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Abstract — The aim of this study was to develop a UPLC method for simultaneous analysis of 8 phenolic compounds including
gallic aicd (1), protocatechuic acid (2), methyl gallate (3), ellagic acid (4), kaempferol-3-arabinofranosyl-7-rhamnoside (5), kae-
mpferitrin (6), afzelin (7) and kaempferol-7-rhamnoside (8) isolated from Geranium thunbergii which has been traditionally
used as anti-diarrheal agent. The UPLC method was optimized and validated using Halo C18 column (4.6x100 mm, 2.7 pm)
consisting of MeOH and 0.1% formic acid at 260 nm in 25 minutes. In quantitative analysis of 8 compounds in MeOH extract
of G thunbergii, contents of 4-6 were 12.39, 20.52 and 21.45 mg/g, respectively. These compounds were measured as major
phenolic compounds in G thunbergii and can be useful as marker compounds for its quality control. These results suggest that
the UPLC method can be contributed as basic data for quality evaluation of herbal preparations.

Keywords — Geranium thunbergii, UPLC, Phenolic compounds, Method validation
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Fig. 1. Chemical structures of compounds 1-8 isolated from MeOH extract of G thunbergii. 1: gallic aicd, 2: protocatechuic acid, 3:
methyl gallate, 4: ellagic acid, 5: kaempferol-3-arabinofranosyl-7-thamnoside, 6: kaempferitrin, 7: afzelin, 8: kaempferol-7-rham-

noside
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MPLCZ ©]-&3}4 CHCl-MeOH(5:1)% 3HHE 5(2.3 )9}
6(59g)% 99om, GIB7-2E2 MPLCo| RPI8 flash
cartridge column(40-60 um, 30 g)3} ©]573 50% MeOHE
AHEEF] B1EHE 7(57 mg)) SHEHE 8(288 mg)E At
Fx Here BIgaye oy 39E 182 3%
o} vlwsle] 1 p2E e NAELR SRIEN
THFig. 1).

Gallic acid (1): white powder; 'H-NMR (CD;0D, 500
MHz): & 7.05 (2H, s, H-2, 6); "C-NMR (CD,OD, 125
MHz): § 109.1 (C-2, 6), 120.6 (C-1), 1383 (C-4), 145.1
(C-3, 5), 169.2 (C-7).

Protocatechuic acid (2): white powder; 'H-NMR
(DMSO-d,, 500 MHz): & 6.78 (1H, d, J=8.4 Hz, H-5),
728 (1H, dd, J=8.4, 1.8 Hz, H-6), 7.33 (1H, d, J=1.8 Hz,
H-2); "C-NMR (DMSO-d,, 125 MHz): & 115.7 (C-5),
117.1 (C-2), 122.3 (C-1), 122.4 (C-6), 145.4 (C-3), 150.6
(C-4), 1679 (C-7).

Methyl gallate (3): white powder; 'H-NMR (DMSO-
d,, 500 MHz): & 3.74 (3H, s, OCH,), 6.93 (2H, s, H-2, 6);
BC-NMR (DMSO-d,, 125 MHz): & 51.6 (OCHj), 108.5
(C-2, 6), 1193 (C-1), 1384 (C-4), 145.6 (C-3, 5), 1663
(C=0).

Ellagic acid (4): brown powder; 'H-NMR (DMSO-d,
500 MHz): & 7.45 (2H, s, H-5, 5; "C-NMR (DMSO-d,
125 MHz): & 1082 (C-1, 1", 110.8 (C-5, 5", 112.9 (C-6,
6), 136.9 (C-2, 2, 140.1 (C-3, 3"), 148.7 (C-4, 4", 159.7
(C-7, 7).

