscapine,and the quantification of each phenolic component in E. breviscapus.
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Introduction

The whole plant of Erigeron breviscapus ( Vant. )
Hand-Mazz ( Compositae ) is an important traditional
Chinese herbal medicine with anticoagulant activity and

It has

been used for treating various cardiocerebral diseases

cerebrovascular and cardiovascular benefits.
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for years. It also has neuroprotective , antibacterial , an-
tifungal and visual field protective activities 7).
Scutellarin ( scutellarein 5, 6, 4'-trihydroxyflavone 7-
glucuronide ) , one of its major components, has been
developed into a therapeutic drug, breviscapine (deng-
zhanhuasu in Chinese) , used for cardiocerebral disea-
ses in China "*. This drug contains more than 90% of
scutellarin  with apigenin 7-glucuronide, scutellarein
and scutellarein 7-glucoside as its minor components.

In addition, a therapeutic drug made from the hydroxy-

cinnamates of this plant is in clinical trials /.
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To date, approximately 50 hydroxycinnamates and 10
flavonoids were reported in this herb and most of them
were identified using LC-DAD-MS"'?'. Thirteen E.
breviscapus polyphenols were confirmed to be free radi-
cal scavengers based on an on-line HPLC-ABTS/DPPH
assay and MS detection "**'. In this study, 18 fla-
vonoids were identified in breviscapine, and 33
hydroxycinnamates and 16 flavonoids were identified
and quantified in E. breviscapus whole plant 7', This
was the first report of the detection of over 10 fla-
vonoids in breviscapine, and the quantification of each
phenolic component in E. breviscapus. The results of
this study offered the possibility to understand the bio-

activities of this herb more clearly and to use the herb

more efficiently in the future.

Materials and Methods

Chemicals

HPLC grade solvents ( methanol, acetonitrile ) , formic
acid, HCl1 (37% ) and dimethyl sulfoxide ( DMSO)
were purchased from VWR International ,Inc. ( Clarks-
burg, MD,USA). HPLC water was prepared from dis-
tilled water using a Milli-Q system ( Millipore Lab. ,
Bedford,MA ,USA).

Chlorogenic acid, apigenin, luteolin, quercetin di-
hydrate, rutin ( quercetin 3-O-rutinoside ) trihydrate,
diosmetin and isorhamnetinnm were obtained from
Chromadex,Inc. (Irvine,CA,USA).

Samples

E. breviscapus samples were collected from the planting
field of Kunming Longjin Pharmaceutical Co. ,Ltd. for
the determination of the phenolic components.
Breviscapine ( scutellarin content 91% ) was obtained
from Yuxi Wanfang pharmaceutica Ltd ( Yuxi, Yunnan
Scutellarin (99% ) was derived

from breviscapine by purification ( repeat crystalliza-

Province, China ).

tion) in Kunming Longjin Pharmaceutical Co. , Ltd. ,
and the residue was used to identify the minor fla-
vavonoids in this therapeutic drug.

Instruments

An Agilent 1100 HPLC ( Agilent, Palo Alto,CA,USA)
coupled with photodiode array ( PDA) detector and
mass analyzer( MSD ,model SL) was used in this stud-

y. A Symmetry C; column (250 x 4.6 mm i.d.,5
pwm, Waters Corp. , Milford, MA, USA) with a Symme-
try Sentry guard column (20 x 3.9 i.d.,5 pm) and
SymmetryShield column (250 % 4.6 mm i.d. ,5 pm)
were used for the chromatographic separation.
Standard preparation

The standards of chlorogenic acid, apigenin, luteolin,
and rutin were vacuum dried ( National Appliance Co,
Portland,OR, USA) at 110 C until a constant weight
was reached (around 24 hrs) and the dried standards
were used for the polyphenol content quantification.
Their water contents were determined as 6. 4% ,
5.4% ,8.6% and 10.0% ,respectively 7',

