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Abstract A simple and reliable HPLC method was developed to
determine pharmacologically standard marker compounds of
Ulmus parvifolia leaves. Standard markers were characterized
with neochlorogenic acid (trans-5-O-caffeoylquinic acid, 5-CQA)
and chlorogenic acid (frans-3-O-caffeoylquinic acid, 3-CQA)
using NMR and UPLC-QTof-MS analysis. A method for qualitative/
quantitative analysis of the leaves extracts were evaluated
including two compounds by using HPLC. The stability test of
30% ethanolic extracts of the leaves sample and standard markers
have been evaluated for six months. However, no significant
changes in the content of the marker compounds of each extract
was observed during the time of investigation.
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A8 ANST AAE RZH o, AR SHE, E

FAREsel w20l @ F Ut HAe] B4 243 gA

Ang Agse, BYe A B P Fo Ak A

o 48 & UL AlstnA st

A= & Uy

49 A=

el AR F=Fu 9l 10kge FRAE dex
PN FRE ARE sl FRAPTAATA 9]
AELANAYE WZ§ 9 X (International Biological Material
Research Center, Korea Research Institute of Bioscience and
Biotechnology, Daejeon, Korea)2] -7 A4S #x A¥HIA
3 A" SA FES FEAEEEAT sedEaAAE
FEA BASHATHKRIB 0085027).

AleF & 717

Ethanol (EtOH) &Ul(SK chemical, KRy= F&& AZE $s)
AHgatnow, B setE A% EEE 98 high
performance liquid chromatography (HPLC)$ methanol (MeOH,
Honeywell, Moris Plains, NJ, USA)3} acetonitrile (ACN,
Honeywell, Moris Plains, NJ, USA), tifluoroacetic acid
(TFA, Tokyo Chemical Industries, Co., Ltd., Japan), formic
acid (Sigma-Aldrich, St. Louis, MO, USA), leucine enkephalin
(Sigma-Aldrich, USA)E A}8-3}lo] ultraperformance  liquid
chromatography quadrupole time-of-flight mass spectrometry
(UPLC-QTof-MS, Waters, Milford, MA, USA), photodiode
array (PDA, Waters, Milford, MA, USA), HPLC (Agilent
Technologies, Santa Clara, CA, USA), preparative-HPLC
(PLC, Gilson, Middleton, WI, USA) 7]71& ©]&35}] zla)s}
Aot FREAHS 9@ Bruker AM400 (H NMR 400 MHz,
BC NMR 100MHz, Billerica, MA, USA)°| methanol-d,
(Cambridge Isotope Laboratories, Andover, MA, USA)S A&
slod EAfsioiTt

F-FUF & FEE Az 2 &9
BA71Z(CleanVac 8 Hanil Science Medical, Daejeon, Korea)
g F=Fvr 9 100.0 g2 tHEA 2471(DSMP-370, Korea)
£ o]gal] A Bt = £ 100.0mg ¥ AlEo) 30%
ethanol (v/v)S 7Fsted 259) 50°ColA 1, 3, 5217+ 38] k=
ZZ(SDN-900H, SD Ultrasonic Cleaner, Seoul, Korea, 40 kHz,
F71F 158 FEH 158 IR 357] vHHS & o st
dojxl ool ZjF FEel] HA F= 21S EIsiinh A
FAE PS8l 10kegs G GMP Aldel <] st
o A& 1012 30% FH(VV)SE 50 °CollA 3A17F 28] HkE
FE3 F 21.6°Brix® F5 sk dojXl =t o F

i

5 I Ay BY AEFEAYHA 54
Z(50L PVTFD 50R, ¥ADZE &% 3IATHEF 1.72kg, 7€
172%). /A48 2= (80x15cm) 23 Wye=s ged 51}
2 9 a8 E 2HS prep-HPLC (PLC, Gilson, Middleton,
WI, USA)9l Atlantis T3 OBD (5mm, 250x19mm) Z#HS
AREEI] (AYe 0.1% TFA (tifluoroacetic acid) 7% (B)
= 0.1% TFA CH;CNS| &3 81E ©]532= 3= 0.0-4.0
min 5% (B), 4.0-23.0min 5-13% (B), 23.0-40.0 min 13-17%
(B), 40.0-41.0min 17-90% (B), 41.0-50.0min 90% (B), 50.0-
51.0min 90-5% (B) 722 UP Fr. 2-3-3 (neochlorogenic
acid, trans-5-O-caffeoylquinic acid), UP Fr. 2-3-5 chlorogenic
acid (frans-3-O-caffeoylquinic acidyS 22t 30.7 ¥ 108.0 mg
LSl

UPLC-QTof-MS ¥ PDF &4 =A

LEUE 9 Ax EFe AAHEAE 98] UPLC-QTof-MSS}
PDA £4& BEH Cj5 (2.1x100mm, 1.7 um) Z¥ 3} PDA
(photodiode array)®} massE& FZeF UPLCO| 4 0.4 mL/
min, €& 0.1% formic acid’} ETFEH FHF(A)9 ACN
(B2 ARgsle] F=3J3519tl. UPLC ol5de] &) 2442 0.0-
1.0min 1% (B), 1.0-3.0min 1-15% (B), 3.0-11.0min 15-
40% (B), 11.0-13.0min 40% (B), 13.1-15.0min 40-1% (B)
ZAE o] fEFNoH, AlFE 2 ul (1 mg/mL) FYske] A4S
A 5T

T2

AR EZY 725 T3] $15td NMR, MS, UV 59
B3 Ql 71718 AREEATE WA, H-, BC-NMROIA 4
o} &4o] 7i4=9} chemical shift FHO2 7]E2Ql Z4LS oA
812132, 2D-NMR (COSY, HMQC, HMBC, DEPT)IA Z4-
o] AAIAE T X3 A Ao g@A s
gelsle] B F2E N AR 35E3) vl
elste] 25 AIIATH16].