Kaempferol-3-arabinofranosyl-7-rhamnoside (5): light
yellow powder; 'H-NMR (DMSO-d,, 500 MHz): & 1.12
(3H, d, J=6.0 Hz, H-6"), 3.25-3.33 (2H, m, H-5" and 4"),
343 (1H, m, H-5"), 3.56 (1H, m, H-4"), 3.64 (1H, m, H-
3™, 3.74 (1H, m, H-3"), 3.84 (1H, s, H-2"), 4.17 (1H, s,
H-2"), 4.66 (1H, J=5.5 Hz, H-5"), 5.56 (1H, d, J=1.4 Hz,
H-1"), 5.65 (1H, s, H-1"), 6.45 (1H, d, J=2.0 Hz, H-6),
6.84 (1H, d, J=2.0 Hz, H-8), 6.90 (2H, d, J=9.0 Hz, H-3',
5, 8.01 (2H, d, J=9.0 Hz, H-2, 6'; "C-NMR (DMSO-
dg, 125 MHz): & 17.9 (C-6"), 60.9 (C-5"), 69.8 (C-2"),
70.1 (C-5"), 70.2 (C-3"), 71.6 (C-4"), 77.1 (C-3"), 82.1
(C-2"), 864 (C-4"), 94.6 (C-8), 98.4 (C-1"), 99.4 (C-6),
105.6 (C-10), 108.1 (C-1"), 115.4 (C-3', 5", 120.6 (C-1'),
1309 (C-2, 6, 133.71 (C-3), 155.9 (C-9), 157.3 (C-2),
160.1 (C-4"), 160.8 (C-5), 161.7 (C-7), 177.95 (C-4).

Kaempferitrin  (6): light yellow powder; 'H-NMR
(DMSO-d,, 500 MHz): & 0.80 (3H, d, J=5.5 Hz, H-6"),
1.13 3H, d, J=6.4 Hz, H-6"), 3.10-3.17 (2H, m, H-4",
5"), 3.31 (1H, m, H-4"), 3.42 (1H, m, H-5"), 3.48 (1H,
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m, H-3"), 3.63 (1H, m, H-3"), 3.84 (1H, s, H-2"), 3.98
(1H, s, H-2"), 530 (1H, d, /14 Hz, H-1"), 5.55 (1H, d,
J14 Hz, H-1"), 646 (1H, d, /=2.3 Hz, H-6), 6.79 (1H,
d, /223 Hz, H-8), 6.92 (2H, d, J/~9.2 Hz, H-3', 5", 7.79
(2H, d, J=92 Hz, H-2, 6); "C-NMR (DMSO-d,, 125
MHz): & 18.0 (C-6"), 18.5 (C-6"), 70.4 (C-2"), 70.6 (C-
2", 70.7 (C-5M), 70.8 (C-3"), 70.9 (C-3"), 71.2 (C-5"),
71.7 (C-4"), 722 (C-4"), 95.2 (C-8), 99.0 (C-1"), 100.0
(C-6), 102.4 (C-1"), 106.4 (C-10), 116.0 (C-3', 5", 120.9
(C-1, 1313 (C-2, 6'), 135.1 (C-3), 156.7 (C-9), 1584
(C-2), 160.7 (C-4"), 161.5 (C-5), 162.3 (C-7), 178.5 (C-4).
Afzelin (7): yellow powder; 'H-NMR (DMSO-d,, 500
MHz): & 0.78 (3H, d, J=6.0 Hz, H-6"), 3.06 (IH, m, H-
5", 3.13 (1H, m, H-4"), 3.47 (1H, m, H-3"), 3.97 (1H, br
s, H-2"), 5.29 (1H, d, /1.4 Hz, H-1"), 621 (1H, d, /=23
Hz, H-6), 6.41 (1H, d, /=2.3 Hz, H-8), 6.91 (2H, d, J/=8.7
Hz, H-3', 5'), 7.75 (2H, d, J=8.7 Hz, H-2! 6'); "C-NMR
(DMSO-d,, 125 MHz): & 18.0 (C-6"), 70.6 (C-2"), 70.7
(C-3", 71.2 (C-4"), 71.6 (C-5"), 943 (C-8), 99.3 (C-6),
102.3 (C-1"), 104.6 (C-10), 1159 (C-3, 5, 121.1 (C-1"),
1312 (C-2, 6", 134.7 (C-3), 157.1 (C-9), 157.8 (C-2),
160.6 (C-4"), 161.8 (C-5), 164.9 (C-7), 178.3 (C-4).
Kaempferol-7-rhamnoside (8): yellow powder; 'H-
NMR (DMSO-d,, 500 MHz): & 1.12 (3H, d, J=6.4 Hz,
H-6"), 3.31 (1H, m, H-4"), 3.44 (1H, m, H-5"), 3.64 (1H,
br s, H-3"), 3.64 (1H, br s, H-2"), 5.55 (1H, d, J=1.4 Hz,
H-1"), 6.42 (I1H, d, J~1.9 Hz, H-6), 6.83 (IH, d, /~1.9
Hz, H-8), 6.93 (2H, d, /=8.7 Hz, H-3' and 5'), 8.09 (2H,
d, J=8.7 Hz, H-2, 6); "C-NMR (DMSO-d,, 125 MHz): &
18.5 (C-6"), 70.4 (C-2"), 70.7 (C-5"), 70.8 (C-3"), 72.2 (C-
4", 949 (C-8), 99.0 (C-1"), 99.4 (C-6), 105.3 (C-10),
116.0 (C-3' and 5'), 122.1 (C-1"), 130.2 (C-2, 6", 136.6
(C-3), 148.1 (C-9), 156.3 (C-2), 159.9 (C-4), 161.0 (C-5),
162.0 (C-7), 176.7 (C-4).
BMAE M2 ¥ UPLC BMEA - 3% MeOH F
o] MeOHZ Yol 10 mg/mLE THE 232 308%
3l T} 0.2 um PTFE membrane filterS ©]-&-3}<]
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diode array detector, binary pump, autosampler”}
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Table 1. Chromatographic conditions for compounds 1-8 in
MeOH extract of G thunbergii

