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Abstract: A sensitive and selective liquid chromatography-tandem mass spectrometry (LC-MS/MS) was
developed for the investigation of the ginsenoside Rgl in human plasma. After addition of internal standard
(digoxin), plasma was diluted with acetone and methanol (80:20), the supernatant was concentrated and analyzed
by LC-MS/MS. The optimal chromatographic separation was achieved on an Agilent Eclipse XDB-C18 column
(4.6 x 150 mm, 5 pum) with a mobile phase of 0.1% formic acid in water and 0.1% formic acid in methanol
at a flow rate of 0.9 mL/min gradient mode. The standard calibration curve for ginsenoside Rgl was linear
(*=0.9995) over the concentration range 1~500 ng/mL in human plasma. The intra- and inter-day precision
over the concentration range of ginsenoside Rgl was lower than 7.53% (correlation of variance, CV), and
accuracy exceeded 98.28%. This LC-MS/MS assay of ginsenoside Rgl in human plasma is applicable for
quantifying in the pharmacokinetic study.
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Fig. 1. Chemical structure of ginsenoside Rgl (A), (m/z
823.600 643.600) and internal standard (B), (m/z
781.453 651.500).

37, internal standardZ A} digoxin ¥ Sigma
Chemical Co. (St. Louis, Mo, USA) 258 + U3
HFig. 1). 3842 Ao ot 18 MY F A7t
olulel W 4% 7112k 2700 rpm, 23k, 4000
pm)E ARESte] EejE 8o F&5E 20 °C
ojste] HAE ZOo R RN} AEIAL S F
sto] FFol ARE-SFAATE 0] 54 S &2 A8 acetone
< Wako pure chemical (Osaka, Japan) A| &2 A&-3}
%3, methanol2 Fisher Scientific Co. (Pittsburgh, PA,
USA) A E$ A&3tth &3 HPLC 539 water
9} acetonitrile’= Fisher #| &g AM&-3lth FEH 4]
71712 % Agilent HPLC 1200 series (Agilent Techno-
logies, Palo Alto, CA, USA), API4000 LC-MS/MS (AB
SCIEX, Foster City, CA, USA)9} ¥4 ¥2]7] (MICRO
17TR, Hanil Science Industrial Co, Korea) 52 A}-&
3Tt

22 LC-MSMS =71 X3}

g4 & ginsenoside Rgl A #HS 93te] FFEA7]
o] A7) EFo] L3} (electrospray ionization (ESI)
mode)S AHE3FAR 2™, 50 V] collision energy (CE)
2 E2A 3199t Ginsenoside Rgl9] precursor molecular
ion3} product ion9] m/iz= ZFZF 823.6003 643.600-2

Vol. 26, No. 4, 2013

Z BEUYH YA AL, digoxin®] precursor ion2] m/ze
7814532 2, product ion®] m/zE 651.5000.Z T EH
FatAnh T o] 5d2 0.1% formic acid”t F 7+
water (A)2} 0.1% formic acid7} 3 7} methanol (B)
2 0% 50% (A) 50% (B), 1%: 0% (A) 100% (B),
452 0% (A) 100% (B), 465 50% (A) 50% (B),
6.5%: 50% (A) 50% (B)9} 7o) 71&7] &8 4o
2 A3 sAth 2L Eclipse XDB-CI18 ZH (4.6 x
150 mm, 5 pm, Agilent Technologies, USA)S Al&-3}
AL, 742 0.9 mL/min, =Y F 10 pL=E 3t &

BELLE

23 EFEAEM Y A =AW 4

Ginsenoside Rgl % digoxin ¥ %2 methanol ol
=] 742t | mg/mLE THE ST} Ginsenoside Rgl-a
10, 20, 100, 500, 1000, 2000, 4000, 5000 ng/mL2] &
E2 TrEo] 387 80 uLoll digoxin 10 pL (10 pg/
mL) Eol £ ZFANE ZH 10 uLE ¥
T 1, 2, 10, 50, 100, 200, 400, 500 ng/mL-&
- acetone?} methanol €< (80:20)2 500
WAL 3R etk o F4C2 A
AAZE7E AFE3H] 15,000 goll A 10%
kit AaiEE] & s 300 pLEs 7l
7] (Eppendorf AG, 2231, hamburg, Germany)
5°C, 4587 AFsEsdnh Agss 5 &
50% methanol 100 uL= T 3}
ek &, 4°C, 15,000 goll A 101 el
AT LC-MSMS vialol &7 EA43tsiom 2
200, 400 ng/mL F=2] #2432 (quality control, QC)
AR B GFAIEE o] &ate] A7l AA A
Ho g Aeste] BASAT 2F AEdE &9
LC-MS/MS #4 Ao A2 internal standard$)
digoxin®] peak W&ol ™ g ginsenoside Rgl9] peak

