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Simultaneous determination of Phlomis umbrosa and Dipsacus asperoides in
foods using LC-MS/MS methods

Jisuk Yun', Jinyoung Kim’, Jangduck Choi, Kisung Kwon, and Cheon-Ho Jo*
New Hazardous Substance Team, National Institute of Food and Drug Safety Evaluation, Ministry of Food and Drug Safety

Abstract Phlomis umbrosa and Dipsacus asperoides are distinct species, even though they have a similar appearance.
Dipsacus asperoides is used as a Chinese medicinal plant for and has bone strengthening and fracture healing but Phlomis
umbrosa has no effect on bone growth. Recently, these plants were used in children’s food to improve their bone growth,
without distinction in food. Intakes of Dipsacus asperoides in food may be dangerous, because it has never been used in
food and its safety has never been tested in humans. We developed liquid chromatography with tandem mass spectrometry
method to distinguish these plants in food. The method was validated for linearity, limits of detection, limits of
quantification, accuracy and precision. In 5 of 17 samples, we identified Dipsacus asperoides, containing loganin 0.19-
14.45 pg/mL, sweroside 0.13-4.61 pg/mL and akebia saponin D 0.59-19.29 ng/mL. The developed method might be useful

to identify Dipsacus asperoides in adulterated food.
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7 glem, & AFLER ARGl 7Fs3Hh59).
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AX Azd BEEES ARSINAL, A& AFAES] loganin,
sweroside, akebia saponin D& s AT WA AlF
ottt ols g Azl Badt ZEAHformic acidye Sigma-Aldrich
(St. Louis, MO, USA) AIFS +Y3IA3L, oM EYEEZ (acetoni-
trile)2} HeHE-(methanol) Merck (Darmstadt, Germany)oll4 ¢
Atk 7171 B4 Al "2ask 52 Thermo Scientific Barnstead
Nanopure (Marietta, OH, USAYS ©o]&3l 42 33} SH/HTE At
L3t

HEESMo| =N ¥ Mx2| 4

FEF Y (stock standard solution)> & A #/3 F(loganin,
sweroside, akebia saponin D)3} @H&T 2| %A - (shanzhiside
methyl ester) %S 22 WEbgol| =9 | pgmlrt HEs A
Z3ldTh &3 28 (mixed standard solution)y EFP NS
50% methanolol] =<7 0.05-1.00 pg/mLe] BLI7} H=2 84314
o BE AEe B4 3 adsh o F 1ge sk 50% wE
< 50mLell o 3087 259 FE3E, 13,200 rpmellA] 5E7F
15-2] (Gyrozen 1736R, Daejeon, Korea) 319 Th 45 1 mL

ro,
i

Hel BEMAT Wl A% Wl . S4slel Agsidt,

A
LC-MS/MS #2418 Waters Xevo TQ-S (Milford, DE, USA)E
AFgEllom, ZHS Waters AQUITY UPLC™ BEH CI8
(2.1x100 mm, 1.7 pm)E ARG3I3ATE ©18% A, B 0.1% EFAF
o] H7HE =3 0.1% Eg4te] H7HE oHEYELS AMS-SIS

Table 1. Instrument conditions of LC-MS/MS

Instrument Waters Xevo TQ-S
Column BEH C18 (2.0x100 mm, 1.7 pum)
Mobile phase A: 0.1% formic acid in water

p B: 0.1% formic acid in acetonitrile
Time (min) A (%) B (%)
Initial 95 5
Gradient conditions 7.0 0 100
8.5 0 100
8.6 95 5
10.0 95 5
Column flow rate 0.3 mL/min
lonization mode ESI negative mode
Capillary voltage 3.0kV
Source Temperature 150°C
Desolvation Temperature ~ 500°C
Collision gas flow 800 L/hr

k. 2uLe] AlEE FY3 03 mL/mine] F4522 108 B9t
A THTable 1). ZF A3A3E2] MFF AlZH(retention time,
RT)3} multiple reaction monitoring (MRM) transition-> Table 2
o vFehA STt

AMEYH fed 83

2 d7dxe F88 H2E5S 8 A4 (linearity), AESHI
(limit of detection, LOD), % %F&H|(limit of quantification, LOQ),
A 84 (accuracy), §2 7 (precision)S 1S AEH
o] AFAE] AEHA @2 AR ZFEAS HUtst
of AEdE gRlsidinh. AdAS 2F8dS F52E(0.05 0.10,
0.25, 0.05, 0.75, 1.00 pgmL)2 38]4ste] Agxe 2HAdst

deviation, c)¢] 39, 10MjEe #oz Axsldt AEAdL 19
33] W S48k Wl B4 (intra-day)d 14 3ol AA wbE
Z sk Y74 (inter-day)yS AAISHATE AL dZRAIF
040 pgmL FE°] XFEHE HUlste] de AoxFAA
(percentage of relative standard deviation, % RSD)Z ¥

AEY L 35E AP (recovery test) O E SAH o], HIZRA|
Bol 040 ug/mL F=2 EFENE Hr) @ 3k
=8

