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Abstract

This study attempted to establish an ultra performance liquid chromatography (UPLC) analysis method for standard
determination of silymarin as a health functional food material in Silybum marianum extraxt (milk thistle). UPLC
was performed on a Waters Acquity BEH C18 (50x2.1 mm, 1.7 um) column using a gradient elution of distilled
water and methanol at a flow rate of 0.21 mL/min and detection wavelength of 288 nm. The UPLC method showed
high linearity in the calibration curve at a coefficient of determination (+*) of >0.9999, and limit of detection and
quantitation for 6 flavonolignans were 0.0167-0.2469 and 0.1648-1.2931 pg/mL, respectively. The recovery of each
flavnolignan was in the range of 99.96-100.81%, and the relative standard deviation for precision of each flavono-
lignan was less than 1.0%. The UPLC method established in this study was more specific for the quantitative deter-
mination of silymarin than the HPLC method. Also, since the UPLC method is shorter in the equipment operation
time and smaller in the amount of used solvent than the HPLC method, UPLC is expected to have higher energy
efficiency and lower environmental impact compared with HPLC.
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A IR & (milk thistle)o] 2oL 3Heh, AR &0l 8 7|5
AE-L A vl (silymarin)©] 2H3L 314, silybin A, silybin
B, isosilybin A, isosilybin B, silychristin, silydianin & <]
Z2} 1 2] 1 (flavonolignan) 3}3HE0] 4zwidle] of
70%Z *}A|&THChoo et al., 2009). 71545 Agjnid
©] 320-660 mg/gS FHTEY] SlojolRt ANEFEES
4737152 Fe] 7158 YRR AHE-o] 7Fs3tH(Ministry of
Food and Drug Safety, 2016a).

PIMEITEL AURE VAo olgRont 2

?—?}E‘r(Saller et al, 2001; Carla Pereira et al, 2013; Ni &
Wang, 2016; Baghbahadorani et al., 2017; Heo et al., 2017;
Zaulet et al., 2017). 28] 3 Aguld& 7+ 35289
Q3 AEQ] J—E,—E]—’V\]—O]i(glutathlone)-/] ALSLE 7FAA]
711 FAlol 228 WA S (Mira et al., 1994). Az v}
T3 skl BA AT S Al Ak, A W &
st=d o 2 S7MIA HAISIE QIS A ZIALE B
TH(Lieber et al., 2003). L Qo= H= i/ Bl ==

2~e}=- 2 (prostaglandin)Z} 73 E2}o] Al (leukotriene)2] A
A gAEt FAFAES Ueile Ao R delA
(Dehmlow et al., 1996), A 2]v}& 3} 21 7 Z(interferone)

(> o N

g] zﬂo] C‘c‘siﬂcﬁgq ;‘qeoﬂ 1:00] E]q_.‘:_ ?‘(Ashfaq
et al., 2011), A v}l HAZAA 24 2] 7|5 (Esmaeil
et al., 2017), WA R 5 3H(Marzban et al., 2017) &

T Z1540) gEA ek
NG V|FHOE WANEFEES Fo HROZ @
47}71%%—4 3ol @4510) e W

performance lquId chromatography (HPLO)E ©]-8-3+ ¥4
Hol AZR752F 7IEtAed N 2 IAEo Ak
(Ministry of Food and Drug Safety, 2016b). HPLC #4182
Aol &g ¥Rt ofe} o9} FRlkete] B Fe] &)
7hEesta, g mE2s drjede $7h 71714 s E
=71 5 o8 @Ho] £t} 2ol Bl3l ultra performance
liquid chromatography (UPLC)= HPLC Z ¥ 3} H|w 3}
2 um W9 e AAL zh= 27 QAE AMLS AYS
ARE3te] aLtellA EAlo] 7hsst] Wil A AlTke]
@5 B olye B85 AErt E2 o] Utkde
Villiers et al., 2006). L2122 . A= UPLCE °l&
gt AEvidE EA4ee 21 2 HE AAsta, 1w
o] Eo]X(specificity), 2414 (linearity), % 2 (accuracy),
AU A (precision), €714 (robustness) 5= H7}sto] A=
WS Akt