Each standard was accurately weighed between 3. 0-
6.0 mg (the balance reading set for 0.01 mg) and put
into a 10 mL volumetric flask ( £ 0.2 mL). The
standards were first dissolved in 2 mL of DMSO and
then brought to volume with the aqueous methanol (60
:40,v/v). Their solutions were mixed in same molar
concentration for each standard, and prepared at 3 dif-
ferent dilution factors to provide a range of signals suit-
able for the quantification of the major and minor phe-
nolic compounds in the samples. Each solution was in-
jected 3 times onto the column. The relative standard
deviations (RSDs) for the peak areas were all <5%
and the average integrated peak areas had a linear rela-
tionship with respect to concentration ">’

Sample preparation

Sample extraction

The dry materials were powdered and passed through
60 mesh sieves prior to extraction. The ground powder
(200 mg) was put into a tube, and extracted with 10
mL methanol-water (60:40,v/v) using an FS30 Ultra-
sonic sonicator ( Fisher Scientific, Pittsburg, PA, USA)
for 60 min, at room temperature. The slurry mixture
was centrifuged at 2500 rpm for 15 minutes (IEC Clin-
ical Centrifuge , Damon/IEC Division, Needham, MA |
USA) , the supernatant was filtered through a 17mm
(0.45 W) PVDF syringe filiter ( VWR Scientific, Seat-
tle, WA,USA) ,and 50 pL of the extract (or extract-
1) was injected into the HPLC.

Acidic hydrolyzed extracts

The breviscapine residue solution (0.5 mg/0.40 ml.)
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and the whole plant extract (0.5 mL) were mixed with
concentrated HCl (37% ,0. 10 mL) , and heated in a
covered tube at 110 °C for 2 hrs, respectively. Then,
0.40 mL of methanol was added to each of the reaction
mixture , and sonicated for 10 min. The solution was re-
filtered prior to HPLC injection ',

Identification of phenolic components
LC-PDA-ESI/MS condition

The LC-PDA-ESI/MS consisted of an Agilent 1100
HPLC ( Agilent,Palo Alto,CA) coupled with photodi-
ode array ( PDA) detector and mass analyzer ( MSD,
model SL). A Symmetry C,; column was used at a flow
rate of 1. 0 mL/min for preliminary peak separation.
SymmetryShield column was also used for the further
separation of some overlapped peaks. The column oven
temperature was set at 25 “C. The mobile phase con-
sisted of a combination of 0. 1% formic acid in water
(A) and 0. 1% formic acid in acetonitrile (B). The
eradient was varied linearly from 10% to 26% B (v/
v) in 40 min,to 65% B at 70 min. For the plant ex-
tracts, the PDA was set 326,336, 348,354 and 368
nm , recorded from 190400 nm. Mass spectra were ac-
quired using electrospray ionization in the positive and
negative ionization (PI and NI) modes at low (100 V)
and high (250 V) fragmentation voltages and recorded
for the range of m/z 100-2000 .

Identification process

The preliminary putative compound identification was
made based on its UV absorptions, retention time ( elu-
tion order) , protonated/ deprotonated molecular ([ M +
H]"/[M-H]") values, and the parent ions and main
fragments. After a direct comparison of the obtained
data with those of a standard or reference compound in
in-house compound database, a reliable identification
can be offered.

Quantification of phenolic components

HPLC-PDA conditions

The quantification of phenolic components, including
the PDA settings, was carried out using HPLC-PDA.
The HPLC-PDA method was the same as described in
Section 2. 6. 1.

Quantification process

The relative UV absorption intensity of each separated

compound to that of the standard was used for its con-
tent calculation. The concentration of the polyphenols
were expressed as mg of the compound in 100 g of the
dried plant materials, and were calculated using the fol-
lowing formula;

C(mg/100 g) = [1000 Ax x MWx x Ws x Vs]/
[As x MWS x Vx x Wx x MRRF]

Besides, each sample extract was prepared in tripli-
cate, each preparation was analyzed in triplicate, and
the relative standard deviations (RSDs) for each peak
should be kept < 5% . The efficiency of this extract
preparation method for the main peaks was confirmed to
be over 95% ,thus, this method was able to be used for

content quantification B2

Results and Discussions

Identification of the flavonoids of breviscapine and
phenolic compounds of E. breviscapus