Ink

Aoty
AMEY REd H3

A&kl AJE-S loganin, sweroside, akebia saponin D, loganic
acid, chlorogenic acid, dipsanoside A, dipsanoside F, 3-O-[B-D-
glu-(1—>4)] [o-L-rha-(1—3)}-B-D-glu(1—3)-B-L -tha-(1—2)-ci-L -ara-hed
28-O-B-D-glu-(1—6)-B-D-glu ester, shazhiside methyl ester’} =3I
HI(3,10-12), eHETF] AR sesamoside, shanzhiside methyl
ester, 8-O-acetyl shanzhiside methyl ester’} 2.3 Z|ITH(13). ake-
bia saponin D= F5 FAIA HA&He] NBAPJFOZ g3t
AS W oluel &S] Fas AR CE ZIAXE
9o F2 2 R3E EAAN7IE AR HiE uf JOoEI(5-
8,14), 7] 443 HHE AF 5 AEE AT W A=
HEA] EEojol 3 X ARt B loganin Aol
shgElo] e AdEo|EE(15), Akebia saponin D7} HEE oJof
A RE Aého] $hE AR e ¢ k. E Afxe &
FEF 7L of€AY SAREAHORE 4 Al Aol gle A
BAE2 AL, A&Te] AEAE 3% (loganin, sweroside,
akebia saponin D), SH&THe] X EAJE 15 (shazhiside methyl
ester)S HF AHFoH, 7t AFAPES] AZrEIHL Fig. |
o JeEPASAT

B Aol 4F F A&ue] EYINE s Aslel 7

Table 2. MRM transitions and optimized mass spectrometer parameters

Compound Retentic_)n time Norminal mass Precursor ion Quantitation ion Cone voltage Collison energy
(min) (m/z) (m/z) (V) V)
Shanzhiside methyl ester 4.0 406 451 243 5 15
Loganin 4.6 390 435 227 5 10
Sweroside 4.7 358 403 195 5 15
Akebia saponin D 6.0 928 973 603 20 20
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1004 64102 973.28 > 603.26 (Akebia saponin D)
S |I‘
[
0 T T T T T JI( T T T
2.00 4.00 6.00 8.00
100+ 4.|69 403.05 > 195.02 (Sweroside)
|
s [
|1
C T T T T T ¥ T T T T
2.00 4.00 6.00 8.00
100+ 44‘61 435.04 > 227.09 (Loganin)
Y [
‘\
0= T L T Lo LA L BN R B N B RN | L R |
2.00 4.00 6.00 8.00
1004 44,01 451.05 > 243.08 (Shanzhiside methyl ester)
xS |
I
L I e B A L B S L L B L S N B |
2.00 4.00 6.00 8.00

Fig. 1. Chromatogram of 4 compounds. Shazhiside methyl ester (RT:

saponin D (RT: 6.0 min)

e LC-MSMS AR faA HA5S flskd A4,
LOD, LOQ, a4 % P& I THTable 3). A&
ShET AR AU el fsle uzAlget BE
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o FAF VTE AZHRD I35 FAskch. 944 Bl
2 falo] BELe srUs BAge] 9 ngHo Ny
W, RE AXARS AAAS

37143 ARATE AEsAL

R) 099 °)d 43 A4S YeERNATE Shazhiside methyl
ester, loganin, sweroside, akebia saponin D2] LOD+= 0.03, 0.10,
0.04, 0.04 ug/mLe]13, LOQE 0.10, 0.34, 0.14, 0.12 ug/mL ©]
Atk FAOAE oulete UL 1Y 33 v SHske o
U &4 (intra-day)} 1% 3dell AAH W ZAsl= A7
(inter-dayyS 3 8tom, FHEZHAH% RSD)= AOAC 7}o]
=FRI(16) 15% w]vhel] 2% Aedsidnt. 7 A EAE] 3+
£2 93-103%2 LFERHO], AOAC 7rol=2F1(16)2] 70-125% W]
wo] m% gl

Cho 5(3)2 &ole Fo] o8] 7 ZAdE AFEY(saponins)

%

4.0 min), Loganin (RT: 4.6 min), Sweroside (RT: 4.7 min), Akebia

matrix® A FAES U9 TEE Hulsle] BE QC HAE A}
S0, £ AdrdMe 7HHAES ARG WEe] W&
oL} k& o]9e thE AFUETF B9 o] matrix/t T