7 - A

= 4Ag ] AHEE AEvtd 2FE4S @ Antol
(Dagjeon, Korea)oll A 3ttt Azlvtd xFEH S
silychristin (=% 98.1%), silydianin (=% 98.2%), silybin
(A+B) (=X 98.1% (49.0%°] silybin A2} 49.1%°] silybin
B)), isosilybin A+B (%25 97.2% (82.8%2] isosilybin A%}
14.4%2] isosilybin B))OE TAE o] 9lor Aguid 7+
BE=EA ] EAZE Fig. 19 YeRAth &3 4
ALE-E W E2(methanol)& HPLCE E-F(Fischer Brand,
Waltham, MA, USA)YS F8te] Abgat3lom, o]&de
Z A8 = 22K(phosphoric acid)> HPLC 539 S3l=
A& Junsei Chemicals (Tokyo, Japan)ol|A] -¢iste] A&

AP uld ZFEA silychristin, silydianin, silybin A<}
silybin Be] &%E&, isosilybin A%} isosilybin B2] T&=
7474 10 mg? g s] A 7Foto] wgEo] g 5, |
e HE B8 100mLE HE3te] FYde= 3}
B|Aste] EFENOE ALE }oiq delntd

s vHshd dejrkd FFE9Y 100 mLol
= 9.81 mg9] silychrisitn, 9.82 mg<] silydianin, 4.90 mg
o] silybin A, 491 mg2| silybin B, 828 mg<] isosilybin
A, 1.41 mg2] isosilybin B7} &-fr=lo] St}

l:t:l

Aol
==

FEZe

Ir

ts 46k 98l 77154

PLC (Waters Co., Milford, MA,
Atk AAe 7+ AR 20 ulLEe
4 om_w# AYL YMC Pack Pro C18 (250 mm x
4.6 mm, 5um) HPLC column (YMC, Tokyo, Japan), H&
71+ Waters 2487 dual absorbance detector (Waters Co.)E
AHE-3FATE UPLC system<> Waters Acquity UPLC BEH
C18 (50 mm x 2.1 mm, 1.7 um) column (Waters Co.)S A}
&390, A&7 Acquity TUV detector (Waters Co.)
= AFESISTE HPLC 2 UPLC system®] ©]%5%4 % ©]%
A Ae vE-E ol 24:914ko] 20:80:0.5 (V/V/V)°] H%=
= Azsen, o84 B WEggol &t
80:20:0.5 (V/V/V)o] H%== A %23t} HPLC ¥ UPLC
A 2712 Table 13} 2},

A&

Ak Aot

7} FE9 RAFENSZ ilychristin, silydianin, silybin
A, silybin B, isosilybin A 2 isosilybin BS] A#HS 2
g, AIE R T AEvi S ekl A8 e
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Fig. 1. Molecular structures of six flavonolignans in silymarin.

Table 1. Analytical conditions of HPLC and UPLC for the quantitative analysis of silymarin

Parameter HPLC condition UPLC condition
Column YMC Pack Pro C18 Waters Acquity UPLC BEH C18
4 (240 mm x 4.6 mm X 5 pm) (50 mm x 2.1 mm x 1.7 um)
Injection volume 20 puL 0.5 uL
Column oven temperature 35°C 30°C
Mobile phase Min Eluent A Eluent B Min Eluent A Eluent B
0 85 15 0.0 85 15
5 85 15 0.6 85 15
20 55 45 3.6 55 45
40 55 45 6.0 55 45
41 85 15 6.2 85 15
55 85 15 7.0 85 15
Flow rate 1.0 mL/min 0.21 mL/min
Detection wavelength 288 nm 288 nm
Agul ke olgfe] 4o 3k silychristin, silydianin, P=¥FEZH &=
silybin A, silybin B, isosilybin A 3 isosilybin B¢ Z} & S = A E4 # H(mg)
T Fatel TR
el g 2y A
A2l gk (mg/g) = AxBxP/S
S} ot (mg/g) E-0] A (specificity)> 2 z|vldl EF89-S HPLCS} UPLC
A =Ag&d Fo] 7 ZehH x| 1] FE (ug/mL) 2 25l ELEU}E:LE“ o] M FE Al 7H(retention time)}
B = A& o] HZ(mL) 23 E & (spectrum) S H] 23} 2.1, silychristin, silydianin,
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silybin A, silybin B, isosilybin A 2! isosilybin BS] 2} A
o] FEe] e HI AYH g FeetA HdEol /s
7t ASsah EAUEEE g3t M ke A
A a3 e EElTe= 1.5 odolojof EAUGER
o] A&slA EleEMH Z o= Z(Ministry of Food and
Drug Safety, 2015), &z|vldl ZTF=EZ 13 Alole] £
E7F 1.5 o] 4R1A] Fsisith