Chemical structures of some phenolic compounds detec-
ted in E. breviscapus were shown in Fig. 1. HPLC-PDA
chromatograms (326 nm) of breviscapine residue and
the herb extract were shown in Fig. 2 and Fig. 3, re-
spectively. The names, retention times (t; ), wave-

lengths of maximum absorbance (X, ), molecular ion

max

([M-H]"), and major fragment ions ( the main and

Breviscapine , prepared from E. breviscapus , contained
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Hydroxycinnamic acids: R1=R2=H, MW=164
Caffeic acid: RI=OH, R2=H, MW=180
Ferulic acid: R1=OMe, R2=H, MW=194

2,7-Aanhydro-3-deoxy-2-octulopyranosonic acid
(DOA. MW=220): R=R;=H, R:=Rs=Caffeoyl
2,7-Anhydro-2-octupyranonic acid (OA, MW 236):
R=H, Ri=R-=Rs=Caffeoyl

Sinapic acid: R1= R2=00Me, MW=224

Flavonols Flavones

Kaempferol: R=R1=H, MW=286 Apigenin: R=R1=H, MW=270
Quercetin: R=OH, R1=H, MW=302 Luteolin: R=OH, R1=H, MW=286
Isorhamnetin: R=OMe, R1=H , MW=316 Diosmetin:R=OMe, R1=H, MW=300
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Quinic acid, MW=192 Erigeside-1: R=caffoeyl

Fig. 1 Chemical structures of polyphenols of E. brevis-

capus
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Fig 2 HPLC chromatograms (326 nm) of the fla- compounds of E. breviscapus recored with a
vonoids of breviscapine residue ( after removal Symmetry column (A) and a SymmetryShield
of scutellarin) recorded with a Symmetry col- column (B)
umn (A) and a SymmetryShield column (B) diagnostic ions) of the flavonoids of breviscapine resi-
and the flavonoid aglycones in the acidic hydro- . .
lyzed residue recorded with a SymmetryShield due were shown in Table 1 and 2. The concentration of
column (C) and bravilcupine recored with a each phenolic compound in the whole plant were listed
SymmetryShield column (D) in Table 2.
Table 1 Putative identification of the flavonoids in breviscapine and its residue
Peak No ty-1 w2 H[“I\;P}IIJ] "/ PUNI main fons UV Ay dentifieation
(min) (min) (m/z) (m/z) (nm)
1 11.5 16.5 641/nd 479,303 276,338 Pentahydroyflavone 7-0-glucuronid4’-0-glucoside
2 20.2 28.5 447/445 271/269 268,328 trihydroxyflavone 7-0-glucuronide
3 21.1 29.8 517/515 319/317 260,274sh,354 quercetagetin 3-0O-glucuronide
4 2.2 30. 1 479/477 303/301 282,346 5,6,7,3" 4-pentahydroxyflavone 7-0-glucuronide®
5 25.3 32.6 449/447 287/285 282,336 scutellarein 7-0-glucoside®*”
6 26.0 33.3 463/461 287/285 266,348 kaempferol 3-0- glucurunide“"’
7 27.1 33.9 463/461 287/285 256,264sh,368 kaempferol 7-0-glucuronide® "
8 27.7 - 479/477 303/301 256,266sh,372 quercetin 7-0-glucuronide®"
9 28.1 36.1 463/461 287/285 282,338 Scutellarin®"
10 28.1 37.1 479/477 303/301 272,346 pentahydroxyflavone 7-0-glucuronide”
11 29.1 - 509/507 333/331 260,274sh,354 petuletin 3-0-glucuronide®
12 35.0 42.8 447/445 271/269 266,338 apigenin 7—0—glucuronide"'"’
13 35.6 - 493/491 317/315 256 ,266sh,368 isorhamnetin 7-0-glucuronide®
14 35.9 42.1 477/475 301,299 254,268sh,350 diosmetin 7-0-glucuronide®
15 37.5 - 477/475 301/299 274,338 methoxytetrahydroxyflavone 7-0-glucuronide
16 38.9 51.3 287/285 -/ - 282,338 Scutellarein®
17 40.4 52.9 303/301 -/ - 274,350 Pentahydroxyflavone”
18 51.8 60.9 271/269 -/ - 266,336 apigenin“‘b

*identification was confirmed with a standard or positively identified compounds in reference plant materials.