Parameter

Condition

Column

Flow rate

Column temperature

Injection volume
Wavelength

Mobile phase

Halo CI18 (4.6x100 mm, 2.7 pm,
Advanced materials technology,
Wilmington, DE, USA)

1.8 mL/min
50 °C
4 uL
260 nm
Time MeOH 0.1% formic
(min) (%) acid
0 5 95
1 5 95
3 15 85
5 15 85
6 22 78
9 22 78
13 30 70
18 30 70
20 33 67
25 60 40

cation) 2
Eolde

rhamnoside.

'4 _L;L::

AE

ZAZ3H (limit of detection, LOD)—— bz pASS s
Y Fdst MRS

A7E 7}
A= YL]ZL«] UV spectrum 3| E1e] LX]oJH=Z —Llr‘%o}?i—"—
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o, gage 85 BEE S T BEg Agste] 4
AZRY) 0.99 oV 3oM Brksh S A} H A

= signaltl noise HI7} 3:13% 10:1904 2kt g7kl 4
AL AXA 1Y Yo s 37HK] FEolA mLH(mtra-
day) 2 < 7Hinter-day) AU =S = slo] A FEA}
(relative standard deviation, RSD %) 10% ©]u] ol A] xoq )
e A7t on,” ABAe 8% BEFe] 7 =

E AHrleke] £15% B A 39S (recovery)Z H718HA
o
27 o o

BMEA 2As) - A% MeOH F=E27H w28 &F
o] #HEA 33HE gallic acid (1), protocatechuic acid (2),
methyl gallate (3), ellagic acid (4), kaempferol-3-
arabinofranosyl-7-rhamnoside (5), kaempferitrin (6), afzelin
(7) & kaempferol-7-rhamnoside (81 thdt UPLC A4S
HAghetara} oheFst guizd o] Hsh(pH ¥13) 5), 249
T, A9 25 55 PsIith(data PIAA]). 2 A, o
B34S MeOHS} 0.1% formic acid®] &8+ 2743} Halo
C18(4.6x100 mm, 2.7 um) P’FAHANA AH 28 25
50°C= AAsI9E W), ABFAHES] U5dl s a8g =& 7}
A= ASE RIFHJL, HEI 260 nmol|A] 258 el

E X FAES BEAlo] 715381310, 1-89] retention time
Z}z} 145, 2.78, 427, 15.07, 19.33, 19.77, 22.05, 23.82
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Fig. 2. UPLC chromatograms of (A) standard mixture 1-8 and (B) MeOH extract of G thunbergii. 1: gallic aicd, 2: protocatechuic
acid, 3: methyl gallate, 4: ellagic acid, 5: kaempferol-3-arabinofranosyl-7-thamnoside, 6: kaempferitrin, 7: afzelin, 8: kaempferol-7-
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ol AE=HArKFig. 2). 53] 4-62] T & vjaHZ 9
50% o2 AAske FoAROE SRIHUTH

£0[M (Specificity) - PDA(photo diode array, 200-400 nm)
HE7IZ AFAAES A5 U 5YT retention timeS 7]
= T A9 UV spectrume FZ35to] HEl-S vl 23,
FTUS UV S7d S 7= Ao = gRlxEg e dx
W 859 #lEd stgE] ek UPLC A4S SoldS
YER ATHFig. 3).