#al7] WEo s gt agug B JFa siuE B4
AL A7 EET ofYg AR, AdRE EkeE 5 U
A E EYE AEES 7S E A& sk
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ME T ST 20T AEi=A
2 drelNe AF T A5 EYdain-s WEs] Slst
LC-MS/MSE ©]8-3t SAREAY S 7dsiien, »

o oY A e & &

® sk 24 A 17
o AR F SA@CF 17, A7)5HE 4)eIA Aol
FHRom, A% &L 2% et A5 xR

Table 4. Levels of 4 compounds detected in this study

AEEo] Wo| ¥3Eo] glomg Melx] oA selective ion Analyte CO?C;nrgit)ion
monitoring (SIM) mode’} MRM =Rt} 2|3 Aoz A7}sle] M
LC-SIM-MS/MSZ. A&tk alok|2 B aigin) B A4 7) Phlomis umbrosa Shanzhiside methyl ester  0.21-339.81
uhy EARAWe MRMOE BAE0m, Cho S(3)0] Heat Dipsacus asperoides ~ Loganin 0.19-14.45
A]@%EE} LOD, L0Q7]' o_l]: IOHH XéL:_ Eﬂ %%9,1’2‘%, = 5,:%% SWGI‘OSide 0.13-4.61
i}'ol 7]_ 3}\9}]\1:}_ O]—‘-—": Cho %_(3)01 }\]—(—g%_] ‘IQI"E}(S] 7&%_% ‘?’]éj_’ Akebia saponin D 0.59-19.29
Table 3. Linearity, LOD, LOQ, precision, and accuracy for 4 compounds
LOD LOQ Precision A
. . ) % RSD ceuracy
Analyte Regression equation R (ug/mL) (ug/mL) (o ) (% Recovery)
Intra-day Inter-day
Phlomis umbrosa Shanzhiside methyl ester ~ y=0.9739x+7.7939  0.9983  0.03 0.10 493 2.66 97.95+2.60
Dipsacus asperoides ~ Loganin 1=0.9632x+12.522  0.9986 0.10 0.34 11.12 10.72 103.56+11.10
Sweroside 1y=0.9911x+2.7415  0.9987 0.04 0.14 448 3.68 93.85+3.40
Akebia saponin D 1=1.0068x+5.1005  0.9996 0.04 0.12 2.78 2.88 101.93+2.94
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E&5 < loganin 0.19-14.45 ng/mL, sweroside 0.13-4.61 pg/mL,
akebia saponin D 0.59-19.29 pg/mL ©]3THTable 4).
2 AFelM 4% 170 AlFE F 101 AFY BAEES B
da"ge] Sdowdt R glo], & A& F of
A& AF YEE AMESIEA &Rt SRl oAHE A
o2 AEHE. Lee 5(17) $&EH(Phiomis umbrosa)Zr G714
(Commelina communis) EFFZES ol 718t HEAA
8§77 AHAAZAE o, R dol7t FUksivkar Bl shict.
2 AFeA B4 AR F ol AFE ST DE] E8F
SEETE ARSSIAT FAIEY Ao, R AIFT gk
2 A JaL, 9 AFL SHo=nl

Aoy eEHH HET F oW AL AREIIEA & F
th Egk ) AEFS F7FEE 5 EAEMHT42)S T3t
o FAH AYEH, INFEE T BIBMHT)S
71 (Astragalus membranaceus), S (Phlomis umbrosa), 7H*] Q.
}5 (Eleutherococcus senticosus)’} S8 E3&E2, ojgo] 7|4
s E T UE Jo= 2R oREbdA A e A
AL oItK(1S). FVFEE 5 BEFEMT42)y> B insulin-
like growth factor binding protein-3 (IGFB-3) +5& 7M7),
237 3k9] insulin-like growth factor-1 (IGF-1)°]1} bone morpho-
genetic protein2 (BMP-2)2] WS EIAA W HAHAES SV}
AIRIEK(13,15,18). 28v &715E% 5 S9=HT042)S st
= Vi AF T U AFL FEEeE FAE Ao vl
AFS EHo =zt FAEHY AT

A&z dSEAH AEEFIH 99X FEdEe] v
T AlFAA] 85t ARREE ARIR, BFeE W &
2 SR &3S, WMEQo o|HRTAE EAHM IR
Ao Ejate] ATl fEEo] AEA WEks dozl AlEvt
A
X
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H
t}. o]¥9-¥4E U= Food and Drug Administration (FDA)

%ERF

=42 ER BRIGeH, SEvEtdie AFUERE ARE
g 4= ¢1tH(19,20). Kim 5(20)2 Multiplex-PCRE ©]-&3+ = &
olF FAAENHoZ WMo FlrEQ, oSy YT
He MBI, olE ¢ thE AFYErE 23 JHAE
£ A3 F ddo] oy B3I web 4Ed)
AHE BT AR By £94E #AE] flEixe A&E Al
1 1 5 g AARETE ofugt AR A

kO
12

S 1

ol thEHE Fo7l Wasit AETe FAYS, TUNE &
8ol UE FoplE HEARRE AST F gou), BEue)
weg e HEURE AHgo] sFsdith B AFdE 4F
F &Y FYolP WEL 9ol LEMIMSE o] 88 SAR
A ne
hl =
%

KX

=

u

, AEAs AR S 85 AF F olde] 7187
Fske AF 1708 Foiste] HEDE ST tigt 4
ZALE stk E4AH 17719] AR 5 5709 AlRelM &
o] AEEYon, A& A HAR] S loganin 0.19-14.45
pg/mL, sweroside 0.13-4.61 pg/ml, akebia saponin D 0.59-19.29
pg/mLelict. & AollA] e FAEAPHES AF F EY &
YE AEEE A s A& wldsked =8¢ 2 A

S =2 xsdg.
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