" yeported previously in this plant.

Table 2 The name,mass,UV absorbance,and content of each phenolic compounds of E. breviscapus

. [M-H]/ uv Content
Peak
eal Compound name main ions N (me/100 )
no (retention time , min) m/z (nm) + RSD
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6a
6b

9A
9B
10
11
12a
12b
14
15
16
21A
22A
22B
22C
23
24
25
26B
27C
27D
29
31
33
34
35A
35B

19A

21B

26A
28
30
36

1-caffeoylquinic acid (6.3)*"
3-caffeoylquinic acid (7.5)™"
caffeoylquinic acid glucoside (7.7)%"
5-caffeoylquinic acid (10.5) !
4-caffeoylquinic acid (11.9)*"
3-caffeoylDOA (13.3)"
9-caffeoylOA (13.4)°"
caffeic acid (14.1)*"
caffeoylOA (15.3)"
caffeoylDOA (15.7)"
5-feruloylquinic acid (17.9)*"
1,3-dicaffeoylquinic acid (18.1)%"
4-feruloylquinic acid (18.3)®"
malonylcaffeoylquinic acid (18.3) "
erigeside-1 (22.1)"
dicaffeoylquinic acid glucoside (24.5)®"
dicaffeoylquinic acid glucoside (25.2)%"
1 ,4-dicaffeoylquinic acid (30.7,39.8)"
3, 4-dicaffeoylquinic acid (31.4,39.3)%"
3,5-dicaffeoylquinic acid (31.6,41.6)*"
1,5-dicaffeoylquinic acid (31.8,42.5)*"
malonyldicaffeoylquinic acid (33.3)%"
malonyldicaffeoylquinic acid (33.8)*"
malonyldicaffeoylquinic acid (34.5)%"

4 ,5-caffeoylquinic acid (35.5)"

erigoeter B isomer (4,9-diCDOA) (36.0,46.5)"

erigoster B (3,9-diCDOA) (36.0,47.7)"
melonyldicaffeoylquinic acid (38.6)°
1,3 ,5-tricaffeoylquinic acid (40.2)%"
erigoster A (3,9-diCOA) (47.9)"
3,4,5-tricaffeoylquinic acid (48.1)""
erigoster A isomer (49.8)"
3,4,9-riCDOA (49.9)"
Total contents of 33 hydroxycinnamtes
6 ,8-di-C-glucosylapigenin (14.7)™"
scutellarein 7-0-glucoside (25.8)%"
scutellarin (27.9)%"
scutellarein 7-O-pentoside (30.8)"
apigenin 7-0-glucuronide (35.0)%"
methoxytrihydroxyflavone
scutellarein (38.8)*"

a,b

apigenin (51.8)

353/191,179,135
353/191,179,135
515/353,179,135
353/191,179
353/191,179,135
381/201,179,161
397/217,179,161
179/135
381,201,179
397,217,179
367,193,191
515/353,191,179,135
367/193,191
439/191,179
435/323,179,161
601/557,395,353,233
601/557,395,353,233
515/353,191,179,161 135
515/353,191,179,161 135
515/353,191,179,161,135
515/353,191,179
601/557,395,353,233
601/557,395,353,233
601/557,395,353,233
515/353,179
543,381,161
543/381,161
601/557,395,353,233
677/515,497 353,191,179
557/393 353,233
677/515,353,191,179
557,395,353