MM (Linearity), Z4&8HA|(Limit of detection) & MZF
HAI(Limit of quantification) — 3131 & 1-8& 7.81-125.0,
3.91-62.50, 7.81-125.0, 15.63-250.0, 31.25-500.0, 31.25-
500.0, 7.81-125.0, 7.812-125.0 pg/mLE 2}z} ¥E= 5 UPLC
2 BAsle] AgAe] AuAFER)E F44S F716k
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o} 2 A, SieHE 8%l g Al deAlg= 0.99
oo r g NS Uehidlen A7 &+ e
3| AS 2SI TH(Table 1). 313HE 852 71E3H)
o} &A= 0.04-0.10 ug/mLe} 0.12-0.22 pg/mLE =
7F ERoH, nFAEE £l 7HeEe & AT

(Table 1I).

ZFHXHRSD) w2 0.06-3.96%, 0.11-3.18%= ZHz+ Vel
o] 4% vIRke] $-53 AU S TRE Aoz IRIFHATH
(Table III).

@ @)
3) )
®) ©)
@) (6))
2
200 300 nm 400 200 300 nm 400

Fig. 3. UV spectra of eight standards (1-8, black curve) and MeOH extract of G thunbergii (red curve).

Table II. Analyzed data of linearity regression, limit of detection (LOD) and limit of quantification (LOQ) for compounds 1-8

. . a 2b LOD LO
Compound Regression equation R (ug/mL) (g /H?L)
1 Y = 7117.5x + 3277.9 0.9998 0.07 0.22
2 Y = 12074.8x + 7734.1 0.9995 0.04 0.12
3 Y = 7167.6x + 16160.5 0.9994 0.05 0.16
4 Y = 17932.3x - 7141.2 0.9999 0.04 0.12
5 Y = 4869.5x + 34389.9 0.9997 0.10 0.22
6 Y = 5248.7x + 25688.5 0.9996 0.07 0.22
7 Y = 7603.5x + 301.6 0.9996 0.06 0.19
8 Y = 6743.6x + 3332.8 0.9999 0.04 0.12

Y: peak area, x: sample concentration (ug/mL); °R*: correlation coefficient
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Table III. Precision data of compounds 1-8 in different concentrations

Conc.? Intra-day Inter-day
Compound (ng/mL) Mean + SD RSD"(%) Mean + SD RSD (%)
15.63 15.68 + 0.08 0.51 15.90 + 0.05 0.34
1 31.25 31.30 + 0.33 1.04 31.84 + 039 1.22
62.50 62.80 + 1.10 1.75 62.90 + 026 0.42
7.81 7.91 + 0.09 1.18 7.88 + 0.03 0.41
2 15.63 15.81 + 0.14 0.86 15.11 + 0.02 0.11
31.25 31.55 + 0.67 2.13 31.08 + 0.16 0.53
15.63 15.99 + 0.23 1.45 16.01 + 0.17 1.08
3 31.25 31.58 + 0.36 1.15 30.99 + 053 1.71
62.50 62.90 + 0.18 0.28 6231 + 0.16 0.26
31.25 31.12 + 1.17 3.77 31.56 + 1.00 3.18
4 62.50 62.20 + 1.68 2.70 62.14 + 147 2.37
125.0 124.6 + 0.16 0.13 124.8 + 0.70 0.56
62.50 62.90 + 1.16 1.85 62.80 = 0.63 1.00
5 125.0 1248 + 1.27 1.02 1254 + 054 0.43
250.0 249.1 + 5.83 2.34 250.9 + 532 2.12
31.25 31.81 + 0.44 1.39 31.11 + 051 1.64
6 62.50 63.00 + 0.35 0.56 6291 + 0.62 0.99
125.0 124.1 + 0.83 0.67 1258 + 1.84 1.46
7.81 778 £ 0.26 3.34 7.99 + 0.18 225
7 15.63 15.11 + 0.53 3.51 15.87 + 0.18 1.11
31.25 31.01 + 0.02 0.06 31.88 + 0.06 0.19
7.81 7.79 + 0.03 0.44 7.82 + 0.02 0.20
8 15.63 15.10 + 0.22 1.46 1590 + 021 1.34
31.25 3144 + 125 3.96 31.99 + 0.87 2.73

