B EIRF S5 (Korean Herb. Med. Inf.) 2015;3(1):15-25. pISSN 2288-5161 / elSSN 2288-5293

Wob ARO BN EFES BUMAE A TR e SR
ARE, DAY, FAY, AT

1. (AHAFAELAA T4
EOFE T -<lof o]

Simultaneous Determination of Poyphenols for the Quality Control of Perilla fiu-

tescens Britton var. japonica Hara Leaves as Korean Herbal Medicines
Kim Sang-jun', Kim Seon-young', Jang Seon-il>, Jeong Seung-il""

1. Jeonju Biomaterials Institute, Jeonju

2. Ato Q&A corporation, Jeonju

Abstract

The leaves of Perilla frutescens Britton var. japonica Hara were an annual and mint herb to have
various potential functions. Phenolic components related to the antioxidant activity of multi-functions
were analyzed for the quality control in P. frutescens leaves. Phenolic contents such as phenolic acid,
cinnamic acid derivatives and flavonoids were shown from the methanol aqueous extracts using HPLC.
The separation was performed on a reverse-phase C18 column using mobile phase composed of aqueous
formic acid/acetonitrile mixtures at a flow rate of 0.5 mL-min”'. The detection was carried out on a
DAD detector. This method was validated include selectivity, linearity, precision, accuracy, limit of

detection and limit of quantitation.
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3. Polyphenols ¥ flavonoids &% 3

A2 %%Oﬂ g = polyphenol 3% 2 % flavonoid $=F9] 4 WL b7 2t} % pol—
yphenol 3% Kwon 579 WS Fuz sla, A5 HAste] S48t 58S lOmg-mL']%
A Z3ke] 50uLell 7% sodium carbonate 50uLe} 0.2N Folin—Ciocalteu reagent 50ulLE 7}k 3 10%
FoF vortexdtith. TEES Aol 908 FoF wSAZ thg, MULTISKAN GO(Thermo
Scientific, USA)2] 96—well microplate readerZ ©]-&3}¢] 750nm°ﬂ/\1 TaE =459 =
polyphenol &< gallic acid equvalent(mg-g™ ) A AMESFA AL, A= 6.25~100pug'mL ' &

A ABAL y=0.0148x0 7]27]2 Eoto] ZAAS WE} flavonoid F#&-< Adewusi 5]
WS A2 5l 8 HAste #9159 E‘r ZZ5S 10ugml & A %3k 0.5mLol 2% alu—
minium chloride =&A 7} 1:1 H] &R 7}8F & Ao A 1X7} <t kA Z T}, iheo] By 23150

MULTISKAN GO(Thermo Scientific, USA)«] 96—well microplate readerZ ©]-&3}o] 420nmeol A
F3EE S48t F flavonoid 372 quercetin equvalent(mg-g™)ZA AH83HlaL, A=
3.12~100pgmL ' 2A HAFEAL y=0.0124x9] 71 &7 5 Edlo] SAHXZ -5

4. st S 53

2}9] =259 DPPH radical scavenging®l| W3t &2< Liyana—Pathiranan 5] WS da=
dta A% wWAste] Fg8gih. 96—Well microplate o]&3te] FZE 15uL9] 0.135mM
DPPH(1,1—diphenyl—2—picryl—hydrazyl) ™&<2 &8-S 185uLE 713k & vortexdt th 4=x71
Stoll Al 0= 304 2 WhEAIZ T 3 AlS= MULTISKAN GO(Thermo Scientific, USA)<]
96—well microplate readerE o]-€3}o] 570nmollA FZFEE =435 iz ks AR oz A
trolox7} AHE-E12™, DPPH radical scavenging &4 #H7l= tha9] A4S &85t

DPPH radical scavenging activity(%)="[(Acontroi—Asample) / Acontrol] X 100
Acontrol : DPPH Uﬂ E]—'Q_ Q_oﬂ O] -6_3"1—1:
Asample DPPH %‘oﬂ + Z}% /E%%O—“J
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12;\]7} oA} HEe A7) 0 24 radicalS FAA AT 2857 w2 Ao ABTS £9S 732nmel A
F4&=7E0.7000] =% st 4 g &0 YA F= F 50uLE 7heke] @Al 10% E<t
A7 & 732nm°ﬂ"1 FSFEE SASNGL SF =S &-8-3F ABTS radical scavenging &4 H7}