705/491

593/475,355
447/285
461/285
417/285
445/269
475/299

285
269

328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh 240
328,300sh,240

nd
328,300sh,240
328,300sh,240
328,300sh,240

nd

nd
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240
328,300sh,240

nd
336,282
338,282
336,282
336,266
338,266
338,282

338,266

1.70 £0.07
10.00 £0.40
9.75 £0.39
738.86 +29.55
10.50 £0.42
12.50 £0.50
20.25 +£0.81
9.35+0.37
104.00 +4.16
37.95 +1.52
7.55+0.30
2.10£0.08
4.10 +0.17
103.40 4. 14
103.40 4. 14
3.20£0.13
2.70 £0.11
9.50 £0.38
53.60 +2.14
1140. 65 £45.63
309.20 +12.37
12.40 £0.50
29.10 £1.16
25.00 £1.00
461.20 +18.45
98.79 £3.95
506.45 +20.26
7.50 £0.30
3.45+0.14
24.35 +£0.97
8.55+0.34
3.80+£0.15

2.10 £0.08

3876.95 +155.08

2.11 £0.08
24.52 £0.98
1411.52 +£56.46
7.15+0.29
52.12 +£2.08
94.34 +3.78
76.45 +£3.06

89.75 £3.59
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Total contents of 8 apigenin derivatives

19B  pentahydroxyflavone 7-0-glucuronide (28.0)" 477/301
32 luteolin (46.2) %" 285
27B diosmetin 7-0-glucuronide (36.1)* 475/299
37 diosmetin (52.6)* 299
Total contents of 4 luteolin derivatives

13 quercetagenin 3-O-glucuronide (21.1)* 493/317
18 quercetin 7-O-glucuronide (27.4)° 477/301
20 petuletin 3-O-glucuronide (29.1)* 507/331
27A isorhamnetin7-glucuronide (36.0)* 491/315

1757.99 £70.32

Total contents of 4 flavonols

Total contents of the 49 polyphenols

346,272 116.58 +4.66
348 ,266sh,256 20.90 +0. 84
350,268sh,254 56.45 +2.26
350,268sh,254 20.75 £0.83

214.68 £8.59
354,274,254 21.90 £0.92
372,266sh,254 64.10 £2.57
354 ,266sh,254 100.00 4.0
368 ,266sh,356 8.10 £0.32

194.10 £7.76

6043.72 £241.75

* the identification was confirmed with standard or positively identified compounds in reference plant materials

b reported previously in this plant;

¢ the content quantification was made on the related ratio of the UV band I absorption ( the first one in the table) to that of the standard and their MRRF

value.

91% scutellarin as its active component ( Fig. 2D ).
The flavonoids of the breviscapine residue solution were
firstly separated with Waters Symmetry column ( Fig.
2A) ,and some un-separated compounds, for example,
compounds 9 and 10, were well separated with Waters
SymmetryShield column ( Fig. 2B). After the acidic
hydrolysis , the glycosides were converted to their aglyo-
cones ( scutellarein peak 16, pentahydroxyflavone peak
17 and apigenin peak 18) and their peak intensities
were increased, and appeared as the main peaks in
Fig. 2C, while such aglyocones were minor peaks in
Fig. 2B.

As mentioned in the section 2 ,the primary compound i-
dentification was made bade on the analysis of the elu-
tion order, UV and mass data of each compound. For
example , based on loss of 176 Da, such as 463-287,
479-303, 493-317, 477-301, and showing same UV
band 1, peaks 8,9,13 and 14 were identified as the 7-
glucuronide of kaempferol, quercetin, isorhamnetin and
diosmetin , respectively. Peaks 3,6 and 11 showed loss
of 176 Da and a typical 12-17 nm shift of the UV band
I movement to short wavelength to suggest them to be
3-0-glucuronide of quercetagetin, kaempferol and petu-
letin, respectively. After a direct comparison of the an-
alytical data with those for the standards and the refer-
ence compounds from ten other Compositae plants in

24-26

the database " 10 of the flavonoids were identified

reliably as noted with superscript “a” in Table 1.