#4173 (linearity)> =4t d=2<] Aefrile] sko]
et AAAA SAUS Lol o AeA Lotry] 9%
Ao, AEnkd FFEANE00 pgmL)S M-SR E2H
o7 34sto] Az ®F8H(25-400 uyg/mL)S HPLCS}
UPLCE 43 -, ¥3 W43 A5 28 UTE 519
ABFAE At A AFd el 2 A (coefficient

[o
o

of determination, r*) < ©]-&3te] 2HA-& IRl
A %3 (limit of quantitation, LOQ)2} 723+ (limit of
detection, LOD)= A|rld] ZFEdo2 AFHS 24

g5 Aol 71719 Hetgkat yd el meh w59
s THate] ofef o] A os AFIA} AEIAE Adtst

sitt.

LOQ=10x yd Ao FFAX/ A 718719 Bk
LOD =33 xydH | 5/ HAZF 71&719] H+3k
7 &4 (accuracy)S =7 Zh(measured value)2] Z%k(true

value)oll ti et 8]-& = Yehloh. S43k2 =A% 42
A 2L g0 Froln, Ik Ao A =

—1 O O ™ BA O

A8 8o AARS st et Fxolth delnt
W Esdds A g5 FEW LS, 100 3 400
pg/mL)oll EFEEF SMste] Hgd FHE EHE =
Alete] 33] WHE S Ao S ko] kel =g A
S5 MESE e

™A (precisiony> A vyl HFYN-S HPLCSF UPLC
o 63] WHEA gt AL A9 WFEE At WA
2t 3L 5=H X} (relative standard deviation, RSD)E =7 31
o} Aga U A2 A (intermediate precision)S FY ¥
AU L AgANe} 7 55 ol&st] HE e A
Adol e At AL F5S AFste] F A3
o FEFHAE AT

A (robustness)> ZA|H AlF-EQo] A]7to] EF9
FEFS W=A9 AFE sty st vl 6A 7wttt &
247 7HE<E 53] AAjste] FrHE AT
L7 |1SHAE LHoAM2] Al2jolzl 24

AFEAE HAl= DoFEFolA ALe daNNEFEE
T 477154 F AEFEE R 39 130 mg/12.6 mL)S
ARSI AA F 1.3 goll 90 mLe] WEHE-S 71sked 30
B 250 323 &, AedA 9 3 vEsE HE
F39E 100mLE &3 3 045-um = Z7) (membrane

otAl 8¢ =

A& A7l g 48 A skith. HPLCOA 9] &
2] 5 (resolution) silychristin?} silydianin®] 3.30, silydianin
3} silybin A7} 14.83, silybin A9} silybin B7} 4.04, silybin
B9} isosilybin A7} 10.30, isosilybin A2} isosilybin B7}
297011 ™, UPLCIA 9] #-8]5- silychristin?} silydianin
o] 3.18, silydianin®} silybin A7} 12.09, silybin A<} silybin
B7} 2.20, silybin B2} isosilybin A7} 6.36, isosilybin A<}
isosilybin B7} 1.552A] F 7]7]o|- 9] B =7 25 1.5
oo r w& HEe S It (Ministry of Food and
Drug Safety, 2015). Fig. 2= CI18 ZHE o]&3F Ajntd
6 7H4¢] REEHA S FA1EE - 4% HPLCSE UPLCe]
AZPEIY S v|wEte] HoiFa ) dejvid iEE
2l 6 7HA et sHgte o] vae M2 GAA
aron, 7t #FEd 7+ £2%=7F HPLCSH UPLC #
ARelA 1.5 ool HE ERlst HoldEs st

lal

M4 (linearity)

x|

Axgol A F BANSELY] & e =l H|
glste] 4A W9 oA AAH0 SA S dojd = o
£ T89S Z HPLCS UPLC E4HoA 25 A AS()
ol 0999 oo = w9 ek AMAdS HAATKTable
2). AEIA(LOD)E AAl & EAlsk= B4 udEZE 4
Z 7 HAaTE ovet, AFEA(LOQ= AdE 4
7 S 7H Ao 29T & e AA F
EAEEADY] HAFS o dthKwon et al, 2017).