Chlorogenic acid (3-O-caffeoylquinic acid)

'H NMR (500 MHz, methanol-d,, §): 7.58 (d, J=16.0 Hz, 1H),
7.04 (d, J=2.0 Hz, 1H), 6.94 (dd, /=8.2, 2.0 Hz, 1H), 6.78 (d,
J=8.2 Hz, 1H), 6.30 (d, /=16.0 Hz, 1H), 5.36 (brd, 1H), 4.14 (m,
1H), 3.65 (m, 1H), 1.932.22 (m, 4H) ppm; *C NMR (125 MHz,
methanol-d,, 8): 178.4, 168.9, 149.5, 147.1, 146.8, 127.8, 123.0,
116.5, 115.3, 115.2, 77.3, 73.9, 72.1, 71.9, 39.4, 38.3 ppm.

Nochlorogenic acid (5-O-caffeoylquinic acid)

'H NMR (500 MHz, methanol-d;, §): 7.56 (d, J=16.0 Hz, 1H),
7.05 (d, J=2.0 Hz, 1H), 6.95 (dd, J=8.2, 2.0 Hz, 1H), 6.78 (d,
J=8.2 Hz, 1H), 6.27 (d, J=16.0 Hz, 1H), 5.35 (m, 1H), 4.18 (brd,
1H), 3.75 (m, 1H), 2.042.25 (m, 4H) ppm; *C NMR (125 MHz,
DMSO-ds, 9): 175.6, 167.3, 148.1, 145.7, 145.3, 126.4, 121.6,
115.1, 113.8, 113.8, 74.7, 72.1, 70.5, 69.9, 36.8, 37.4 ppm.

3% £4

B A59] AF BF E29 3-O-caffeoylquinic acid®} 5-O-
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caffeoylquinic acid®] Z}Z}e] %5 1000 ppm FHE0] Y4lwe]
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Fig. 1 UPLC-QTof-MS (A) and PDA chromatogram (B) of Ulmus parvifolia leaves extracts and two standard compounds
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Table 1 Validation of isolated compounds from Ulmus parvifolia leaves on UPLC-PDA

Comp. Range (ug mL™) Linear model® Coefficient of determination® ~ LOD® (ug mL™") LOQ® (ug mL™)
3-CQA 0-200 y =7030.2x — 5868.9 0.9995 0.19 0.57
5-CQA 0-200 y =6483x — 5157.8 0.9996 1.91 5.78

“y = peak area, x = concentration of standard (mg mL™")

°Coefficient of determination (R?) is the square of the correlation coefficient

‘LOD and LOQ are the limits of detection and quantitation, respectively

For six points on the standard calibration curves, each concentration was injected three times on UPLC-PDA (254 nm)
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Fig. 2 Long-term storage stability results. (A) 3-O-catfeoylquinic acid
and 5-O-caffeoylquinic acid contained in Ulmus parvifolia leaves extract.
(B) Two standard compounds, 3-O-caffeoylquinic acid and 5-O-
caffeoylquinic acid

A2FAS LOD (limit of detection)=3.3*c/S
olty. A7 = AP AT EF AR}, 7] 7]
2715 ol &g ANPEE viEeRE ARSI AL LOQ
(limit of quantification) =10*c/Se|th. AZ& dHAI9} A A9
o= WHEO BEUAE, S AT A9 71e7E Eilth Alm
AFE EFE S99 blankE LFHE A& ZFY AS
0.002% o3} 7|2 E AlgolA= HolA] gfkth(Table 1).
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Fig. 3 Temperature storage stability results. (A) 3-O-caffeoylquinic acid
and 5-O-caffeoylquinic acid contained in Ulmus parvifolia leaves extract.
(B) Two standard compounds, 3-O-caffeoylquinic acid and 5-O-
caffeoylquinic acid

e

A7l BE 93 49 Fds
25, 40%2] HUis= 57 A 0, 1, 3, 71Lrt B4L 3
SRR =5 o FEEC X8 3-O-caffeoylquinic acid}
5-O-caffeoylquinic acid A3 229 FFL wHE 49| HFo
2 AREIAS W AaEA] o fAEJA 2F B R
A% BE N7 7 1S5, 02% AR F HEE Holx
RUATE wix| 67 el 5.9, 18.0%7F Fasle] FaZo] 7

A= S YeRUth(Fig. 2).
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Fig. 4 Light storage stability results. (A) 3-O-caffeoylquinic acid and 5-
O-caffeoylquinic acid contained in Ulmus parvifolia leaves extract. (B)
Two standard compounds, 3-O-caffeoylquinic acid and 5-O-
caffeoylquinic acid
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Keywords - Caffeoylquinic acid - Ulmus parvifolia
leaves - Ultra high performance liquid chromatography
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