= &) WAgale ga3) ﬂq_

rir r.i':m

ABTS radical scavenging aCtiVitY(%): [(Acontrol_Asample) / Aconrat] X 100
Acontrol © ABTS Uﬂ E]'-Q— B_oﬂ o] 04‘

Agample © ABTS Ll 4+ F=E/FF8A i
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5. 9&de] i3 98 polyphenol ¥

Azt el thak 2 polyphenol S o]n] BuPVF o] gl ARG AAEE (A AFAELAA
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6. HPLCE ©|&& F8. polyphenol & 4 &5

| Hat] 70% MEre FE&Aow 109 HER A&3T F 1AIRF
0.45um F71¢] AlHA] HE & o]&ate] o3 ths Aoz AL
L3, AR FEE ik EAY FYHS 9le] Agilent 1200 High Performance Liquid
Chromatography(HPLC)7} o]- &5 31oH, A N-E ShiseidoA(Japan) ] CapCellPak MGII C18 #4
€ A9 (4.6X150mm 1D, 3um YA AHE3IITE A4S g AR 35°ColA %X]E]‘”E}
Z+ AES B8] 98 A% 7] Agilent 12009 MWD (multi—wavelength detector)7}F AF&EH S}
o Zpe]M ST E 254, 280, 320nmelA aETE 4 AR EE S8 AFREE o] 54 0.5%
At & H(A)T 0.5% 7Nw)ate] HrH ofMEYER(B) =3-&ujol it 7F A& Fae A7t
iy &uf 24 v]go] T gradient TEWHES ARSIl o, 7] 52 < 10% B2 FA8%1
15%-20% B, 20%-30% B, 25%—-30% B, 35%—40% B, 40%—-70% B, 45%—-70% B, 50%-10%
Be] z7elglen, §4-2 0.5mL-min"'e]%ll, HPLCOl& 10uL7F T4 = ek o149 242 du)
9 A7 S FREHA FAAHS SEsith

= H

[o _!

!
ml

3}
kel AEA L ( elative standard deviation, RSD, %)i w7188l AR FE2E F9 ks
& Al G FE=ol tiF 52 polyphenol 9] A F=o] AES #F
gk peak WAH| 9} 24 FEE o] 83131, 71 HAASHl W2 79 37)24& o] &
%E—E’é AFEBITE A 2 9 FE9] AkEol= Agilent Chemstation software(Agilent
=

Zur 4 oz
1. Polyphenols 2 flavonoids &% &4

% polyphenol &% % % flavonoid &L o} table 13} o] SAX S &5l t) AR} Fxjol| A

polyphenol o] 1.38+£0.07mgg ' (GAE) .2 Q& ]9131, Aol A= 0.77£0.02mg g

2 A5k A9 dFFEENA Y F polyphenol T2 46.45+0.25mg g ' O 2 LER:

Table 1914 B30l 70% WEs 842 o83 &= F2 F polyphenol FFHT AFFE

o149l % polyphenol o] A Hebstth kAR, 914519 F flavonoid 33e] Aol A=

= 2.0710.04%°]1 AL, 70% HEH-S 8 FF Fol= 8.82+0.38%2A 70% HEH-
g
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43 35 2004 oF 4v] =2 AHA mgg (QUE)E Bl dAtge] 2 &%
3} Ao RN Oé%%% o2 FEste] #4423 ¥ 31.25~1,000pg'mL ™!
DPPH radical 27 &4S =3A3}a1, ABTS radical scavenging &4S 139t} AAk4 9]
A4FE 22 DPPH radical iﬂ*o“ ] 23.31£0.02%°]1 24, 70% WES 89 F5E2 DPPH
radical scavenging ZA2 ¢F 88.56+ 0.62% = A¥= LJEFT HéH ABTS radical scavenging
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Table 1. XY F£& =Ho| w2 & polyphenol & = flavonoid &2H(mg-kg™)

Sample information Extraction Total polypheols” Total flavonoids’
P. frutescens seed meal 70% MeOH aq. 1.38£0.07 17.01+£0.71
P. frutescens leaves 70% MeOH aq. 0.77£0.02 8.8240.38
Water 46.45%0.25 2.07£0.04

Data represent mean+SD (n=3).
* Expressed as mg gallic acid-g™ of dry sample materials.
T Expressed as mg quercetin-g™ of dry sample materials.