HPLC #4190l A Aejvldl 1352 HE3H = 0.0167-
0.2469 pg/mL, A FSAE 0.0506-0.1682 pg/mL T2
el o™, UPLC 24 olA = 0.0544-0.4267 pg/mL %
0.1648-1.2931 pg/mL 0] At} UPLC EA1 oAl Aojzl
AZE3A 2 A A= HPLC A0l dojzl Azts}
Hlwste] o & 55 Btk & A7 e BaNsF

R
s 98 24" Ax=

H
rl
;

=5 EFTS Aol Agulel o)
UPLC 41 SHA 2 IS HASS Ao=

3 A%
F83 B A7 9] Bgo] b5H o BEH,

&k (Accuracy)
Aguld FZENS 25 100 2 400 pgml FEEE F
Hlgte] 3|85 glste], dejntale] S ko] 3kl
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Fig. 2. HPLC (A) and UPLC (B) chromatograms of silymarin analysis.
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Table 2. Results of linearity validation of HPLC and UPLC methods (Linearity of silymarin analysis using HPLC and UPLC methods)

Parameter Silychristin Silydianin Silybin A Silybin B Isosilybin A Isosilybin B
HPLC Regression equation y =45119x + 9051 y =44869x + 3037 y = 57429x + 2406 y =57272x +3276 y =44100x + 3870 y =82339x + 91
method Coefficient of determination (%) 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
LOD/LOQ (pg/mL) 0.0329/0.0998 0.2469/0.7482 0.0167/0.0506 0.0529/0.1602 0.0556/0.1686 0.0206/0.0623
UPLC Regression equation y=5339x+288 y=4620x+174 y=6482x+159 y=060626x+301 y=4745x+174 y=9172x+ 140
method Coefficient of determination (%) 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
LOD/LOQ (pg/mL) 0.3568/1.0813 0.4267/1.2931 0.1566/0.4745 0.2071/0.6276 0.3920/1.1878 0.0544/0.1648

243 HEZE AAe tH(Table 3). HPLC 22 ol A
silychristin®] 3] F&-2 98.58%, silydianin®] D‘JTgt
98.88%, silybin A®] 3782 98.93%, silybin B9 3]

£ 98.71%, isosilybin A9] 3482 98.80%, 1sosﬂyb1n B
o] 3¢S 98.11%22 e UPLC 43049
silychristin®] 3] 482 100.06%, silydianin®] 3]4&-&
100.21%, silybin A9] 3]&-2 100.36%, silybin BS] 3|4~
&2 99.96%, isosilybin AS] 3]FE&2 100.29%, isosilybin

o] 342 101.15%22 YERsth HPLC ¥ UPLC &

Ao el Hit 3]5-E2 7H7; 98.67 B 100.34%2.H,
qu]g_%ij}b 25 2.0% °]3t2 H3Ado] &8 & ¢
AATE UPLC #4199 H+t 3|5&0°] HPLC AT E )
100%°] <43 235 HBlon, UPLC #4Ho] HPLC
Al mls) dejekd E40 =& S 2

o
do

M (precision)

AEEE FL3 AAA o] H AfFHst] A& AR
£ Azl =70 Z45IAS W, 2F A1 A3t o
 Ax 2HAES =R YEPATMinistry of Food and

Drug Safety, 2015). 44 42 400 pg/mL TE=Z A
g At EFEHE 63] vhgate] Ao, A
7t o] v WA wEE A7 iR

7% ZA7KTable 4), A&}

Table 3. Recovery tests for silymarin using HPLC and UPLC
methods (Recovery of silymarin analysis using HPLC and
UPLC methods)

HPLC method UPLC method
Compound Recovery RDS Recovery RDS
(%) (%) (%0) (%)
Silychristin 98.58 0.84 100.06 0.32
Silydianin 98.88 0.76 100.21 0.29
Silybin A 98.93 0.81 100.36 0.28
Silybin B 98.71 0.78 99.96 0.26
Isosilybin A 98.80 0.77 100.29 0.37
Isosilybin B 98.11 0.79 100.81 0.71
Average recovery  98.67 100.34

RSD: relative standard deviation

A7 9= WA A EFHRE 1.28-1.34%, D7F 9= wFE
EFHARE 034-0.96%°]21 21, UPCLE o]&

i EJ#E&OM AEjnlde] 47t 93 WE Gl RsHxis
S5 & A7 A EEEA= 0.03-0.05%°]