Conc.: concentration, PRSD: relative standard deviation

&M (Accuracy) — @% MeOH FE&91 315HE 1-85
7.81-250.0 pg/mLe] W)X 371A] FE=E Hdeste] M7t
g & A AA] kol 23 A=E SH5H] St
3]9&(Recovery)= B3-S Hrhsiict. 1 2+, sigh=
85 Wit 3]4&2] M= 96.72%MA 104.18%= LFE}
o 3152 5(kaempferol-3-arabinofranosyl-7-rhamnoside)
g] 625ug/mL§ =] 7].3].@& rq] 7‘<1—7Loﬂ 7].2]— :L;(J Cls
100.07%2] 3488 B3 AAZOZ 5% ofe] -3
A =5 YERN A tH(Table 1V).
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O & @ o
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21.45 mg/g® 7P B2 TREFS VK E SR o= A
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Table IV. Recovery data of compounds 1-8 in different concentrations

21

Compound Spiked amount (pg/mL) Measured amount (pg/mL) Recovery (%) RSD (%)

15.63 15.47 £ 0.18 98.96 1.18

1 31.25 32.53 + 0.75 104.09 2.31
62.50 63.46 = 1.05 101.53 1.66

7.81 8.02 + 0.11 102.69 1.38

2 15.63 16.08 + 0.08 102.88 0.52
31.25 32.07 £ 0.58 102.61 1.82

15.63 16.12 + 0.34 103.12 2.08

3 31.25 32.02 = 0.92 102.46 2.86
62.50 6341 + 1.02 101.45 1.61

31.25 30.63 = 1.23 98.00 4.01

4 62.50 60.59 + 1.96 96.94 3.23
125.00 125.36 + 2.98 100.29 2.38

62.50 62.54 + 1.29 100.07 2.07

5 125.00 130.23 + 0.98 104.18 0.75
250.00 252.35 + 3.53 100.94 1.40

31.25 30.23 + 0.75 96.72 2.48

6 62.50 61.65 = 0.37 98.64 0.60
125.00 127.15 = 0.89 101.72 0.70

7.81 798 £ 0.22 102.22 2.74

7 15.63 16.16 = 0.22 103.36 1.34
31.25 31.80 = 0.48 101.75 1.50

7.81 7.68 £ 0.08 98.38 1.03

8 15.63 15.50 = 0.42 99.20 2.68
31.25 32.18 = 1.26 102.98 3.91

Recovery (%)= (spiked amount x 100)/measured amount

Table V. Contents of compounds 1-8 in MeOH extract of G.
thunbergii

Compound  Content (mg/g of extract) RSD (%)
1 3.85 £ 0.10 2.72
2 0.51 = 0.02 3.18
3 3.88 £ 0.06 1.57
4 12.39 + 0.11 0.86
5 20.52 + 0.42 2.05
6 21.45 + 0.29 1.34
7 1.38 = 0.02 1.61
8 1.22 £ 0.02 1.24
a =

UPLCE |83l d% MeOH F2E ) w4 33
gallic acid (1), protocatechuic acid (2), methyl gallate (3),

ellagic acid(4), kaempferol-3-arabinofranosyl-7-rhamnoside
(5), kaempferitrin (6), afzelin (7), kaempferol-7-rhamnoside
8) 5 830 SgEe] e Zese A4 B R A
FAIHS Halo C18 (4.6x100 mm, 2.7 umyd3, 0.1% formic

TS AT st 462 % MeOH F229
EAshke Fa=dR gQsdon dxe] FHALE 9
2

AR 7hsde & o U9tk ol d 244
I FopA] gl AefAlAlel thE FEH7HE A 7122}

o] RS 2015d% AR ()] AP s=Az)
o o] 90 F7)&A A1 9] A Y-S wol S8 AT
(NRF-2015M3A9A5031098).
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