Some of the remained flavonoids were previously repor-
ted in this herb (with superscript “b” in Table 1) ,and
have the same identification except the aglycone for two
flavonoids (i.e. ,peaks 1 and 10 in Table 1,and also
peak 19A in Table 2,the herb extract) was previously
identified as 3-glucuronide of 3,5,6,7,4'-flavanone
( galetin) using LC-MS" analysis '*'. However, the ag-
lycone (i.e. ,peak 17 of Table 1,40.4 min) of this
flavonoid had a UV spectra (274,350 nm) which was
different from that of galetin (258sh, 276,358 nm)
116.28]  Furthermore , this UV data were also different
with those for 5,7,8,3’,4’-pentahydroxyflavone (266,
334 nm) *' 5,6, 7,3, 4'-pentahydroxyflavone
( nepetin, 6-hydroxyluteolin ) (282, 348 nm, 31. 1
min) , tricetin (5,7, 3",4", 5'-pentahydroxyflavone ,
268,352 nm,37. 4 min) , herbacetin (3,5,7,8,4'-
pentahydroxyflavone ,276 , 329, 380 nm, 44. 0 min) ,
morin(3,5,7,2",4'-pentahydroxyflavone , 252 , 262sh ,
352 nm,41.22 min) ,or robinetin (3,7,3",4",5'-pen-
tahydroxyflavone ,250,318sh,362 nm 25. 33 min) too
123261 Thus, its positions for the 5 hydroxy functions is
still not determined. Peak 1 might have the same agly-
cone with one additional gluosyl at 4" position based on

its UV band T X\
11.5 and 16.5 min, respectively. Peak 2 was identi-

e @t 338 nm, and retention times at
fied as trihydroxyflavone 7-O-glucuronide , but the posi-
tions for the 3 hydroxy functione were not established.

Peak 4 was identified as mostly 5,6,7,3",4'-penta-
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hydroxyflavone 7-0-glucuronide ,based on its UV data.
Several of the mentioned flavonoids were not reported
in this herb previously '**.

Based on the relative peak area ratios, breviscapine
contained scutellarin ( peak 9, 90. 9% ) , pentahydr
oxyflavone-7-0-glucuronide ( peak 10,4.2% ) , apige-
nin-7-0-glucuronide ( peak 12,3.5% ), scutellarein -
7-0-glucoside (peak 5,0.8% ) and scutellarein ( peak
16,0.6% ) (Fig.2D). More than 10 other flavonoids
were found in the breviscapine residue ( Fig. 2A and
2B ) with a combined concentration of less than
0.01%.

In the same way, 33 hydroxycinnamates and 16 fla-
vonoids of E. breviscapus were separated and identified
by two columns (Fig.3). All of the flavonoids in the
herb were the same flavonoids detected in breviscapine
residue (Table 1). Twenty-nine of the polyphenols are
caffeoylquinic acids (i. e. ,6 mono-,12 di- and 2 tri-
caffeoylquinic acids and their malonyl or glucosyl de-
rivatives ) ,and were positively identified by direct com-
parison of their diagnostic UV (for caffeic acid conju-
gated system) and MS data ([ M-H ], fragments, and
the retention times recorded to in two different columns
(Table 2) to those of the related standards'>>*’. Such
compounds were always to present the quinic acid ion
at m/z 191, with 1-3 caffoyls by loss of 162 amu in
turn, efc. as their diagnostic mass fragments' >

The remaining 10 hydroxycinnamates in the herb ex-
tract were easily identified based on reported struc-
tures, UV and mass spectra in the literature ''*'*'%"%)
For example, peak 14 had molecular and major frag-
ments at m/z 435,323,179 and 163, and was identified
as erigeside-1. Similarly, peaks 6a and 9A ([ M-H ]~
and major fragments at m/z 381,201,179,161) , peaks
6b and 9B ([ M-H] ™ and major fragments at m/z 397 ,
217,179 and 161, two isomers ) , peaks 27C and 27D
([M-H] and major fragments at m/z 543,381 and
161 ,two isomers ) , peaks 33 and 35A ([ M-H] and
major fragments at m/z 557,395,353 and 233, two iso-
mers) ,and peak 35 B ([ M-H] ™ and major fragments
at m/z 705,543,381 and 161) were identified as caf-
feoyl OA and its isomer, caffeoyl DOA and its isomer,
erigoster B (4,9-Di-CDOA) and its isomer, erigoster A

and its isomer, and 3, 4, 9-tri-CDOA , respectively.
These compounds were among the caffeic acid deriva-
tives of this herb that were previously identified using