Table 2. XY FZ=E2| DPPH % ABTS radical scavenging ability(%)

Sample information Extraction DPPH activity” ABTS activity”

P. frutescens seed meal 70% MeOH aq. 87.82%0.49 94.28%0.07
P. frutescens leaves 70% MeOH aq. 88.56+0.62 94.71%£0.25
Water 23.31£0.02 72.19£0.82

Data represent mean+SD (n=3).
» Radical scavenging activity (%) of ascorbic acid as the control was 91.33%.
T Radical scavenging activity (%) of trolox as the control was 94.86%.

2. HPLCE o] &% 8 polyphenol & #AY &

AFAF2AATAAA FYH PAOZ HPLCE ol §350m, 94 Fad

) =
ikl A% HSoM d5FE 2ARY 70% WEhE 589 FE2 A ksl dAo] o EA
Yebs7) wj&ol, elAedel digk Eldo]l A e 70% HEE 89 25 5 BAW 8-S st
W do]de 549 Eol/AuA, AMA, 133A(LODs) 2 A F3hsto

T 3I3ITh. Repeatability©] EQ1& 9lalA A B A7 A4 2 484
tolds AAISITE Phenol AEo=2A MEdt xHFE TSR caffeic acid(l), luteo—
lin—7—0—glucoside(2), ferulic acid(3), apigenin—7—0—glucoside(4), rosmarinic aicd(5), quer—
cetin(6), luteo in(7)-°~ MAste] EAS sk 24 ARl ik LODse FEE 0.2~
0.5ug'mL ol A Bolglon, Z+ A5 LODs9 signal to noise ratio(S/N ratio) £ 3 o402 Eo]
4 FREGIT LODse MEds Flsty] fste] 7 A RPA(relative peak area)$t
RRT(relative retention time)S 37}skitt. 37 A= table 304 B0l 7} J&H RPAY
RSD(relative standard deviation, %)+ 0.38~3.96%2A A @S SH3ITE 3k RRTo| o)k
A FEE RSD(%)7F 1.0% o8tz Uetgo=zA ad A JeAds gsiqirt. =9, 7
AR AARSE ZAs] fste] PAFEEE luteolin—7-0— glucuronide(2)9] 45 2.0~
100.0pug'mL "o 2 A3}, o] 9]of th 64l tiet HUF Fx+= 1.0~50.0ugmL 22 A
ste] H7hskgith(table 4, 5).

20 =
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Table 3. XY FEE T ETHE EMS 9IS LODs MM "It
LODs
Analytes RPA RSD RRT RSD
(mean£SD) (%) (mean£SD) (%)
CAA" 1.65%+0.02 0.91 0.66£0.00 0.06
LTG" 1.021+0.04 3.96 0.89£0.00 0.10
FEA” 1.74%£0.01 0.38 0.91£0.00 0.01
APG* 0.84£0.00 0.49 0.95+0.00 0.02
ROA” 1.00 0.00 1.00 0.00
QUT” 1.0240.01 0.61 1.25%0.00 0.03
LuT" 1.0410.02 1.53 1.26%0.00 0.03

* Analyte was expressed as free form.

The abbreviation mean CAA: caffeic acid, LTG: luteolin—7—-O-glucuronide, FEA: ferulic acid, APG: apige—
nin—7-0O-glucoside, ROA: rosmarinic acid, QUT: quercetin, LUT: luteolin.

RSD(%): the relative standard deviation; RPA: relative peak area; RRT: relative retention time.

Table 4. &XIH F&EE & Z} phenolic components & AZFsTo| MM (%)
Nominal Conc. Accuracy (%) of Calibration curves on Intra—day
(ng-mL™") CAA" LTG" FEA" APG" ROA" QUT" LUT"
1/2 4.49 2.17 7.32 4.40 5.47 0.37 2.01
2/ 4 0.56 0.85 1.07 0.05 1.03 -0.11 0.20
5/ 10 -0.89 0.55 -1.15 —0.96 -0.41 —0.06 0.06
10 / 20 —1.43 -1.63 -1.69 -1.16 -1.87 —0.66 —-0.80
20 / 40 0.20 0.34 -0.10 0.21 0.09 0.66 0.59
50 / 100 0.03 1.00 0.09 0.02 0.06 —0.08 —-0.06

* Analyte was expressed as free form.