Ol

e

u

it
ot
K
)

k
o
Moo ool
& M

=
-
)

o,
o>

X oo o o
off

—Ql.pljz

¢

[
==

<71

o)
p.
s
ol
A

|

1
=

ro

oo = 2 o oft ot
o>

5|
5
S
5|

WA g Tote] AR AT
A A3 A9 Sold Adond ool e
o 3

7191e] & Frlste] 7z A5l A FEA (limit of
quantitation, LOQ)& =] ginsenoside Rgl< spiking3dt
o 24 Al b =250 % 14do] fleA st
Ak A AP S fEiME do AZrtEIH S
ZHF internal standard®] peak HZ el T3t ginsenoside
Rgl®] peak BAME T3}, HFHe AF3H %
He g Foilen 7FeAlE k& o835tk QCAl
B2+ 2, 200, 400 ng/mlL T B AFAEE
o]-g-sto] F71¢] A Ao r At A5t



224 Yunjeong Kim et al.

ATHr=5). DAL 2t A& internal standard®] =
A2 EFAAE WA R e v o] HE& (%)
2A FAnk Rl sH Algste] i BEA (%,
42 A 4*(correlation of variance, CV)E EADE
RAL 5L AFE WS Algste] A7 LS T
Ak FeES AR Yste] AFE w29
#E 7179 TR vie v WE&(%)EA ot
= $J3le] ginsenoside

AANEE 4 AA ] 3 F internal

3.1. 50|

773t 412 F8 7ol internal standardRt spiking
St 3} ginsenoside RglS &7 spikingdt Z ol o3l
B A1 Wbl wlel LC-MS/MSE £33t Fig. 2
= ginsenoside Rgl%F W=E 23S of lﬂJ— =33
S ) ztzte] LC-MS/MS A ZrtE# S vebd A
o|t}. Ginsenoside Rgl3} digoxin®] ‘ﬂ—re A7k zh
7} 32553} 3.33%0] %3, ginsenoside Rgl9] A HFS
T 22 A% Abole] AR Ure AFEAAY &
2] & (resolution) & AAFSIA-S W, 70.067°] A Th F+
ol thEk peak®] ZHAE Eolot B9 Folo &
&2 67%=2 10%E FA &l F &2 2 24

»

B888ses

Intensity (cps)

=)

Tntensity (cps)
[ E]

Ginsenoside Rgl

Q

Internal standard

Intensity (cps)
fifii

Time (min)

Fig. 2. Chromatograms of human plasma spiked with (A)
ginsenoside Rgl (10 ng/m) and digoxin (10 pg/mL),
(B) ginsenoside Rgl (10 ng/mL), and (C) digoxin
(10 pg/mL).
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Fig. 3. Standard calibration curve of ginsenoside Rgl in
human plasma.
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Table 1. Intra- and inter-day precision and accuracy (n=5) of
ginsenoside Rgl QC samples in human plasma

Concentration (ng/mL)

Parameter

2.00 200.00 400.00
Intra-day®
Mean 2.05 204.50 398.00
CV (%)? 7.53 4.64 4.89
RE (%)% 2.25 225 -0.50
Accuracy(%) 102.18 102.47 99.55
Inter-day®
Mean 1.97 209.80 408.60
CV (% 6.22 2.51 3.98
RE (%) -1.70 4.90 2.15
Accuracy(%) 98.28 105.20 102.16

Yntra-day: five times per day

YInter-day: one time analysis of ginsenoside Rg1 per day for 5 days
9Coefficient of Variation

YRelative Error

Table 2. Recovery of ginsenoside Rgl in human blank
plasma QC samples at intra- and inter-day (n=5)

Concentration Recovery(%, Mean + S.D)
(ng/mL) Intra-day Inter-day
2 102.25+0.15 98.30+0.12
200 102.25+9.47 104.90+5.26
400 99.50£19.46 102.15+16.28
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Fig. 4. Chromatograms for mixture of ginsenoside Rgl, Rbl, Rc, Rh2, compound K and internal standard in human plasma
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