. - [2,10412]
nuclear magnetic resonance ( NMR) analysis ™

and also charaterized from LC-MS" studies "'*'*.
Quantification of phenolics in E. breviscapus

The phenolic concentrations, expressed as mg of the
compound in 100 g of the dried plant materials, were
listed in Table 2. Since the reference standard solution
and plant extract were prepared in the same solvent
volume (10.00 ml.) ,the concentration (C in mg/100
g dry base of the plant material ) of each polyphenol
was calculated as follows

C(mg/100g) = [1000 Ax x MWx x Ws x Vs]/
[As x MWS x Vx x Wx x MRRF] (1)
or the weight percent as;

C(% ,w/w) = [100Ax x MWx x Vs x Ms x
Ws]/[As x MWs x Wx x Vx x MRRF] (2)
Where, MWx, Wx, Vx and As, MWs, Ws, Vs are the
peak area ( wAU or mAU ), molecular weight, and
weight (mg) of the sample and the standard in same
volume of the extract or solution, respectively. Depen-
ding on the calculation, the dried weight molar relative
response factor (MRRF,)) or putative molar relative re-
sponse factor (MRRF ) were substituted for MRRF.
This general quantification approach was shown to be
suitable for the quantification of all the common plant
polyphenols even for ones without their quantification
standards *7).

The concentrations were calculated based on calibration
with a standard solution containing chlorogenic acid,
apigenin, and rutin and previously reported mole re-
sponse factors (MRRF ) 771 As mentioned in this pa-
per,the MRRFp values for the hydroxycinnamate con-
taining mono-, di- and tri-caffeoyl or feruloyl function

(s) were 1.0,2.0 and 3.0, respectively 27

Similar-
ly, apigenins, luteolins , quercetin 3-glycosides, and two
7-glycosides of quercetin and isorhamnetin have same
MRRF, of their group standard apigenin (at 336 nm) ,
luteolin (at 348) and rutin (at 354) ,respectively. In
general ,the concentration for each component in each
compound group are accurate within 10% since their

UV band I N

values are close to that of the group

max
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standard (Table 2) "),

Some isomeric compounds,such as 3,4-,3,5- and 1,
5-dicaffeoylquinic acid ( peaks 22A,22B and 22C)
were overlapping on the Symmetry column, but were
separated with the SymmetryShield column, which al-
lowed quantification of each of the isomers. However,
some compounds were not well separated with either
column. When two or more compounds, having differ-
ent molecular weights , appeared as an unresolved peak
(peak 6a and 6b or 10a and 10b) , selective ionization
monitoring ( SIM) detection or extracted ion chroma-
tography ( EIC) was used to determine the percent
contribution of each compound to the overlapped UV
peak. The total concentration obtained with UV detec-
tion was multiplied by the appropriate percentage to

provide the concentration of each compound ( Table

2) 0,

The total hydroxycinnamate content (3. 7% dry
weight) and scutellarin content (1.5% ) were within
the range reported previously ''*'*'"*!  The total

polyphenol content was 5. 9% . These phytochemical
components are believed to contribute greatly to the va-

rious biological activities of this herb "',

Conclusion

This study showed that the standardized methods devel-
oped in our lab were able to provide systematic identifi-
cation and quantification of the major and minor phe-
nolic components of E. breviscapus. The detailed iden-
tification and quantification of the phenolic components
provided the data necessary to relate biological activi-
ties with the phytochemical content. This data will per-
mit more efficient use of the herb and establish a basis
for quality control.
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