Calibration range of LTG was from 2 pg/mL to 100 pg/mL.
The abbreviation mean CAA: caffeic acid, LTG: luteolin—7—-O-glucuronide, FEA:
nin—7-0O-glucoside, ROA: rosmarinic acid, QUT: quercetin, LUT: luteolin

Table 5. X FEE F Z phenolic components & H2HsTo| ZMM(%)

ferulic acid, APG: apige—

Analytes el gzgli‘:i:;onr‘: Setesien Range t.R
Slope (a) b A (nm) (ng/mL) (min)

CAA 108.266 12.4360 0.99997 320 1~ 50 17.6

LTG" 36.479 4.3057 0.99998 254 2 ~ 100 23.7

FEA" 112.880 16.3279 0.99997 320 1~ 50 24.1

APG’ 56.231 6.3687 0.99997 320 1~ 50 25.3

ROA” 66.059 14.3758 0.99995 320 1~ 50 26.5

QUT* 71.928 1.0837 0.99998 254 1~ 50 33.0

LUT* 76.141 -3.7081 0.99998 254 1~ 50 33.4

* Analyte was expressed as free form.
The abbreviation mean CAA: caffeic acid, LTG: luteolin—7-O—glucuronide, FEA: ferulic acid, APG: apige—
nin—7-0O-glucoside, ROA: rosmarinic acid, QUT: quercetin, LUT: luteolin
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Table 6. XY FZE £ 2 phenolic components & AL UM (%)1F & &t (%).

Precision(CV, %) and accuracy(RE, %) of QCs on Intra—day

Stz 1D CAA" TG’ FEA' APG” ROA" QuT* LuT
toq CV(%) 069 0.13 0.02 0.27 114 0.48 0.55
RE(%) <495 I996 Z7E Z458 Z623 T 003 2539
Loc CV(%) 048 6.77 0.37 0.53 0.42 0.19 0.34
RE(%)  Z0.97 T Zius 2083 0.26 2074 0.83 20,10
Moe V() 002 0.05 0.03 0.05 0.18 0.08 0.06
RE(%) 0.83 20,03 111 0.94 0.43 0.12 2012
e CV(%) 052 0.34 0.50 0.44 0.43 0.20 0.08
RE(%) 034 1,30 569 542 187 159 146

* Analyte was expressed as free form.

CV(%): Standard deviation of calculated concentration / mean calculated concentration X 100

RE(%): (Concentration — nominal concentration) / nominal concentration X 100

The abbreviation mean CAA: caffeic acid, LTG: luteolin—7-O—glucuronide, FEA: ferulic acid, APG: apige—
nin—7-0O-glucoside, ROA: rosmarinic acid, QUT: quercetin, LUT: luteolin

Table 7. XY FZE £ 2 phenolic components & A7F MM (%)t XM (%)

Precision(CV, %) and accuracy(RE, %) of QCs on Inter-day

Sample ID

CAA” LTG" FEA APG" ROA" QUT" LUT"

LOQ CV(%) 0.75 1.63 1.05 0.85 0.75 0.82 1.02
RE(%) —4.43 -1.24 —6.46 —-3.89 —5.99 0.63 —1.66

LQC CV(%) 0.51 4.38 1.64 0.34 0.59 0.20 0.50
RE(%) 0.08 —2.87 —1.46 0.38 —0.44 0.85 —0.49

MQC CV(%) 0.59 0.40 0.62 0.62 0.52 0.57 0.50
RE(%) 2.71 1.51 3.09 2.79 2.20 1.98 1.81

HQC CV(%) 1.01 0.92 1.06 1.04 1.04 1.03 1.08
RE(%) 0.72 0.17 1.08 0.62 0.53 0.35 0.09

* Analyte was expressed as free form.