14 e 93 WA o gEaixs

93 W FE A7 AU EEHAE 0.66%°]H,
% v‘i- @ qu%%;}#

1.30%°] 32
UPLC #4HoA = A A
0.50%°]3L = HFF A A
3 e ks zlomz %‘EJ UPLC 5—*4%01 Az PEH
AR o] 71538k A AA]o
NEJN LH ;HUUHO HPL
FFAAE 0.86-1.07%, T2 U1 A
0.79-2.12%%, UPLC Aol 9= |3 Jdissd
2= 0.36-0.40%, F = HF-5 AIZF A EETAE 0
021%% u}E}MJq(Table 5), 2% ol3t=EA AFA W A
Aol &S @P%P“E} 53], UPLC %“%'.MW—E
Z

@}
oy

2t244 (robustness)
A vl FFEAE 2447 B3t “H 6"1 Zheie} 3 53]
J,]EL tﬂx—l EI

kel o
17ke] i E=dA2 Yehi 3 E}. HPLC #2419

Table 4. Precision of silymarin analysis using HPLC and UPLC
methods

Compound Peak area Retention time
(RSD%) (RSD%)
Silychristin 1.28 0.34
Silydianin 1.33 0.38
HPLC S%lyb%n A 1.27 0.64
Silybin B 1.28 0.73
Isosilybin A 1.29 0.89
Isosilybin B 1.34 0.96
Silychristin 0.50 0.03
Silydianin 0.46 0.03
UPLC S?lyb%n A 0.49 0.04
Silybin B 0.50 0.05
Isosilybin A 0.51 0.05
Isosilybin B 0.51 0.05
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Table 5. Intermediate precision of silymarin analysis using
HPLC and UPLC methods

Compound Peak area  Retention time
P (RSD%) (RSD%)
Silychristin 0.87 0.79
Silydianin 0.94 0.90
HPLC S%lyb?n A 0.86 1.45
Silybin B 0.87 1.63
Isosilybin A 0.89 1.98
Isosilybin B 1.07 2.12
Silychristin 0.38 0.03
Silydianin 0.36 0.03
UPLC S}lyb{n A 0.37 0.21
Silybin B 0.38 0.04
Isosilybin A 0.38 0.04
Isosilybin B 0.40 0.04

AA A AAE F3 HE AJUEIZHAE 0.60%, HF-F
A7 RSDZEHS 339%C. 2 UElEo™, UPLC B4 A
A 4R vE WA AUREAAE 044%, HFE

9lon] 944 5 oA UPLC HAHol

7-!;‘(.” %I:l-%t

 AIEY e A S Fstke] UPLC #4170 23y
EFEE U AHEnie HZd ol8d 5 e HAA,
A 2 AEAAL 2 AdeS & 5 AT AT &
FEE 9ANESFEE I 7S ES WEeE 33
HHE Agste] dejeid S 5743 A3, HPLC 4
HollMde AA 126 mL T vk 2 123.09 mg
O 2 94.68% (AHEZHAF 029%) FFo = AabE ),

UPLC 4190 ME 13223 mge 2 101.72% (YTl &8}
0.20%)Z AlAFE]o] UPLC E41HoA o= 100%]
2R AAS Bt

ek AA 10071E B4 79, HPLC B4 &

O

o
i
>
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)

ofN

=

AL
fo
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ul

o

rlo

nl\)

&

lo
ofj
Sy
>
>,
)
lo

oF 13A17F, F ©o]Fd AR 168mL

2 74mLe|™ 7]7]
Fate] 71717Hs A7k oF 144]7), o]ol wh
00 mLol| &34}3}51Th.

o
H
©
oft
>
o 11:2 ¢

0
ofy
=
au!
fo
o
td
ot

12
N o

AR Al B S 151
ALE flete] 174715 24F34 2] HPLC &4 3} UPLC
£ o] &3 At BAHS vlaLste] BAY AS % A
W7te A8k UPLCE o183 A4 B4WS

]

4, &4 5 ol ASdEES AAske] UPLC
ASE AN SoldellM 1.5 o139 el

67HA Agnd ¥5EEZo] HPLC ¥ UPLC &4
oA Mejxoz FIsiA HEES Fels
A& 25-400 pg/mLe] FEoA AAATF Fhel 0.9999 ©]
qoz Ao HAo 7M7hE #HS Bt HEA oA
UPLCE o]&3t 214+ B4 9] 34588 Hat 99%0]/d2
2 HPLC #AYHET &2 3582 B3, 3|48 A}
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