CV(%): Standard deviation of calculated concentration / mean calculated concentration X 100

RE(%): (Concentration — nominal concentration) / nominal concentration X 100

The abbreviation mean CAA: caffeic acid, LTG: luteolin—7-O—glucuronide, FEA: ferulic acid, APG: apige—
nin—7-0O-glucoside, ROA: rosmarinic acid, QUT: quercetin, LUT: luteolin

7t AR A% FRo] tdt A8 (%) -1.69~7.32%=A ICH guide line(The International
Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for
Human Use) & A% HA $=(L0Q) = A B A o] £20% olstolofof gttt 7]E
£ oAM= £15% oldtolojof drt 7]Eol wHHRhS gelskqltt. Blank A&l
gk 5 AEE HeEA el A3 linearity (r2>0.99)E 28k th(table 5). ¥4H 9 repeat—
abilityval gelstr] ¢ :6}04 A = A7 A B Aol tigk QCe |7 A= table 6944
, caffeic acid(1)9] 4% LOQY =+ Az A =M (1.0ugmL™HE AAFHJo

U% 9249 (CV, %)= 0.69%°1%03L, A (RE, %)E -4.95%2A £20% olsto]ofof gtttz 7]l
DE3AT e %Eiﬁ LQC(A#%E)E SugmL™ 2, MQC(F¥%)E 10ugml™' 2, HQC(3Ls
E)E 20pgml T2 Aol Brkekglch A AEA 2 A8 g9 Axh AEAE 0.02~0.69%
1.0% ol3t2 yelhom, JeAde -4.95~2.34% 2 5% o|atZ ¥ At dfFo] B
T4 T L2 A rosmarinic acid(5)9] LOQ9 du] AEAAL 1.14%, 4842 -6.23%=4 YERY}

:L
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£20% olstolofof st 7)o THEEIGITh e oA R U2 1.0% 8= YElstom,
e L -6.23~1.87%2A YERYTE B3 U2 phenol AESANME B A} 5 75 wHE
5 golakein). A7 AUA 2 A3 o] Hrt A= table 7oA H, AEAL 0.20~4.38% 24
5% olat& UEbtal, AL -6.46~2.79% 24 £15% o]dto]ojof b= 7)o wEalgit). o
315& ANE St & AFelA AAE BAEHS A F phenol 9] SAIRAHOR A3
S o1} EHE B4 9sle] 3] phenol Aol td HPLC 49 chromatogram< o}2j
figure 2014 AAI3FH 21, figure 2(B)oll A= UV 320nmell A AEHE AES txF o2 ey
o}, ek UV 254nmoll A HAEF = A E(peak 2, 6, 7)2 3FF A2 A table 894 YERIT]

=) 23
2 g | ®
£ § 2ll,7 8
] n 3 2
= ¥ H
E 100 4
: *
. = m"
o0 [ E
s 'AT
el i
| I
o —x;u} J ) e S | 4 O
. T = e
Time (min)
e W $
= B
E *
E’im 3 e
g & 5 6 | En
E m b i
"
z &
A 0 3 n =
: i f ¢
-
. 4 5
) B ofe oy 2|
b a8 @ 0
T R A f
0 S 1" B E . B
5 1 " n » X * @ = ™
Time {min)
Figure 2. XIH F&Z 2| HPLC AZR0IEDH . (A) EE=EH F2| phenol A&, (B) YXIE FE=2| FL phenol

ME. (1) caffeic acid, (2) luteolin—7-O-D—glucuronide, (3) ferulic acid, (4) apigenin—7—-0O-D—glucoside, (5)
rosmarinic acid, (6) quercetin, (7) luteolin

Table 8. 2UXAIYH U #HF FHE T H£2/¥ phenolic components &tz mg-kg™') &fol

Acquired results (mg/kg)
CAA" LTG" FEA" APG" ROA" QUT” LUT
P. frutescens seed 70% MeOH  11.30 695.42 N.D. 261.94  2051.22 10.43 7.65
P. frutescens leaves 70% MeOH 379.92  1955.38 1.07 69.79  5365.32 10.16 10.90
Water 59.94 90.77 0.74 1.54 136.11 1.02 0.52

* Analyte was expressed as free form.

The abbreviation mean CAA: caffeic acid, LTG: luteolin—7-O—glucuronide, FEA: ferulic acid, APG: apige—
nin—7-0O—glucoside, ROA: rosmarinic acid, QUT: quercetin, LUT: luteolin

N.D.: Not detected.
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